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Dear Colleagues, Partners and Friends, 

On behalf of the Scientific and Organizing Committee, it gives me a great privilege 
and pleasure to welcome you all to the 29th Croatian Meeting of Chemists and 
Chemical Engineers, which will be held from September 2 to 5, 2025 in Split, 
Croatia. 

Approximately 400 to 500 chemists and chemical engineers from universities, 
research institutes and industry are expected to participate and to contribute to 
the Meeting with posters and oral presentations. 

The Meeting will provide an interdisciplinary platform for leading academic 
scientists, researchers, and research scholars to present and share their 
experiences and research results on all aspects of chemistry and related fields in 
a friendly, interactive and collaborative atmosphere, while discussing the latest 
achievements and novel approaches, the most recent innovations, trends as well 
as challenges and adopted solutions. 

An exhibition of chemical industrial and laboratory equipment and instrument-
ation, computer software and hardware, literature, and other relevant material, 
will be organized as an accompanying manifestation. 

We will be glad to host you at this Meeting as we believe, other participants and 
coming delegates would love to hear and learn from your experience. 

 

We look forward to welcoming you at the 29HSKIKI in Split! 

 

 

ÂƖŸŉдЮ~ŔƖƣċЮÅƨĤĨŔħеЮĦőċŔƖ 

  



 

 

§Å]  füEÅÉ 

          

9ƖŸċƣŔċŰШ9őĲůŔĦċũШÉŸĦŔĲƣǃ 
9ƖŸċƣŔċŰШÉŸĦŔĲƣǃШŸŉШ9őĲůŔĦċũШEŰŊŔŰĲĲƖƚ 

É9fE Ñf[f9Ш  ?Ш§Å]  fÉf ]Ш9§~~fÑÑEE 

~ŔƖƣċШÅƨĤĨŔħШыĦőċŔƖь 

~ċƖťŸШÅŸŊŸƜŔħШыĦŸрĦőċŔƖь 

 ŔťŸũċШ9ŔŰĬƖŸШыƚĲĦƖĲƣċƖǃь 

~ċƖŔŢċШ ũĲƜťŸƻŔħ 

fŊŸƖШ?ĲŢċŰŸƻŔħ 

[ċĤŔŸШ[ċƖċŊƨŰċ 

ÑċŰŢċШ]ċǍŔƻŸĬċШuƖċũŢĲƻŔħ 

~ċƣŔŢċШ]ƖĲĬŔĨċť 

~ċƖŔŢċŰċШcƖċŰŢĲĦ 

?ƖċǏċŰШsŸǍŔħ 

ÂĲƣċƖШuċƚƚċũ 

üŸƖċŰШuŸťċŰ 

~ŔƖŰċШ~ċŰĬċƖŔħ 

§ũŊŔĦċШ~ċƖƣŔŰŔƚ 

?ċŰŔŢĲũċШ~ƨƚŔŢċ 

fƻċŰШ ĲůĲƣ 

ŰĬƖĲċШÂĲőċƖ 

fƻċŰċШÅċĬŸŢĨŔħШÅĲĬŸƻŰŔťŸƻŔħ 

ÅŸƚċŰċШÅŔĤŔħ 

þĲũŢťċШÉŸũĬŔŰ 

éĲƚŰċШÑŸůċƜŔħ 

uƖƨŰŸƚũċƻШþŔǏĲť 

f ÑEÅ  Ñf§  xШÉ9fE Ñf[f9Ш7§ Å? 

~ŔƖĲũċШ?ƖċŊŸůŔƖЯШuċƖũШ]ċĬĲůċŰŰЯШ7ƨƖťőċƖĬШuƁŰŔŊЯШÉċƜċШ§ůċŰŸƻŔħЯШ 
~ŔƖċШÂĲƣƖŸƻŔħЯШũĤŔŰШÂŔŰƣċƖЯШfŰĲƚШÑŸƓċũŸƻŔħШÂŔƣĲƜċ 

x§9 xШ§Å]  fÉf ]Ш9§~~fÑÑEE 

~ċŢċШ7ŔŸĨŔħШËŸƖůċǍЯШÂĲƖŔĦċШ7ŸƜťŸƻŔħЯШ[ƖċŰťŸШ7ƨƖĨƨũЯШfƻċŰċШ9ċƖĲƻЯШǍƖċШCƨũŸƻŔħЯШ
~ċƣťŸШEƖĦĲŊЯШ~ŔħĲШsċťŔħЯШfŊŸƖШsĲƖťŸƻŔħЯШxĲċШuƨťŸĨр~ŸĬƨŰЯШüƻŸŰŔůŔƖШ~ċƖŔŢċŰŸƻŔħЯШ
fƻċŰċШ~ŔƣċƖЯШfƻŸŰċШ ƨŔħЯШÅĲŰċƣċШ§ĬǏċťЯШÉċŰŢċШÂĲƖŔŰŸƻŔħШsŸǍŔħЯШÉċŰŢċШÅċĬůċŰЯШ 

ÉċŰŢċШÑŔƓƨƖŔħШÉƓƨǏĲƻŔħЯШ~ċƖŔŰċШÑƖċŰŉŔħШ7ċťŔħЯШ ŔƻĲƚШéũċĬŔƚũċƻŔħ 

9§ [EÅE 9EШéE ÖE 

ÖŰŔƻĲƖƚŔƣǃШŸŉШÉƓũŔƣ 
[ċĦƨũƣǃШŸŉШ9őĲůŔƚƣƖǃШċŰĬШÑĲĦőŰŸũŸŊǃШыuÑ[ьЯШċŰĬШ[ċĦƨũƣǃШŸŉШÉĦŔĲŰĦĲШыÂ~[ь 

ÅƨįĲƖċШ7ŸƜťŸƻŔħċШΟΟЯШΞΝΜΜΜШÉƓũŔƣЯШ9ƖŸċƣŔċ 
 

őƣƣƓƚаооΞΦőƚťŔťŔЮőťĬЮőƖо 
 



 

 

AUSPICES 

 

ÖŰĬĲƖШƣőĲШőŔŊőШċƨƚƓŔĦĲƚШŸŉШüŸƖċŰШ~ŔũċŰŸƻŔħЯШ 
ÂƖĲƚŔĬĲŰƣШŸŉШƣőĲШÅĲƓƨĤũŔĦШŸŉШ9ƖŸċƣŔċ 

 

ÖŰĬĲƖШƣőĲШƚƓĲĦŔċũШċƨƚƓŔĦĲƚШŸŉШƣőĲШ 
9ƖŸċƣŔċŰШ ĦċĬĲůǃШŸŉШÉĦŔĲŰĦĲƚШċŰĬШ Ɩƣƚ 

 

 

 

 

 



 

 

UNDER THE AUSPICES OF 

 
University of Zagreb University of Split ÖŰŔƻĲƖƚŔƣǃШ ŸƖƣő 

University of Rijeka Josip Juraj Strossmayer 
University of Osijek 

Croatian Academy of 
Engineering 

 

ÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲ Croatian Engineering Association 

Ministry of Science, Education and Youth 
of the Republic of Croatia 

Education and Teacher Training Agency 

 

https://mzom.gov.hr/en
https://www.azoo.hr/


 

 

SPONSORS 

 

 

  

 
 

  

  

https://www.dechra.hr/
https://selvita.com/
https://jasika.hr/
https://www.kefo.hr/


 

 

 

SPONSORS, DONORS, EXHIBITORS 

  

  

  

  

 

 

 

 

https://www.anas.com.hr/
https://astrinexlab.hr/
http://www.biovit.hr/
https://www.kobis.hr/
https://labtim.hr/
https://www.lkb.eu/index.html
https://ru-ve.hr/
https://www.avantorsciences.com/si/en/


 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  Φ 

ÂxE  ÅòШxE9ÑÖÅEÅÉ 

?ƖШÉŔŊƖŔĬШ7ĲƖŰƚƣŸƖŉŉ 
É ñÉШŊƖŸƨƓЯШEũĲƣƣƖċШтШÉŔŰĦƖŸƣƖŸŰĲШÑƖŔĲƚƣĲЯШÑƖŔĲƚƣĲЯШfƣċũǃ 

ÂƖŸŉĲƚƚŸƖШÂċĤũŸШ?ŸůŖŰŊƨĲǍШĬĲШ~ċƖŖċ 
ÉƨƚƣċŔŰċĤũĲШ~ŸůĲŰƣƨůЯШÉЮxЮШыÉƨƚ~ŸůьЯШxċƚШÂċũůċƚШĬĲШ]ƖċŰШ9ċŰċƖŔċЯШÉƓċŔŰ 

ÂƖŸŉĲƚƚŸƖШsŔƘŖШuċũĲƣċ 
fŰƚƣŔƣƨƣĲШŸŉШ§ƖŊċŰŔĦШ9őĲůŔƚƣƖǃШċŰĬШ7ŔŸĦőĲůŔƚƣƖǃШŸŉШƣőĲШ9ǍĲĦőШ ĦċĬĲůǃШŸŉШ
ÉĦŔĲŰĦĲƚЯШÂƖċŊƨĲЯШ9ǍĲĦőШÅĲƓƨĤũŔĦ 

ÂƖŸŉĲƚƚŸƖШÉƓċƚШ?ЮШuŸũĲƻ 
ÉĦőŸŸũШŸŉШ9őĲůŔƚƣƖǃЯШÖŰŔƻĲƖƚŔƣǃШŸŉШ~ĲũĤŸƨƖŰĲЯШƨƚƣƖċũŔċ 

ÂƖŸŉĲƚƚŸƖШ7ŸĲũŸШÉĦőƨƨƖ 
[ċĦƨũƣǃШŸŉШÉĦŔĲŰĦĲШċŰĬШÑĲĦőŰŸũŸŊǃШыÑ ìьЯШ?ĲƓċƖƣůĲŰƣШŸŉШ9őĲůŔĦċũШEŰŊŔŰĲĲƖŔŰŊШ
ы?9EьЯШÖŰŔƻĲƖƚŔƣĲŔƣШÑƽĲŰƣĲЯШ ĲƣőĲƖũċŰĬƚ 

ÂƖŸŉĲƚƚŸƖШ~ċƖƣŔŰШ?ЮШÉůŔƣő 
9őĲůŔƚƣƖǃШÅĲƚĲċƖĦőШxċĤŸƖċƣŸƖǃЯШÖŰŔƻĲƖƚŔƣǃШŸŉШ§ǂŉŸƖĬЯШÖu 

ÂƖŸŉĲƚƚŸƖШéũċĬŔƚũċƻШÑŸůŔƜŔħ 
[ċĦƨũƣǃШŸŉШÉĦŔĲŰĦĲЯШ?ĲƓċƖƣůĲŰƣШŸŉШ9őĲůŔƚƣƖǃЯШÖŰŔƻĲƖƚŔƣǃШŸŉШüċŊƖĲĤЯШ9ƖŸċƣŔċ 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜ 

f éfÑE?ШxE9ÑÖÅEÅÉ 

ÂƖŸŉĲƚƚŸƖШ ŰċШéƖƚċũŸƻŔħШÂƖĲƚĲĨťŔ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШ7ŸƜƣŢċŰШ]ĲŰŸƖŔŸ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШÑŸƖƚƣĲŰШ~ċǃƖЯШ?ŔƓũЮр9őĲůЮЯШ?ƖЮШƖĲƖЮШŰċƣЮ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШéŔũťŸШ~ċŰĬŔħ 

ÂƖŸŉĲƚƚŸƖШxŔĬŔŢċШ:ƨƖťŸƻŔħ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШfƻċŰċШ]ƖĨŔħ 

]ŸƖĬċŰċШÂĲőŰĲĦЯШÂő?ЯШÉĲŰŔŸƖШÅĲƚĲċƖĦőШ ƚƚŸĦŔċƣĲ 

fƻċŰċШ7ƖĲťċũŸЯШÂő?ЯШÅĲƚĲċƖĦőШ ƚƚŸĦŔċƣĲ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШ ũĲťƚċŰĬƖċШ~ċƖƜċƻĲũƚťŔ 

ÂƖŸŉĲƚƚŸƖШfŰĲƚШÂƖŔůŸǏŔĨ 

?ƖЮШñċƻŔĲƖШ]ƨŔŰĦőċƖĬ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШ]ŸƖĬċŰШcŸƖƻċƣ 

 ŔťŸũċШ7ċƚċƖŔħЯШÂő?ЯШÉĲŰŔŸƖШƚĦŔĲŰƣŔƚƣШƽŔƣőШƣĲŰƨƖĲ 

 ċįċШ?ŸƜũŔħЯШÂő?ЯШÉĲŰŔŸƖШƚĦŔĲŰƣŔƚƣШƽŔƣőШƣĲŰƨƖĲ 

ÂƖŸŉĲƚƚŸƖШ ŰƣĲШuŸũċť 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШéũċĬŔůŔƖШÉƣŔũŔŰŸƻŔħ 

ƚƚŸĦŔċƣĲШÂƖŸŉĲƚƚŸƖШ~ŔũċŰШ ŔťŸũŔħ 

ŰċШÅċƣťŸƻŔħЯШÂő? 



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΝ 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΞ 

ÑƨĲƚĬċǃЯШÉĲƓƣĲůĤĲƖШΞЯШΞΜΞΡ 
 

ΝΠЮΜΜШтШΝΣЮΜΜ ÅĲŊŔƚƣƖċƣŔŸŰ ƣƖŔƨůШŸŉШΟ[ШШβ 

ΝΣЮΜΜШтШΝΣЮΟΜ §ƓĲŰŔŰŊШĦĲƖĲůŸŰǃ xĲĦƣƨƖĲШcċũũШΝΜΜШŸŉШ[EÉ7ШШγ 

ΝΣЮΟΜШтШΝΤЮΟΜ ÂxE  ÅòЮxE9ÑÖÅE 
ÉƓċƚШ?ЮШuŸũĲƻ 
E9§р[ÅfE ?xòШ9cE~f9 xШÉEÂ Å Ñf§ Ш7 ÉE?Ш§ ШÂ§xò~EÅШ
f 9xÖÉf§ Ш~E~7Å  EÉШ  ?Ш7E ? 
9őċŔƖаШxĲċШuƨťŸĨр~ŸĬƨŰ xĲĦƣƨƖĲШcċũũШΝΜΜШŸŉШ[EÉ7ШШγ 

ΝΤЮΟΜШтШΝΥЮΟΜ ÉƓŸŰƚŸƖƚ xĲĦƣƨƖĲШcċũũШΝΜΜШŸŉШ[EÉ7ШШγ 

ΝΦЮΜΜШтШΞΟЮΜΜ ìĲũĦŸůĲШƖĲĦĲƓƣŔŸŰ xĲĦƣƨƖĲШcċũũШΝΜΜШŸŉШ[EÉ7ШШγ 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΟ 

ìĲĬŰĲƚĬċǃЯШÉĲƓƣĲůĤĲƖШΟЯШΞΜΞΡ 

ΥЮΜΜШтШΦЮΜΜ ÅĲŊŔƚƣƖċƣŔŸŰ ƣƖŔƨůШŸŉШΟ[ШШβ 

ΦЮΜΜШтШΝΜЮΜΜ ÂxE  ÅòЮxE9ÑÖÅE 
ÉŔŊƖŔĬШ7ĲƖŰƚƣŸƖǭ 
É~ xxШ  ]xEШÉ9 ÑÑEÅf ]Ш  ?ШfÑÉШ ÂÂxf9 Ñf§ Шf Ш9cE~fÉÑÅòЯШxf[EШ
 ?Ш~ ÑEÅf xШÉ9fE 9E 
9őċŔƖаШ?ƖċǏċŰШsŸǍŔħ рΜΞШыΟ[ь 

ΝΜЮΜΜШтШΝΜЮΟΜ 9ŸǭĲĲШ7ƖĲċť 

ΝΜЮΟΜШтШΝΞЮΟΜ ШтШ9cE~fÉÑÅò 
9őċŔƖаШŰĬƖĲċШÖƚĲŰŔť рΜΝШыΟ[ь 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
 ċįċШ?ŸƜũŔħ 
~ŸĬĲũŔŰŊШĲǂĦŔƣĲĬрƚƣċƣĲШůŸũĲĦƨũċƖШĬǃŰċůŔĦƚШƽŔƣőШĦũċƚƚŔĦċũШƣƖċŢĲĦƣŸƖŔĲƚ 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
ũĲťƚċŰĬƖċШ~ċƖƜċƻĲũƚťŔ 
cċƖŰĲƚƚŔŰŊШċŰĦĲƚƣƖċũШƚĲƕƨĲŰĦĲШƖĲĦŸŰƚƣƖƨĦƣŔŸŰШƣŸШĲŰŊŔŰĲĲƖШƣőĲƖůŸƚƣċĤũĲШ
ĲŰǍǃůĲƚШŉŸƖШƓũċƚƣŔĦШĬĲŊƖċĬċƣŔŸŰ 

ΝΝЮΟΜШтШΝΞЮΟΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮёЮшЮ9cE~fÉÑÅòђ 
9őċŔƖаШÅŸƚċŰċШÅŔĤŔħ рΜΝШыΟ[ь 

ΝΝЮΟΜШтШΝΝЮΡΜ ŰƣŸŰŔŢċШÑŸůŔħ 
fŰǰƨĲŰĦĲШŸŉШĬƓƓΟШŔŰċĦƣŔƻċƣŔŸŰШŸŰШŔƣƚШŔŰƣĲƖċĦƣŔŸŰШƽŔƣőШƣőĲШuĲũĦőШĬŸůċŔŰШŸŉШ
uE ÂΝ 

ΝΝЮΡΜШтШΝΞЮΝΜ ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰ 
EũĲĦƣƖŸƚƓŔŰŰŔŰŊШƣĲĦőŰŸũŸŊǃШŔŰШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШůĲĬŔĦċũШċƓƓũŔĦċƣŔŸŰƚ 

ΝΞЮΝΜШтШΝΞЮΟΜ fƻċŰċШuĲťĲǍ 
ÉƣċĤŔũŔǍċƣŔŸŰШċŰĬШƚƣƖƨĦƣƨƖċũШĦőċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШůĲƣċŊĲŰŸůŔĦШĲƚƣĲƖċƚĲƚШŉŸƖШ
ĲŰőċŰĦĲĬШĤŔŸƓũċƚƣŔĦШĬĲŊƖċĬċƣŔŸŰ 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΠ 

ΝΜЮΟΜШтШΝΞЮΟΜ 7ШтШ9cE~f9 xШE ]f EEÅf ]Ш  ?Ш7f§ÑE9c §x§]ò 
9őċŔƖаШ~ċƖťŸШÅŸŊŸƜŔħ рΜΟШыΟ[ь 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
ŰċШsƨƖŔŰŢċťШÑƨƜĲť 
ƖƣŔǯĦŔċũШŔŰƣĲũũŔŊĲŰĦĲШŔŰШĤŔŸĦőĲůŔĦċũШĲŰŊŔŰĲĲƖŔŰŊаШċƓƓũŔĦċƣŔŸŰШċŰĬШŉƨƣƨƖĲШ

ƓĲƖƚƓĲĦƣŔƻĲ 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
ŰċШéƖƚċũŸƻŔħШÂƖĲƚĲĨťŔ 

~ƨũƣŔĲŰǍǃůĲШƚǃƚƣĲůƚШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŰƨƣƖċĦĲƨƣŔĦċũƚШŉƖŸůШƖĲŰĲƽċĤũĲШ
ƚŸƨƖĦĲƚ 

ΝΝЮΟΜШтШΝΞЮΟΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮё7ЮшЮ9cE~f9 xЮE ]f EEÅf ]Ю  ?Ю
7f§ÑE9c §x§]òђ 
9őċŔƖаШuƖƨŰŸƚũċƻШþŔǏĲť рΜΟШыΟ[ь 

ΝΝЮΟΜШтШΝΝЮΡΜ þĲũŔůŔƖШuƨƖƣċŰŢĲť 
9ċƨƚċũШfШůŸĬĲũũŔŰŊШŸŉШĦőĲůŔĦċũШƓƖŸĦĲƚƚШƓũċŰƣ 

ΝΝЮΡΜШтШΝΞЮΝΜ ŰƣŸŰŔŢċШ;ĲũċŰ 
ÖũƣƖċƚŸƨŰĬШƻƚЮШůĲĦőċŰŔĦċũШůŔǂŔŰŊШŔŰШĤċƣĦőШĦƖǃƚƣċũũŔǍċƣŔŸŰЯШĦŸůƓċƖŔƚŸŰШŸŉШ
ťĲǃШőǃĬƖŸĬǃŰċůŔĦШƓċƖċůĲƣĲƖƚШċŰĬШĲǭĲĦƣШŸŰШǯŰċũШƓƖŸĬƨĦƣ 

ΝΞЮΝΜШтШΝΞЮΟΜ Filip Car 
ƓƓũŔĦċƣŔŸŰШŸŉШΟ?рƓƖŔŰƣŔŰŊШŉŸƖШƓƖŸĬƨĦƣŔŸŰШŸŉШĦĲƖċůŔĦШůŸŰŸũŔƣőŔĦШĦċƣċũǃƚƣƚШŉŸƖШ

ŸǂŔĬċƣŔŸŰШŸŉШċƖŸůċƣŔĦШƻŸũċƣŔũĲШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚ 

ΝΜЮΟΜШтШΝΞЮΟΜ 7th SYMPOSIUM VLADIMIR PRELOG 
ChairаШ~ċƣŔŢċШ]ƖĲĬŔĨċť A-02 (3F) 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
ŰċШÅċƣťŸƻŔħ 

Photochemical strategies for the design of cholinesterase-targeting small-
molecules 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
ñċƻŔĲƖШ]ƨŔŰĦőċƖĬ 
7ŔŉƨŰĦƣŔŸŰċũШĦőŔƖċũШũŔŊċŰĬƚШŉŸƖШĲŰċŰƣŔŸƚĲũĲĦƣŔƻĲШĦċƣċũǃƚŔƚШƻŔċШƣĲƣőĲƖĲĬШ
ĦŸƨŰƣĲƖŔŸŰрĬŔƖĲĦƣĲĬШĦċƣċũǃƚŔƚ 

ΝΝЮΟΜШтШΝΞЮΟΜ ORAL PRESENTATIONS (7th SYMPOSIUM VLADIMIR PRELOG) 
ChairаШ~ċƣŔŢċШ]ƖĲĬŔĨċť A-02 (3F) 



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΡ 

ΝΝЮΟΜШтШΝΝЮΡΜ ~ċƖŔŰċШÑƖċŰŉŔħШ7ċťŔħ 
Photoactive phenylboronic acid derivative: Synthesis and interactions with 
sialic acids 

ΝΝЮΡΜШтШΝΞЮΝΜ Gabriel Glotz  
Phototruncation of cyanines 

ΝΞЮΝΜШтШΝΞЮΟΜ ~ċƖťŸШÂƨƖŔħ 
Chiral multisubstituted binolтcyclopentadienyl ligands and their complexes 
with transition metals 

ΝΞЮΟΜШтШΝΠЮΜΜ Lunch 

ΝΠЮΜΜШтШΝΡЮΜΜ ÂxE  ÅòЮxE9ÑÖÅE 
Martin D. Smith  
CONTROLLING AXIAL CHIRALITY 
Chair: ~ċƣŔŢċШ]ƖĲĬŔĨċť A-02 (3F) 

ΝΡЮΜΜШтШΝΡЮΟΜ Coffee Break 

ΝΡЮΜΜШтШΝΣЮΟΜ Poster presentations  
Place 

ΝΤЮΜΜШтШΝΥЮΟΜ ШтШ9cE~fÉÑÅò 
Chair: ~ċƖŔŰċШÑƖċŰŉŔħШ7ċťŔħ A-02 (3F) 

ΝΤЮΜΜШтШΝΤЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
]ŸƖĬċŰШcŸƖƻċƣ 
fŸŰрĤŔŰĬŔŰŊШƓƖŸƓĲƖƣŔĲƚШŸŉШũŔŰĲċƖШċŰĬШĦǃĦũŔĦШŸũŔŊŸƓĲƓƣŔĬĲƚ 

ΝΤЮΟΜШтШΝΥЮΟΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮёЮшЮ9cE~fÉÑÅòђ 
9őċŔƖаШ~ċƖŔŰċШÑƖċŰǯħШ7ċťŔħ рΜΞШыΟ[ь 

ΝΤЮΟΜШтШΝΤЮΡΜ xċƨƖċШ ƨŔħ 
ǍŸĬŔŸǂǃШƣőŔŰШǯũůƚШƻŔċШŸŰрƚƨƖŉċĦĲШƓŸũǃůĲƖŔǍċƣŔŸŰШŸŉШċƖŸůċƣŔĦШĬŔŰŔƣƖŸƚŸШ

ĦŸůƓŸƨŰĬƚ 

ΝΤЮΡΜШтШΝΥЮΝΜ ~ċƖŔŸШÂċŢŔħ 
ÖŰĦŸƻĲƖŔŰŊШƣőĲШƖŸũĲШŸŉШ79ƚШŔŰШƣőĲШƚŸũŔĬрƚƣċƣĲШÉƨǍƨťŔр~ŔǃċƨƖċШƖĲċĦƣŔŸŰШƻŔċШŔŰЮ
ƚŔƣƨШÅċůċŰШůŸŰŔƣŸƖŔŰŊ 

ΝΥЮΝΜШтШΝΥЮΟΜ ~ċƣŔŢċШ~ŸĬƖƨƜċŰ 
ŰŔŸŰШĤŔŰĬŔŰŊШĤǃШƓőĲŰǃũċũċŰŔŰĲШċŰĬШũĲƨĦŔŰĲШĦǃĦũŸƓĲƓƣŔĬĲƚаШƣőĲƖůŸĬǃŰċůŔĦШ

ċŰĬШƚƣƖƨĦƣƨƖċũШƚƣƨĬǃ 

 



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΣ 

ΝΤЮΜΜШтШΝΥЮΟΜ 7ШтШ9cE~f9 xШE ]f EEÅf ]Ш  ?Ш7f§ÑE9c §x§]ò 
Chair: uƖƨŰŸƚũċƻШþŔǏĲť A-01 (3F) 

ΝΤЮΜΜШтШΝΤЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
7ŸƜƣŢċŰШ]ĲŰŸƖŔŸ 
љ]ƖĲĲŰњШŊƖċƓőĲŰĲШŔŰШĲũĲĦƣƖŸĦċƣċũǃƚŔƚ 

ΝΤЮΟΜШтШΝΥЮΟΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮё7ЮшЮ9cE~f9 xЮE ]f EEÅf ]Ю  ?Ю
7f§ÑE9c §x§]òђ 
9őċŔƖаШüŸƖċŰШ~ċŰĬŔħ рΜΝШыΟ[ь 

ΝΤЮΟΜШтШΝΤЮΡΜ Hongwei Yu 
EũĲĦƣƖŸũǃƣĲШĲŰŊŔŰĲĲƖŔŰŊШĲŰċĤũĲƚШũŸŰŊрũŔŉĲШŔŰШőŔŊőрĲŰĲƖŊǃрĬĲŰƚŔƣǃШũŔƣőŔƨůШ
ůĲƣċũШĤċƣƣĲƖŔĲƚ 

ΝΤЮΡΜШтШΝΥЮΝΜ Yunyun Luo 
fŰƣĲƖŉċĦĲрƣċŔũŸƖĲĬШƚĲƓċƖċƣŸƖƚШƻŔċШŔ9é?ШŉŸƖШũŔƣőŔƨůШůĲƣċũШĤċƣƣĲƖŔĲƚШƽŔƣőШ
ĲǂƣĲŰĬĲĬШũŔŉĲƚƓċŰ 

ΝΥЮΝΜШтШΝΥЮΟΜ Maris Minna Mathew  
 ŔĦťĲũШĲũĲĦƣƖŸĦċƣċũǃƚƣƚШŉŸƖШcEÅаШ7ƖŔĬŊŔŰŊШůċƣĲƖŔċũШƓĲƖŉŸƖůċŰĦĲШċŰĬШĬċƣċШ
ŔŰƣĲŊƖŔƣǃ 

ΝΤЮΜΜШтШΝΥЮΟΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮё9ЮшЮ~ ÑEÅf xÉЮ ?Ю   §ÑE9c §x§]òђ 
Chair: Fabio Faraguna A-03 (3F) 

ΝΤЮΜΜтШΝΤЮΞΜ fƻċŰċШÂċŰǏŔħ 
Environmentally friendly lead-free thin films for high-performance dielectric 
capacitors 

ΝΤЮΞΜШтШΝΤЮΠΜ ~ŔċШ~ĲƚŔħ 
The influence of preparation parameters on the morphology and 
ferroelectric properties of metal-organic thin films based on bicyclic amines 

ΝΤЮΠΜШтШΝΥЮΜΜ Sanja Burazer 
Understanding battery failure mechanisms through structure changes 
during operando XRD measurements 

ΝΥЮΜΜШтШΝΥЮΞΜ Andrea Szpecht 
Unlocking the potential of ionic liquids in epoxy resin design and composite 
performance 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΤ 

ÑőƨƖƚĬċǃЯШÉĲƓƣĲůĤĲƖШΠЯШΞΜΞΡ 

ΥЮΜΜШтШΦЮΜΜ ÅĲŊŔƚƣƖċƣŔŸŰ ƣƖŔƨůШŸŉШΟ[ШШβ 

ΦЮΜΜШтШΝΜЮΜΜ ÂxE  ÅòЮxE9ÑÖÅE 
7ŸĲũŸШÉĦőƨƨƖ 
9c xxE ]EÉШѼШ?fÅE9Ñf§ ÉШÑ§Ш9§ éEÅÑШxf E ÅШÂÅ§?Ö9Ñf§ Шf Ñ§Ш
9fÅ9Öx ÅШѼШ7f§7 ÉE? 
9őċŔƖаШéĲƚŰċШÑŸůċƜŔħ рΜΞШыΟ[ь 

ΝΜЮΜΜШтШΝΜЮΟΜ 9ŸǭĲĲШ7ƖĲċť 

ΝΜЮΟΜШтШΝΞЮΟΜ ШтШ9cE~fÉÑÅò 
9őċŔƖаШ?ċŰŔŢĲũċШ~ƨƚŔŢċ рΜΞШыΟ[ь 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
 ŔťŸũċШ7ċƚċƖŔħ 
7ŸĬŔƓǃШĦŸůƓŸƨŰĬƚаШǰƨŸƖĲƚĦĲŰƣШũċĤĲũƚЯШƓőŸƣŸĦċŊĲƚШċŰĬШƓŸƣĲŰƣŔċũШĬƖƨŊƚ 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
fŰĲƚШÂƖŔůŸǏŔĨ 
 ĲƽШĦũċƚƚШŸŉШƣőĲƖċƓĲƨƣŔĦƚШŉŸƖШũǍőĲŔůĲƖќƚШĬŔƚĲċƚĲШƚǃůƓƣŸůШĦŸŰƣƖŸũ 

ΝΝЮΟΜШтШΝΞЮΝΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮёЮшЮ9cE~fÉÑÅòђ 
9őċŔƖаШ?ċŰŔŢĲũċШ~ƨƚŔŢċ рΜΞШыΟ[ь 

ΝΝЮΟΜШтШΝΝЮΡΜ ŰƣĲċШcƖĲƓŔħ 

~ŸĬĲƖŰШċƓƓƖŸċĦőĲƚШƣŸШũċƚĲƖШċĤũċƣŔŸŰШŔŰĬƨĦƣŔƻĲũǃШĦŸƨƓũĲĬШƓũċƚůċШůċƚƚШ
ƚƓĲĦƣƖŸůĲƣƖǃШыxрf9Âр~ÉьШċŰċũǃƚŔƚ 

ΝΝЮΡΜШтШΝΞЮΝΜ ÉċƖċШuƖŔƻċĨŔħ 

9ċƖĤŸŰŔǍĲĬШůĲƣċũрŸƖŊċŰŔĦШŉƖċůĲƽŸƖťƚШċƚШƨũƣƖċрőǃĬƖŸƓőŸĤŔĦШƚŸũŔĬШƣƖċŰƚĬƨĦĲƖШ
ŔŰШƓŸƣĲŰƣŔŸůĲƣƖŔĦШƓŸƣċƚƚŔƨůШƓƖŸĤĲƚ 

  



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΥ 

ΝΜЮΟΜШтШΝΞЮΝΜ 9ШтШ~ ÑEÅf xÉШ ?Ш   §ÑE9c §x§]ò 
Chair: Matko Erceg A-01 (3F) 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
éŔũťŸШ~ċŰĬŔħ 
Optimising the device architecture for small molecule bulk-heterojunction 
photovoltaics 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
xŔĬŔŢċШ:ƨƖťŸƻŔħ 
~ŔĦƖŸƽċƻĲрċƚƚŔƚƣĲĬШƚǃŰƣőĲƚŔƚШċŰĬШċƓƓũŔĦċƣŔŸŰШŸŉШċШůŸũĲĦƨũċƖũǃШŔůƓƖŔŰƣĲĬШ
ĦŸƖĲтƚőĲũũШƓőŸƣŸĦċƣċũǃƚƣ 

ΝΝЮΟΜШтШΝΞЮΝΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮё9ЮшЮ~ ÑEÅf xÉЮ ?Ю   §ÑE9c §x§]òђ 
Chair:  ċƣċƜċШÉƣŔƓċŰĲũŸƻШéƖċŰĬĲĨŔħ A-01 (3F) 

ΝΝЮΟΜШтШΝΝЮΡΜ ~ċƖŔŢċŰċШCċťŸƻŔħ 
From mechanical properties to atomic-level mechanism of elastically 
flexible crystals 

ΝΝЮΡΜШтШΝΞЮΝΜ ~ċƖƣŔŰċШÂĲƖŔħШ7ċťƨũŔħ 
Harnessing optical properties of quantum noble metal bio-nano hybrids 

ΝΜЮΟΜШтШΝΞЮΝΜ ?ШтШE éfÅ§ ~E Ñ xШÂÅ§ÑE9Ñf§ Ш  ?ШÉÖÉÑf   7xEШ?EéEx§Â~E Ñ 
Chair: fƻŸŰċШ ƨŔħ A-03 (3F) 

ΝΜЮΟΜШтШΝΝЮΜΜ f éfÑE?ЮxE9ÑÖÅE 
fƻċŰċШ]ƖĨŔħ 
Photocatalytic decomposition of methane as a technology for reducing 
emissions from low-methane municipal waste landfills 

ΝΝЮΜΜШтШΝΝЮΟΜ f éfÑE?ЮxE9ÑÖÅE 
]ŸƖĬċŰċШÂĲőŰĲĦ 
Polycyclic aromatic hydrocarbons in particulate matter and total deposited 
matter in Croatia 

ΝΝЮΟΜШтШΝΞЮΝΜ §Å xЮÂÅEÉE Ñ Ñf§ ÉЮё?ЮшЮE éfÅ§ ~E Ñ xЮÂÅ§ÑE9Ñf§ Ю  ? 
ÉÖÉÑf  7xEЮ?EéEx§Â~E Ñђ 
Chair: Marina Trgo A-03 (3F) 

ΝΝЮΟΜШтШΝΝЮΡΜ ŰĬƖĲċШËƓŸũŢċƖŔħ 
Development and evaluation of nZVI-based materials for arsenate removal 
from water: Adsorption performance 



 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΦ 

ΝΝЮΡΜШтШΝΞЮΝΜ Patrik Bubalo  
Effect of process parameters on removal of acetamiprid with nanofiltration 
membranes 
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ΝΝЮΜΜШтШΝΝЮΞΜ  ĲũċШ~ċũċƣĲƚƣŔ 
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Â§ÉÑEÅШÂÅEÉE Ñ Ñf§ É 

9cE~fÉÑÅò 

ÂрΜΝ 
~ċƖŔŢċШ ũĲƜťŸƻŔħЯШsċƚŰċШ ũŔħЯШìŸũŉŊċŰŊШEЮШEƖŰƚƣЯШċŰĬШ~ċƖŔŰċШËĲťƨƣŸƖ 
EůĲƖŊĲŰĦĲШŸŉШĬŔċůŸŰĬŸŔĬШĦũƨƚƣĲƖƚШŔŰШőĲũŔƨůШŰċŰŸĬƖŸƓũĲƣƚ 

ÂрΜΞ 
ÂĲƣƖċШ7ċŢƣЯШfƻċŰĨŔĦċШéŔĦťŸƻŔħЯШsĲũĲŰċШuŸƻċĨŔħЯШÂĲƣƖċШÑƨƖĨŔħЯШ?ċŰŔĲũċШ ůŔĬǏŔħШuũċƖŔħЯШċŰĬШ 
ŰċШ~ŸƖŰċƖШÑƨƖť 

?ĲƨĦƖċƻċĦŔƣŔŰŔĤШÑċĤũĲƣШ?ŸƚċŊĲШ[ŸƖůƚаШ ĦőŔĲƻŔŰŊШ ŰċũǃƣŔĦċũШEǂĦĲũũĲŰĦĲШÑőƖŸƨŊőШċШ ŸƻĲũШcÂx9р? ?Ш~ĲƣőŸĬ 

ÂрΜΟ 
uŸŰƖċĬШ7ċƖŰŸƽƚťŔЯШ}ƨťċƚǍШÉťċũŰŔċťЯШuċƣċƖǍǃŰċШ ċťŔĲũƚťċЯШ ŰŰċШÉƣċƚŔŮŸƽŔĦǍрuƖǍĲůŔĲűЯШsƨĬǃƣċШ
9ŔĲũĲĦťċрÂŔŸŰƣĲťЯШċŰĬШsċĦĲťШÂũĲƽťċ 
 ċƣƨƖċũШ9ŸůƓŸƨŰĬƚШċƚШx ]рΟШfŰőŔĤŔƣŸƖƚШŔŰШ9ċŰĦĲƖШfůůƨŰŸƣőĲƖċƓǃ 

ÂрΜΠ 
~ċŢċШ7ŔŸĨŔħШËŸƖůċǍЯШ?ŸƖċШþƨƓċŰŸƻŔħЯШċŰĬШxĲċШuƨťŸĨр~ŸĬƨŰ 
?ĲƻĲũŸƓůĲŰƣШċŰĬШéċũŔĬċƣŔŸŰШŸŉШċШ[ũŸƽШfŰŢĲĦƣŔŸŰШ~ĲƣőŸĬШŉŸƖШƣőĲШ?ĲƣĲƖůŔŰċƣŔŸŰШŸŉШ ƚĦŸƖĤŔĦШ ĦŔĬШŔŰШ
ÂőċƖůċĦĲƨƣŔĦċũШÂƖĲƓċƖċƣŔŸŰƚ 

ÂрΜΡ 
 ċƖĲŰĬƖċШ7ŔƚőƣШċŰĬШ ŔťŸũċШÑŸƓŸũŸƻĨċŰ 
ÉőŸƖƣĲŰŔŰŊШƣőĲШxŔŰťĲƖр?ŔƚƣċŰĦĲШŔŰШ7ŔŰŸũрĬĲƖŔƻĲĬШ9ǃĦũŸƓĲŰƣċĬŔĲŰĲШxŔŊċŰĬƚ 

ÂрΜΣ 
7ċƖĤċƖċШ7ŸŊŸƻŔħЯШfƻċŰťċШsĲƖŔħЯШċŰĬШéŔũťŸШÉůƖĲĨťŔ 
[ůŸĦШÉŸũŔĬрÂőċƚĲШÉǃŰƣőĲƚŔƚШċŰĬШÉƣƖƨĦƣƨƖċũШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ9р]ũǃĦŸƓĲƓƣŔĬĲƚ 

ÂрΜΤ 
sċťŸƻШ7ŸƖŸƻĲĦЯШÑŸŰŔШ?ŔƻŢċťЯШ ũůċШÅċůŔħЯШ ŔťċШsċťŸĤŸƻŔħЯШ7ƖƨŰċШ7ċťŸƣċЯШfŰĲƚШÂƖŔůŸǏŔĨЯШċŰĬШ 
ÑŸůŔĦċШcƖĲŰċƖ 
~ċĦőŔŰĲШxĲċƖŰŔŰŊШÂƖĲĬŔĦƣŔŸŰШŸŉШ9őŸũŔŰĲƚƣĲƖċƚĲШfŰőŔĤŔƣŔŸŰШĤǃШр͈7ĲŰǍŸǃũċůŔŰŸШ ĦĲƣċůŔĬĲƚ 

ÂрΜΥ 
xŔĬŔŢċШ7ƖťũŢċĨŔħШċŰĬШ~ċƣŔŢċШ]ƖĲĬŔĨċť 
?ĲƻĲũŸƓůĲŰƣШŸŉШx9р~Éо~ÉШ~ĲƣőŸĬШŉŸƖШÉŔůƨũƣċŰĲŸƨƚШ?ĲƣĲƖůŔŰċƣŔŸŰШŸŉШÑőŔċůŔŰĲЯШ[ŸũŔĦШĦŔĬЯШċŰĬШ
 ŔċĦŔŰШŔŰШ[ĲƖůĲŰƣĲĬШ~ŔũťШÉƨƓƓũĲůĲŰƣƚШ9ŸŰƣċŔŰŔŰŊШÂƖŸĤŔŸƣŔĦШ7ċĦƣĲƖŔċ 

ÂрΜΦ 
[ƖċŰťŸШ7ƨƖĨƨũЯШ ŰċШéƨĨċťЯШuƖŔƚƣŔŰċШsƨƖũŔŰċЯШǍƖċШCƨũŸƻŔħЯШfƻŔĦċШ7ũċǏĲƻŔħЯШÂĲƣƖċШ7ƖǍŸƻŔħЯШċŰĬШ 
fƻċŰċШ]ĲŰĲƖċũŔħШ~ĲťŔŰŔħ 
ÄƨċŰƣŔƣċƣŔƻĲШ?ĲƣĲƖůŔŰċƣŔŸŰШŸŉШƣőĲШ9őŔƖċũШ9ŸůƓŸƨŰĬƚШŔŰШƣőĲШÉĲċШ[ĲŰŰĲũШEƚƚĲŰƣŔċũШ§ŔũШÖƚŔŰŊШ]9р~Éо~É 

ÂрΝΜ 
~ŔċШ7ƨƜũŢĲƣċЯШ7ĲƖŰċƖĬШ?ĲŰĲŊƖŔЯШċŰĬШ~ŔƖĲũċШ~ċƣŔħ 
 ƨĦũĲŸŉƨŊċũŔƣǃШŸŉШÂőĲŰǃũƚƨũǯŰċƣĲШxĲċƻŔŰŊШ]ƖŸƨƓШŔŰШƕƨĲŸƨƚШ ĦĲƣŸŰĲШċŰĬШƕƨĲŸƨƚШEƣőċŰŸũ 

ÂрΝΝ 
~ŔċШ7ƨƜũŢĲƣċЯ~ŔƖĲũċШ~ċƣŔħЯШċŰĬШ7ĲƖŰċƖĬШ?ĲŰĲŊƖŔ 
?ƨċũŔƣǃШŔŰШÉ ΝШċŰĬШÉ ΞШ~ĲĦőċŰŔƚůƚШŔŰШÅĲċĦƣŔŸŰƚШŸŉШ7ĲŰǍǃũШ9őũŸƖŔĬĲƚШƽŔƣőШ ůŔŰĲƚШÖŰĬĲƖШÉŸũƻŸũǃƣŔĦШ
9ŸŰĬŔƣŔŸŰƚ 

ÂрΝΞ 
~ċƖŔŸШ9ĲƣŔŰċЯШÉŔũƻŔŢċШ~ċƖċĨŔħЯШċŰĬШÉŔũƻċŰċШÅċŔħШ~ċũŔħ 
9ŸŰŉŸƖůċƣŔŸŰШċŰĬШÉƨƓƖċůŸũĲĦƨũċƖШÉƣƖƨĦƣƨƖĲƚШŸŉШŰрcĲƣĲƖŸĦǃĦũŔĦШcǃĤƖŔĬƚШ7ċƚĲĬШŸŰШΝЯΞЯΟрÑƖŔċǍŸũĲШċŰĬШ
ÄƨŔŰŸũŔŰĲ 

ÂрΝΟ 
xċƖċШ;ŔǏůĲťЯШ[ŔũŔƓШÉƣŔƓŔħЯШfƻċШEƖċťЯШċŰĬШ?ƨŰŢċШ7ŸǏŔħ 
?ĲƻĲũŸƓůĲŰƣШŸŉШċШ?ǃĲШfŰŊƖĲƚƚШÑĲƚƣШ9ŸůƓċƖċĤũĲШƣŸШ~ŔĦƖŸĤŔċũШfŰŊƖĲƚƚШŉŸƖШ ƚƚĲƚƚŔŰŊШ9ŸŰƣċŔŰĲƖШ9ũŸƚƨƖĲШ
fŰƣĲŊƖŔƣǃ 

ÂрΝΠ 
uċƖũċШ;ŔǏůĲƜŔŢċШċŰĬШ ċƣċƜċШËŔŢċťŸƻŔħШéƨŢŔĨŔħ 
fŰŰŸƻċƣŔƻĲШ]ĲũũĲĬШEůƨũƚŔŸŰƚШŉŸƖШ]ĲŰĲƖċũШÖƚĲ 
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ÂрΝΡ 
~ċƖŔŢċШ9ƻĲƣŰŔħЯШ?ċŢċŰċШ7ċƖŔƜŔħЯШ ŔťŸũċШ7ƖĲŊŸƻŔħЯШéũċĬŔƚũċƻШÑŸůŔƜŔħ 
7ŔŰĬŔŰŊШŸŉШ9ċƖĤŸǂǃũċƣĲШŰŔŸŰƚШĤǃШыÑőŔŸьƨƖĲċрĦċũŔǂяΠѐċƖĲŰĲƚ 

ÂрΝΣ 
éũċĬŔůŔƖШ?ċůŢċŰŸƻŔħЯШ?ŔŰŸШuƨǍůċŰЯШ~ċƖŔŰċШ9ŔŰĬƖŔħЯШċŰĬШéŔƜŰŢċШéƖĬŸũŢċť 
ÑőĲШ~ĲĦőċŰŸĦőĲůŔĦċũШÉǃŰƣőĲƚŔƚШŸŉШ9ŸыfffьрċůůŔŰĲШcĲƣĲƖŸƓŸũǃŸǂŸůŸũǃĤĬċƣĲƚШяñǂ~§ů§ǃѐŰтШ 
ыñШӀШ ũЯШÉŔЯШ]ĲШŸƖШÑĲь 

ÂрΝΤ 

ŰĬƖĲċШ?ċŰĬŔħЯШ ũĲťƚċŰĬċƖШÉǍĳĦőĲŰǃŔЯШ~ċƣĲŢċШ7ƨĬĲƣŔħЯШ~ŔƖĲũċШÉċůċƖĬǏŔħЯШfŰĲƚШ?ƖĲŰŢċŰĨĲƻŔħЯШċŰĬШ
 ŔťŸũŔŰċШuŸũŸĤċƖŔħ 
?ĲƻĲũŸƓůĲŰƣШċŰĬШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШċШΝЯΥр ċƓőƣőċũŔůŔĬĲрĤċƚĲĬШ[ũƨŸƖĲƚĦĲŰƣШÂƖŸĤĲШŉŸƖШcǃĬƖŸŊĲŰШ
ÉƨũǯĬĲШ?ĲƣĲĦƣŔŸŰШŔŰШcƨůċŰШ7ũŸŸĬШÉĲƖƨů 

ÂрΝΥ 
7ċƖĤċƖċШ?ĲĤċŰŔħ 
~ŸŰŔƣŸƖŔŰŊШċŰĬШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШÉƨĤƻŔƚŔĤũĲШÂċƖƣŔĦũĲƚШŔŰШÂőċƖůċĦĲƨƣŔĦċũШÂƖŸĬƨĦƣƚШÖƚŔŰŊШ~ŔĦƖŸрǰŸƽШ
fůċŊŔŰŊШы~[fь 

ÂрΝΦ 
ÑŸŰŔШ?ŔƻŢċťШċŰĬШfŰĲƚШÂƖŔůŸǏŔĨ 
ÉǃŰƣőĲƚŔƚШŸŉШ͈р ŔĦŸƣŔŰŸǃũċůŔŰŸШ ĦĲƣċůŔĬĲШ?ĲƖŔƻċƣŔƻĲƚШċƚШ7ƨƣǃƖǃũĦőŸũŔŰĲƚƣĲƖċƚĲШfŰőŔĤŔƣŸƖƚ 

ÂрΞΜ 
ÉĲŰťċШ?ŢċťŸƻŔħЯШsċƚůŔŰċШxċƓŔħЯШ~ċƣĲċШ7ċťŸƣċЯШEůċШþŔƻťŸƻŔħЯШċŰĬШéċũĲƖŔŢĲШéƖĨĲť 
ÉƨĤƚƣŔƣƨĲŰƣШEǭĲĦƣƚШŸŰШƣőĲШÅĲŊŔŸƚĲũĲĦƣŔƻŔƣǃШŸŉШƣőĲШ[ĲƖƖŸĦĲŰŸǃũċƣŔŸŰШŸŉШÂƨƖŔŰĲƚ 

Âр ΞΝ 

 ŔťŸũŔŰċШ[ŔũŔƓŸƻŔħЯШÑŸůŔƚũċƻШ7ċũŔħЯШ~ċƖƣŔŰċШ~ĲĬƻŔĬŸƻŔħрuŸƚċŰŸƻŔħЯШ?ŸůŔŰŔťШ]ŸůċŰЯШ 
ŰċůċƖŔŢċШÉƣċŰťŸƻŔħЯШ~ċƖŔŢċШsŸǍċŰŸƻŔħЯШ~ċƖƣŔŰċШËƖċŢĲƖШ]ċŢĬŸƜŔťЯШÉƣŢĲƓċŰШËċƖŔħЯШÉƨŰĨŔĦċШÅŸĦċЯШċŰĬШ

EũƻŔƖċШuŸƻċĨр ŰĬƖŔħ 
9ŸŸƖĬŔŰċƣŔŸŰрĬƖŔƻĲŰШÉĲũĲĦƣŔƻŔƣǃаШÑĲƖŰċƖǃШ9ŸƓƓĲƖыffьШ7ŔƓǃƖŔĬŔŰĲШ9ŸůƓũĲǂĲƚШƽŔƣőШ ŰƣŔƣƨůŸƖШÂŸƣĲŰƣŔċũ 

Âр ΞΞ 
ÑĲċШ[ƖĲǃЯШ~ċƣŔŢċШÂŸƓŸƻŔħЯШfƻċŰċШ7ŔũŢċŰЯШċŰĬШfƻċŰШuŸĬƖŔŰ 
ÉƣƖċƣĲŊŔĦШ?ĲƚŔŊŰШŸŉШÂŸƖƓőǃƖŔŰрĤċƚĲĬШÂŸƖŸƨƚШ§ƖŊċŰŔĦШÂŸũǃůĲƖƚШŉŸƖШ9§ΞШ9ċƓƣƨƖĲаШ Ш9ŸůƓƨƣċƣŔŸŰċũШÉƣƨĬǃ 

Âр ΞΟ 
~ċƖĦĲũċШËŔƜŔħЯШxĲŸШ[ƖťċŰĲĦЯШċŰĬШÅƨǏċШ[ƖťċŰĲĦ 
7ŔŸůŔůĲƣŔĦШ ċŰŸůċƣĲƖŔċũƚШ[ƨŰĦƣŔŸŰċũŔǍĲĬШƽŔƣőШÂĲƓƣŔĬŸŊũǃĦċŰШ~ŸŰŸůĲƖаШÉƣƨĬǃŔŰŊШ9ċƖĤŸőǃĬƖċƣĲр
~ĲĬŔċƣĲĬШfŰƣĲƖċĦƣŔŸŰƚШŉŸƖШ7ŔŸůĲĬŔĦċũШÖƚĲ 

Âр ΞΠ 
?ŸůŔŰŔťШ]ŸůċŰЯШÑċƣŢċŰċШ]ċŢŔħЯШfƻċШuƨƖƣŸƻŔħЯШfƻŔĦċШCŔũŸƻŔħЯШuƖŔƜƣŸŉШuƖċŰŢĦЯШfƻċŰċШ7ċũŔħЯШÑŸůŔƚũċƻШ
7ċũŔħЯШ~ċƖƣŔŰċШ~ĲĬƻŔĬŸƻŔħрuŸƚċŰŸƻŔħ 
EũĲĦƣƖŸĦőĲůŔĦċũШÉƣƨĬǃШŸŉШ ŸƻĲũШcǃĬƖċǍŔĬĲШ~ċĦƖŸĦǃũŔĦШ9ŸůƓŸƨŰĬƚШ 

Âр ΞΡ 
[ŔũŔƓШ]ƖĬŸƻŔħЯШüŸƖċŰШuŸťċŰЯШċŰĬШÉƖĲħťŸШfЮШuŔƖŔŰ 
EŰċŰƣŔŸƚĲũĲĦƣŔƻĲШÑƖċŰƚŔƣŔŸŰШ~ĲƣċũШ9ċƣċũǃƚŔƚШƽŔƣőШÉĲũŉр ƚƚĲůĤũĲĬШcŸƚƣрŊƨĲƚƣШÉǃƚƣĲůƚ 

Âр ΞΣ 
fƣċШcċŢĬŔŰШċŰĬШ ŰƣĲШÂƖťŔħ 
Ο?ШÂƖŔŰƣĲĬШfŸŰШÉĲũĲĦƣŔƻĲШEũĲĦƣƖŸĬĲƚШŉŸƖШÂŸƣċƚƚŔƨůШfŸŰШ?ĲƣĲƖůŔŰċƣŔŸŰ 

Âр ΞΤ 
fƻċŰШfũċťŸƻċĦЯШfƻċŰШ~ċƖŔħЯШ ŰįĲũċШÂƨƚƣċťЯШfƻċŰċШxċŰĬƖŔƓĲƣЯШċŰĬШÑċŰŢċШsƨƖťŔŰ 
9ŸůƓċƖŔƚŸŰШŸŉШ~ŔĦƖŸƚƣƖƨĦƣƨƖċũШċŰĬШ~ċŊŰĲƣŔĦШÂƖŸƓĲƖƣŔĲƚШŸŉШÅċĬŔŸũǃƣŔĦċũũǃШÉǃŰƣőĲƚŔǍĲĬШ[ĲƖŸǂǃőǃƣĲШċŰĬШ
~ċŊŰĲƣŔƣĲШ ċŰŸƓċƖƣŔĦũĲƚШŉŸƖШ~ċŊŰĲƣŔĦШcǃƓĲƖƣőĲƖůŔċШÑƖĲċƣůĲŰƣ 

Âр ΞΥ 

ŰċШfƻċŰĨŔħЯШüőĲŰǂƨĲШüőċŰŊЯШuƖƨŰŸƚũċƻШ7ŸŢċŰŔħЯШfċŰċШ[ŸůŔĦőĲƻċЯШcǃŸƨŰŊƽŸŰШÂċƖťЯШuċƣċƖŔŰċШ
~ċƖƨƜŔħЯШÉŔũťĲШ9őƖŔƚƣŔċŰƚĲŰЯШ~ċŢċШ?ƨƣŸƨƖШÉŔťŔƖŔħЯШċŰĬШ?ċƖŔŢċШ?ŸůċǍĲƣШsƨƖċƜŔŰ 
?ŔůĲƖŔĦШ~ĲƣċũũŸƚƨƖŉċĦƣċŰƣШƽŔƣőШüŔŰĦаШÂőǃƚŔĦŸĦőĲůŔĦċũШÂƖŸƓĲƖƣŔĲƚШŔŰШÉŸũƨƣŔŸŰШċŰĬШƓƓũŔĦċƣŔŸŰШċƚШ
ŰƣŔĤċĦƣĲƖŔċũШ9ŸċƣŔŰŊ 

Âр ΞΦ 
 ŔťċШsċťŸĤŸƻŔħЯШÑŸůŔĦċШcƖĲŰċƖЯШċŰĬШfŰĲƚШÂƖŔůŸǏŔĨ 
~ƨũƣŔũŔŊċŰĬШ?ŸĦťŔŰŊШŸŉШÑőƖĲĲрůĲůĤĲƖĲĬШcĲƣĲƖŸĦǃĦũĲƚШŔŰШƣőĲШ ĦƣŔƻĲШÉŔƣĲШŸŉШ7ƨƣǃƖǃũĦőŸũŔŰĲƚƣĲƖċƚĲ 

Âр ΟΜ 
sċƚůŔŰċШsƨťŔħЯШ?ċƻŔĬШuƨĨĲƖċШ;ċƻċƖċЯШċŰĬШÑċŢċŰċШ7ĲŊŸƻŔħ 
ĬƚŸƖƓƣŔŸŰШŸŉШÂŸũǃы рĲƣőǃũрΞрƻŔŰǃũƓǃƖŔĬŔŰŔƨůШĤƖŸůŔĬĲьШŸŰШÉŔũŔĦċШ ċŰŸƓċƖƣŔĦũĲƚШċŰĬШ[ũċƣШƚƨƖŉċĦĲƚ 
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Âр ΟΝ 
ÑĲċШsƨƖċĨŔħЯШÑċŢċŰċШ7ĲŊŸƻŔħЯШċŰĬШ ĬƖŔċŰċШuĲŰįĲũ 
EǭĲĦƣШŸŉШ9őũŸƖŔĬĲШfŸŰƚШ ĬƚŸƖƓƣŔŸŰШŸŰШƣőĲШÉEÅÉШ ĦƣŔƻŔƣǃШŸŉШÉŔũƻĲƖШ ċŰŸƓċƖƣŔĦũĲƚ 

Âр ΟΞ 
[ŔũŔƓШxĲƜŔħЯШ?ŔŢċŰċШsƨƖĲƜċЯШċŰĬШxĲŸШËƣĲŉċŰ 
 ŔƣƖŸƚċůŔŰĲШfůƓƨƖŔƣǃШÅŔƚťШ ƚƚĲƚƚůĲŰƣШŔŰШ§ƓőƣőċũůŔĦШÂőċƖůċĦĲƨƣŔĦċũШÂƖŸĬƨĦƣ 

Âр ΟΟ 
ÉċŰĬƖċШsƨƖŔħШċŰĬШEůċŰƨĲũċШEƖĦĲŊ 
ÉŸũƻŸũǃƣŔĦШÅĲċĦƣŔƻŔƣǃШŸŉШÑƖŔƓőĲŰǃũƓőŸƚƓőŸŰŔƨůШÉċũƣƚ 

Âр ΟΠ 
ÉċŰĬƖċШsƨƖŔħШċŰĬШEůċŰƨĲũċШEƖĦĲŊ 
9ŸůƓċƖŔƚŸŰШŸŉШƣőĲШ ƨĦũĲŸŉƨŊċũŔƣŔĲƚШŸŉШƣőĲШ ĲƨƣƖċũШxĲċƻŔŰŊШ]ƖŸƨƓƚ 

Âр ΟΡ 
xƨĦŔŢċШsƨƖťŸЯШũŢċШËƣĲƖŰЯШuċƖũŸШìŔƣƣŔŰĲЯШ§ũŔƻŔŢċШÂũŸőũЯШ~ċƣĲŢШ7ƖċĨŔĨЯШ?ċůŢċŰШ~ċťƨĦЯШsċŰĲǍШÂũċƻĲĦЯШ
7ŸŢċŰċШþĲŊƨƖċЯШċŰĬШÅƨƓĲƖƣШuċƖŊũ 
?ĲƚŔŊŰШċŰĬШŰƣŔůŔĦƖŸĤŔċũШ ĦƣŔƻŔƣǃШŸŉШÂŸũǃċũũǃũċůŔŰĲр рőǃĬƖŸǂǃƚƨĦĦŔŰċůŔĬĲШ9ŸŰŢƨŊċƣĲƚ 

Âр ΟΣ 
ŰƣŸŰŔŢċШuċƖċťċƜШċŰĬШ?ċƻŸƖШ~ċƖŊĲƣŔħ 

~ĲĦőċŰŸĦőĲůŔƚƣƖǃШċƚШċШ]ƖĲĲŰШÅŸƨƣĲШƣŸШÑƖŔƚƨĤƚƣŔƣƨƣĲĬШ]ƨċŰŔĬŔŰĲƚ 

Âр ΟΤ 
~ċŢċШuċƖŰċƜШ7ċĤŔħЯШéĲƚŰċШÅċƚƣŔŢċЯШ~ŔũċŰШéƖċŰĲƜЯШ?ĲŢċŰШ ŊŔħЯШċŰĬШ?ŸůċŊŸŢШËƨĤċƖŔħШ 
EĦŸƣŸǂŔĦŔƣǃШEƚƣŔůċƣŔŸŰШŸŉШfůŔĬċǍŸũEр7ċƚĲĬШfŸŰŔĦШxŔƕƨŔĬƚаШÑőĲШEǭĲĦƣШŸŉШ ũťǃũШÉŔĬĲШ9őċŔŰШxĲŰŊƣő 

Âр ΟΥ 
fƻċŰċШuċƻċŔŰЯШéũċƣťċШÂċƜƣċƖЯШ~ċƖŔŢċŰċШ[ƖċŰŔĨĲƻŔħЯШuƖƨŰŸƚũċƻШ ũċĬŔħЯШċŰĬШfƻċŰċШ9ċƖĲƻ 
éċƖŔċĤŔũŔƣǃЯШ9ŸůƓŸƚŔƣŔŸŰЯШċŰĬШ9őĲůŔĦċũШÂƖŸǯũŔŰŊШŸŉШxċƻĲŰĬĲƖШEǂƣƖċĦƣШŉƖŸůШ9ƖŸċƣŔċШ§ĤƣċŔŰĲĬШƽŔƣőШ
ÉƨƓĲƖĦƖŔƣŔĦċũШEǂƣƖċĦƣŔŸŰ 

Âр ΟΦ 
xƨťċШuũĲůĲŰЯШ ŰĬƖĲċШÖƚĲŰŔťЯШuċƖũċШuƨťŔŰċШ]ƖċĬĲĨċťЯШfƻċŰċШ ŔťƜŔħр[ƖċŰŢŔħЯШ~ċƣĲŢċШ7ĲũŸƻċƖŔЯШ 
~ċƖƣċШsƨƖťŸƻŔħЯШ ŔťŸũċШ9ŔŰĬƖŸЯШ ċįċШ?ŸƜũŔħЯШfƻŸШÂŔċŰƣċŰŔĬċЯШċŰĬШéũċĬŔƚũċƻШÑŸůŔƜŔħ 
[ũƨŸƖĲƚĦĲŰĦĲШљìŔƣőŸƨƣШ[ũƨŸƖŸƓőŸƖĲƚњаШfŰƻĲƚƣŔŊċƣŔŰŊШ9ċƣŔŸŰШ9ŸůƓũĲǂċƣŔŸŰШĤǃШ9ċũŔǂċƖĲŰĲƚ 

Âр ΠΜ 
fƻċŰШuŸĬƖŔŰШċŰĬШÑĲċШ[ƖĲǃ 
ÂŸũǃůŸƖƓőŔƚůШċŰĬШ~ĲĦőċŰŔĦċũШ7ĲőċƻŔŸƖШŔŰШ~ŸũĲĦƨũċƖШ9ƖǃƚƣċũƚаШċШ9ŸůƓƨƣċƣŔŸŰċũШÉƣƨĬǃ 

Âр ΠΝ 
ÅŸĤĲƖƣШsƨŰŔŸƖШuŸũůċŰШċŰĬШ~ċƣŔŢċШ]ƖĲĬŔĨċť 
?ĲċƖŸůċƣŔƻĲШяΟҼΟѐШŰŰƨũċƣŔŸŰШŉŸƖШÑőĲШ9ŸŰƚƣƖƨĦƣŔŸŰШŸŉШÂŸũǃĦǃũŔĦШÉťĲũĲƣŸŰƚ 

Âр ΠΞ 
~ċƖŔŸШuŸůċƖЯШ~ċŢċШ~ŸũŰċƖЯШuċƣċƖŔŰċШsƨťŔħЯШ~ċƖƣŔŰċШsċťŸƻũŢĲƻŔħШuŸƻċĨЯШċŰĬШÑŔőŸůŔƖШuŸƻċĨ 
~ĲĦőċŰŸĦőĲůŔĦċũШÉǃŰƣőĲƚŔƚШŸŉШΝЯΞЯΟрÑƖŔċǍŸũĲƚШƻŔċШ9ŸƓƓĲƖыfьрĦċƣċũǃƚĲĬШΝЯΟр?ŔƓŸũċƖШĦǃĦũŸċĬĬŔƣŔŸŰаШċШ
]ƖĲĲŰШ ƓƓƖŸċĦőШƣŸШŰƣŔŊƨŰŊċũШ ŊĲŰƣƚ 

Âр ΠΟ 
?ŔŰŸШuŸƖċŰŔħЯШxƨĦŔŢċШ7ƖƣċŰЯШfƻċŰċШuĲťĲǍЯШċŰĬШũĲťƚċŰĬƖċШ~ċƖƜċƻĲũƚťŔ 
fĬĲŰƣŔǯĦċƣŔŸŰШċŰĬШ[ƨŰĦƣŔŸŰċũШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ~ĲƣċŊĲŰŸůŔĦШEƚƣĲƖċƚĲƚШŉŸƖШ7ŔŸĬĲŊƖċĬċƣŔŸŰШŸŉШ
7ŔŸƓũċƚƣŔĦƚ 

Âр ΠΠ 
éĲƖŸŰŔťċШuŸƻċĨЯШfƻċŰċШuůĲƣŔĨЯШÑĲƨƣċШ~ƨƖċƣŔЯШċŰĬШ~ċƖŔŰċШ~ŔũĲƣŔħ 
7ŔŸũŸŊŔĦċũШĦƣŔƻŔƣǃШŸŉШ ĲƽШ[ĲƖƖŸĦĲŰǃũƓǃƖŔůŔĬŔŰĲШ?ĲƖŔƻċƣŔƻĲƚШŸŉШ9ƨƖĦƨůŔŰ 

Âр ΠΡ 
~ċƖŔŢċШcĲŉĲƖЯШ ŔťŸũŔŰċШ[ŔũŔƓŸƻŔħЯШÉƣŢĲƓċŰШËċƖŔħЯШ ŰċШÂĲƣƖŸƻŔħЯШ~ċƖƣŔŰċШÉůŸũŔħЯШ~ċƖƣŔŰċШËƖċŢĲƖШ
]ċŢĬŸƜŔťЯШċŰĬШEũƻŔƖċШuŸƻċĨр ŰĬƖŔħ 
ÉƓĲĦƣƖŸƚĦŸƓŔĦШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШытьрEƓŔĦċƣĲĦőŔŰрũŔƓŔĬШfŰƣĲƖċĦƣŔŸŰƚШŔŰШċШ~ Éx?Ш~ŸĬĲũ 

Âр ΠΣ 
ÂĲƣƖċШuŸƻċĨĲĦЯШxĲĲŰƣŢĲШÂĲƖƚŸŸŰƚЯШ?ŔƖťШ?ċĲũĲůċŰƚЯШċŰĬШÑċƣŢċŰċШ]ċǍŔƻŸĬċШuƖċũŢĲƻŔħ 
ÉǃŰƣőĲƚŔƚШċŰĬШ7ŔŸũŸŊŔĦċũШ ĦƣŔƻŔƣǃШŸŉШ ĲƽШ7ĲŰǍŸǂċǍŸũŔŰŸŰĲҽĦŸƨůċƖŔŰШcǃĤƖŔĬƚ 

Âр ΠΤ 
xƨťċШuƖƚƣƨũŸƻŔħЯШ~ċƖŔŢċŰċШxĲƻĲŰƣŔħЯШfƻċŰШ:ŸƖŔħЯШċŰĬШxŢƨĤŔĦċШ]ũċƻċƜр§ĤƖŸƻċĦ 
ŰƣŔƓƖŸũŔŉĲƖċƣŔƻĲШ ĦƣŔƻŔƣǃШŸŉШ ŸƻĲũШ7ĲŰǍŔůŔĬċǍŸũĲрШ9ŸƨůċƖŔŰШcǃĤƖŔĬƚ 
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Âр ΠΥ 
[ŔũŔƓШuƨĨċƚЯШÅŸĤĲƖƣШÂĲŰĬĲũŔħЯШ~ŸƖċŰċШ?ƨũŔħЯШ~ċƖťŸШ~ŸĨŔĤŸĤЯШfƣċШ]ƖƨŔħрÉŸƻƨũŢЯШċŰĬШ 
éĲƚŰċШÂĲƣƖŸƻŔħШÂĲƖŸťŸƻŔħ 
ÉǃŰƣőĲƚŔƚШŸŉШƖŊŔŰŔŰĲШcǃĬƖŸǂċůċƣĲШтШċШÂŸƣĲŰƣŔċũШfŰőŔĤŔƣŸƖШŸŉШůŔŰŸċĦǃũрƣÅ  ШÉǃŰƣőĲƣċƚĲ 

Âр ΠΦ 
xĲċШuƨťŸĦр~ŸĬƨŰЯШ~ċƣĲċШéƨťŸƖĲƓċЯШ~ċŢċШ7ŔŸĦŔĦрÉŸƖůċǍЯШÉċŰŢċШÂĲƖŔŰŸƻŔĦрsŸǍŔĦЯШċŰĬШ 
ÉƓċƚШ?ЮШuŸũĲƻ 
Ш ĲƽШ]ĲŰĲƖċƣŔŸŰШŸŉШÂŸũǃůĲƖШfŰĦũƨƚŔŸŰШ~ĲůĤƖċŰĲƚШƽŔƣőШÉƨƓĲƖŔŸƖШÂĲƖŉŸƖůċŰĦĲ 

Âр ΡΜ 
7ŸŢċŰШuƨƖŔĬǏċЯШsƨũŔĲŰШ7ŸŔǂĲũЯШċŰĬШfƻŸШÂŔċŰƣċŰŔĬċ 
?ŔċƖǃũĲƣőĲŰĲрĤċƚĲĬШÂőŸƣŸƚƽŔƣĦőĲƚаШÂőŸƣŸĦőĲůŔĦċũШ7ĲőċƻŔŸƖШċŰĬШ7ŔŸůŸũĲĦƨũċƖШfŰƣĲƖċĦƣŔŸŰƚ 

Âр ΡΝ 
~ċƣĲċШxċƨĨċŰЯШ ũůċШÅċůŔħЯШċŰĬШfŰĲƚШÂƖŔůŸǏŔĨ 
 ŸƻĲũШ7ŔŸċĦƣŔƻĲШÄƨċƣĲƖŰċƖǃШÄƨŔŰƨĦũŔĬŔŰĲШÂĲƓƣŔĬŸůŔůĲƣŔĦƚ 

Âр ΡΞ 
uċƣċƖŔŰċШxĲťŸЯШ ŔťŸũċШ9ŔŰĬƖŸЯШ ŰĬƖĲċШÖƚĲŰŔťЯШ]ƖĲŊŸƖШÑċũċŢŔħЯШċŰĬШéũċĬŔƚũċƻШÑŸůŔƜŔħ 
9ŸůƓũĲǂċƣŔŸŰШÅĲċĦƣŔŸŰƚШŸŉШÉŸŉƣШ~ĲƣċũШ9ċƣŔŸŰƚШƽŔƣőШ9ċũŔǂяΠѐċƖĲŰĲШ?ĲƖŔƻċƣŔƻĲƚШ9ŸŰƣċŔŰŔŰŊШÉƨũƓőƨƖШċŰĬШ
]ũƨĦŸƚĲШ[ƨŰĦŔŸŰċũŔƣŔĲƚ 

Âр ΡΟ 
éŔũůċШxŸƻƖŔŰĨĲƻŔħЯШ?ƖċŊċŰċШéƨťЯШfƖĲŰċШËťŸƖŔħЯШċŰĬШ ŔťŸũċШ7ċƚċƖŔħ 
~ĲĦőċŰŔƚƣŔĦШÉƣƨĬǃШŸŉШ ůŔŰŸĤŔƓőĲŰǃũШÂőŸƣŸĦċŊĲƚ 

Âр ΡΠ 
uЮШ~ċŢĲƖŸƻČШéċƖŊċЯШ?ЮШxŸŰĨċƖŔħЯШEЮШuċũĲƣŸƻČЯШ9ЮШÉċŰƣŸƚШcƨƖƣċĬŸЯШ~ЮШ~ċƜċƣЯШċŰĬШsЮШuċũĲƣċ 
ÂőŸƣŸƚƽŔƣĦőċĤũĲШ9ƨĦƨƖĤŔƣяΤѐƨƖŔũƚ 

Âр ΡΡ 
~ċƖƣŔŰċШ~ƨƜťŸƻŔħЯШ~ċƖƣŔŰШxŸŰĨċƖŔħЯШ ŔťŸũċШ7ċƚċƖŔħЯfƻċŰċШÅċƣťċŢЯШċŰĬШ ĲũċШ~ċũċƣĲƚƣŔ 
ÉǃŰƣőĲƚŔƚШċŰĬШEƻċũƨċƣŔŸŰШŸŉШы§ǂŔĬŸƓǃƖŔĬǃũьƓŸƖƓőǃƖŔŰƚШŔŰШÂőŸƣŸĬǃŰċůŔĦШÑőĲƖċƓǃ 

Âр ΡΣ 
fƻċШ?ǏĲĤċЯШ ŰįĲũċШ]ŸũƨǏċЯШCċŰŔШËťċũċůĲƖċЯШċŰĬШfƻċŰШxŢƨĤŔħ 

?ĲƚŔŊŰШċŰĬШ?ĲƻĲũŸƓůĲŰƣШŸŉШÄƨŔŰċǍŸũŔŰĲШìőŔƣĲШxŔŊőƣШEůŔƣƣĲƖƚШŉŸƖШxŔŊőƣŰŔŰŊШ ƓƓũŔĦċƣŔŸŰ 

Âр ΡΤ 
~ċŢċШ[ƖŔƜĨŔħЯШfƻċŰťċШ~ċũĲƜЯШÉċŰŢċШÅċĬůċŰЯШþĲũŢċŰШ~ċũĲƜЯШċŰĬШfŊŸƖШsĲƖťŸƻŔħШ 
EƚƚĲŰƣŔċũШ§ŔũШċŰĬШcǃĬƖŸƚŸũШ9ŸůƓŸƚŔƣŔŸŰШŸŉШ]ũŸĤƨũċƖŔċЮ ũǃƓƨůЮxЮШŉƖŸůШ9ƖŸċƣŔċ 

Âр ΡΥ 
ŰƣŸŰŔŢċШ~ċůŔħЯШuƖŔƚƣŔŰċШ7ƨƣťŸƻŔħЯШuƖŔƚƣŔŰċШÉƣċƖĨĲƻŔħЯШxĲĲŰƣŢĲШÂĲƖƚŸŸŰƚЯШ?ŔƖťШ?ċĲũĲůċŰƚЯ 

ÅŸĤĲƖƣШéŔċŰĲũũŸЯШċŰĬШ~ċƖŔŢċŰċШcƖċŰŢĲĦ 
ÉǃŰƣőĲƚŔƚШċŰĬШ7ŔŸũŸŊŔĦċũШ ĦƣŔƻŔƣǃШŸŉШ ŸƻĲũШ~ĲƣőŸǂǃШċŰĬШcǃĬƖŸǂǃШÉƨĤƚƣŔƣƨƣĲĬШÂǃƖŔĬŔŰĲШ7ĲŰǍċůŔĬĲƚ 

Âр ΡΦ 
ÉƻĲŰШ~ċƖŔŰċĦЯШŰĬƖĲċШÖƚĲŰŔťЯШ~ċƣŔŢċШ~ŸĬƖƨƜċŰЯШsċťŸƻШ7ŸƖŸƻĲĦЯШuċƣċƖŔŰċШÂŔĨƨũŢċŰЯШuċƣċƖŔŰċШxĲťŸЯШ
]ŸƖĬċŰШcŸƖƻċƣЯШsŸƚŔƓШÂŸǏċƖЯШ ŔťŸũċШ9ŔŰĬƖŸЯШÑŸůŔĦċШcƖĲŰċƖЯШċŰĬШéũċĬŔƚũċƻШÑŸůŔƜŔħ 
9ċũŸƖŔůĲƣƖŔĦЯШÉƓĲĦƣƖŸƚĦŸƓŔĦЯШċŰĬШ9ŸůƓƨƣċƣŔŸŰċũШÉƣƨĬŔĲƚШŸŉШ9ċũŔǂċƖĲŰĲрƚŸũƻĲŰƣШ ĬĬƨĦƣƚШ[ŸƖůċƣŔŸŰ 

Âр ΣΜ 
sċŰШ~ĲŔǂŰĲƖЯШéŔũůċШxŸƻƖŔŰĨĲƻŔħЯШ?ƖċŊċŰċШéƨťЯШċŰĬШfŰĲƚШ?ĲƚƓŸƣŸƻŔħШ 
ÄƨċŰƣƨůрĦőĲůŔĦċũШÉƣƨĬǃШŸŉШÑőĲƖůċũШÑƖċŰƚŉŸƖůċƣŔŸŰƚШŸŉШŸр?ŔƻŔŰǃũĤĲŰǍĲŰĲШ?ĲƖŔƻċƣŔƻĲƚ 

Âр ΣΝ 
ÑŔőċŰċШ~ũŔŰċƖŔħЯШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШfƻċШÅĲǍŔħШ~ĲƜƣƖŸƻŔħЯШċŰĬШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħ 
9ƖǃƚƣċũƚШŸŰШƣőĲШEĬŊĲаШ9ŸǭĲĲрƖŔŰŊШÉǃůůĲƣƖǃЯШ?ŔǭƨƚŔŸŰЯШċŰĬШÖŰƓƖĲĬŔĦƣċĤŔũŔƣǃШŔŰШċШÉŔŰŊũĲШ?ƖŸƓШŸŉШ
ÂċŰƣŸƓƖċǍŸũĲ 

Âр ΣΞ 
uƖĲƜŔůŔƖШ~ŸũĨċŰŸƻЯШÂĲƣƖċШÉƣċŰŔħЯШċŰĬШxŔĬŔŢċШ ŰĬƖŸƜШ?ƨĤƖċŢċ 
ÂőċƚĲШÑƖċŰƚŉŸƖůċƣŔŸŰШċŰĬШÉĲũŉрőĲċũŔŰŊШŸŉШċШ9őċƖŊĲрƣƖċŰƚŉĲƖШ9Ɩǃƚƣċũ 

Âр ΣΟ 
xŔĬŔŢċШ~ŸũĨċŰŸƻЯШuƖĲƜŔůŔƖШ~ŸũĨċŰŸƻЯШ[ŔũŔƓШÑŸƖŔħЯШ~ŔƖƣċШcĲƖċťЯШÉċŰŢċШ7ƨƖċǍĲƖЯШċŰĬШ~ċƖŔŢċŰċШsƨƖŔħ 
ÉƣƖƨĦƣƨƖċũШċŰĬШ~ċŊŰĲƣŔĦШÂƖŸƓĲƖƣŔĲƚШŸŉШƣőĲШ§ǂċũċƣĲрĤċƚĲĬШя9ƨff9ƖfffѐШ9ŸůƓũĲǂĲƚаШƣőĲШfŰǰƨĲŰĦĲШŸŉШ
ÉŸũƨƣŔŸŰШŸŰШ?ŔůĲŰƚŔŸŰċũŔƣǃ 

Âр ΣΠ 
~ċŢċШ~ŸũŰċƖЯШ~ċƖŔŸШuŸůċƖЯШ~ċƖƣŔŰċШsċťŸƻũŢĲƻŔħЯШ ŔťċШÅċťЯШ ŸƖċШÉũŔƻċƖЯШċŰĬШ?ƖċŊŔĦċШÉƨťŰŸƻŔħ 
~ĲĦőċŰŸĦőĲůŔĦċũШÉǃŰƣőĲƚŔƚШŸŉШ9ŸƨůċƖŔŰШ7ċƚĲĬШÑőŔŸƚĲůŔĦċƖĤċǍŔĬĲƚ 
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Âр ΣΡ 
?ċŰŔŢĲũċШ~ƨƚŔŢċЯШ?ŔŰŸШuƨǍůċŰЯШÑŸůŔĦċШcƖĲŰċƖЯШċŰĬШéŔƜŰŢċШéƖĬŸũŢċť 
éċŰċĬŔƨůыéьШ ƖŸǃũőǃĬƖċǍŸŰĲШ9ŸůƓũĲǂĲƚаШÉǃŰƣőĲƚŔƚЯШ9őċƖċĦƣĲƖŔǍċƣŔŸŰЯШ9ǃƣŸƣŸǂŔĦШċŰĬШ ŰƣŔĤċĦƣĲƖŔċũШ
ĦƣŔƻŔƣǃ 

Âр ΣΣ 
uƖŔƚƣŔċŰШ ċťŔħЯШüőĲŢŔċŰШ9ċŸЯШfƣċШcċŢĬŔŰЯШÉċŰƣŸƚőШÂċŰĬŔƣЯШŰƣĲШÂƖťŔħЯШfƻċŰШ~ŔŢċťŸƻŔħЯШċŰĬШfƻċŰċШ~ŔƣċƖ 
]ƖĲĲŰШ~ŔĦƖŸƽċƻĲрőǃĬƖŸƣőĲƖůċũШÉǃŰƣőĲƚŔƚШŸŉШ~ŔǂĲĬрƓőċƚĲШ9ŸƓƓĲƖоĦŸƓƓĲƖШŸǂŔĬĲƚаШ9őċůŸůŔũĲШ
EǂƣƖċĦƣќƚШEǭĲĦƣШŸŰШÅĲũċƣŔƻĲШÂőċƚĲШ ĤƨŰĬċŰĦĲШċŰĬШ ŰƣŔĤċĦƣĲƖŔċũШÂŸƣĲŰƣŔċũ 

Âр ΣΤ 
ÅĲŰċƣċШ§ĬǏċťЯШŰƣŸŰŔŸШÉċĤũŢŔħЯШċŰĬШ~ċƣŔũĬċШËƓƖƨŰŊ 
ÄƨŔŰƨĦũŔĬŔŰĲШ7ŔƚÄ 9ƚаШÉƣƖƨĦƣƨƖĲт ĦƣŔƻŔƣǃШÅĲũċƣŔŸŰƚőŔƓШ ŰċũǃƚŔƚШƽŔƣőШ[ŸĦƨƚШŸŰШ ŰƣŔůŔĦƖŸĤŔċũШ
ÅĲƚŔƚƣċŰĦĲ 

Âр ΣΥ 
~ċƖŔŸШ§ƖċŔħЯШþĲũŔůŔƖċШ[ŔũŔħЯШxƨĦŔŢċШ7ƖƣċŰЯШfƻċŰċШuĲťĲǍЯШċŰĬШ ũĲťƚċŰĬƖċШ~ċƖƜċƻĲũƚťŔ 
fĬĲŰƣŔǯĦċƣŔŸŰШċŰĬШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ ŸƻĲũШÂxр?ĲŊƖċĬŔŰŊШEƚƣĲƖċƚĲƚШŉƖŸůШ~ĲƣċŊĲŰŸůŔĦШ?ċƣċĤċƚĲƚ 

Âр ΣΦ 
[ЮШÂċőŸƻŔħЯШsЮШÉЮШÉċŢťŸЯШċŰĬШfЮШsĲƖŔħ 
ÂƖĲƓċƖċƣŔŸŰШŸŉШċШÂŸƣĲŰƣŔċũШÖƖĲċрĤċƚĲĬШ§ƖŊċŰŸĦċƣċũǃƚƣШŉƖŸůШ?рыҽьрÄƨŔŰŔĦШċĦŔĬ 

Âр ΤΜ 
7ċƖĤċƖċШÂċŰŔħЯШ~ũċĬĲŰШ7ŸƖŸƻŔŰċЯШ~ċƣŔŢċШÂŸƓŸƻŔħЯШċŰĬШfƻċŰċШ7ŔũŢċŰ 
ǍŸрĤƖŔĬŊĲĬШÂŸƖŸƨƚШ§ƖŊċŰŔĦШÂŸũǃůĲƖƚШŉŸƖШ9§ΞШ9ċƓƣƨƖĲШċŰĬШ9ŸŰƻĲƖƚŔŸŰ 

Âр ΤΝ 

?ŔŢċŰċШÂċƻũŸƻŔħШÉċŉƣŔħЯШ ċƣċũŔĲШ~ƨƣƣĲƖЯШ[ŔũŔƓƓŸШÉċƻŔŰŔЯШþĲũŢťċШ7ċŰЯШ ŰĬƖĲċШcũŸƨƜĲťрuċƚƨŰЯШ 
7ƖċŰŔůŔƖШ7ĲƖƣŸƜċЯШfƻŸШÂŔċŰƣċŰŔĬċЯШċŰĬШfƻċŰШ7ċƖŔƜŔħ 
ÉůċƖƣШ7ŔŸƚĲŰƚŸƖШ?ĲƚŔŊŰаШcċƖŰĲƚƚŔŰŊШ]рÄƨċĬƖƨƓũĲǂШċŰĬШ ŰƣŔůŔĦƖŸĤŔċũШÂĲƓƣŔĬĲƚШŉŸƖШÉĲũĲĦƣŔƻĲШÂċƣőŸŊĲŰШ
?ĲƣĲĦƣŔŸŰ 

Âр ΤΞ 
éĲƚŰċШÂĲőċƖЯШfƻċŰċШ9ĲƣŔŰċЯШéċũĲŰƣŔŰċШuũŢƨĨċƖŔħЯШċŰĬШ?ŸŰŰċШéċĬũŢċ 
ÑŸǂŔĦŔƣǃШŸŉШ9ċƖĤċůċƣĲШcĲƖĤŔĦŔĬĲƚШтШfůƓċĦƣШŸŰШcƨůċŰШcĲċũƣő 

Âр ΤΟ 
ÂĲƣƖċШÂĲƣƖŸƻŔħШċŰĬШÉŰĲǏċŰċШ~ŔũŢċŰŔħ 
ÉőċƓĲШ~ċƣƣĲƖƚаШƣőĲШÅŸũĲШŸŉШ]ŸũĬШ ċŰŸƓċƖƣŔĦũĲШ~ŸƖƓőŸũŸŊǃШŔŰШÉEÅÉШ?ĲƣĲĦƣŔŸŰШŸŉШ]рÄƨċĬƖƨƓũĲǂ 

Âр ΤΠ 
?ċŰŔŢĲũċШ7ĲŰĲƜЯШéĲƚŰċШÂĲƣƖŸƻŔħШÂĲƖŸťŸƻŔħЯШþĲũŢťċШ9ċƖЯШċŰĬШÅŸƚċŰċШÅŔĤŔħ 
ÉǃŰƣőĲƚŔƚШŸŉШ9őŸũĲƚƣĲƖŸũШ?ĲƖŔƻċƣŔƻĲƚШŸŉШ~ċŰŰŸƚǃũċƣĲĬШ?ĲƚůƨƖċůǃũШÂĲƓƣŔĬĲ 

Âр ΤΡ 
fЮШÂŔĦĲťЯШ?ЮШ~ƨƚŔŢċЯШéЮШ?ċůŢċŰŸƻŔħЯШ7ЮШ[ŸƖĲƣŔħЯШċŰĬШüЮШËƣĲŉċŰŔħ 
ÉƨƓƖċůŸũĲĦƨũċƖШÉĲũŉрċƚƚĲůĤũĲĬШcĲǂċĦǃċŰŸрŉĲƖƖċƣĲыffьрĤċƚĲĬШ9őċƖŊĲрƣƖċŰƚŉĲƖШ9ŸůƓũĲǂĲƚ 

Âр ΤΣ 
~ċƣŔŢċШÂŸƓŸƻŔħЯШ~ũċĬĲŰШ7ŸƖŸƻŔŰċЯШ7ċƖĤċƖċШÂċŰŔħЯШċŰĬШfƻċŰċШ7ŔũŢċŰ 
ÂŸƖƓőǃƖŔŰрĤċƚĲĬШ ǍŸрĤƖŔĬŊĲĬШÂŸƖŸƨƚШ§ƖŊċŰŔĦШÂŸũǃůĲƖƚаШ9§ЋШ9ċƓƣƨƖĲШċŰĬШ9ŸŰƻĲƖƚŔŸŰШÑŸƽċƖĬƚШ
ÉƨƚƣċŔŰċĤũĲШÉŸũƨƣŔŸŰƚ 

Âр ΤΤ 

sЮШÂŸǏċƖЯШ~ЮШ~ŸĬƖƨƜċŰЯШ ЮШ9ŔŰĬƖŸЯШ~ЮШ9ƻĲƣŰŔħЯШ ЮШÖƚĲŰŔťЯШuЮШxĲťŸЯШÉЮШÂĲƣƖŸƻŔħЯШsЮШ7ŸƖŸƻĲĦЯШ]ЮШcŸƖƻċƣЯШ
éЮШÉƣŔũŔŰŸƻŔħЯШÑЮШcƖĲŰċƖЯШċŰĬШéЮШÑŸůŔƜŔħ 
ÑőĲƖůŸĬǃŰċůŔĦШfŰƚŔŊőƣƚШŔŰƣŸШƣőĲШ9őĲũċƣĲШEǭĲĦƣбШƣőĲШ9ċũŔǂяΠѐċƖĲŰĲШ9ŸŰŉŸƖůċƣŔŸŰШfŰǰƨĲŰĦĲШŸŰШ9ċƣŔŸŰШ
9ŸůƓũĲǂċƣŔŸŰ 

Âр ΤΥ 
~ŔũċШÅċĬċŰЯШéĲĬƖċŰċШ;ŔťĲƜШ;ƨũŔħЯШfƻċŰċШ9ċƖĲƻЯШċŰĬШ~ċƖŔŰċШÑƖċŰǯħШ7ċťŔħ 
ÂőŸƣŸċĦƣŔƻĲШÂőĲŰǃũĤŸƖŸŰŔĦШ ĦŔĬШ?ĲƖŔƻċƣŔƻĲƚаШxŔŊőƣр~ŸĬƨũċƣĲĬШ ŰƣŔƓƖŸũŔŉĲƖċƣŔƻĲШĦƣŔŸŰШŸŉШ ǍŸĤĲŰǍĲŰĲШ
7ŸƖŸŰŔĦШ ĦŔĬШŸŰШ7ƖĲċƚƣШ9ċŰĦĲƖШ9Ĳũũƚ 

Âр ΤΦ 
xƨĦŔŢċШuũŸĤƨĨċƖЯШ ũůċШÅċůŔħЯШċŰĬШ ŔťŸũċШ9ŔŰĬƖŸ 
ÑŸƣċũШÉǃŰƣőĲƚŔƚШŸŉШ?ŔƚƓǃƖƖŸũŸƓǃƖŔĬŔŰĲШ 

Âр ΥΜ 
sŸƚŔƓШÅĲƜĲƣċƖЯШuċƖũċШÅĲůċƖЯШ ŰċШ~ŔťũĲƨƜĲƻŔħЯШsŸƚŔƓċШÉƨħШÉċŢťŸЯШfŰĲƚШ7ċƜŔħЯШċŰĬШ~ċƣŔŢċШ]ƖĲĬŔĨċť 
§ŰĲрÂŸƣШÉǃŰƣőĲƚŔƚШŸŉШ[ƨŰĦƣŔŸŰċũŔǍĲĬШÂǃƖƖŸũŸяΟЯΠрĤѐŔŰĬŸũĲƚШƻŔċШċШÑċŰĬĲůШ7ċƖƣŸŰтüċƖĬШċŰĬШ[ƖŔĲĬĲũт
9ƖċŉƣƚШ ƓƓƖŸċĦő 
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Âр ΥΝ 
ÂĲƣƖċШ]ũċŊŸũŔħЯШÑŔőċŰċШ~ũŔŰċƖŔħЯШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħЯШċŰĬШfƻċШÅĲǍŔħШ~ĲƜƣƖŸƻŔħ 
]ƖĲĲŰШÉǃŰƣőĲƚŔƚШŸŉШ~ĲƣċũШ ċŰŸƓċƖƣŔĦũĲƚШŉŸƖШfŰƻĲƚƣŔŊċƣŔŸŰШŸŉШƣőĲШ9ŸǭĲĲШтШÅŔŰŊШEǭĲĦƣ 

Âр ΥΞ 
~ŔƖƣċШÅƨĤĨŔħЯШ ŔťŸũċШ~ŔƜĲЯШEĬŔШÑŸƓŔħЯ?ċƖŔŸШ7ċƖŔƜŔħЯШċŰĬШ?ċůŔƖШÂċŢŔħ 
ÑƨŰŔŰŊШƣőĲШ~ċŊŰĲƣŔƚůШŔŰШ9ŸƓƓĲƖыffьШƚǃƚƣĲůƚаШ[ƖŸůШ?ŔƚĦƖĲƣĲШ9ŸůƓũĲǂĲƚШƣŸШxŸƽрĬŔůĲŰƚŔŸŰċũШcǃĤƖŔĬШ
§ƖŊċŰŔĦрŔŰŸƖŊċŰŔĦШ~ċƣĲƖŔċũƚ 

Âр ΥΟ 
ŰƣŸŰŔŸШÉċĤũŢŔħЯШ~ċƣŔũĬċШËƓƖƨŰŊЯШċŰĬШÅĲŰċƣċШ§ĬǏċť 

?ĲƚŔŊŰШċŰĬШÉǃŰƣőĲƚŔƚШŸŉШÉŸŉƣЮÄƨċƣĲƖŰċƖǃШůůŸŰŔƨůШÉċũƣƚШ7ċƚĲĬШŸŰШΟр ůŔŰŸƕƨŔŰƨĦũŔĬŔŰĲШƽŔƣőШ ůŔĬĲр
xŔŰťĲĬШ ũťǃũШ9őċŔŰƚ 

Âр ΥΠ 
xĲŸŰШÉċĨĲƖЯШ~ċƖŔŰċШÑĲƖЯШ?ŸƖŔƚШ7ċĤŔħЯШ~ċƖƣŔŰШ9ЮШÑċǃũŸƖЯШsŸőŰШ~ЮШuĲũũǃЯШċŰĬШÉŔũƻċŰċШÅċŔħр~ċũŔħ 
ÉǃŰƣőĲƚŔƚШċŰĬШÉƣƖƨĦƣƨƖċũШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ ĲƽШ ŔƣƖŸыƣƖŔċǍŸũĲоŔůŔĬċǍŸũĲьрċƓƓĲŰĬĲĬШƕƨŔŰŸũŔŰĲƚШƽŔƣőШ
ÂŸƣĲŰƣŔċũШ ŰƣŔƣƖǃƓċŰŸƚŸůċũШ ĦƣŔƻŔƣǃ 

Âр ΥΡ 
cċŰŰċШüőƨťŸƨƚťċǃċЯШ~ċƖŔŢċШsŸǍċŰŸƻŔħЯШÅŸĤĲƖƣШéŔċŰĲũũŸЯШxƨĦŔŢċШéƖĤċŰЯШ~ċƖƣŔŰШcƖƨĤǃЯШsŔƖŔШÂċŰĲťЯШ 
~ċƖŔŢċШuƖċƜĲƻċĦШÉċťċĨЯШÉƨŰĨŔĦċШÅŸĦċЯШ?ƖċǏĲŰШéŔťŔħрÑŸƓŔħЯШ?ĲċŰШ~ċƖťŸƻŔħЯШċŰĬШ ŔťŸũċШÉċťċĨ 
 ĲƽШÂŸƣĲŰƣŔŸůĲƣƖŔĦШÉĲŰƚŸƖШŉŸƖШ ŰŔŸŰŔĦШÉƨƖŉċĦƣċŰƣƚ 

Âр ΥΣ 

~ċƖŔŢċШsŸǍċŰŸƻŔħЯШ~ċƖŔŢċШ~ŔũŸƜЯШÅŸǍĲũŔŰĬƖċШ;ŸǏрÅċťŸƻċĦЯШÂĲƣƖċШfƻċŰĨċŰЯШ7ŸŢċŰШËċƖťċŰŢЯШ 
 ċĬċШ]ũƨůċĦЯ?ŸůċŊŸŢШ?ƖĲŰŢċŰĨĲƻŔħЯШ ŔťŸũŔŰċШ[ŔũŔƓŸƻŔħЯШ ŔťŸũċШÉċťċĨЯШċŰĬШ?ĲċŰШ~ċƖťŸƻŔħШ 
fŰǰƨĲŰĦĲШŸŉШ ũťǃũШ9őċŔŰШxĲŰŊƣőШŸŰШ ŰƣŔĤċĦƣĲƖŔċũШċŰĬШ ŰƣŔŉƨŰŊċũШ ĦƣŔƻŔƣŔĲƚШŸŉШéŔŰǃũŔůŔĬċǍŸũŔƨůШ
ÄƨċƣĲƖŰċƖǃШ ůůŸŰŔƨůШ9ŸůƓŸƨŰĬƚ 

Âр ΥΤ 
~ŔƖĲũċШÉċůċƖĬǏŔħЯШEůċШéũċőŸƻŔħЯШ~ċƣĲŢċШ7ƨĬĲƣŔħЯШċŰĬШ ŰĬƖĲċШ?ċŰĬŔħ 
?ĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ ĲƽШ~fÂрĤċƚĲĬШÑőŔċĤĲŰĬċǍŸũĲрƚĲũĲĦƣŔƻĲШÉĲŰƚŸƖ 

Âр ΥΥ 
ÑŔŢċŰċШÉƣċŰŔħЯШ~ċƖŔŰċШüĲťŔħЯШċŰĬШ ŰįĲũċШüĲĨŔħ 
éŸũċƣŔũĲШ ƖŸůċШ9ŸůƓŸƨŰĬƚШŸŉШÑƖċĬŔƣŔŸŰċũШ9ƖŸċƣŔċŰШ9őĲĲƚĲШљÂƖŊŔĦċњ 

Âр ΥΦ 
xĲŸШËƣĲŉċŰЯШfƻċŰШÉƨƜċŰŢЯШ~ċƖŔŰШÅŸŢĲЯШ~ũċĬĲŰťċШsƨƖŔŰЯ ŰįĲũċШ7ƨũŢċŰЯШ~ċƖŔŢċŰċШÂŸĦƖŰŔħЯШ ŔƻĲƚШ]ċũŔħЯШ
ċŰĬШ ŰċШ;ŔťŸƜ 
?ĲŊƖċĬċƣŔŸŰШÂƖŸǯũŔŰŊШċŰĬШfŰЮÉŔũŔĦŸШÑŸǂŔĦŔƣǃШ ƚƚĲƚƚůĲŰƣШŸŉШxŔǯƣĲŊƖċƚƣ 

Âр ΦΜ 
EũǍċШËƣĲŉċŰŸƻŔħШċŰĬШ ċƣċƜċШËŔŢċťŸƻŔħШéƨŢŔĨŔħ 
ÉĲũŉрőĲċũŔŰŊШ§ŔũШ§ƖŊċŰŸŊĲũċƣŸƖƚШċƚШ[ċƣШÉƨĤƚƣŔƣƨƣĲƚШŔŰШ[ŸŸĬШÉƓƖĲċĬƚ 

Âр ΦΝ 
sŸƚŔƓċШÉƨħШÉċŢťŸШċŰĬШfƻċŰťċШsĲƖŔħ 
9ŸŰŉŸƖůċƣŔŸŰċũШ9ŸŰƣƖŸũШċŰĬШ[ƨŰĦƣŔŸŰċũШ~ŸĬƨũċƣŔŸŰШŸŉШÂĲƓƣŔĬĲƚШÖƚŔŰŊШůŔŰŸƚőŔťŔůŔĦШ ĦŔĬ 

Âр ΦΞ 
?ċƖŔŸШËƨƜŰŔħЯШ7ĲƖŔƚũċƻШÂĲƖŔħЯШċŰĬШüŸƖċŰШuŸťċŰ 
7ĲŰǍĲŰĲрΝЯΟЯΡрÑƖŔĦċƖĤŸǂċůŔĬĲШÉǃƚƣĲůƚаШcŸƚƣрŊƨĲƚƣШfŰƣĲƖċĦƣŔŸŰƚЯШÂőŸƣŸƚƽŔƣĦőŔŰŊЯШċŰĬШfŸŰШ
9ŸŸƖĬŔŰċƣŔŸŰ 

Âр ΦΟ 
?őċŰĲƚőШÑŔƽċƖǃЯШÅċŢċƣШÉŔŰŊőЯШċŰĬШòŸŊĲŰĬƖċШÂċũШÉŔŰŊő 
ÉǃŰĲƖŊŔƚƣŔĦШÖéШÂőŸƣŸĦċƣċũǃƚŔƚШÖƚŔŰŊШüŰ§ШċŰĬШ7ŔŸůċƚƚШ9ċƖĤŸŰШŔŰШċШcǃĬƖŸŊĲũШ~ċƣƖŔǂ 

Âр ΦΠ 
EĬŔШÑŸƓŔħЯШsƨƖċŢШÑŸƓũċťЯШ?ŔŰŸШuƨǍůċŰЯ?ċůŔƖШÂċŢŔħЯШ[ŔũŔƓШÑŸƖŔħЯШċŰĬШéŔƜŰŢċШéƖĬŸũŢċť 
ÉƣƖƨĦƣƨƖċũШ[ĲċƣƨƖĲƚШċŰĬШ~ċŊŰĲƣŔĦШÂƖŸƓĲƖƣŔĲƚШŸŉШ9ŸƓƓĲƖыffьШcǃĬƖċǍŸŰċƣŸШ9ŸůƓũĲǂĲƚ 

Âр ΦΡ 
 ŔťŸũŔŰċШéŔĬŸƻŔħЯШuċƖũċШÉĲũċƖЯШÅċŉċĲũċШËŔũŢĲЯШ ŔťŸũċШ9ŔŰĬƖŸЯШ~ċƣŔŢċШ~ŸĬƖƨƜċŰЯШ]ŸƖĬċŰШcŸƖƻċƣЯШċŰĬШ
éũċĬŔƚũċƻШÑŸůŔƜŔħ 
EǭŔĦŔĲŰƣШ9ǃĦũŔǍċƣŔŸŰШŸŉШ[ƨŰĦƣŔŸŰċũŔǍĲĬШÂĲƓƣŔĬĲƚШƻŔċШ9őũŸƖŔĬĲШÑĲůƓũċƣŔŰŊ 

Âр ΦΣ 
 ŔƻĲƚШéũċĬŔƚũċƻŔħЯШfƻċŰċШËťƨŊŸƖШÅŸŰĨĲƻŔħЯШ~ċƖŔŢŸШ7ƨǍƨťЯШsŸƚŔƓċШ?ƨŊĲĨЯШċŰĬШ~ċƖƣŔŰċШ~ċƖŔĨĲƻŔħ 
ŰƣŔŸǂŔĬċŰƣШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШÉƓŔĦĲƚШċŰĬШƨƣŸĦőƣőŸŰŸƨƚШ?ċũůċƣŔċŰШÉƓĲĦŔĲƚШĤǃШEũĲĦƣƖŸĦőĲůŔĦċũШċŰĬШ
ÉƓĲĦƣƖŸƓőŸƣŸůĲƣƖŔĦШ~ĲƣőŸĬƚ 
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Âр ΦΤ 
 ŔŰċШéƨťċĬŔŰŸƻŔħЯШxŔĬŔŢċр~ċƖŔŢċШÑƨůŔƖЯШċŰĬШ~ċƖŔŢċŰċШÅċĬŔħШÉƣŸŢťŸƻŔħ 
 ŸĤũĲШ~ĲƣċũШ ċŰŸƚƣƖƨĦƣƨƖĲƚШċŰĬШ9ċŰŰċĤŔŰŸŔĬƚаШ ШÉǃŰĲƖŊŔƚƣŔĦШ ƓƓƖŸċĦőШƣŸШ7ŔŸċĦƣŔƻŔƣǃ 

Âр ΦΥ 
ũůċШéƨƖċŰШċŰĬШ ċƣċƜċШËŔŢċťŸƻŔħШéƨŢŔĨŔħ 
EǭĲĦƣШŸŉШ ĬĬŔƣŔƻĲƚШŸŰШƣőĲШÉƣƖƨĦƣƨƖċũШÂƖŸƓĲƖƣŔĲƚШŸŉШ§ũĲŸŊĲũƚ 

Âр ΦΦ 
fƻċŰċШüċĬƖċƻĲĦЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħЯШEĬŔШÑŸƓŔħЯШċŰĬШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰ 
ǍŔƣőƖŸůǃĦŔŰШÉŸũƻċƣĲƚаШ9ŸƖƖĲũċƣŔŰŊШ9ƖǃƚƣċũШÉƣƖƨĦƣƨƖĲШċŰĬШÉƨƖŉċĦĲШÂƖŸƓĲƖƣŔĲƚШƽŔƣőШÑċƚƣĲШÂƖĲĬŔĦƣŔŸŰ 

Âр ΝΜΜ 
~ċƖƣŔŰШcƨƚŔŰĲĦЯШsċŰċШcƖŰŢċťЯШ~ċƖŔŢċШ ũĲƜťŸƻŔħЯШ ŔťŸũċШ9ŔŰĬƖŸ 
?ŔċƚƣĲƖĲŸƚĲũĲĦƣŔƻĲШÉǃŰƣőĲƚŔƚШŸŉШ9őŔƖċũШÑĲƖƣŔċƖǃШ ũĦŸőŸũƚШƻŔċШÉĲƕƨĲŰƣŔċũШ]ƖŔŊŰċƖĬШ ĬĬŔƣŔŸŰШƣŸШxċĦƣŸŰĲƚ 

Âр ΝΜΝ 
?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШÑŔőċŰċШ~ũŔŰċƖŔħЯШüũċƣťŸШÉůŸũĲЯШ?ŸůċŊŸŢШ7ĲŊƨƜŔħЯШ?ċůŔƖШÂŔŰƣċƖЯШ 
éĲĬƖċŰШuƨĨċŰЯШuċƖũċШuƨťŔŰċШ]ƖċĬĲĨċťЯШ ŔťŸũċШ7ƖĲŊŸƻŔħЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħ 
ŰċũǃǍŔŰŊШ9ŸǭĲĲШÅŔŰŊШ[ŸƖůċƣŔŸŰШƻŔċШfůċŊŔŰŊШƣŸШEǂƓũŸƖĲШÂċŰƣŸƓƖċǍŸũĲтEǂĦŔƓŔĲŰƣШfŰƣĲƖċĦƣŔŸŰШ?ǃŰċůŔĦƚ 

Âр ΝΜΞ 
~ċƣŔŢċШ9ĲƓċŰĲĦЯШ~ċƖŔŢċШÂċƨƖĲƻŔħЯШ~ċƖƣŔŰċШËƖċŢĲƖШ]ċŢĬŸƜŔťЯШcƖƻŸŢĲШÂċƻũŸƻŔħЯШÉĲũůċШ~ũŔŰċƖŔħЯШ 
xŔĬŔŢċШuċũŔŰŔħ 
ŰƣŔůŔĦƖŸĤŔċũШ ĦƣŔƻŔƣǃШŸŉШ]ċƖũŔĦШEǂƣƖċĦƣШ ŊċŔŰƚƣШ ƕƨċƣŔĦШ~ŔĦƖŸŸƖŊċŰŔƚůƚ 
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Âр7ΜΝ fƻċШüŸťŔħЯШ7ŔċŰĦċШxĲƖŸƣŔħЯШ~ċƖŔŢċШsƨƖċťЯШ~ċƖťŸШÉĲŢĬŔħЯШċŰĬШsċƚŰċШÂƖũŔħШuċƖĬƨů 
EƻċũƨċƣŔŸŰШŸŉШéċƖŔŸƨƚШÉĦċũĲрƨƓШ9ƖŔƣĲƖŔċШŉŸƖШ9ĲƖŔƣŔŰŔĤШÉƓőĲƖŔĦċũШ9ƖǃƚƣċũũŔǍċƣŔŸŰ 

Âр7ΜΞ 
ŰŔƣċШËċũŔħЯШÅĲŰċƣċШéŔĨĲƻŔħЯШ ŰċШsƨƖŔŰŢċťШÑƨƜĲťЯШċŰĬШ7ƖƨŰŸШüĲũŔħ 

?ĲƻĲũŸƓůĲŰƣШŸŉШ?ĲĲƓШEƨƣĲĦƣŔĦШÉŸũƻĲŰƣƚШƽŔƣőШ ?sÖÉÑ 7xEШÂƖŸƓĲƖƣŔĲƚШŉŸƖШÉƨƚƣċŔŰċĤũĲШEŰǍǃůċƣŔĦШ
ÂƖŸĦĲƚƚĲƚ 

Âр7ΜΟ 

ÅĲŰċƣċШéŔĨĲƻŔħЯШ ŰŔƣċШËċũŔħЯШ~ċƖŔŰċШ9ƻŢĲƣťŸШ7ƨĤċũŸЯШ ŰċШsƨƖŔŰŢċťШÑƨƜĲťЯШ?ċƻŸƖШéċũŔŰŊĲƖЯШċŰĬШ 
7ƖƨŰŸШüĲũŔħ 
fŰƣĲŊƖċƣŔŸŰШŸŉШ9ŸůƓƨƣċƣŔŸŰċũШ~ŸĬĲũũŔŰŊШċŰĬШEǂƓĲƖŔůĲŰƣċũШéċũŔĬċƣŔŸŰШƣŸШfůƓƖŸƻĲШƣőĲШÉƣċĤŔũŔƣǃШŸŉШ]?cШ
ċŰĬШcǃĬƖŸŊĲŰċƚĲШŔŰШ?EÉрĤċƚĲĬШÉǃƚƣĲůƚ 

Âр7ΜΠ sĲũĲŰċШsċťŔħЯШxĲċШ]ŸƖĲƣċЯШ~ŔħĲШsċťŔħЯШċŰĬШfƻċŰċШÉůŸũŢťŸ 
ÉċũŔŰŔƣǃрĬĲƓĲŰĬĲŰƣШ9ŸƖƖŸƚŔŸŰШÂƖŸƓĲƖƣŔĲƚШŸŉШ9ŸƓƓĲƖШŔŰШÉĲċƽċƣĲƖ 

Âр7ΜΡ 
?ŔŰŸШÉťĲŰĬƖŸƻŔħШċŰĬШ ŰċШéƖƚċũŸƻŔħШÂƖĲƚĲĨťŔ 
§ƓƣŔůŔǍċƣŔŸŰШŸŉШƣőĲШ ĦƣŔƻċƣŔŰŊШ ŊĲŰƣƚШŔŰШƣőĲШfůůŸĤŔũŔǍċƣŔŸŰШŸŉШxċĦĦċƚĲШŸŰШ~ĲƚŸƓŸƖŸƨƚШÉŔũŔĦċШċŰĬШ
~ċŊŰĲƣŔĦШ ċŰŸƓċƖƣŔĦũĲƚ 

Âр7ΜΣ fƻċШ7ũċǏĲƻŔħЯШ ũĲťƚċŰĬƖċШÉċŰĬĲƖЯШ?ċŢċŰċШuƨĨŔħШ]ƖŊŔħЯШċŰĬШ~ċŢċШ7ŔƻċũШËƣĲŉċŰ 
9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ]ŔŰŊĲƖШċŰĬШÑƨƖůĲƖŔĦШEǂƣƖċĦƣƚ 

Âр7ΜΤ 
éĲƚŰċШÑŸůċƜŔħЯШ~ċƖŔŰċШ?ƨƓũċŰĨŔħЯШċŰĬШüŸƖċŰШ]ŸůǍŔ 
ÑőĲШfŰǰƨĲŰĦĲШŸŉШfŰƣƖċƓőċƚĲШ?ŔǭƨƚŔŸŰШŸŰШƣőĲШ§ǂŔĬċƣŔŸŰШŸŉШÑŸũƨĲŰĲШ§ƻĲƖШ~ċŰŊċŰĲƚĲрĤċƚĲĬШ§ǂŔĬĲШтШ 
ċШ9ŸůƓƖĲőĲŰƚŔƻĲШÑőĲŸƖĲƣŔĦċũШċŰĬШEǂƓĲƖŔůĲŰƣċũШÉƣƨĬǃ 

Âр7ΜΥ ~ŔƖŢċŰċШ;ƨƖũŔŰЯШ~ċƖŔŰċШ[ƨƚĦŸЯШċŰĬШéŔƖŊŢŔŰċШxŔƓŸƻĲĦŔ 
fрĬƖŔƻĲŰШ~ŸĬĲũŔŰŊШŉŸƖШÄƨċũŔƣǃШ§ƓƣŔůŔƚċƣŔŸŰШŸŉШƣőĲШìċƚƣĲƽċƣĲƖШÑƖĲċƣůĲŰƣШÂũċŰƣѣƚШ§ƨƣƓƨƣШƚƣƖĲċů 

Âр7ΜΦ Űċр~ċƖŔŢċШ]ŸƣċũШÉťŸťŸЯШfƻċŰċШ[ũċŰŢċťЯШ~ċƖƣŔŰċШÉťĲŰĬƖŸƻŔħШ7ċĤŸŢĲũŔħЯШċŰĬШ ŰƣĲШxŸŰĨċƖŔħ 
ÑőĲШ~ŸũĬШ7ċƣƣũĲаШÑƖċĬŔƣŔŸŰċũШċŰĬШ9ŸŰƻĲŰƣŔŸŰċũШ ƓƓũĲШ9ƨũƣŔƻċƖƚШƻƚШÂĲŰŔĦŔũũŔƨůЮĲǂƓċŰƚƨů 
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Âр7ΝΜ ~ŔċШ7ŸǏŔťŸƻŔħЯШ~ċƣĲċШÅċŔħЯШċŰĬШüŸƖċŰШ~ċŰĬŔħ 
fůƓċĦƣШŸŉШ9рƖċƣĲШŸŰШ7ċƣƣĲƖǃШ[ŸƖůċƣŔŸŰШċŰĬШÉŸũŔĬШEũĲĦƣƖŸũǃƣĲШfŰƣĲƖƓőċƚĲШxċǃĲƖШ?ĲƻĲũŸƓůĲŰƣ 

Âр7ΝΝ 
éċŰŢċШuŸƚċƖЯШéĲƖŸŰŔťċШ]ŸƖƨƓЯШ~ċŢċШuũċƚŔħЯШċŰĬШ ŔťŸũШsŸƻŔħ 
§ƓƣŔůŔƚċƣŔŸŰШŸŉШƣőĲШfůŔĬċĦũŸƓƖŔĬШÂőŸƣŸĬĲŊƖċĬċƣŔŸŰШŔŰШċШÅŸƣċƣŔŰŊШÂőŸƣŸƖĲċĦƣŸƖШÖƚŔŰŊШƣőĲШÅĲƚƓŸŰƚĲШ
ÉƨƖŉċĦĲШ~ĲƣőŸĬŸũŸŊǃ 

Âр7ΝΞ 
~ċƣŔŢċШ9ĲƓċŰĲĦЯШ ŰŢċШ?ċůŢċŰŸƻŔħЯШ~ċƖŔŢċŰШxŸŊċƖƨƜŔħЯШ~ċƖŔŰċШ9ƻŢĲƣťŸШ7ƨĤċũŸЯШċŰĬШ~ċƖťŸШÅŸŊŸƜŔħ 
ÂƖĲĬŔĦƣŔŸŰШċŰĬШ9ŸƖƖĲũċƣŔŸŰШŸŉШìċƣĲƖШ ĦƣŔƻŔƣǃШÖƚŔŰŊШƣőĲШ9§É~§рÅÉЯШìŔũƚŸŰШċŰĬШÅĲĬũŔĦőрuŔƚƣĲƖШ~ŸĬĲũƚШŔŰШ
?ĲĲƓШEƨƣĲĦƣŔĦШÉǃƚƣĲůƚШы?EÉь 

Âр7ΝΟ 
xċŰШsƨũŔŢШüċĬƖċƻĲĦЯШÉŔůŸŰШÉĦőƖƁĬĲƖЯШÉċŰĬǃШÉĦőůŔĬƣЯШ ŰŊĲũŔŰċШ§ƚŔƓǃċŰЯШċŰĬШ 
üƻŢĲǍĬċŰċШ[ŔŰĬƖŔťШ7ũċǏĲƻŔħ 
fŰƻĲƚƣŔŊċƣŔŸŰШŸŉШÅĲċĦƣŔŸŰШuŔŰĲƣŔĦƚШŸŉШÑƽŸШÂŔƓĲƖċǍċƣĲШÉǃŰƣőċƚĲƚ 

Âр7ΝΠ 
xĲŸШ~ċŰĬŔħЯШuũċƖċШ~ċƖƨƜĲƻĲĦЯШsċŰċШ]ċƜƓĲƖŸƻШuċƜƨĤċЯШfƻċŰċШËŸũŢŔħШsĲƖĤŔħЯШ[ċĤŔŸШ[ċƖċŊƨŰċЯШċŰĬШ 
ŰƣĲШsƨťŔħ 

ÂŸũǃůĲƖрƚŸũƻĲŰƣШ~ŸũĲĦƨũċƖШfŰƣĲƖċĦƣŔŸŰƚШŔŰШÂ?xx оÂx]р?~É§ШÉǃƚƣĲůƚ 

Âр7ΝΡ ÂĲƣƖċШÂŸŰŊƖċĦЯШsċŰċШ]ċƜƓĲƖŸƻШuċƜƨĤċЯШfƻċŰċШËŸũŢŔħШsĲƖĤŔħЯШċŰĬШ[ċĤŔŸШ[ċƖċŊƨŰċ 
fŰƚŔŊőƣƚШŔŰƣŸШ9ŸƓŸũǃůĲƖШÉŸũƨƣŔŸŰШéŔƚĦŸƚŔƣǃШ7ĲőċƻŔŸƨƖШтШÂŸƣĲŰƣŔċũШÉǃƚƣĲůƚШŉŸƖШ?ƖƨŊШ?ĲũŔƻĲƖǃ 

Âр7ΝΣ 
uċƖũŸШ7ũċǏĲƻŔħЯШÅċŉċĲũШ ŰĲũŔħЯШfƻċŰċШËŸũŢŔħШsĲƖĤŔħЯШ?ŸƖŔŰċШuƖƨǏŔħЯШċŰĬШ[ċĤŔŸШ[ċƖċŊƨŰċ 
ÑőĲƖůċũШ?ĲŊƖċĬċƣŔŸŰШuŔŰĲƣŔĦƚШŸŉШƣőĲШÂx] Ш9ŸƓŸũǃůĲƖƚШŸŉШ?ŔǭĲƖĲŰƣШ~ŸũċƖШ~ċƚƚШċŰĬШ9ŸůƓŸƚŔƣŔŸŰШ
ыxċĦƣŔĬĲШƣŸШ]ũǃĦŸũŔĬĲШ~ŸũċƖШÅċƣŔŸь 

Âр7ΝΤ 
cƖƻŸŢĲШÑċƜŰĲƖЯШ]ƖŊƨƖШ~ŔőċũŔŰĲĦЯШÉċŰŢċШ7ƨƖċǍĲƖЯШċŰĬШüŸƖċŰШ~ċŰĬŔħ 
fůƓċĦƣШŸŉШ~ċƚƚШxŸċĬŔŰŊШċŰĬШĦƣŔƻĲШ~ċƣĲƖŔċũШ~ŔĦƖŸƚƣƖƨĦƣƨƖĲШŸŰШ9ċƓċĦŔƣǃШŸŉШxŔƣőŔƨůШfƖŸŰШÂőŸƚŸƓőċƣĲШ
EũĲĦƣƖŸĬĲƚ 

Âр7ΝΥ xċƖċШËƣŸƖŊċЯШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħЯШċŰĬШfƻċШÅĲǍŔħШ~ĲƜƣƖŸƻŔħ 
ÉŔůƨũċƣŔŸŰШŸŉШxƨŰŊШÑŔƚƚƨĲШŔŰШċШљxƨŰŊрŸŰрċрĦőŔƓњШ~ŸĬĲũ 

Âр7ΝΦ 
ŰċрuċƣċƖŔŰċШ~ċƖŔħЯШcŸũũǃШÉƣŸũƣĲƖŉŸőƣрÉƣŸĦťЯШ~ċƖŊŔƣШìŔŰťũĲƖЯШ~ċƖƣŔŰċШÉƨĬċƖЯШċŰĬШ 

üƻŢĲǍĬċŰċШ[ŔŰĬƖŔťШ7ũċǏĲƻŔħ 
9ċƖĤŸǂǃũŔĦШ ĦŔĬШÅĲĬƨĦƣċƚĲаШċШuĲǃШŉŸƖШEŰǍǃůċƣŔĦШ ũĬĲőǃĬĲШÉǃŰƣőĲƚŔƚ 

Âр7ΞΜ  ĲƻĲŰċШ~ŔũĨŔħЯШfƻċŰċШ:ĲƻŔĬЯШ~ċŢċШ~ċŢĲƖŔħШEũĲŰťŸƻЯШċŰĬШüƻŢĲǍĬċŰċШ[ŔŰĬƖŔťШ7ũċǏĲƻŔħ 
7ŔŸĦċƣċũǃƣŔĦШÉǃŰƣőĲƚŔƚШŸŉШыÅьрΟрcǃĬƖŸǂǃр͊рĤƨƣǃƖŸũċĦƣŸŰĲ 

Âр7ΞΝ 
~ċƖƣċШÂũĲƜĲЯШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħЯШÂĲƣƖċШÂŸŰŊƖċĦЯШċŰĬШ[ċĤŔŸШ[ċƖċŊƨŰċ 
ÉŔůƨũċƣŔŸŰШŸŉШÂƨũůŸŰċƖǃШÉŸŉƣШÑŔƚƚƨĲШÖƚŔŰŊШċШxƨŰŊрŸŰрċр9őŔƓШÂũċƣŉŸƖůШƽŔƣőШfŰƣĲŊƖċƣĲĬШÅĲƚƓŔƖċƣŸƖǃШ
~ŸŰŔƣŸƖŔŰŊШÉĲŰƚŸƖƚ 

Âр7ΞΞ 
ŰįĲũċШ~ċƖťŸƻŔħЯШ?ŸŰŰċШ?ċŰŔŢĲũċШ?ƖċŊƨŰЯШuċƖũŸШ7ũċǏĲƻŔħЯШEƖŰĲƚƣШ~ĲƜƣƖŸƻŔħЯШċŰĬШ[ċĤŔŸШ[ċƖċŊƨŰċ 

?ĲƻĲũŸƓůĲŰƣШċŰĬШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШÉƨƚƣċŔŰĲĬрÅĲũĲċƚĲШfŰĬŸůĲƣőċĦŔŰШ?ĲũŔƻĲƖǃШÉǃƚƣĲůƚШƻŔċШ
EũĲĦƣƖŸƚƓŔŰŰŔŰŊ 

Âр7ΞΟ 

éũċĬŔħШsĲũĲŰċЯШ?ŔŰċШ7ċũċŔħЯШ ŰŢċШ]ŸũĲůċĦШxŔƓŸƻċĦЯШÉƣĲũċШsŸťŔħЯШuƖƨŰŸƚũċƻШ ũċĬŔħЯШfƻċŰċШ[ũċŰŢċťЯШ
ċŰĬШfŊŸƖШsĲƖťŸƻŔħ 
ÂőǃƣŸĦőĲůŔĦċũШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШċŰĬШÉťŔŰШ9ĲũũШ~ŸĬƨũċƣŸƖǃШÂŸƣĲŰƣŔċũШŸŉШÉƨƓĲƖĦƖŔƣŔĦċũШ9§ЋШEǂƣƖċĦƣƚШŉƖŸůШ
[ŸĲŰŔĦƨũƨůЮéƨũŊċƖĲШċŰĬШsƨŰŔƓĲƖƨƚЮ9ŸůůƨŰŔƚ 

Âр7ΞΠ 
~ŸŰŔťċШüŰŔťċЯШüƻŢĲǍĬċŰċШ[ŔŰĬƖŔťШ7ũċǏĲƻŔħЯШEƣŔĲŰŰĲШÉĳƻĲƖċĦЯШ~ċŊċũŔШÅĲůċƨĬШÉŔůĳŸŰЯШċŰĬШ 
~ċƖƣŔŰċШÉƨĬċƖ 
EŰǍǃůċƣŔĦШÉǃŰƣőĲƚŔƚШŸŉШ]ũƨĦŸũŔƓŔĬƚШŉŸƖШÉƨƚƣċŔŰċĤũĲШ9ŸŰƚƨůĲƖШÂƖŸĬƨĦƣƚ 

Âр7ΞΡ 
~ċƖŔŢċШuŸƻċĨĲƻŔħШ7ċĤŔħЯШ?ċŰŔĲũċШcŸƖƻċƣЯШuƖĲƜŔůŔƖШ?ƻŸŢťŸƻŔħЯШ]ŸƖĬċŰċШËŔůŔħЯШsƨƖŔƚũċƻШ7ċĤŔħЯШ 
éŔŰťŸШuƖƚƣċŰŸƻŔħЯШuƖĲƜŔůŔƖШ~ċƚƣċŰŢĲƻŔħЯШċŰĬШuƖŔƚƣŔŰċШcċĤƚĦőŔĲĬ 
9ƖŸċƣŔċŰШìőĲċƣШéċƖŔĲƣŔĲƚШċŰĬШ7ĲƣċШ]ũƨĦċŰШ9ŸŰƣĲŰƣ 

Âр7ΞΣ 
ÑŸŰĨŔШÅĲǍŔħЯШfƻċŰШÂĲƖťŸƻŔħЯШÅŸũċŰĬШxƨĬƽŔŊЯШ[ũŸƖŔċŰШ9ƚċƖůċŰЯШŰċШsƨƖŔŰŢċťШÑƨƜĲťЯШċŰĬШ 
~ċƖŔŰċШ9ƻŢĲƣťŸШ7ƨĤċũŸ 
ĦƣŔƻċƣŔŸŰШŸŉШxÂ~§ШŔŰШxŸƽрƣĲůƓĲƖċƣƨƖĲШ?ĲĲƓШEƨƣĲĦƣŔĦШÉŸũƻĲŰƣ 
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~ ÑEÅf xÉШ  ?Ш   §ÑE9c §x§]ò 

Âр9ΜΝ ~ċƣĲŢċШ[ŔũťŸƻŔħШċŰĬШ?ŸůċŊŸŢШéƖƚċũŢťŸ 
9őċũũĲŰŊĲƚШŸŉШ]ũċƚƚШċƚШċШÂƖŔůċƖǃШÂċĦťċŊŔŰŊШ~ċƣĲƖŔċũШŔŰШÂőċƖůċĦĲƨƣŔĦċũШfŰĬƨƚƣƖǃ 

Âр9ΜΞ 
EũŔǍċĤĲƣċШ[ŸƖŢċŰЯШ~ċƖŔŢċŰрÂĲƖĲШ~ċƖťŸƻŔħЯШ?ċŢċŰċШuƨĨŔħШ]ƖŊŔħЯШuċƣċƖŔŰċШËƨũĲťЯШċŰĬШ 
?ŸůċŊŸŢШéƖƚċũŢťŸ 
[ċĤƖŔĦċƣŔŸŰШċŰĬШÂƖŸƓĲƖƣŔĲƚШŸŉШ9§9о9ƨШ9ŸůƓŸƚŔƣĲШ[ŔũċůĲŰƣƚ 

Âр9ΜΟ ~ċƖŔŢċŰрÂĲƖĲШ~ċƖťŸƻŔħЯШEũŔǍċĤĲƣċШ[ŸƖŢċŰЯШ~ċƣĲċШ~ŔũŸƻċĦЯШċŰĬШ?ŸůċŊŸŢШéƖƚċũŢťŸ 
fŰǰƨĲŰĦĲШŸŉШΟ?ШÂƖŔŰƣŔŰŊШÂċƖċůĲƣĲƖƚШŸŰШƣőĲШ~ĲĦőċŰŔĦċũШÂƖŸƓĲƖƣŔĲƚШŸŉШΝΤрΠШÂcШÉƣċŔŰũĲƚƚШÉƣĲĲũШÂċƖƣƚ 

Âр9ΜΠ ŰƣŸŰŔŢċШ~ƖċƻċťЯШéũċƚƣċШ7ŸŰċĨŔħрuŸƨƣĲĦťǄЯШċŰĬШÉƣĲŉċŰШéċŢĬċ 
ÑőĲШÅŸũĲШŸŉШÉŔǍĲрƚĲũĲĦƣĲĬШ~ĲƣċũШ ċŰŸĦũƨƚƣĲƖƚШŔŰШ9ċƣċũǃƣŔĦШ9§ΞШ~ŔƣŔŊċƣŔŸŰ 

Âр9ΜΡ 
ÉƨƖĲƚőШuƨůċƖШÂċŰĬĲǃЯШÉċŰĬƖċШÅŸůċĦЯШsŸƚŔƓċШÂċƓċĦШüŢċĨŔħЯШcƖƻŸŢĲШuƨƜŔħЯШ~ċƖŔŰШuŸƻċĨŔħЯШ~ċƖŔŢċŰċШ
uƖċũŢŔħШÅŸťŸƻŔħЯШ ŰċШxŸŰĨċƖŔħШ7ŸǏŔħЯШ7ŸƜƣŢċŰШþĲŰĲƖЯШ7ŸƜƣŢċŰШ]ĲŰŸƖŔŸЯШċŰĬШÖƖƜťċШxċƻƖĲŰĨŔĨШËƣċŰŊċƖ 
[ĲрƚƨĤƚƣŔƣƨƣĲĬШÉƖÑŔ§ΟаШ ШÅŸƨƣĲШÑŸƽċƖĬШÑċŔũŸƖĲĬШEũĲĦƣƖŸŰŔĦШċŰĬШ§ƓƣŔĦċũШÂƖŸƓĲƖƣŔĲƚ 

Âр9ΜΣ 
 ŔťŸũċШüĬŸũƜĲťЯШ~ŔċШ7ŸǏŔťŸƻŔħЯШ~ċƖŔŢċŰċШuƖċũŢŔħШÅŸťŸƻŔħЯШċŰĬШüŸƖċŰШ~ċŰĬŔħ 
EǂƓũŸƖŔŰŊШΝрEƣőǃũрΟрůĲƣőǃũŔůŔĬċǍŸũŔƨůШĤŔƚыƣƖŔǰƨŸƖŸůĲƣőǃũƚƨũŉŸŰǃũьŔůŔĬĲШfŸŰŔĦШxŔƕƨŔĬШċƚШ ĬƻċŰĦĲĬШ
EũĲĦƣƖŸũǃƣĲШŉŸƖШ9ċũĦŔƨůрŸǂǃŊĲŰШ7ċƣƣĲƖŔĲƚ 

Âр9ΜΤ EŰċШ~ŔũĲƣŔħШċŰĬШuċƣċƖŔŰċШ~ƨǏŔŰċ 
ÉǃŰƣőĲƚŔƚШċŰĬШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ~ĲƚŸƓŸƖŸƨƚШüŔŰĦШ§ǂŔĬĲШ?ŸƓĲĬШƽŔƣőШ9ŸƓƓĲƖШċŰĬШ ŔĦťĲũ 

Âр9ΜΥ 
ÑċƖċШ7ċũĲŰЯШ~ċƖŊċƖŔƣċШ7ƨǏċŰĨŔħШ~ŔũŸƚũċƻũŢĲƻŔħЯШ ŰƣŸŰŔŢċШ~ƖċƻċťЯШfƣċШcċŢĬŔŰЯШ~ċƖŔŰċШÑƖċŰǯħШ7ċťŔħЯШ
ċŰĬШ~ċƖƣŔŰċШÂĲƖŔħШ7ċťƨũŔħ 
EŰőċŰĦŔŰŊШ?ÉÉ9ШÂĲƖŉŸƖůċŰĦĲШƽŔƣőШ ċƣƨƖċũШ?ǃĲƚШċŰĬШ ŸĤũĲШ~ĲƣċũШ ċŰŸĦũƨƚƣĲƖƚ 

Âр9ΜΦ 
]ċĤƖŔŢĲũċШxŢƨĤĲťЯШuċũƣƖŔŰċШÉƣċŢťƨЯШ~ċƖŔŢċŰċШuƖċŢŔħШÅŸťŸƻŔħЯШxĲŸŰċƖĬċШéƨŊƖŔŰЯШÂŔĲƖũƨŔŊŔШ7ŔũŸƣƣŸЯШċŰĬШ
~ċƖťƨƚШ§ƚƣĲƖůċŰŰ 
~ĲĦőċŰŸĦőĲůŔƚƣƖǃШŉŸƖШÖŰŔƕƨĲШ[ũƨŸƖŔĬĲрŉƖĲĲШ~ñĲŰĲ 

Âр9ΝΜ ŰĬƖĲŢШ~ŸũŰċƖЯШ]ƖŊƨƖШ~ŔőċũŔŰĲĦЯШċŰĬШüŸƖċŰШ~ċŰĬŔħ 
ÖƣŔũŔǍċƣŔŸŰШŸŉШfŸŰŔĦШxŔƕƨŔĬƚШŔŰШ ĲǂƣрŊĲŰĲƖċƣŔŸŰШ9ċƖĤŸŰШ7ċƚĲĬШÉƨƓĲƖĦċƓċĦŔƣŸƖƚ 

Âр9ΝΝ 

ÅċŉċĲũШ ŰĲũŔħЯШuċƖũŸШ7ũċǏĲƻŔħЯШ~ŸŰŔťċШ~ŔőċũŢĲƻŔħЯШfƻċŰċШÂĲƖťŸƻŔħЯШ~ċƖƣŔŰШuĲũĲůŔŰŔħЯШ 
ÂċƣƖŔťШ]ƖċőŸƻċĦЯШ[ċĤŔŸШ[ċƖċŊƨŰċЯШċŰĬШfƻċŰċШËŸũŢŔħШsĲƖĤŔħ 
fŰǰƨĲŰĦĲШŸŉШ7ũĲŰĬŔŰŊШÂċƖċůĲƣĲƖƚШŸŰШƣőĲШÉƣƖƨĦƣƨƖċũШċŰĬШÑőĲƖůċũШÂƖŸƓĲƖƣŔĲƚШŸŉШÂx оÂ] ШÉǃƚƣĲůƚШŉŸƖШ
?ƖƨŊШ?ĲũŔƻĲƖǃШ ƓƓũŔĦċƣŔŸŰƚ 

Âр9ΝΞ fƻċŰċШ7ŔũŢċŰЯШxċƨƖċШ ƨŔħЯШ ŰċШÉĲŰťŔħЯШ ċƣċƜċШéƨŢŔĨŔħЯШ~ċƣĲŢШ7ƨĤċƜЯШ~ċƖťŸШuƖċũŢЯШċŰĬШfŊŸƖШÅŸŰĨĲƻŔħ 
ÂŸũǃůĲƖШÉĲůŔĦŸŰĬƨĦƣŸƖШÑőŔŰШ[ŔũůƚШ7ċƚĲĬШŸŰШ?ŔŰŔƣƖŸƚŸĤŔƓőĲŰǃũШ~ŸŔĲƣǃ 

Âр9ΝΟ 
?ċƽŔĬШüŔĲũŔŰƚťŔЯШ ŰĬƖĲċШÉǍƓĲĦőƣЯШċŰĬШ~ċƖĦŔŰШÉůŔŊũċť 
ÑċŔũŸƖŔŰŊШ~ĲĦőċŰŔĦċũШÂĲƖŉŸƖůċŰĦĲШŸŉШEƓŸǂǃШ9ŸůƓŸƚŔƣĲƚШÖƚŔŰŊШ?ŔĦǃċŰċůŔĬĲрĤċƚĲĬШfŸŰŔĦШxŔƕƨŔĬШ
~ŔǂƣƨƖĲƚ 

Âр9ΝΠ ĬƖŔċŰШüċŢĞĦЯШ~ċŮŊŸƖǍċƣċШ ǃŊċЯШ~ċŮŊŸƖǍċƣċШuŸƓǃƣťŸЯШċŰĬШuċƣċƖǍǃŰċШuŸůŸƖŸƽƚťċ 
 ĲƽШÉƨƖŉċĦĲШÂċƚƚŔƻċƣŔŰŊШfŸŰŸŊĲũШÑĲĦőŰŸũŸŊǃШŉŸƖШ~ĲƚċрÑǃƓĲШ?ĲƣĲĦƣŸƖШÉƣƖƨĦƣƨƖĲƚШыÂ Éf§ ШƓƖŸŢĲĦƣь 

Âр9ΝΡ fƻċŰċШxċŰĬƖŔƓĲƣЯШfƻċŰШ~ċƖŔħЯШfƻċŰШfũċťŸƻċĦЯШ ŰįĲũċШÂƨƚƣċťЯШ~ċƖŔŢċŰШ]ŸƣŔħЯШċŰĬШÑċŰŢċШsƨƖťŔŰ 
ÑċŔũŸƖŔŰŊШÂƖŸƓĲƖƣŔĲƚШŸŉШÉƖрŉĲƖƖŔƣĲШċŰĬШ?ŸƓĲĬШfƖŸŰШ§ǂŔĬĲШ ċŰŸƓċƖƣŔĦũĲƚШŉŸƖШcǃƓĲƖƣőĲƖůŔċШEǭĲĦƣ 

Âр9ΝΣ 
þĲũŢťċШ7ŸĨĲťЯШEũŔǍċĤĲƣċШ[ŸƖŢċŰЯШ ŰĬƖĲŢШ~ŸũŰċƖЯШ~ċƖťŸШüƨĤċťЯШ?ŸůċŊŸŢШéƖƚċũŢťŸЯШċŰĬШÂĲƣċƖШuċƚƚċũ 
[ƨũũǃШÂƖŔŰƣĲĬШ~ŸĬƨũċƖŔǍĲĬШ~ŔĦƖŸǰƨŔĬŔĦШÉĲƣƨƓШŉŸƖШfŰЮÉŔƣƨШŰċũǃƣŔĦċũШ~ŸŰŔƣŸƖŔŰŊШ7ċƚĲĬШŸŰШ
EũĲĦƣƖŸĦőĲůŔĦċũШ?ĲƣĲĦƣŔŸŰШŸŉШ~ĲƣőǃũĲŰĲШ7ũƨĲ 
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Âр9ΝΤ 
sŸǍĲǯŰċШuċƣŔħЯШÉċƖċШuƖŔƻċĨŔħЯШEũŔǍċĤĲƣċШcŸƖƻċƣЯШþĲũŢťċШÂĲƣƖŸƻŔħЯШċŰĬШ?ċŢċŰċШ~ŔťŔħ 
ÉƨƖŉċĦĲШ~ŸĬŔǯĦċƣŔŸŰШŸŉШÑŔƣċŰŔƨůШfůƓũċŰƣƚШƽŔƣőШEũĲĦƣƖŸĬĲƓŸƚŔƣĲĬШ~ƨũƣŔŉƨŰĦƣŔŸŰċũШ9ċũĦŔƨůШÂőŸƚƓőċƣĲШ
9ŸċƣŔŰŊƚ 

Âр9ΝΥ 
xƨĦŔŢċШ[ŔťĲƣЯШòƨőťċШÖĬċЯШñŔŰШÉƨŰЯШ7ŔĦőĲŰŊШüőƨЯШüŸƖċŰШþƨŢŸƻŔħЯШsċĬƖċŰťċШÑƖċƻċƜрÉĲŢĬŔħЯШċŰĬШ
üƻŸŰŔůŔƖШuċƣċŰĨŔħ 
9ŸŰĬƨĦƣŔƻĲШÂE?§ÑрÑőĲƖůŸƓũċƚƣŔĦШEũċƚƣŸůĲƖШ[ŔũůƚШŉŸƖШÉƣƖĲƣĦőċĤũĲШEũĲĦƣƖŸŰŔĦƚШ ƓƓũŔĦċƣŔŸŰƚ 

Âр9ΝΦ uċƣċƖŔŰċШÉŸťċĨШÂŸŊƖůŔũŸƻŔħЯШéŔƣƣŸƖŔŸШ9ŸĲŰЯШċŰĬШuƖƨŰŸƚũċƻШþŔǏĲť 
[ŸƖůƨũċƣŔŸŰШŸŉШ?ċƚċƣŔŰŔĤрũŸċĬĲĬШ9ǃĦũŸĬĲǂƣƖŔŰШ ċŰŸƚƓŸŰŊĲƚШŉŸƖШÑ Å]EÑE?Ш?ƖƨŊШ?ĲũŔƻĲƖǃ 

Âр9ΞΜ xŔŰċШËĲƓŔħЯШ[ŔũŔƓШ?ũċĨŔħЯШxĲċШÅċŸƚЯШÉċŰŢċШ7ƨƖċǍĲƖЯШ]ƖŊƨƖШ~ŔőċũŔŰĲĦЯШċŰĬШüŸƖċŰШ~ċŰĬŔħ 
EŰőċŰĦŔŰŊШxŔƣőŔƨůрŔŸŰШ7ċƣƣĲƖǃШÂĲƖŉŸƖůċŰĦĲШƽŔƣőШÉŔũŔĦŸŰтŊƖċƓőŔƣĲШ9ŸůƓŸƚŔƣĲШ ĲŊċƣŔƻĲШEũĲĦƣƖŸĬĲƚ 

Âр9ΞΝ 
ÑċůċƖċШcŸũŢĲƻċĦШ]ƖŊƨƖŔħЯШuċƖũċШuŰĲǏĲƻŔħЯШxƨĦŔŢċШxċƚŔħЯШÂƖŔůŸǏШ~ƖƻċƖЯШÉƣĲƻŔĦċШcŸĬŔħЯШéŔũťŸШ~ċŰĬŔħЯШ
ÉċŰŢċШ~ċƖƣŔŰĲǍЯШċŰĬШEůŔШ]ŸƻŸƖĨŔŰШ7ċŢƚŔħ 
ÉƨƖŉċĦĲШ~ŸĬŔǯĦċƣŔŸŰШŸŉШÑŔрΣ ũрΠéШũũŸǃ 

Âр9ΞΞ [ũŸƖĲŰШÅċĬŸƻċŰŸƻŔħрÂĲƖŔħЯШ~ŔĦőċĲũШ7ƨƖƣƚĦőĲƖЯШċŰĬШéŔũťŸШ~ċŰĬŔħ 
ÉƓċƖťШ ĤũċƣŔŸŰШ9ŸƨƓũĲĬШƽŔƣőШĲƖŸƚŸũШ?ŔƖĲĦƣШìƖŔƣŔŰŊШŔŰШÑőŔŰШ[ŔũůШ[ċĤƖŔĦċƣŔŸŰ 

Âр9ΞΟ 
fƖĲŰċШuƖĲƜŔħЯШ7ƖċŰťċШ ŰĬƖŔĨŔħЯШ~ċƣťŸШEƖĦĲŊЯШċŰĬШÂĲƣƖċШsŸƚťŔħ 
fŰǰƨĲŰĦĲШŸŉШxŔ7§7Ш9ŸŰĦĲŰƣƖċƣŔŸŰШŸŰШƣőĲШÉƣƖƨĦƣƨƖĲШċŰĬШÑőĲƖůċũШÂƖŸƓĲƖƣŔĲƚШŸŉШÂŸũǃыĲƣőǃũĲŰĲр
ŸǂŔĬĲьоũŔƣőŔƨůШ~ŸŰƣůŸƖŔũũŸŰŔƣĲШ ċŰŸĦŸůƓŸƚŔƣĲ 

Âр9ΞΠ 
ÑĲŸĬŸƖċШÂƖĲĤĲŊЯШ~ċŢċШÉƣċŰťŸƻŔħЯШ ƖĬŔƣċШxċǍċůŔЯШċŰĬШ]ŸƖĬċŰċШ~ċƣŔŢċƜŔħ 
EŰőċŰĦĲůĲŰƣШŸŉШ ŰƣŔůŔĦƖŸĤŔċũШÂƖŸƓĲƖƣŔĲƚШŸŉШ?E9~рĤċƚĲĬШcǃĬƖŸŊĲũƚШŉŸƖШ ƓƓũŔĦċƣŔŸŰШŔŰШÉťŔŰШÑŔƚƚƨĲШ
EŰŊŔŰĲĲƖŔŰŊ 

Âр9ΞΡ xƨĦŔŢċШéũċőŸƻŔħЯШüŸƖċŰШ~ċũĤċƜċЯШ ŰċůċƖŔŢċШÅŸŊŔŰċ 
ÑőŔŰШÂŸũǃĲũĲĦƣƖŸũǃƣĲШ[ŔũůƚШċƚШÂőŸƚƓőċƣĲШ9ċƖƖŔĲƖƚШŉŸƖШ7ŸŰĲШÑƨůŸƖШÑƖĲċƣůĲŰƣ 
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Âр?ΜΝ 
~ċƖƣŔŰċШ~ŔũŸũŸǏċЯШ?ŸƖċШxċƚƣŸƻĨŔħЯШþĲũŔůŔƖċШ9ƻĲƣťŸƻŔħЯШ~ċƖŔŰШ]ċŰŢƣŸЯШ~ċƣŔŢċШ9ƻĲƣŰŔħЯШ 
~ċƖŔŰťŸШ~ċƖťŔħЯШÑŸůŔƚũċƻШ7ŸũċŰĨċЯШ?ċŢċŰċШuƨĨŔħШ]ƖŊŔħЯШËŔůĲШÖťŔħ 
fƚŸũċƣŔŸŰШċŰĬШfĬĲŰƣŔǯĦċƣŔŸŰШŸŉШ~ŔĦƖŸŸƖŊċŰŔƚůƚШŉƖŸůШ ĦƣŔƻċƣĲĬШÉũƨĬŊĲШÂŸũũƨƣĲĬШƽŔƣőШ ŰƣŔƻŔƖċũƚ 

Âр?ΜΞ ŰŔƣċШfƻċŰťŸƻŔħЯШxƨťċШ7ċƖŔħЯШ?ċŰŔŢĲũċШÂĲƣƖŸƻŔħЯШ ŰŔƣċШ~ċƖƣŔŰŸƻŔħШ7ĲƻċŰĬċЯШċŰĬШÉƣċŰŔƚũċƻċШÑċũŔħ 
fÑШ?ĲƻŔĦĲƚШċƚШ?ĲƣĲĦƣŸƖƚШŔŰШÉƨƖŉċĦĲШìċƣĲƖШÄƨċũŔƣǃШ~ŸŰŔƣŸƖŔŰŊ 

Âр?ΜΟ 
ÉċŰĬƖċШÅŸůċĦЯШÉƨƖĲƚőШuƨůċƖШÂċŰĬĲǃЯШ~ċƖƣŔŰċШuƨŢċƻŔħЯШsŸƚŔƓċШÂċƓċĦШüŢċĨŔħЯШ~ċƖŔŰШuŸƻċĨŔħЯШ 
ŰċШxŸŰĨċƖŔħШ7ŸǏŔħЯШÖƖƜťċШxċƻƖĲŰĨŔĨШËƣċŰŊċƖЯШċŰĬШcƖƻŸŢĲШuƨƜŔħ 

xŔŊőƣрĬƖŔƻĲŰШ?ĲŊƖċĬċƣŔŸŰШŸŉШÂ[ ÉШÖƚŔŰŊШ[ĲрůŸĬŔǯĲĬШÉƖÑŔ§ЌШÂőŸƣŸĦċƣċũǃƚƣƚ 

Âр?ΜΠ fƻċŰċШËťƨŊŸƖШÅŸŰĨĲƻŔħЯШ ŔƻĲƚШéũċĬŔƚũċƻŔħЯШ~ċƖŔŢŸШ7ƨǍƨťЯШċŰĬШsŸƚŔƓċШ?ƨŊĲĨ 
fŰƻĲƚƣŔŊċƣŔŸŰШŸŉШƣőĲШ9ŸƖƖŸƚŔŸŰрŔŰőŔĤŔƣŔŰŊШÂƖŸƓĲƖƣŔĲƚШŸŉШÅŸƚĲůċƖǃШEǂƣƖċĦƣШŉŸƖШũƨůŔŰƨů 

Âр?ΜΡ 
sĲũĲŰċШ~ŔũŔħЯШ?ƨƜċŰШuċƖċŰЯШ ũĲťƚċŰĬċƖШ?ŔůŔƣƖŔŢĲƻŔħЯШ7ŸŢċŰШÅċĬċťЯШfƻċŰċШÂĲƣƖŸŰŔŢĲƻŔħЯШċŰĬШ 
7ƖċŰťŸШ?ƨŰŢŔħ 
7ƖŔĬŊŔŰŊШƣőĲШ]ċƓƚаШ]ƖĲĲŰШÉƣċƖƣƨƓШ ĦĦĲũĲƖċƣŸƖƚШċŰĬШÉƨƚƣċŔŰċĤŔũŔƣǃШfŰŰŸƻċƣŔŸŰШŔŰШÉĲƖĤŔċ 

Âр?ΜΣ sĲũĲŰċШ~ŔũŔħЯШsĲũĲŰċШ ƻĬċũŸƻŔħЯШÑċƣŢċŰċШËŸũĲƻŔħШuŰƨĬƚĲŰЯШċŰĬШ~ŔũċШfũŔħ 
cċƖŰĲƚƚŔŰŊШ~ŔĦƖŸĤŔċũШÂŸƽĲƖШŉŸƖШÉƨƚƣċŔŰċĤũĲШÅĲůĲĬŔċƣŔŸŰШŔŰШ9ŔƖĦƨũċƖШEĦŸŰŸůǃ 

Âр?ΜΤ ÉŔũƻċШþƨǏƨũЯШsċƚůŔŰċШÅŔŰťŸƻĲĦЯШfƻċŰШ7ĲƜũŔħЯШċŰĬШ~ċŊĬċũĲŰċШéŔŰĦĲƣŔħ 
ìŔŰƣĲƖШxĲƻĲũƚШŸŉШ~ĲƣċũƚШŔŰШüċŊƖĲĤШ ŔƖШ?ƨƖŔŰŊШΞΜΝΠШċŰĬШΞΜΞΠ 
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Âр?ΜΥ 
fƻŸŰċШ ƨŔħШċŰĬШÉƨŰĨŔĦċШ~ŔũĲƣċ 
ÉƽĲĲƣШċŰĬШÉŸƨƖШ9őĲƖƖǃШÂŔƣƚШċƚШÉƨƚƣċŔŰċĤũĲШ]ƖĲĲŰШÉŸƖĤĲŰƣƚШŉŸƖШƣőĲШÑƖĲċƣůĲŰƣШŸŉШcĲċƻǃШ~Ĳƣċũр
9ŸŰƣċůŔŰċƣĲĬШìċƣĲƖ 

Âр?ΜΦ 

uċƖũŸШ]ƖŊƨƖĲƻŔħЯШéĲƚŰċШ§ĦĲũŔħШ7ƨũċƣŸƻŔħЯШ?ŸƖċШ7ƖċůĤĲƖŊĲƖЯШ~ċƖƣŔŰċШ~ŔũŸũŸǏċЯШ~ċƣŔŢċШ9ƻĲƣŰŔħЯШ
~ċƖŔŰťŸШ~ċƖťŔħЯШËŔůĲШÖťŔħЯШÑŸůŔƚũċƻШ7ŸũċŰĨċЯШ~ŔƖĲũċШxĲƚťŸƻċĦЯШEũƻŔƖċШéŔĬŸƻŔħЯШsċƚůŔŰċШÅċŰŔũŸƻŔħЯШ
uƖŔƚƣŔŰċШuċŰŔǏċŢЯШċŰĬШ?ċŢċŰċШuƨĨŔħШ]ƖŊŔħ 
ÑƨŰŔŰŊШÂƖŸƓĲƖƣŔĲƚШŸŉШÂx оÂc7éШ7ũĲŰĬƚШƽŔƣőШ7ŔŸƓũċƚƣŔĦŔǍĲƖƚШŉŸƖШ[ŸŸĬШÂċĦťċŊŔŰŊ 

Âр?ΝΜ ÑċŢċŰċШcŸƖƻċƣЯШfƻċŰċШsċťŸƻũŢĲƻŔħЯШċŰĬШ]ŸƖĬċŰċШÂĲőŰĲĦ 
9ŸůƓċƖŔƚŸŰШŸŉШÉĲũĲĦƣĲĬШéŸũċƣŔũĲШ§ƖŊċŰŔĦШ9ŸůƓŸƨŰĬƚШŔŰШüċŊƖĲĤШ9ŔƣǃШcŸƨƚĲőŸũĬƚШ ĦƖŸƚƚШÑƽŸШÉĲċƚŸŰƚ 

Âр?ΝΝ 
ÑċƣŢċŰċШËŸũĲƻŔħШuŰƨĬƚĲŰЯШ]ŸƖĬċŰċШ?ĲƻŔħЯШsĲũĲŰċШ ƻĬċũŸƻŔħЯШ~ŔũċШfũŔħЯШsĲũĲŰċШ~ŔũŔħЯШ 
ÉċŰĬƖċШ7ƨũċƣŸƻŔħЯШċŰĬШ ĲŰċĬШ~ċƖŔħ 
7ŔŸůċƖťĲƖШ[ŔŰŊĲƖƓƖŔŰƣШċƚШċШ[ŸƖĲŰƚŔĦШƣŸŸũШŉŸƖШ§ŔũШÉƓŔũũШÉŸƨƖĦĲШfĬĲŰƣŔǯĦċƣŔŸŰШŔŰШ ũũƨƻŔċũШÉĲĬŔůĲŰƣƚ 

Âр?ΝΞ ÑċƣŢċŰċШËŸũĲƻŔħШuŰƨĬƚĲŰЯШ ũĲťƚċŰĬƖċШÑċƚŔħЯШċŰĬШfƻċŰШuŸŢŔħ 
ÂĲƚƣŔĦŔĬĲƚШ7ƨƖĬĲŰШŔŰШÉƨƖŉċĦĲШìċƣĲƖƚШ ĬŢċĦĲŰƣШƣŸШÉůċũũШ ŊƖŔĦƨũƣƨƖċũШcŸũĬŔŰŊƚШŔŰШEċƚƣĲƖŰШÉĲƖĤŔċ 

Âр?ΝΟ 

ÉŔũƻŔċШ~ŸƖŸƻŔħЯШÂċƨũċШËŔůƨŰЯШ~ċƖŔŢċШuċƣċƖŔŰċШ?ƖůŔħЯШ~ċƣŔŢċШ9ƻĲƣŰŔħЯШÉċŰĬƖċШ7ċĤŔħЯШċŰĬШ 
uƖĲƜŔůŔƖШuŸƜƨƣŔħ 
EŰőċŰĦŔŰŊШÅ§Ш~ĲůĤƖċŰĲШÉĲũĲĦƣŔƻŔƣǃШŉŸƖШ р ŔƣƖŸƚċůŔŰĲШċŰĬШ7ŸƖŔĦШ ĦŔĬШÅĲŢĲĦƣŔŸŰШƻŔċШΝЯΝΜр
?ŔċůŔŰŸĬĲĦċŰĲШÂũƨŊŊŔŰŊ 

Âр?ΝΠ 
ÂĲƣƖċШËƣĲŉċŰĲĦШéĲƚŔħЯШfƻċŰШ]ċĤƖŔŢĲũЯШċŰĬШuƖŔƚƣŔŰċШ?ƖŸƓƨĨŔħ 
9ŸůƓċƖċƣŔƻĲШ9őċƖċĦƣĲƖŔǍċƣŔŸŰШŸŉШ[ũƨŔĬŔǍĲĬШ7ĲĬШ[ũǃШ ƚőШċŰĬШ9ŸŰƻĲŰƣŔŸŰċũШ[ũǃШ ƚőШŉŸƖШÖƚĲШŔŰШÉĲũŉр
ĦŸůƓċĦƣŔŰŊШ9ŸŰĦƖĲƣĲ 

Âр?ΝΡ 
 ŔťŸũŔŰċШÅċĨŔħЯШ~ċƖŔŸШxŸƻƖŔħЯШ]ŸƖĬċŰċШÂĲőŰĲĦЯШfƻċŰċШsċťŸƻũŢĲƻŔħЯШüĬƖċƻťċШÉĲƻĲƖШËƣƖƨťŔũЯШ 
fƻċШÉůŸũŢŸЯШÉŔũƻċШþƨǏƨũЯШċŰĬШsċƚůŔŰċШÅŔŰťŸƻĲĦ 
[ƖŸůШ ŔƖĤŸƖŰĲШÂċƖƣŔĦũĲƚШƣŸШÉŸŔũШ?ĲƓŸƚŔƣƚаШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШ?ŔƚƣƖŔĤƨƣŔŸŰШŸŉШÂ cÉШċŰĬШcĲċƻǃШ~Ĳƣċũƚ 

Âр?ΝΣ 
ŰƣŸŰŔŢċШ ƻĬċũŸƻŔħЯШ~ŔũŔĦċШ~ċŰĬŔħЯШ~ŔƖťŸШCƨƖŸƻŔħЯШ ċƣċƜċШÉƣŔƓċŰĲũŸƻШéƖċŰĬĲĨŔħЯШċŰĬШ 

xċĬŔƚũċƻШéƖƚċũŸƻŔħ 
ƓƓũŔĦċƣŔŸŰШŸŉШ ÑÅр[ÑfÅШÉƓĲĦƣƖŸƚĦŸƓǃШŉŸƖШƣőĲШfĬĲŰƣŔǯĦċƣŸŰШŸŉШ~ŔĦƖŸƓũċƚƣŔĦƚ 

 

E?Ö9 Ñf§  

ÂрEΜΝ 
?ƖċǏĲŰШ9ƖŰĨĲĦ 
ĬŸƓƣŔŸŰШŸŉШEĬƨĦċƣŔŸŰċũШ§ƨƣĦŸůĲƚШŔŰШ9őĲůŔƚƣƖǃШÑőƖŸƨŊőШƣőĲШEǂƣƖċрĦƨƖƖŔĦƨũċƖШ ĦƣŔƻŔƣǃШљ§ƖĦőċƖĬŔƚƣƚШ
]ƖŸƨƓњШÖƚŔŰŊШƣőĲШEǂċůƓũĲШŸŉШ?ĲƣĲƖůŔŰŔŰŊШƣőĲШÉƣƖĲŔŉШfŰĬĲǂ 

ÂрEΜΞ ~ċƖŔŢċШÂƨƚƣċťЯШxŢŔũŢċШ~ŔƜĲƻŔħЯШċŰĬШ ŔƻĲƚШéũċĬŔƚũċƻŔħ 
[ƖŸůШÑőĲŸƖǃШƣŸШÂƖċĦƣŔƚĲаШÉĦŔĲŰƣŔċШÂƖŸŢĲĦƣƚШċƚШċШ~ŸĬĲũШŉŸƖШ~ŸĬĲƖŰШÉÑE~ШÑĲċĦőŔŰŊ 

ÂрEΜΟ ~ŸŰŔťċШÂċƻŔħШċŰĬШ~ċŢċШsƨƖŔħр7ċĤċŢċ 
fШċŰĬШ9őĲůŔƚƣƖǃШтШÉůċƖƣШÉĦŔĲŰĦĲШŸŉШƣőĲШ[ƨƣƨƖĲ 

ÂрEΜΠ 
~ċƖƣŔŰċШËĲũĲƖШ ċůŢĲƚŰŔťШċŰĬШ~ċƖƣŔŰШ7ƨũŢƨĤċƜŔħ 
fŰƣƖŸĬƨĦŔŰŊШĬƻċŰĦĲĬШ ŰċũǃƣŔĦċũШ~ĲƣőŸĬƚШƣŸШcŔŊőШÉĦőŸŸũШÉƣƨĬĲŰƣƚаШ9ċŰШ?ŔǭĲƖĲŰƣШ9ċŰĬũĲШìċǂĲƚШĤĲШ
?ŔƚƣŔŰŊƨŔƚőĲĬШĤǃШΝcШ ~ÅШÉƓĲĦƣƖŸƚĦŸƓǃе 

ÂрEΜΡ ~ŔƖƣċШ~ċũĨŔħШċŰĬШÉƨǍċŰċШxŸƻƖŔħ 
ШsŸƨƖŰĲǃШÑőƖŸƨŊőШÑŔůĲШтШШ9őĲůŔƚƣƖǃШxĲƚƚŸŰШƽŔƣőШƣőĲШcĲũƓШŸŉШ ƖƣŔǯĦŔċũШfŰƣĲũũŔŊĲŰĦĲ 
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SMALL ANGLE SCATTERING AND ITS APPLICATION  
IN CHEMISTRY, LIFE, AND MATERIAL SCIENCE 

Sigrid Bernstorff 

  Elettra-Sincrotrone Trieste S.C.p.A , 34149 Basovizza, Trieste, Italy 
 sigrid.bernstorff@elettra.eu, sigrid.bernstorff@gmail.com 

Small Angle X-ray Scattering (SAXS) is a versatile technique used on synchrotrons and many laboratories 
all over the world. It provides information on nanostructures regarding dimensions, shapes and 
aggregation states from roughly 1 nm to > 100 nm. All states of matter, i.e. solid, liquid, aerosol and thin 
surfaces can be probed. The opportunity to inƻĲƚƣŔŊċƣĲШƚċůƓũĲƚШŔŰШƣőĲŔƖШљŰċƣƨƖċũњШĲŰƻŔƖŸŰůĲŰƣШċŰĬШƽŔƣőШ
high time resolution is one of the strong points of this technique. 

The experimental possibilities at the Austrian SAXS beamline operated at the synchrotron radiation 
source Elettra т Sincrotrone in Trieste will be presented. Here the focus will be on in-situ and in-operando 
experiments, as well as on results obtained for self-assembled thin films. 

 

[ŔŊƨƖĲШΝЮШ]ƖċǍŔŰŊШfŰĦŔĬĲŰĦĲШÉ ñÉШŔůċŊĲƚШŉƖŸůШƣőŔŰШůƨũƣŔũċǃĲƖШǯũůƚШŸŰШċШƖŔƓƓũĲĬШƚƨĤƚƣƖċƣĲЮ 
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CHALLENGING SUSTAINABILITY: ESTIMATING THE CO2 
PRODUCTION IN (BIO)CATALYTIC REACTIONS 

Pablo Domínguez de María 

  Sustainable Momentum, SL. Av. Ansite 3, 4-6. 35011, Las Palmas de Gran Canaria, Canary Is. Spain. 
 dominguez@sustainable-momentum.net 

Enzymes may offer eco-friendly options to traditional organic synthesis. Yet, like any other chemical 
process, biocatalysis require water, solvents and energy, what inevitably generates waste. Developing 
reliable metrics to evaluate the environmental impact of enzymatic reactions, particularly at early 
stages, results crucial.[1] The traditional E-Factor (kg waste · kg productт1)[2] is intuitive, albeit it is often 
used to assess wastes that are fully treated in the chemical plant (wastewater, solvents, etc), and do not 
remain in the planet.[3] When such wastes are treated, CO2 is the ultimate residue, formed upon 
wastewater treatment, from solvent incineration, and from the energy used in the (bio)catalytic 
reaction.[3,4] That CO2 remains in the planet and should be therefore the key aspect to be environmentally 
considered, to put forth processes that may balance sustainability with commercial viability. This talk 
discƨƚƚĲƚШċШƖċƓŔĬШƣŸŸũШƣŸШĲƚƣŔůċƣĲШƣőĲШљ]ũŸĤċũШìċƖůŔŰŊШÂŸƣĲŰƣŔċũШы]ìÂьњШт ĲǂƓƖĲƚƚĲĬШċƚШťŊШ9§ЋШзШťŊШ
productт1 т of (bio)catalytic reactions, deducing equations based on reaction parameters such as 
љĦŸŰƻĲƖƚŔŸŰњЯШ љƚƨĤƚƣƖċƣĲШ ũŸċĬŔŰŊњЯШ љƖĲċĦƣŔŸŰШ ƣŔůĲњЯШ ċŰĬШ љƣĲůƓĲƖċƣƨƖĲњЮ[5] The method compares 
ƖĲċĦƣŔŸŰШĦŸŰĬŔƣŔŸŰƚШċŰĬШŔĬĲŰƣŔŉŔĲƚШťĲǃШ9§Ћ-producing hotspots, pinpointing greener biomanufacturing 
options while preserving the efficiency of biocatalytic systems. 
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SURFACE-MOUNTED MOLECULAR DEVICES 

sŔƘŖШuċũĲƣċ 

  Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, 
  Flemingovo nám. 2, 160 00 Prague 6, Czech Republic 

 jiri.kaleta@uochb.cas.cz 

Surface-mounted molecular devices represent a distinctive class of stimuli-responsive smart materials 
that continue to garner significant scientific interest due to their broad range of potential applications - 
from modulating physical properties to enabling photopharmacological functions. These systems 
generally comprise two essential components: a stimuli-responsive head group, which serves as the 
functional core, and a molecular platform that performs several critical roles. Specifically, the platform: 
(i) ensures reliable surface attachment through appropriately designed anchoring groups; (ii) provides 
sufficient spacing between adjacent molecules; (iii) facilitates electronic decoupling of photoactive 
units from metallic substrates to reduce quenching of excited states; and (iv) ideally positions functional 
units in a well-defined and predictable geometry above the surface.[1] In this presentation, three 
conceptually distinct strategies for constructing such responsive two-dimensional molecular arrays will 
be discussed: LangmuirтBlodgett films, [2] self-assembled monolayers, and surface inclusions within 
porous nanocrystals.[3,4] These approaches offer complementary advantages and will be compared in 
terms of structural control, functional performance, and suitability for specific applications. 

                

Figure 1. Photoswitchable Langmuir-Blodgett films (left) and self-assembled arrays of tetrapodal light-
driven molecular motors (right). 
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Separation based on Polymer Inclusion Membranes (PIMs), a relatively recently introduced type of liquid 
membranes, offers an attractive alternative to conventional solvent extraction by mimicking this 
important separation process, utilised extensively in industry and chemical analysis, but without the use 
of a large inventory of volatile, flammable and often toxic diluents. [1т3] In addition to minimizing the 
amounts of extractants used, thus reducing the cost of separation, PIMs provide possibilities for 
substantial improvements to the overall speed of the separation process and to the reduction of its 
complexity based on allowing both extraction and back-extraction to proceed simultaneously at 
opposite sides of the membrane. In most cases a PIM is composed of a base polymer (e.g., PVC, 
cellulose triacetate) and an extractant (e.g., Aliquat 336), acting as plasticiser. However, in some cases, 
the inclusion in the PIM composition of a plasticiser or a modifier may be required for improving the 
membrane homogeneity, flexibility and extraction properties. PIMs allow the complete transfer of a 
target chemical species from a feed solution to a receiving solution, separated by the membrane, by a 
facilitated transport mechanism.  

Micro Polymer Inclusion Beads (mPIBs) with compositions similar to those of PIMs have been fabricated 
recently using a microfluidic technique and applied to the separation of Au(III) [3], rare earth metal ions[4] 
and Zn(II). 

PIMs and mPIBs have been used successfully for the selective separation of metallic and non-metallic  
ionic species of industrial and environmental importance. This presentation will outline some of them to 
illustrate the potential of these advanced polymeric extracting materials in industrial separation (e.g., 
clean-up of mine tailings water, recovery of noble and strategic metals from electronic waste) and online 
separation in chemical analysis. 
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The current society is heavily dependent on fossil fuel that is used for both energy applications such as 
heating and cooling dwellings, and as transportation fuel, but also as feedstock for the chemical 
industries. For many transport applications, firing fossil fuels can already be replaced by driving electric, 
but to construct consumer goods, electrons only are not sufficient and the carbon atoms are needed. 

With 10 % of the fossil fuel being used in production processes, the amount of oil equivalents needed 
worldwide are so much, that if transported by train, it would require on every single day a train of 600 km. 
Replacing this amount of oil equivalents by biobased chemicals seems a humongous challenge. Would 
we be able to maintain enough biodiversity? It would be better to reduce the demand for freshly sourced 
carbons by recycling strategies. If we can recycle up to 80 % of all the carbon in our consumer goods, 
that train with oil equivalents would already reduce to 120 km per day. 

So, we need both effective and efficient recycling approaches, and accepting we can never recycle 100 
%, we also need biorefineries in which we source the make-up carbon that is lost in the life cycle. In both 
recycling and biorefineries, the carbon sources are typically much more complex than in crude oil, and 
that means that the standard processes in the petrochemical industry cannot be applied without any 
modification. Being a separation technologist, in this conference contribution, next to outlining the 
challenges and possible directions on a generic level, I will also show that developing new separation 
processes is key to realizing effective production routes based on complex feedstocks. This includes a 
new approach towards regeneration of solvents that we are currently developing in my group. 
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Axially chiral compounds are of growing importance within the fields of catalysis, medicine and 
agrochemistry and hence new approaches for their stereocontrolled synthesis remain valuable.[1] Here 
we describe a series of strategic approaches for the enantioselective synthesis of axially chiral 
compounds including oxidative cross coupling[2] and dynamic stereochemical methods[3] employing 
chiral counterions.[4] 

 

Figure 1. Strategic approaches to selectivity within this work. 

We also extend this approach to an examination of stereochemistry at trivalent oxygen,5 and outline the 
unexplored chemistry of triaryloxonium ions.6 
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Comprehending the phenomena lying behind the conductivity of electrolyte solutions is essential at all 
levels of electrochemistry learning. However, the traditional macroscopic approach to teaching the 
motion of ions under the influence of an electric field can lead to misconceptions about what actually 
happens at the submicroscopic scale.[1,2] In this talk, the macroscopic and microscopic views on the 
motion of ions in solution, with and without the applied electric field, will be compared and discussed. 
By setting the appropriate equations, solving them, and analyzing the obtained results, it will be shown 
that the macroscopic model cannot be simply mirrored to account for the properties of particles at the 
submicroscopic level.[2] An interactive simulation (available for download)[2] is proposed for use in 
teaching the migration of ions in solution. It provides the opportunity to simulate the purely Brownian 
ůŸƣŔŸŰШŸŉШŔŸŰƚШŔŰШƣőĲШċĤƚĲŰĦĲШŸŉШċŰШĲũĲĦƣƖŔĦШŉŔĲũĬШċŰĬШƣőċƣШƽőĲŰШƣőĲШŉŔĲũĬШŔƚШљƚƽŔƣĦőĲĬШŸŰњЯШi.e. when a 
directional component resulting from the action of the electric force is superimposed to the completely 
random motion. The implementation of this tool can help a wide range of students, from secondary 
school to university ones, to visualize the fact that the averaging of movements of many ions in solution 
results in the macroscopically observed properties corresponding to (unrealistic) uniform motion of the 
species comprising ion and its solvation sphere through solution. The described approach to teaching 
ƣőĲШŔŸŰŔĦШĦŸŰĬƨĦƣŔƻŔƣǃШŉċĦŔũŔƣċƣĲƚШƚƣƨĬĲŰƣƚќШŔŰƚŔŊőƣШŔŰƣŸШƣőĲШĬŔƚƣinction and relation between the macro- 
and microscopic properties of the moving charged particles, and can be readily extended to other 
transport phenomena. 
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BODIPY is a trade name for heterocyclic compounds with the IUPAC name 4,4-difluoro-4-bora-3a,4a-
diaza-s-indacene. Owing to their excellent spectral and photophysical properties and easy structural 
modifications, they have gained a significant scientific interest with applications in fluorescence 
sensing,[1a] molecular biology as fluorescent markers[1b] and phototherapeutics.[1c] 

fŰШƣőĲШƓċƚƣШĬĲĦċĬĲШċƣШƣőĲШÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲШƽĲШĬĲƻĲũŸƓĲĬШċШƚĲƖŔĲƚШŸŉШ7§?fÂòШĦŸůƓŸƨŰĬƚШыƚƨĦőШċƚШ
1, Figure 1) which show unusual photochemical reactivity from higher excited states (also known as anti-
Kasha photoreactivity) and have applicability in fluorescent labeling of proteins.[2] Moreover, we extended 
the study of photoreactive BODIPY compounds to photocleavable protective groups, also known as 
photocages. Contrary to the ubiquitous BODIPY photocages that undergo cleavage at the meso-methylene 
position, [3] we develop dyes that are cleavable at boron (such as 2),[4] which have potential for the 
development of new phototherapeutics that do not base their action on singlet oxygen formation.[5] 
Furthermore, the photocages have potential for the use in organic synthesis as protective groups, as well 
as in biology or medicine for the targeted temporally and spatially controlled delivery of biologically active 
substances. In addition to photoreactive BODIPY compounds, we were also interested in fluorescent dyes 
that selectively accumulate in intracellular organelles and can be used in cell biology (such as 3 for labeling 
mitochondria).[6] The lecture will feature different BODIPY dyes, their synthesis, photophysical properties 
and photoreactivity as well as applications in different fields of research. 

 

Figure 1. Different BODIPY derivatives ŔŰƻĲƚƣŔŊċƣĲĬШċƣШƣőĲШÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲЮ 
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Zeolitic imidazolate frameworks (ZIFs) are an extensively studied class of porous materials built from 
tetrahedral metal centers and imidazolate ligands, with potential uses in separations, catalysis and 
guest capture.[1] They exist in many different solid forms which often appear concomitantly, so the 
control of their polymorphism is crucial. Mechanochemistry has been shown to offer not only high yields, 
fast reaction times and little to no waste, but also good control over solid form selection in ZIFs.[2]  

We here show that combining templation effects with mechanochemistry can not only allow for the 
controlled synthesis of many solid forms of the simplest ZIF, zinc imidazolate, but the judicious use of 
templates can also provide new forms of ZIFs that can't be made solvothermally.[3] Periodic DFT 
calculations are performed to rationalize the results of mechanochemical screening, and to predict 
future reaction outcomes. 

 

Figure 1. Graphical representation of the templation effect in mechanochemical ZIF synthesis. 
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In this study, magnetic molecularly imprinted Fe3O4/SiO2/TiO2/MIP photocatalyst with selected 
pharmaceutical as the template was prepared by microwave-assisted synthesis method (Figure 1). For 
reference, non-imprinted magnetic nanoparticles (Fe3O4/SiO2/TiO2) were prepared using the same 
procedure. The synthesis of the non-imprinted magnetic coreтƚőĲũũШ[ĲЌ§ЍоÉŔ§ЋоÑŔ§ЋШŰċŰŸĦŸůƓŸƚŔƣĲШ
ŔŰƻŸũƻĲĬШĦŸċƣŔŰŊШůċŊŰĲƣŔƣĲШы[ĲЌ§ЍьШŰċŰŸƓċƖƣŔĦũĲƚШƽŔƣőШċШƓƖŸƣĲĦƣŔƻĲШƚŔũŔĦċШыÉŔ§ЋьШũċǃĲƖЯШŉŸũũŸƽĲĬШĤǃШċШƣŔƣċŰŔċШ
ыÑŔ§ЋьШŸƨƣĲƖШƚőĲũũЮШ[ŸƖШƓƖĲƓċƖċƣŔŸŰШŸŉШůŸũĲĦƨũċƖũǃШŔůƓƖŔŰƣĲĬШĦŸƖĲ-shell photocatalyst, acetonitrile was 
used as porogen and solvent, methacrylic acid as monomer, 2,2-azobis(metil-propionitril) as initiator, 
ethylene glycol dimethacrylate as crosslinker, and diclofenac as pharmaceutic template. The 
molecularly imprinted TiO2 layer has specific cavities designed for the diclofenac target molecule 
(imprint), resulting in a synergistic effect of extraction by adsorption and photocatalysis[1]. Microwave 
radiation enables fast and uniform heating rate, rapid nucleation and growth of particles, shortens 
reaction time, and enables energy savings. The structure and properties of the synthesized materials 
(Fe3O4/SiO2/TiO2 and Fe3O4/SiO2/TiO2/MIP) were characterized using XRD, FTIR, SEM, VSM, BET, and DRS 
techniques. 

The synergistic effect of adsorption and photocatalysis as well as the kinetics and mechanism of 
diclofenac degradation using Fe3O4/SiO2/TiO2 and Fe3O4/SiO2/TiO2/MIP were determined and analysed. 
The results demonstrated that the developed photocatalyst enables efficient degradation of diclofenac 
under simulated solar irradiation, combined with easy magnetic separation, underscoring its potential 
for practical application in wastewater treatment. 

 
Figure 1. Synthesis procedure of molecularly imprinted polymers. 
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MODELING EXCITED-STATE MOLECULAR DYNAMICS 
WITH CLASSICAL TRAJECTORIES  

~ċƖŔŰШÉċƓƨŰċƖЯШÑŸůŔƚũċƻШÂŔƣĲƜċЯШ ŰƣŸŰŔŸШÂƖũŢЯШċŰĬШ ċįċШ?ŸƜũŔħ 

  ÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲЯШΝΜΜΜΜШüċŊƖĲĤЯШ9ƖŸċƣŔċ 
 nadja.doslic@irb.hr  

Understanding how molecules behave after absorbing light is essential for explaining a wide range of 
photochemical and photophysical phenomenaуfrom fluorescence and photostability to charge 
transfer and energy conversion. Theoretical investigation of these light-induced processes often relies 
on nonadiabatic molecular dynamics methods, which account for the coupling between nuclear and 
electronic motion. 

Among these methods, Trajectory Surface Hopping (TSH) is widely used. It combines classical nuclear 
trajectories with stochastic transitions between electronic states, providing an efficient and intuitive way 
to simulate excited-state dynamics. 

In this contribution, we present an overview of how TSH can be effectively applied to simulate 
photoinduced processes in molecular systems. We discuss key methodological aspects, including the 
sampling of initial conditions, the choice of hopping algorithms and electronic structure methods, and 
strategies for analyzing simulation outcomes. 

Through selected case studies, we demonstrate how TSH can reproduce time-resolved spectroscopic 
observables and reveal key mechanistic features such as internal conversion, bond rearrangement, and 
nonradiative decay. Our goal is to make TSH more accessible to chemists interested in excited-state 
reactivity by providing both theoretical context and practical guidance for its successful application. 

  

IN4 

mailto:nadja.doslic@irb.hr


 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΠΤ 

PHOTOCATALYTIC DECOMPOSITION OF METHANE AS A 
TECHNOLOGY FOR REDUCING EMISSIONS FROM LOW-METHANE 

MUNICIPAL WASTE LANDFILLS 
fƻċŰċШ]ƖĨŔħ,a Marija Knez,a and Goran Sabolb 
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;ċťŸƻĲĦЯШ9ƖŸċƣŔċ 

 igrcic@gfv.hr 

Landfills present environmental, economic, and social challenges, primarily due to pollution caused by 
the decomposition of organic waste within the landfill itself. The breakdown of organic waste generates 
ůĲƣőċŰĲШы9cЍьЯШċШŊƖĲĲŰőŸƨƚĲШŊċƚШƣőċƣШĦŸŰƣƖŔĤƨƣĲƚШƚŔŊŰŔŉŔĦċŰƣũǃШƣŸШĦũŔůċƣĲШĦőċŰŊĲЮШ9cЍШŔƚШƣǃƓŔĦċũũǃШ
ůċŰċŊĲĬШƣőƖŸƨŊőШŉũċƖŔŰŊЯШƽőŔĦőШĦŸŰƻĲƖƣƚШŔƣШŔŰƣŸШĦċƖĤŸŰШĬŔŸǂŔĬĲШы9§ЋьШċŰĬШƽċƣĲƖШƻċƓŸƖШыcЋ§ьЮШcŸƽĲƻĲƖЯШ
when methane concentrations fall below 20 %, flaring becomes economically unfeasible, resulting in its 
direct release into the atmosphere. This study investigated the potential of photocatalytic oxidation with 
the aim of developing a suitable air protection technology for landfill sites. This process utilizes solar 
radiation and a photocatalyst and has proven to be both effective and cost-efficient in degrading 
ƓŸũũƨƣċŰƣƚШ ƚƨĦőШ ċƚШ 9cЍШ ŔŰШ ũċŰĬŉŔũũШ ŊċƚЮШ ĬĬŔƣŔŸŰċũũǃЯШ ċШ ůċƣőĲůċƣŔĦal model was developed for 
multiphysics simulation and for designing future systems to reduce landfill gas emissions at the source. 

xċĤŸƖċƣŸƖǃШƣĲƚƣƚШŸŉШƓőŸƣŸĦċƣċũǃƣŔĦШĬĲŊƖċĬċƣŔŸŰШŸŰШċШŊċƚШƚċůƓũĲШĦŸŰƣċŔŰŔŰŊШ9cЍШŉƖŸůШƣőĲШÑŸƣŸƻĲĦШŰŸŰ-
hazardous waste landfill showed an average CH4 concentration reduction of 19.91 % across three 
measurements: 21.59 % in the first, 18.15 % in the second, and 20.00 % in the third, at slightly lower 
initial methane concentrations in gas samples (<10%). The tests confirmed the effectiveness of 
ƓőŸƣŸĦċƣċũǃƣŔĦШŸǂŔĬċƣŔŸŰЯШċƚШ9cЍШƽċƚШŸǂŔĬŔǍĲĬШƣŸШĦċƖĤŸŰШůŸŰŸǂŔĬĲШы9§ьШċŰĬШ9§ЋЯШƽőŔĦőШƽċƚШĲƻŔĬĲŰĦĲĬШ
by a 30 ӖШŔŰĦƖĲċƚĲШŔŰШ9§ШũĲƻĲũƚЮШÑőĲШůċƣőĲůċƣŔĦċũШůŸĬĲũШŔĬĲŰƣŔŉŔĲĬШťĲǃШŉċĦƣŸƖƚШŔŰŉũƨĲŰĦŔŰŊШ9cЍШ
degradation in the annular reactor, particularly the importance of pipe length. Although the model proved 
effective, the proper design of a photocatalytic system for application at landfill sites remains a 
challenge due to the need for extensive customization and specialized expertise for this specific use. 

 

Figure 1. CFD and Ray trace modelling results in the annular reactor 
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љ]ÅEE њШ]Å ÂcE EШf ШELECTROCATALYSIS 
BoƜtjan Genorio 

  University of Ljubljana, Faculty of Chemistry and Chemical Technology, éĲĨŰċШƓŸƣШΝΝΟЯШΝΜΜΜШxŢƨĤũŢċŰċЯШ
Slovenia 

 bostjan.genorio@fkkt.uni-lj.si 

Carbon, a fundamental element of life and a cornerstone of the life sciences has attracted much 
attention in materials science since the revolutionary isolation of graphene у a two-dimensional carbon 
allotrope у in 2004. The extraordinary mechanical, thermal, electrical, and optical properties of 
graphene have brought it to the forefront of research and innovation. Since its discovery, graphene-
based materials have shown enormous potential for a wide range of applications, including composites, 
sensors, transistors, spin valves, radio frequency identification tags, flexible displays, ultrafast lasers, 
and nano-healthcare applications (e.g. drug delivery systems, cancer therapy, and biological imaging), 
as well as various energy-related devices such as fuel cells, supercapacitors and ultra-light batteries. 
However, to fully exploit the potential of graphene-based materials in energy storage and conversion, a 
thorough understanding of their role in electrocatalysis is crucial. 

Graphene-ĤċƚĲĬШĬĲƖŔƻċƣŔƻĲƚШĦċŰШƚĲƖƻĲШљċĦƣŔƻĲũǃњШċƚШĲũĲĦƣƖŸĦċƣċũǃƚƣƚШŸƖШљƓċƚƚŔƻĲũǃњШċƚШĦċƣċũǃƚƣШƚƨƓƓŸƖƣƚЮШ
In this area, our research focuses on uncovering the complex interplay between morphology and 
chemical structure in electrocatalytic reactions, particularly in the oxygen reduction reaction (ORR). 
ORR is crucial for fuel cells[1], metal-air batteries[2], and H2O2 electrosynthesis[3] and is therefore a key 
area of research. By elucidating the intricate relationships between morphology, chemical composition, 
and catalytic activity, we aim to advance the development of efficient and durable electrocatalysts for 
various energy conversion applications. 

 

Figure 1. Schematic of graphene electrochemical interface. 
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BIFUNCTIONAL CHIRAL LIGANDS FOR ENANTIOSELECTIVE 
CATALYSIS VIA TETHERED COUNTERION-DIRECTED CATALYSIS 

Xavier Guinchard 

  Université Paris-Saclay, CNRS, ICSN, UPR2301, 91198 Gif-sur-Yvette, France 
 xavier.guinchard@cnrs.fr  

The access to enantioenriched molecules via selective catalytic methods is of utmost importance. The 
ligand-based approach  (Figure 1a) to enantioselective catalysis often relies on the use of either 
functionalized or very bulky ligands to trigger geometrical constraints and steric repulsions. The 
alternative Asymmetric Counteranion -Directed Catalysis  (ACDC) approach [1a] relies on the use of 
chiral counteranions as the source of stereochemical information during the key bond-forming step 
(Figure 1b). The strong pairing between the cationic metal-substrate complex and the chiral anion is 
hence central to the transfer of the chiral information. This concept,[1a] pioneered in Au(I)[1c] and Pd(0)[1a] 
catalysis, was rapidly applied to other transition metals. However, 15 years later, the field did not bloom 
as much as expected and examples remain sporadic. Why ACDC has met little success probably results 
from the flexible and poorly defined spatial arrangements of the chiral phosphate-cation pairs (Figure 
1b). In this context, we have established (Figure 1c) that tethering the chiral anion to the metal center 
could be a suitable strategy to increase geometrical constraints and molecular organization in the 
intermediates involved in catalytic processes and therefore generate higher enantioselectivities. This 
strategy, named Tethered Counterion -Directed Catalysis (TCDC) relies on the use of CPA-Phos chiral 
ligands that are phosphine/phosphoric acid new chiral bifunctional ligands.[2a] The corresponding Au(I) 
complexes have been prepared and used successfully as catalysts in a number of enantioselective 
reactions. The synthesis, coordination and catalytic applications of these chiral ligands will be 
discussed.[2] 

 

Figure 1. Context of the work. 
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ION-BINDING PROPERTIES OF LINEAR  
AND CYCLIC OLIGOPEPTIDES 

Gordan Horvat 
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The complexation of anions by both natural and synthetic receptors has become a central theme in the 
rapidly evolving field of supramolecular chemistry. Among these, cyclopeptides have emerged as a 
promising and versatile class of macrocyclic anion receptors. Their ability to bind anions arises from the 
hydrogen-bond donating capacity of the amide groups in the peptide backbone, the structural flexibility 
of the macrocyclic ring, and the tunability of their subunits. In addition, they can also bind metal cations 
with their backbone carbonyl groups. Compared to their linear counterparts, cyclopeptides demonstrate 
enhanced metabolic stability and stronger affinity for charged species. 

In this talk, we will present our recent contributions to the field, focusing on the effects of ring size and 
solvent on the anion-binding properties of cyclopeptides.[1] The binding of cations by cyclohexapeptides 
will also be discussed. Additionally, the ion-binding affinities of cyclic peptides will be compared with 
those of their linear counterparts.[2] Finally, newly developed macrocyclization strategies for 
cyclopeptide ring closure will be introduced.[3] 

 

Figure 1. Cyclohexaleucine as ion receptor. 
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ARTIFICIAL INTELLIGENCE IN BIOCHEMICAL ENGINEERING: 
APPLICATION AND FUTURE PERSPECTIVE 

ŰċШsƨƖŔŰŢċťШÑƨƜĲť 

  University of Zagreb Faculty of Food and Biotechnology, Zagreb, Croatia 
 ana.tusek.jurinjak@pbf.unizg.hr 

Artificial intelligence (AI) is revolutionizing the field of biochemical engineering by introducing powerful 
tools for modelling, optimization, and automation of complex biological systems. AI techniques, 
particularly machine learning and artificial neural networks (ANN), have significantly improved the ability 
to make accurate predictions and informed decisions in processes characterized by high variability, non-
linearity, and biological complexity. These data-driven approaches are especially valuable in cases 
where traditional mechanistic models fall short due to incomplete system understanding or dynamic 
behaviour, as is often the case in fermentation, metabolic engineering, enzyme extraction, and biowaste 
processing. As the demand for more efficient, sustainable, and cost-effective biotechnological 
processes continues to grow, the integration of AI and big data analytics becomes increasingly vital. This 
lecture highlights practical and effective applications of AI-driven modelling in biochemical engineering, 
emphasizing real-world case studies where intelligent algorithms have provided meaningful 
advancements. These include the prediction of physicochemical properties of medicinal herb extracts, 
the use of near-infrared spectroscopy (NIR) coupled with artificial neural networks for real-time 
monitoring and control of grape skin composting, and the optimization and modelling of lipase extraction 
using low-toxicity deep eutectic solvent (DES)-based aqueous two-phase systems (ATPS). Together, 
these examples illustrate how AI enhances data analysis, optimizes process parameters, and supports 
the development of sustainable solutions across a wide range of biotechnological applications. 
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BULK-HETEROJUNCTION PHOTOVOLTAICS 

éŔũťŸШ~ċŰĬŔħ and [ũŸƖĲŰШÅċĬŸƻċŰŸƻŔħ-ÂĲƖŔħ 

University of Zagreb Faculty of Chemical Engineering and Technology, 
ÑƖŊШ~ċƖťċШ~ċƖƨũŔħċШΝΦЯШΝΜΜΜΜШZagreb, Croatia 
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The last generation of solar cells, which are one of the most prominent types of renewable energy 
sources, includes various technologies and materials. Among the last generation solar cells, organic 
bulk-heterojunction (BHJ) stand out with advantageous high absorption coefficients, tuneable 
bandgaps, economically efficient synthesis and low-cost production of high area and flexible panels, as 
well as modularity e.g. for indoor light harvesting. They however suffer from multiple energy losses, which 
can be surpassed by synthesizing new systems, such as squaraine derivatives reported hereafter. 

Specifically, this work wraps around challenges faced during characterizing, assembling and examining 
viability of competitive BHJ photovoltaics solar cells from small molecule squaraine derivatives. 
Squaraines are electron donors and needed blending with a model acceptor such as PC71BM. Firstly, 
physical and optoelectronic properties of the system were determined. The solubility of squaraines 
turned out to be the major concern, whereas it was found that prolonged alkyl chains at the ends of the 
molecule facilitated solubility in non-polar solvents, such as chloroform. 

Thereafter it made sense to preliminary address architecture and processing conditions suitability. In-
depth analysis was conducted on 2,4-bis(4-(benzyl(isopropyl)amino)-2,6-di-hydroxyphenyl)cyclobuta-
1,3-diene-1,3-bis(olate) and 2,4-bis(4-(diisobutylamino)-2,6-dihydr-oxyphenyl)cyclobut-1-ene-1,3-
bis(olate) systems, comprising (micro)structural properties of the BHJ layer, i.e. domain size, 
crystallinity, preferred orientation, obtained through atomic force microscopy and grazing incidence 
wide angle X-ray scattering. By improving the squaraine crystallinity in BHJ, short-circuit current of the 
solar cell increases, likely due to improved equilibrium between charge carrier mobilities. 

Altogether, it was confirmed that a low hole mobility of the squaraine derivatives limits device 
performance by inducing a high charge carrier imbalance, which hinders the transport. Majority of the 
prepared squaraines proved viable for a full solar cell assembly. 

Acknowledgements.  This work has been supported by MINGO under the grants NPOO.C3.2.R3-I1.05.0091 and 
NPOO.C3.2.R3-I1.04.0324. Financial sustenance of University of Zagreb is acknowledged. 
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Plastic pollution presents an escalating threat to environmental and public health, underscoring the 
urgent need for innovative strategies to degrade synthetic polymers such as polylactic acid (PLA).[1] In 
this study, we report the engineering of a novel PLA-degrading enzyme, MGY, originally identified from a 
metagenomic dataset. Although MGY exhibited promising catalytic activity, its low solubility, poor 
expression yield, and limited  thermostability restricted its practical application. To address these 
limitations, we employed ancestral sequence reconstruction[2] to generate ancestral MGY variants. All 
variants maintained significant PLA-degrading activity, with one also demonstrating activity against 
polycaprolactone (PCL). These ancestral enzymes showed enhanced solubility, improved expression 
levels, and markedly increased thermal stability. Differential scanning calorimetry revealed a melting 
temperature (Tm) of 84°C for the most stable variantуthe highest reported for any PLA-degrading enzyme 
to date. In addition, characterization of both PLA and PCL polymers[3] identified the optimal temperature 
ranges for their efficient enzymatic degradation. Together, these findings provide insights into the 
structural determinants of enzyme stability and activity, highlighting ancestral sequence reconstruction 
as a powerful strategy for engineering robust biocatalysts. 

Acknowledgements.  This research was funded through National Recovery and Resilience Programme, The 
Development Research Support (NextGenerationEU), project Enzyme engineering for sustainable recycling of 
bioplastics (NPOO.C3.2.R2-I1.06.0041). 
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SHINING LIGHT ON MICROBIOREACTORS: EXPLORING THE POWER 
OF OPTICAL SENSING 

Torsten Mayr 
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Graz, Austria 

 torsten.mayr@tugraz.at 

Optical chemical sensors are established in process monitoring tools in industry and research laboratories. They 
basically comprise of a luminescent indicator dye based in a host polymer. They are easy to integrate, non-invasive, 
do not need any reference element and can be read-out contactless from outside. However, to fully exploit the 
potential in microfluidic systems or microreactors, the sensors have to fulfil several demands including high 
brightness, capability to be applied as thin film, excellent photo stability, cheap and accurate read-out systems, ease 
in use (simple calibration and drift free), simple mass production compatible preparation steps, compatibility with 
the chip materials, resistance towards sterilization and no toxicity. 

We present sensors for important chemical parameters such as oxygen, pH, glucose, lactate, ammonia and hydrogen 
peroxide fulfilling these demands. Our sensors can be excited with red-light and emit light in the near infra-red range 
(<700 nm). This suppresses background fluorescence and scattering from biological material. Sensor can be 
prepared in different formats including coated fibers, ink-jet printed sensor spots or knife-coated spots. Compact 
measurement instruments enable the read-out of integrated sensor elements in microreactors in sizes from 300 to 
800 micrometers or miniaturized probes. 

Oxygen and pH sensor are applied in microbioreactors and microfluidic cell culture systems. The integrated sensors 
are used to monitor cell culture conditions and the cell metabolism. We demonstrate the influence of model drugs 
and nanomaterials on the cell respiration and acidification.[1,2] Integrated oxygen sensors are also presented in organ-
on-chip to measure the oxygen consumption of cardiac cells during beating motion with electrical stimulation.[3] We 
also present glucose and lactate sensors in microfluidic format to measure additional important metabolic 
parameters. We also developed sensors for ammonia and hydrogen peroxide т analytes that were not able to be 
monitored continuously, so far. These sensors can be applied to monitor ammonia in trace levels for environmental 
monitoring and high concentrations in flow reactors.[4] We present a new sensing concept for detection of hydrogen 
peroxide in a microfluidic flow cell[5] and demonstrate the application of this sensors.[6] 

 
Figure 1. Left: Heart-on-Chip with integrated optical oxygen sensors (green dots). Figure Right: Glucose sensor 

integrated in a microfluidic flow cell. 
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 mnikolic@chem.bg.ac.rs 

The goal of this workshop is to understand the importance and advantages of preparing (together with 
students) board games with chemical content in chemistry teaching at different levels of education, and 
to adopt methodological principles that should be used for this purpose. Teachers will gain insights into 
the selection and adaptation of existing board games and then create a set of their own suitable for use 
as an additional teaching tool for selected teaching (thematic) units, both in primary and secondary 
schools. 

The introductory part of the workshop will provide a brief overview of the concept of chemical board 
games and the theoretical concepts that underpin the design of this original and unique teaching tool for 
each school grade. The central part will present the experiences of the lecturer in these activities with 
his students (https://www.chem.bg.ac.rs/predmeti/435B2 -en.html; Instagram: @mnikolic1971), who 
themselves designed and prepared (by reworking existing) chemical board games. Some of the 
chemistry board games will be demonstrated (e.g., chemical UNO and other card games, chemical 
Guess Who?), and their applicability at the appropriate level of curricula and programs will be discussed 
with the audience. The final part will discuss the advantages of using (self-prepared) chemical board 
games in everyday chemistry teaching, including greater motivation for students to acquire (with 
understanding) various chemical content, expressing creativity and developing critical thinking, fostering 
team spirit and satisfaction in learning chemistry through play, and promoting innovative pedagogy. 

Teachers will not necessarily receive brand new competences and/or skills, but rather ideas and 
guidelines to prepare original supplementary teaching materials, achieving better contact with their 
students, facilitating the acquisition of assigned chemical content in a fun way, and assessing students' 
knowledge. 
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POLYCYCLIC AROMATIC HYDROCARBONS IN PARTICULATE 
MATTER AND TOTAL DEPOSITED MATTER IN CROATIA 

Gordana PehnecЯШfƻċŰċШsċťŸƻũŢĲƻŔħЯШüĬƖċƻťċШÉĲƻĲƖШËƣƖƨťŔũЯШand Iva Smoljo 

  Institute for Medical Research and Occupational Health, Zagreb, Croatia 
 gpehnec@imi.hr 

Air pollution is one of the most pressing issues of today т it is estimated that over 99% of the world's 
population is exposed to air pollutants at levels exceeding the World Health Organization's 
guidelines. [1] Among substances of particular concern is particulate matter (PM) with an equivalent 
aerodynamic diameter less than 10 and 2.5 µm (PM10 and PM2.5). In addition to particle size and PM mass 
concentration in the air, chemical content plays a key role in determining harmful health effects. 
Polycyclic aromatic hydrocarbons (PAHs) are a group of compounds well known for their toxic, 
carcinogenic, mutagenic, and genotoxic effects. In Croatia, levels of PAHs bound to PM have been 
measured continuously in ambient air for more than 20 years. However, only a limited number of 
locations have been included in routine monitoring. In addition, scientific research has been carried out, 
an overview of which will be presented. The studies examined seasonal and spatial distribution of PAHs, 
their origin, correlations with meteorological parameters and other air pollutants, the distribution of 
PAHs across different particle sizes as well as associated health risks.[2,3,4] Atmospheric deposition, 
including both dry and wet deposition, is a key mechanism for the removal of pollutants from the 
atmosphere and can negatively impact ecosystems and human health. Although EU legislation 
stipulates the need for measuring PAHs not only in the PM but also in deposited matter, such 
measurements are extremely rare and, to date, have been conducted at only a few locations in Europe. 
In the period 2020-2023, a study was carried out in Croatia that involved collecting monthly samples of 
total (dry and wet) deposited matter (TDM) at 10 locations in Zagreb and its surroundings, providing the 
first data on PAH levels in TDM for this part of Europe. Differences in deposition fluxes were observed 
between sampling sites. Data analysis indicated the presence of various pollution sources (biomass 
burning, petroleum and fossil fuel combustion, traffic emissions). In addition to the characteristics of 
the sampling site and local sources, PAH levels in TDM were also influenced by the geographical location 
itself, likely related to differences in precipitation patterns and air flow dynamics. 

Acknowledgements.  This study is supported by the European Regional Development Fund project 
KK.01.1.1.02.0007 (Rec-IMI) and the European UnionуNext Generation EU project 533-03-23-0006 
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ũǍőĲŔůĲƖќƚШĬŔƚĲċƚĲЯШċШĬĲƻċƚƣċƣŔŰŊШŰĲƨƖŸĬĲŊĲŰĲƖċƣŔƻĲШĬŔƚŸƖĬĲƖЯШŔƚШŸŉƣĲŰШũŔŰťĲĬШƣŸШċШĬĲĦũŔŰĲШŔŰШĦőŸũŔŰĲƖŊŔĦШ
signalling.[1] Current treatments focus on inhibiting cholinesterases т enzymes that break down the 
neurotransmitter acetylcholine т to boost its levels in the brain. This research explores a novel approach 
to identifying potential drugs targeting cholinesterase, enzymes recognized as crucial, especially in the 
later stages of the disease. The strategy for the design involved directly engaging the enzyme's active site 
in the initial screening, evolution, and selection of promising compounds.[2,3] For the synthesis, a four-
component Ugi reaction, a versatile chemical process, was employed to generate a diverse library of 
peptidomimetics. New protocols leveraging mechanochemistry and microwave synthesis were 
developed to optimize the reaction efficiency and yields. To further understand the relationship between 
a compound's structure and its inhibitory activity (LD50 and Ki), advanced computational models were 
developed. Experimentally measured inhibition constants were correlated with quantum chemically 
calculated potential energy surfaces (PES) (ƖĲƓƖĲƚĲŰƣċƣŔŸŰƚШ ŸŉШ ċШ ůŸũĲĦƨũĲќƚШ ĲŰĲƖŊǃШlandscape). 
Extensive machine learning was employed to develop regression models capable of predicting 
compound activity based solely on its PES.[4] This approach enables a more comprehensive and efficient 
screening process for identifying promising leads. 

Furthermore, methodology utilizes a target-guided synthesis, where the cholinesterase enzyme itself is 
employed as a template to drive the creation of its own inhibitors. To investigate the binding and all 
possible interactions of small molecules (including their building blocks) within the enzyme active site, 
large-scale quantum chemical molecular docking studies were conducted. Findings suggest that in 
some cases, multiligand binding is possible, potentially leading to enhanced affinity compared to single-
ligand interactions. Future work will expand this approach to include larger, more complex heterocycles, 
ċŔůŔŰŊШƣŸШŉƨũũǃШƨŰũŸĦťШƣőĲШƓŸƣĲŰƣŔċũШŸŉШ͈-acylamino acetamides binding for potential ŰŸƻĲũШ ũǍőĲŔůĲƖќƚ 
therapeutics. 
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CHOLINESTERASE-TARGETING SMALL MOLECULES 
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~ċƖƨũŔħĲƻ trg 19, HR-10 000 Zagreb, Croatia 
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The development of small-molecule ligands targeting cholinesterases (ChEs) remains a central focus 

in neuropharmacology, particularly for the treatment of neurodegenerative disorders. This research 

highlights the rational design, synthesis, and biological profiling of diverse classes of photochemically  

obtained compoundsуbicyclo[3.2.1]octadienes and photocyclization productsуas reversible 

inhibitors of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). The research initially  

focused on the development of novel inhibitors incorporating the bicyclo[3.2.1]octadiene scaffold, 
known for its activity on dopamine and serotonin transporters and relevance in CNS disorders.[1] Utilizing 

photochemical  [2+2]-cycloaddition  reaction, a diverse library of polycyclic compounds providing 

promising candidates for further investigation.[2] The investigation is also focused on synthesizing 
reversible cholinesterase inhibitors by photocyclization reaction.[3] The obtained uncharged and 

charged naphthoxazole and tienobenzo-triazole scaffolds demonstrated promising dual-target or 
BChE-selective profiles. Molecular docking studies reveal that т͝͝ stacking and electrostatic  

interactions play a crucial  role in stabilizing their binding within the active sites of cholinesterase 

enzymes. Collectively, all the findings underscore the therapeutic potential  of structurally  diverse 

cholinesterase ligands. 

 

Figure 1. Photochemically obtained bicyclo[3.2.1]octadiene and tienobenzo-triazole scaffolds. 
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NEW RECOMMENDATIONS FOR CROATIAN NOMENCLATURE  
OF INORGANIC CHEMISTRY 

éũċĬŔůŔƖШÉƣŔũŔŰŸƻŔħ 

  University of Zagreb, Faculty of Science, Department of Chemistry Zagreb, Croatia 
 vstilinovic@chem.pmf.hr 

The talk will present the Croatian translation[1,2] of the IUPAC Brief Guide to the Nomenclature of 
Inorganic Chemistry,[3] which provides a brief overview of the most important recommendations of the 
Croatian Chemical Society and the Croatian Society of Chemical Engineers for nomenclature of 
inorganic chemistry in accordance with the IUPAC recommendations of 2005.[4] These 
recommendations are a supplement and partial correction of the previous Croatian recommendations 
(1995)[5] which were a translation of the older version (1990) of IUPAC recommendations.[6] The new 
recommendations of Croatian nomenclature which will be presented are meant to align the Croatian 
nomenclature of inorganic chemistry with the current IUPAC recommendations. As many of the changes 
which have been introduced concern parts of the nomenclature used in primary and secondary 
education, it is important for chemistry teachers to be acquainted with them. The talk will therefore 
emphasize all the innovations in the nomenclature of inorganic chemistry which have been introduced. 
Also, a brief overview of general principles of chemical nomenclature will be given, with emphasis on 
differences between chemically crucial elements of systemic names, and those which exist primarily for 
linguistic, grammatical and orthographic reasons. 

The universal adoption of an agreed chemical nomenclature is a key tool for communication in the 
chemical sciences, for computer-based searching in databases, and for regulatory purposes, such as 
those associated with health and safety or commercial activity. It is therefore expected that during a 
discussion at the end of the lecture the teachers will actively participate, sharing examples and problems 
from their own experience. 

The talk will hopefully provide guidelines for the Croatian chemical teaching community for the correct 
usage of nomenclature of inorganic chemistry (and chemical nomenclature in general) in the classroom 
and beyond. 
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Nutraceuticals, positioned at the intersection of food and medicine, are gaining momentum as 
functional agents that contribute to disease prevention and health promotion. Their production from 
renewable sources not only aligns with the principles of green chemistry but also addresses the growing 
demand for sustainable and naturally derived bioactive compounds. Among emerging production 
strategies, enzymatic biocatalysis offers a selective, mild, and environmentally friendly alternative to 
traditional chemical synthesis. Renewable feedstocksуsuch as plant biomass and agricultural by-
productsуserve as abundant sources of valuable precursors, which can be transformed into high-value 
nutraceuticals through tailored enzymatic cascades.[1] 

The integration of reaction engineering into enzymatic process development is essential for optimizing 
these complex systems. It enables precise control over reaction conditions, substrate flows, and 
enzyme performance, ultimately ensuring scalability and consistency. Multi-enzyme systems, 
particularly in one-pot configurations, allow for efficient conversions by minimizing intermediate 
isolation and maximizing atom economy. The case of raspberry ketone production from birch bark 
exemplifies this approach: using a two-step enzymatic cascade involving hydrolase and stereoselective 
alcohol dehydrogenases, the process achieves high yield while employing a renewable, biogenic 
substrate. Mathematical modeling, enzyme stability profiling, and coenzyme regeneration strategies 
further enhance process efficiency, offering a viable path toward sustainable nutraceutical 
manufacturing.[2] 
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MEDICAL APPLICATIONS  
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Electrospinning is an adaptable and powerful technique for producing nanofibrous membranes with 
controlled morphology, high surface area, and interconnected porosityуproperties that are critical for 
applications in biomedicine, environmental science, and energy. In addition to its structural tunability, 
electrospinning allows for the direct incorporation of functional agents into fibers, enabling the creation 
of bioactive and responsive materials.[1] 

This study focuses on the design and optimization of a custom-built electrospinning apparatus for 
producing polycaprolactone (PCL) membranes, aiming to advance sustainable polymer processing for 
biomedical applications. A central composite design (CCD) and response surface methodology (RSM) 
were employed to optimize key parametersуvoltage, flow rate, and tip-to-collector distanceуwith the 
goal of tuning membrane thickness, uniformity, and wettability.[2] Membrane morphology and fiber 
alignment were characterized using SEM and optical microscopy, while wettability was assessed via 
droplet absorption tests. FTIR analysis provided insight into fiber structure, confirming the influence of 
voltage and collector distance on membrane properties, with flow rate showing a lesser effect. The 
optimized membranes exhibited desirable physical characteristics for biomedical use, including 
flexibility, porosity, and consistent fiber formation. This work demonstrates the potential of custom 
electrospinning setups for controlled fabrication of polymeric membranes, offering a sustainable 
platform for developing functional materials in tissue engineering, wound care, and related fields. 

 

Figure 1. Schematic representation of the electrospinning process. 
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TRIPYRIDYL PORPHYRINS IN PHOTODYNAMIC THERAPY ON 
MELANOMA CELLS UNDER THE COCL2-INDUCED HYPOXIA 
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Photodynamic therapy (PDT) is based on the creation of oxidative stress, which is used to selectively 
destroy tumor cells thanks to the local activation of photosensitizer (PS) by light.[1] Although it has 
numerous advantages over other therapies, due to its dependence on oxygen, PDT is less successful in 
hypoxic solid tumors, and melanoma in particular remains a major challenge. Moreover, the hypoxia-
inducible factor (HIF) family of proteins helps cancer cells survive in hypoxic conditions and increases 
their proliferation and metastatic potential. 

In our group, we focused on tripyridyl porphyrins as possible photosensitizers in PDT on melanoma, and 
we use pyridyl nitrogen atoms for quaternization and formation of polar moieties, while we use the fourth 
meso-position of porphyrins for binding lipophilic groups. In this way, we prepare asymmetric 
amphiphilic structures that enable PS entry into cells.[2] We recently prepared N-oxide analogues of N-
methylated pyridiniumporphyrins that were most successful in cellular uptake and PDT, and decided to 
compare these two groups of PSs in PDT on pigmented (MeWo) and non-pigmented melanoma cells 
(A375), and on fibroblasts (HDF), in hypoxic conditions (Figure 1). Cobalt chloride was used to induce 
ĦőĲůŔĦċũШőǃƓŸǂŔċЯШċƚШŔƣШŔƚШťŰŸƽŰШƣŸШƚƣċĤŔũŔǍĲШőǃƓŸǂŔċШŔŰĬƨĦŔĤũĲШŉċĦƣŸƖШΝ͈Шыcf[-Ν͈ьЮ[3]  

 

Figure 1. Photodynamic action of N-methylated pyridiniumporphyrins and (oxido)pyridylporphyrins 
under CoCl2-induced hypoxia on fibroblasts and melanoma cells 
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PHOTOTRUNCATION OF CYANINES 
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Cyanine dyes are a class of organic, usually cationic molecules containing two nitrogen centers linked 
through conjugated polymethine chains. They have been found to be widely used as fluorescent probes 
for labeling nucleic acids and proteins and as photosensitizers in photodynamic therapy, biosensors, 
and imaging agents. The synthesis[1] and reactivity of cyanine derivatives have been extensively 
investigated for decades but their further synthetic modifications, especially on the polymethine chains, 
are still a poorly explored area. In conjunction with applications of cyanine dyes in optical imaging and 
photochemical drug delivery, Schnermann and co-workers described that excitation of heptamethine 
cyanine (Cy7) in phosphate-buffered saline leads to the formation of truncated (chain-shortened) 
pentamethine cyanine (Cy5) in small yields (Figure 1).[2,3] The reported dramatic increase in the 
phototruncation yield in CAPSO buffer motivated us to perform a deeper study of this reaction and 
improve the yields. Our mechanistic studies demonstrate that the phototruncation mechanism is a 
complex photooxidation multi-step process that is related to highly specific buffer constituents.  

 

Figure 1. The phototruncation of Cy7 to Cy5. 
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MODERN APPROACHES TO LASER ABLATION INDUCTIVELY 
COUPLED PLASMA MASS SPECTROMETRY (LA-ICP-MS) ANALYSIS 
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Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) is a highly sensitive 
microanalytical method for solid sample analysis. It is characterized by low detection limits, high spatial 
resolution, a wide linear dynamic range, and minimal sample preparation, making it a well-established 
method for both elemental analysis and mapping. The particular strength of the method lies in its 
mapping capabilities, which allow detailed visualization of elemental distribution in biological tissues, 
forensic and geological samples, as well as advanced materials.[1] 

In analytical LA-ICP-MS systems, the beam profile of the laser is typically homogenized to achieve a flat-
top shape. However, in practical applications, the shape of the beamуand consequently the geometric 
profile of the craterуcan be described with the 2D super-Gaussian function and quantified using the 
parameter n, which describes the super-Gaussian order. This parameter has a significant influence on 
the ablation volume and the sampling efficiency. To improve spatial accuracy and signal quality, a 
contraction approach was proposed.[2] By contracting the ablation grid through sub-pixel mapping, this 
method enhances surface sampling precision, increases pixel density, and ultimately leads to improved 
spatial resolution and a higher signal-to-noise ratio (SNR).  

This study focuses on the characterization of crater geometry to improve image quality by elucidating 
how various parameters influence analytical outcomes. Given that the complexities of the laser-sample 
interaction pose significant challenges, an empirical model was developed to investigate the 
relationship between the super-Gaussian order (n), beam size, and laser fluence. In addition, the 
contraction approach was applied to a real-life sample to evaluate its effectiveness under practical 
conditions and to compare the resulting image quality with that of conventional methods. 
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Plastic pollution poses a major threat to biodiversity and human health by degrading habitats, 
contaminating food chains, and disrupting ecosystem functions.[1] To address this challenge, global 
efforts have focused on identifying novel enzymes capable of plastic degradation.[2] Our research 
focuses on the structural and functional  characterization of metagenomic esterases to support their 
application in bioplastic degradation. Previously, we identified a novel esterase, MGY,[3] along with more 
soluble ancestral variants (118, 119, and 121) capable of degrading polylactic acid (PLA) and 
polycaprolactone (PCL). Among them, variant 119 exhibited the highest stability (Tm = 84 °C). To facilitate 
Ο?ШƚƣƖƨĦƣƨƖĲШĬĲƣĲƖůŔŰċƣŔŸŰЯШƽĲШĲŰŊŔŰĲĲƖĲĬШċШƣƖƨŰĦċƣĲĬШŉŸƖůШŸŉШΝΝΦШы̍ хΝΝΦьШĤǃШƖĲůŸƻŔŰŊШċШƓƖĲĬŔĦƣĲĬШ
disordered N-terminal region. To further enhance structural stability and improve crystal packing, we co-
purified and co-crystallized the enzyme with phenylmethylsulfonyl fluoride (PMSF), a covalent serine 
hydrolase inhibitor that reduces conformational flexibility. Size-exclusion chromatography revealed 
ƖĲĬƨĦĲĬШ ŸũŔŊŸůĲƖŔĦШ őĲƣĲƖŸŊĲŰĲŔƣǃШ ŔŰШ ̍ хΝΝΦШ ĦŸůƓċƖĲĬШ ƣŸШ ŉƨũũ-length 119. Differential scanning 
caũŸƖŔůĲƣƖǃШ ƖĲƻĲċũĲĬШ ċШ ũŸƽĲƖШ ůĲũƣŔŰŊШ ƣĲůƓĲƖċƣƨƖĲШ ŉŸƖШ ̍ хΝΝΦШ ыTm = 68 °C). Circular dichroism 
spectroscopy indicated similar secondary structure content (ӇШΞΜШӖШ͈-helices, ӇШΟΜШӖШ͉-sheets) in both 
forms. Dynamic light scattering confirmed monodispersity (PDI < 0.2), supporting their suitability for 
structural studies. Crystallization screening using the Oryx8 robot yielded crystals, which were analyzed 
by single-crystal X-ray diffraction at the XRD2 beamline, Elettra synchrotron (Trieste, Italy). Our results 
highlight how enzyme engineering and inhibitor-based stabilization can facilitate the structural 
characterization of dynamic metagenomic esterases. These insights lay the groundwork for developing 
more robust biocatalysts for bioplastic degradation. 
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Potentiometric sensors are versatile probes that measure the activity of ions in aqueous samples. Their 
long-lasting development led to the characteristic, layered design, consisting of a support, electrically 
conducting leads, solid-contact and the receptor. Recently, solid contact material development 
ƖĲĦĲŔƻĲĬШċƣƣĲŰƣŔŸŰЯШċƚШŔƣШƽċƚШŸĤƚĲƖƻĲĬШƣőċƣШŔƣƚќШĦőċƖċĦƣĲƖШċŰĬШůĲċŰƚШŸŉШĬĲƓŸƚŔƣŔŸŰШƓũċǃШċШĦƖƨĦŔċũШƖŸũĲШŔŰШ
ƚĲŰƚŸƖƚќШƖĲƚƓŸŰƚĲШƚƣċĤŔũŔƣǃШċŰĬШƖĲƓƖŸĬƨĦŔĤŔũŔƣǃΝЮШ 

Herein, we compared the applicability of different mechanochemically synthesised cobalt-imidazolate 
metal-organic frameworks (MOFs) as solid contacts in potassium-selective electrodes (K-ISE). We 
evaluated the effect of pyrolysis on the solid-contact characteristics, including capacitance and 
hydrophobicity. Chronopotentiometric measurements provided information on the efficiency of signal 
transduction: a capacitance value of 1.87 mF jumped to 5.15 mF after pyrolysis. Additionally, the 
pyrolyzed material exhibited the greatest water contact angle, resulting in the best long-term sensor 
stability. Finally, the proposed solid-contact materials were drop-cast onto inkjet-printed electrodes to 
showcase the possibility of integration in printed electronics configurations. It was shown that the 
presence of MOF-based solid contact significantly improves the electrode response reproducibility. 

 

Figure 1. Potentiometric response of inkjet printed electrodes (a) without and (b) with a solid-contact 
material based on pyrolyzed MOF.  
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During the past few decades, there has been a growing interest in research of cyclopeptides as anion 
receptors. These compounds, besides their metabolic stability and bioavailability, exhibit enhanced 
binding affinity towards substrates compared to their more flexible linear analogs.[1,2] Many synthesized 
(pseudo)cyclopeptides show high affinities towards anionic species in organic and aqueous media[3,4] and 
some were even capable of transporting anions through the membrane lipid layer.[5] In this presentation, 
the anion binding properties of cyclophenylalanine and cycloleucine peptides comprised of 4т6 amino 
acids in acetonitrile and methanol will be given. In order to elucidate the effect of ring size and amino acid 
type on the cyclopeptide affinity, and/or selectivity towards selected anions, the stability constants and 
other thermodynamic parameters of complexation were determined by means of 1H NMR and 
microcalorimetric titrations. Furthermore, molecular dynamics simulations of free receptors and their 
complexes were also performed. This resulted with an insight into structural properties of formed 
complexes and deeper comprehension of the factors governing the complexation equilibria.  

 

Figure 1. Chloride anion coordination by small cyclic peptides. 
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Adsorption of organic molecules on surfaces and formation of thin films is of significant interest for the 
fabrication of functional materials for applications in electronic devices. Aromatic C-nitroso compounds 
can dimerize and polymerize on gold surface through azodioxy bonds.[1] Recent studies revealed the 
promising electronic properties of aromatic dinitroso-based polymers, which act as organic 
semiconductors. [2] This work investigates the polymerization of various aromatic dinitroso derivatives on 
different solid surfaces. The first part covers the synthesis of novel disulfide-containing nitrosoarenes 
and their self-assembly and self-polymerization on Au(111) surface.[3] The second part explores the 
lateral polymerization of ΠЯΠќ-dinitrosobiphenyl on different substrates focusing on the impact of 
substrates and deposition methods (drop-casting vs. spin-coating) on the morphology and electronic 
properties of the formed thin films. The prepared films were characterized by different methods, which 
revealed the formation of azodioxy oligomer or polymer films. 

 

Figure 1. Polymerization of aromatic dinitroso derivatives on solid surfaces. 
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MIYAURA REACTION VIA IN SITU RAMAN MONITORING 
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Palladium-catalyzed Suzuki-Miyaura cross-coupling of aryl halides with organoboron reagents is one of 
the simplest and most widely used methods for synthesizing biaryls, which are essential structural 
motifs in various pharmaceuticals and advanced materials.[1] As chemistry shifts towards more 
sustainable and environmentally friendly synthetic strategies, mechanochemical reactions have gained 
popularity. This solid-state approach offers several advantages, including a broader range of substrates 
and catalysts, along with the almost complete elimination of solvents.[2] Despite the potential of these 
methodologies, detailed insights into the reaction mechanisms remain limited. Optimization of the 
reaction conditions and pinpointing the exact role of different reaction components are often challenging 
as most analyses are conducted ex situ and cannot reveal real-time reaction dynamics. 

Here we present the first comprehensive investigation of the solid-state Suzuki-Miyaura reaction using 
in situ Raman spectroscopy.[3] Real-time monitoring and systematic variation of the ABCs (Additives, 
Bases, Catalysts, and substrates) enabled the identification of key factors affecting reaction efficiency. 
In addition to conventional palladium catalysts, the catalytic potential of various azobenzene 
palladacycles was evaluated. The obtained results highlight the importance of fine-tuning the ABCs to 
design efficient solvent-free cross-coupling protocols. 
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CHIRAL MULTISUBSTITUTED BINOLтCYCLOPENTADIENYL  
LIGANDS AND THEIR COMPLEXES WITH TRANSITION METALS 

~ċƖťŸШÂƨƖŔħ, Ivana  ŔťƜŔħ-[ƖċŰŢŔħ, ċŰĬШ ŔťŸũċШÑŸƓŸũŸƻĨċŰ 

  ÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲЯШ7ŔŢĲŰŔĨťċШĦĲƚƣċШΡΠЯШΝΜШΜΜΜШüċŊƖĲĤЯШ9ƖŸċƣŔċ 
 mpuric@irb.hr 

Chiral cyclopentadienyl ligands that are both disubstituted and derived from BINOL are well established 
in the field of stereoselective organometallic catalysis. These ligands, along with their transition metal 
complexes, have proven highly effective in a range of stereoselective transformations, including 
synthetically valuable reactions such as CтH functionalizations and various cyclotrimerizations.[1] 

Despite this success, two major challenges remain: the lack of efficient methods for preparing chiral 
multisubstituted BINOLтcyclopentadienyl (BINOLтCp) ligands, and the absence of models explaining 
how additional substitution on the cyclopentadienyl ringуthough empirically confirmedуimpacts the 
stereoselectivity of such transformations.[2] 

This work aims to develop a synthetic method for chiral multisubstituted BINOLтCp ligands that enables 
access to these structures in significantly fewer steps. The method also allows for the selective 
introduction of additional substituents on the five-membered ring in late stages of synthesis. 

Special emphasis is placed on the preparation of ligands and their metal complexes whose calculated 
stereotopographic descriptorsуsuch as buried volume and stereotopographic mapsуsuggest 
structural alignment with known systems that have demonstrated high efficiency in model 
stereoselective transformations. 

 

Figure 1. The key step of the proposed synthetic route. 
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SELF-SORTING VERSUS CO-ASSEMBLY: 
STRUCTURAL INSIGHTS INTO SUPRAMOLECULAR OIL GELS 
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Supramolecular oil gels based on low-molecular-weight organic compounds have emerged as promising 
soft materials due to their ability to immobilize hydrophobic liquids through noncovalent interactions. 
These systems are of particular interest for applications in materials science, as well as in food and 
pharmaceutical fields, owing to their tunable properties and the reversibility of the gelation process. 

When combining two different gelator molecules, the resulting self-assembled fibrous networks can 
arise through self-sorting, where each molecule forms its own distinct assembly, or through co-
assembly, where both components integrate into mixed supramolecular structures. A major challenge 
in designing such systems is achieving control over the type of network formed. 

In this work, we show that this control can be directed by tuning molecular parameters such as the nature 
of the chiral units, their molar ratios, and the hydrophobic character of individual components, thus 
guiding the system toward either self-sorting or co-assembly. The oil gels we investigate demonstrate 
self-healing properties and high efficiency. These insights offer a strategy for rational design of 
multicomponent supramolecular gels with tailored properties. 

  

Figure 1. Maximum gelation volume of binary gelator mixtures at different ratios and their self-healing 
behavior. Viscoelastic properties of the prepared gel mixtures. 
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INFLUENCE OF DPP3 INACTIVATION ON ITS INTERACTION WITH 
THE KELCH DOMAIN OF KEAP1 
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Dipeptidyl peptidase 3 (DPP3), a ubiquitously expressed zinc-dependent exopeptidase, has been 
identified as part of the Keap1 protein interaction network, suggesting its involvement in the cellular 
response to oxidative and electrophilic stress.[1] By binding to the Kelch domain of Keap1, DPP3 disrupts 
the Keap1тNrf2 regulatory pathway, preventing Keap1-mediated degradation of Nrf2 and thereby 
ĲŰőċŰĦŔŰŊШ ƖŉΞќƚШƣƖċŰƚĦƖŔƓƣŔŸŰċũШċĦƣŔƻŔƣǃШŔŰШƣőĲШŰƨĦũĲƨƚЮШ ĦƣŔƻċƣĲĬШ ƖŉΞШƓƖŸůŸƣĲƚШƣőĲШĲǂƓƖĲƚƚŔŸŰШŸŉШŊĲŰĲƚШ
involved in the elimination of reactive oxygen species, suppression of inflammation, and detoxification.[2] 

While Nrf2 activation is protective in normal cells, its persistent over activation enables tumor cells to 
evade oxidative stress, resist apoptosis, and enhance proliferation.[3] Increased DPP3 expression has 
been associated with tumorigenesis, particularly in breast and colorectal cancers,[3,4] where it enhances 
antioxidant responses and supports cancer cell survival through competitive binding to Keap1. Although 
?ÂÂΟќƚШĦċƣċũǃƣŔĦШċctivity is not essential for its binding to Keap1, the potential impact of peptidase 
inhibitors on this interaction remains unexplored. The goal of this study was to investigate how enzyme 
inactivation, through mutation of the catalytically important glutamate residue (E451A) and binding of 
the inhibitor (IVYPW), affect its interaction with the Kelch domain of Keap1, using both experimental (ITC 
measurements) and computational (conventional and adaptive steered MD simulations) methods. 
While experimental results showed that enzyme inactivation enhances interaction with the Kelch 
domain of Keap1, molecular modeling provided a submolecular explanation for these findings. 
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PHOTOACTIVE PHENYLBORONIC ACID DERIVATIVE: 
SYNTHESIS AND INTERACTIONS WITH SIALIC ACIDS 
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Phenylboronic acid (PBA) derivatives form covalent yet reversible bonds with diols (Fig. 1a).[1] These 
specific and pH-dependent interactions enable selective recognition of glycans on the cell surface, 
triggering a biological response. On the other hand, photoactive compounds are increasingly being used 
in medicine, especially for controlled drug delivery.[2] These two functionalities  are combined in the novel 
photoactive PBA-derivative 2, which was synthesised by azo coupling reaction of naphthol with a 
diazonium salt of PBA (Fig. 1b). Photophysical parameters of its isomerisation (Fig. 1c) as well as the 
affinities of its E and Z-form towards binding with N-acetylneuraminic acid have been determined 
experimentally and by quantum-chemical calculations. The results unveil the potential of this 
compound as a platform for the development of selective and highly efficient light-activated drug 
delivery systems. 

 

Figure 1. a) Binding of diols to PBA-derivatives via boron-ester bond formation,  
b) synthesis, and c) isomerisation of compound 2. 
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ÑőĲШĦŸŰĦĲƓƣШŸŉШљfŰĬƨƚƣƖǃШΡЮΜњШŔƚШĬƖŔƻŔŰŊШƚŔŊŰŔŉŔĦċŰƣШĦőċŰŊĲƚШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШĦőĲůŔĦċũШƓƖŸĬƨĦƣƚШċŰĬШ
energy, promoting a shift towards a decarbonized and circular economy. Digitalization, robotics, 
communications, and artificial intelligence (AI) play crucial roles in fostering the development of 
necessary technological innovations and enhancing intelligent process control. The application of 
machine deep learning (ML) yields robust, field-neutral solutions for regression prediction objectives, 
but it is limited in its capacity to address innovative questions that involve causation and counterfactual 
analysis. Here is presented a application of Bayesian networks (BN) for structural causal modelling 
(SCM) in the context of Tennessee-Eastman plant (Fig. 1). Main feature of SCM is its capacity to integrate 
extensive prior structural knowledge derived from fundamental chemical engineering principles with 
structures inferred from experimental data obtained from manufacturing plants. The developed SCM 
facilitates forecasting, causal relations, simulation of intervention strategies, and generation of 
counterfactual inferences essential for process innovations and intelligent process management. 

 

Figure 1. Tennessee-Eastman process scheme 
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Hydrogen is emerging as a cornerstone of the global transition to sustainable energy systems as it offers 
a clean fuel with high energy density that can be produced from water using renewable electricity. Among 
the various methods of hydrogen production, electrochemical water splitting is particularly attractive 
due to its scalability and environmental compatibility.[1] However, the widespread adoption of this 
technology depends on the availability of efficient, cost-effective electrocatalysts for the hydrogen 
evolution reaction (HER). Platinum-based catalysts remain the benchmark for HER performance, but 
their scarcity and high cost are prompting research into alternative materials. Nickel-based catalysts 
represent a promising class of earth-abundant alternatives,[2] especially under alkaline conditions. 

This work focuses on the development and evaluation of in-house synthesized nickel-based 
electrocatalysts for HER, emphasizing the crucial role of rigorous data processing, sample preparation 
and experimental methodology in obtaining reproducible and reliable results. Key aspects such as 
appropriate sample preparation, optimal film conductivity,[3] proper iR compensation and consistent 
data processing protocols are discussed in detail. The importance of these factors is emphasized by a 
case study using a thin film rotating disc electrode (TF-RDE) setup in alkaline media, where subtle 
variations in the experimental setup have a significant impact on the catalytic performance metrics. A 
range of physico-chemical (SEM-EDS, TEM-EELS, XPS, XRD etc.) and electrochemical techniques (CV, 
LSV, CA, EIS) were used to comprehensively characterize the catalysts to ensure a complete 
understanding of the structureтactivity relationships. This study highlights the need for standardized, 
transparent reporting practices and reproducible methods to accelerate the development and 
benchmarking of non-noble HER catalysts. 
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Hydrogen peroxide (H2O2) is a versatile oxidizing agent with applications in pulp and paper bleaching, 
wastewater treatment, chemical synthesis and energy storage[1]. Conventional largescale synthesis via 
the anthraquinone process is energy-intensive, requires scarce platinum group metals (PGMs) and 
requires the transport of concentrated H2O2 т a challenge for safety and logistics[2]. Electrochemical 
production via the two-electron oxygen reduction reaction (ORR) in alkaline media has gained attention 
as a safer and more sustainable alternative. However, its practical application is limited by sluggish 
kinetics, which necessitates the development of efficient, cost-effective electrocatalysts. While noble 
metal-based catalysts (e.g. Pd-Au, Pt-Hg) show high performance, their cost and scarcity have increased 
interest in transition metal and carbon-based materials[3]. In parallel, scalable electrosynthesis 
platforms such as fuel cells, membraneless electrolyzers and microfluidic electrochemical flow cells 
(MEFCs) are being explored[4]. This study presents a two-plate electrochemical microreactor equipped 
with a real-time optical sensor system for in situ H2O2 quantification. Chronoamperometry was used to 
evaluate H2O2 production at different flow rates, using offline electrochemical measurements for 
validation. The electrodes were characterized before and after electrochemical measurements using 
SEM/EDS, FTIR, and XPS to analyze structural and compositional changes. 
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Due to increasing and more frequent emissions from traffic, numerous industrial and other sources, air 
pollution is becoming a growing problem, which is given priority in the overall environmental protection 
strategy. The aim of this work is to prepare 3D-printed ceramic monolithic catalysts for the catalytic 
oxidation of gaseous mixture of benzene, toluene, ethylbenzene, and xylene, commonly referred to as 
BTEX. The possibility of using zirconium dioxide (ZrO2) as a filament for the production of 3D-printed 
ceramic monolithic carriers was examined using innovative additive manufacturing technology т fused 
filament fabrication (FFF). The catalytically active layer used was a mixed manganese and iron oxide, 
applied to the monolithic carriers using the wet impregnation method. The mechanical stability of the 
prepared catalysts was investigated using ultrasound prior to the measurements in the reactor system. 
In addition, thorough characterization of the ZrO2-based filament and 3D-printed catalyst carriers was 
performed.[1] The activity of the prepared catalysts was tested at different temperatures and space times 
in a monolithic reactor. The obtained results were compared with the results obtained using commercial 
ceramic cordierite monolithic catalysts with different channel dimensions, as well as with SiO2-based 
monolithic catalysts made by stereolithography. 

 

Figure 1. 3D CAD model of the ceramic catalyst carrier т ZDP geometry 
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The role of hydrodynamics in crystallization is multifaceted; it is responsible for reaching the optimal 
suspension uniformity, and enhanced mass transfer, all of which influence nucleation and crystal 
growth kinetics. Thus, the focus of this study is to investigate the impact of hydrodynamic conditions on 
the batch cooling crystallization of borax decahydrate. Experiments were conducted in a 2.65 dm3 
double wall batch crystallizer where cooling was performed by Lauda Proline RP855 C X Edition. A 
classical batch crystallizer in which mixing was performed mechanically was compared with a hybrid 
system, where mixing was performed by combining mechanical mixing and ultrasonic (US) irradiation. 
Critical impeller speed with and without ultrasonic assistance was determined. At all investigated 
conditions, power consumption was determined, as well as the key global hydrodynamic parameter т 
energy dissipation based on which the characteristics of the flow on the microscale of mixing was 
estimated according to Kolmogorov theory. Energy dissipation rates were correlated with the metastable 
zone width (MSZW) to reveal and quantify the shearing effect on nucleation kinetics. Crystal size 
distribution (CSD) was determined by laser diffraction using Horiba LA300 particle size analyser and 
crystal morphology was determined by using a Schottky field emission scanning electron microscope 
(SEM) JEOL JSM-7610FPlus equipped with the Ultim Max 65 energy dispersive spectroscopy detector 
(EDS) and AZtec software, both from Oxford Instruments. The latter was used to conduct elemental 
analysis of the surface. The end product agglomeration was inspected by using polarizing microscope 
BK-POLR. Sample images were taken by Canon EOS 505D and were analysed in Motic Images Advanced 
3.2 software. The findings highlight the importance of hydrodynamic optimization in improving 
crystallization efficiency and product quality. While ultrasonic assistance provided enhanced mixing, it 
also resulted in altered nucleation kinetics which in turn affected the final product size as crystals were 
smaller with narrower CSD in sonicated conditions. However, these benefits occurred at significantly 
increased power consumption. It is also important to emphasise that sonication alone was not able to 
efficiently suspend particles and that it cannot be used without mechanical mixing in larger volumes if 
the off-bottom suspension needs to be achieved. This limitation is critical for scale-up, as industrial 
crystallisers require robust hydrodynamic control to ensure consistent product quality. Overall, these 
findings underscore the challenges of scaling ultrasonic-assisted crystallization systems, where 
geometric similarity and power consumption per unit volume may not be enough to maintain 
hydrodynamic equivalence. The inability of sonication alone to achieve off-bottom suspension in larger 
volumes suggests that sonotrode(s) must be strategically integrated into larger-scale crystallizers to 
avoid energy inefficiencies and, consequently, unsuitable product properties. 
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Lithium metal batteries (LMBs), owing to their high energy density, are considered promising candidates 
for next-generation energy storage systems. However, their practical deployment is hindered by critical 
issues such as the uncontrollable growth of lithium dendrites and the formation of an unstable solid 
electrolyte interphase (SEI). In this work, we report a strategy to address these challenges by employing 
an initiated chemical vapor deposition (iCVD) process to fabricate a highly cross-linked and 
functionalized polymethacrylic acid (PMAA) coating on polypropylene (PP) separators. The resulting 
coating features highly oriented carboxyl terminal groups with strong dipole moments, which can donate 
ĲǂĦĲƚƚШĲũĲĦƣƖŸŰƚШƣŸШůŸĬƨũċƣĲШƣőĲШĬĲŊƖċĬċƣŔŸŰШťŔŰĲƣŔĦƚШŸŉШũŔƣőŔƨůШőĲǂċŉũƨŸƖŸƓőŸƚƓőċƣĲШыxŔÂ[ЏьЮШÑőŔƚШ
ƖĲŊƨũċƣŔŸŰШƓƖŸůŸƣĲƚШƣőĲШŉŸƖůċƣŔŸŰШŸŉШċШƚƣċĤũĲШÉEfШĲŰƖŔĦőĲĬШƽŔƣőШũŔƣőŔƨůШƓőŸƚƓőċƣĲШыxŔЌÂ§Ѝь and lithium 
fluoride (LiF), effectively suppressing parasitic reactions on the lithium surface and inhibiting dendrite 
formation. Electrochemical evaluations demonstrate that the modified separators enable lithium iron 
phosphate (LFP) batteries to deliver a discharge capacity of 99.1 mA h gт1 with a capacity retention of 
84.5% after 1000 cycles at a high rate of 10C. This study highlights the potential of the solvent-free, highly 
controllable iCVD technique for developing multifunctional separators, paving the way for long-cycle-
life lithium metal batteries. 
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Lithium metal batteries (LMBs) offer a pathway toward next-generation energy storage due to their 
exceptionally high energy density. However, their implementation remains challenging, particularly 
under lean electrolyte conditions, where unstable interfaces and inefficient ion transport severely limit 
cycling stability. Here, we design a bifunctional ligand-bridged electrolyte (BLBE) by integrating ethyl 
difluoroacetate (EDFA) into a lithium nitrate/triethyl phosphate matrix. Incorporating EDFA as a dynamic 
bridging agent drives the formation of interconnected ionic aggregates through synergistic H͋Ҽ O͋ҽ 
hydrogen bonding with anions and coordination interactions with Liϕ, accelerating interfacial kinetics 
and suppressing parasitic reactions. The electrolyte further enables weakly coordinating solvents to 
engage in the solvation sheath via non-classical hydrogen bonding, facilitating the formation of a robust, 
inorganic-rich solid electrolyte interphase. This design supports high-capacity (13.5 A h) lithiumтnickel 
pouch cells with outstanding cycling stability and delivers an energy density of 600 W h kgҽ1. These 
findings demonstrate a viable electrolyte strategy for enabling high-performance lithium metal batteries 
under practical conditions. 
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Stainless steel has been widely used for biomedical implants due to its superior mechanical strength, 
chemical stability, and biocompatibility. However, corrosion remains a major challenge, frequently 
contributing to implant failure. Surface functionalization represents an effective strategy to improve 
implant durability and functionality. Surface functionalization is crucial as it can not only enhance 
corrosion resistance but also improve biocompatibility reducing the risk of adverse biological reactions. 
Fatty acids, known for their biocompatibility and self-assembling properties, present a promising 
approach to improve stainless steel implant performance. Conventional fatty acid self-assembled 
monolayers (SAMs) exhibit limited chemical stability and can be easily detached, diminishing 
effectiveness over time. By converting SAMs into polymer nanocoatings (PNCs) through radiation-
induced crosslinking, their stability and corrosion stability can be substantially enhanced[1т5]. 

The aim of this research was to systematically explore and optimize the parameters required for 
functionalizing stainless steel surfaces with behenic acid to successfully form stable and uniform SAMs. 
These SAMs were further enhanced through radiation-induced crosslinking, resulting in the formation of 
PNCs. The stability of the coatings was evaluated in simulated body fluids, under both steady-state and 
dynamic coditions using a rotating disc electrode and electrochemical techniques. Surface 
charateristics were analyzed using atomic force microscopy (AFM) and contact angle measurements. 
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This lecture explores the distinctive optical and electronic properties of metal nanoclusters (NCs), with 
a particular emphasis on luminescent noble metal NCs, through two interconnected research avenues: 
solar energy and biomedical applications. In the quest to advance photovoltaic technologies beyond 
traditional silicon and emerging perovskite solar cells, Grätzel et al. pioneered the dye-sensitized solar 
cell (DSSC).[1] Building upon this foundation, this research integrates natural pigments with noble metal 
NCs to create bio-nano hybrids. These bio-inspired luminescent nanomaterials show promise for 
enhancing light absorption, charge transfer efficiency, and overall stability in next-generation 
photovoltaic systems. Computational quantum chemistry methods, particularly Density Functional 
Theory (DFT) and Time-Dependent DFT (TD-DFT), are central to designing these advanced nanomaterials 
for DSSCs, aiming to boost their efficiency and durability. This approach leverages the optical properties 
of noble metal nanoclusters (e.g., gold and silver) synergistically with eco-friendly organic dyes.[2,3] 
Beyond energy applications, noble metal nanoclusters emerge as powerful tools in medical diagnostics, 
imaging, and biosensing due to their unique quantum effects and outstanding optical properties[4,5]. This 
lecture emphasizes an interdisciplinary strategy that merges photophysics, photochemistry and 
nanotechnology to harness the full potential of luminescent noble metal nanoclusters for advancements 
in both solar energy conversion and bioimaging technologies. 

 
Figure 1. Schematic representation of liganded noble metal NC (adapted from [5]) 
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modern society, together with the world energy crisis are in a great need for a transition towards 
sustainable energy systems. Batteries are crucial components in modern technologies, from electric 
vehicles to portable devices, and their long life and reliability are directly dependent on understanding 
the mechanisms of their failure. 

Among the most significant factors that affect performance degradation in batteries are the structural 
changes in electrode materials during cycling. This study explains the failure mechanisms of batteries 
by analyzing structural changes in materials using operando X-ray diffraction (XRD), a technique that 
allows real-time monitoring of structural modifications during battery operation.[1] Operando XRD 
provides insights into the dynamic structural changes that occur during battery cycling, enabling a better 
understanding of the causes of material degradation, such as crystal lattice breakdown, phase 
formation, and stress accumulation within the electrodes. Understanding these changes is crucial for 
optimizing battery design and predicting their lifetime. For operando XRD measurements, home-made 
3D printed DANOISE cell in transmission mode was used.[2] 

Results cover from ex-situ XRD measurements of the graphite or LFP electrode in the DANOISE cell, 
without applied current, to operando XRD measurements in the half-cell, as well as measurements in 
the full-cell setup with pellet and with coated electrode with mentioned active materials. The aim is to 
identify specific structural phenomena associated with battery failure, with a focus on improving the 
performance and stability of future battery materials and technologies. The main accent is on the 
crystallographic analysis of the operando XRD data, including identification of the phases and sequential 
refinement in the Fullprof.[3] 
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UNLOCKING THE POTENTIAL OF IONIC LIQUIDS IN EPOXY RESIN 
DESIGN AND COMPOSITE PERFORMANCE 
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The development of advanced epoxy resin systems has increasingly focused on sustainability, 
functionality, and performance enhancement. This body of work presents a comprehensive exploration 
of the design and application of ionic liquids (ILs) as novel and tunable components in epoxy-based 
composite materials. ILs, due to their structural versatility, low volatility, and potential for tailored 
chemical functionality, offer unique advantages over conventional curing agents and additives. [1] 

To evaluate the intricate structureтproperty relationships governing IL-based epoxy systems, a 
comprehensive range of advanced analytical techniques was employed. Differential scanning 
calorimetry provided critical insights into curing kinetics and glass transition behavior, while dynamic 
mechanical analysis and Shore hardness testing illuminated the mechanical performance of the cured 
networks. Scanning electron microscopy revealed the morphological architecture at the micro-scale, 
enriching our understanding of phase distribution and interfacial interactionsуspecifically in systems 
containing fillers such as cellulose and supported ionic liquid phases (SILPs). 

Strikingly, ILs bearing polymerizable allyl groups or DABCO-derived cations, especially when paired with 
dicyanamide or triflate anions, emerged as frontrunners in promoting rapid, robust curing and 
mechanical enhancement.[2] Binary IL mixtures revealed synergistic phenomena, enabling precise 
modulation of flexibility, rigidity, and thermal resilience.[3] Systems featuring covalently reactive ILs 
exhibited superior interfacial adhesion and dimensional stability,[4,5] while aniline-derived IL 
formulations struck an elegant balance between latency and structural integrity.[6] 

This investigation transcended conventional formulations by deploying ILs not merely as curing agents, 
but as functional, chemically integrated constituents within epoxy resin matricesу particularly in the 
fabrication fiber-reinforced composites incorporating flax or carbon fibers. 
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PEROVSKITE-BASED ANODES: A NEW HOPE FOR NEXT-GEN 
LITHIUM-ION BATTERIES 
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Lithium-ion batteries are ubiquitous in everyday life, from modern day portable electronics to electric 
vehicles and emerging stationary storage devices, as a result of high energy and power density, extended 
longevity and stability, low self-discharge and fast charging. As the battery industry demands for the for 
safer, more efficient, and sustainable energy storage solutions grows, research into alternative materials 
is becoming increasingly relevant. Currently, graphite dominates the battery market as anode material, 
although its intrinsic limitation, in particular irreversible first cycle loss and limited capacity, poses 
significant challenge to meet the performance of emerging energy storage technology. Metal-organic 
halide perovskites (MOHPs), widely studied for their optoelectrical properties in photovoltaics, are 
gradually establishing themselves as anode materials for lithium-ion batteries. Their unique structure, 
consisting of inorganic and organic layers, facilitates efficient multiple ion storage and transport, thereby 
expanding their potential as battery materials. As a developing field, research on metal-organic halide 
perovskites is still limited, nevertheless, studies on lead-based compositions have demonstrated 
promising potential for anode applications. 

In this study, we synthesized tin-based organic metal perovskites with various organic cations including 
methylammonium, formamidinium, phenethylammonium, as well as inorganic cation cesium, 
combined with different halide anions such as chloride, bromine and iodine, with the purpose of 
understanding structure-property relationship and its influence on process of lithium storage. Selected 
materials were prepared by direct synthesis from tin-halide precursor and organic/inorganic halide salt, 
followed by antisolvent crystallization with toluene to yield crystal powders. Electrode materials were 
subsequently prepared using a standard procedure for Li-ion batteries and coated on copper current 
collectors. Prepared electrodes incorporating perovskite active material were assembled inside the 
Swagelok cell as a working electrode, while lithium was used as both reference and counter electrode. 
Electrochemical measurements were conducted using cyclic voltammetry, electrochemical impedance 
spectroscopy and galvanostatic charge-discharge. Physical characterization of both as-prepared and 
cycled electrodes, was exanimated with X-ray diffraction and X-ray energy dispersive spectroscopy to 
correlate electrochemical results with physical transformation. The obtained results indicate distinct 
behaviour influenced by the chosen cation and anion. Generally, all materials exhibited high initial 
capacity values, surpassing conventional graphite electrodes, with stable capacity retention in the 
following cycles. Even though this discovery offers a promising prospect for advancing lithium-ion 
technology, further investigation is still needed to elucidate the exact mechanism of lithium-ion storage. 
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THE INFLUENCE OF PREPARATION PARAMETERS ON THE 
MORPHOLOGY AND FERROELECTRIC PROPERTIES OF METAL-

ORGANIC THIN FILMS BASED ON BICYCLIC AMINES 
~ŔċШ~ĲƚŔħ and xŔĬŔŢċШ ŰĬƖŸƜШ?ƨĤƖċŢċ 
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Ferroelectric materials continue to attract significant interest due to their potential in advanced 
technologies and the ongoing discovery of new hybrid systems. In this study, we focus on metal-organic 
complexes, as promising candidates for functional ferroelectric materials. These compounds are 
interesting since they have the potential to exhibit switchable polarization у property desirable for 
applications in sensors, memory devices, and nonlinear optics.[1] The aim is to develop thin films in order 
to enable their integration into practical devices. Despite its potential, metal-organic thin films have not 
yet been thoroughly studied. Several methods exist to produce metal-organic thin films such as dip 
coating, spin coating, drop casting etc. However, many parameters need to be carefully optimized to 
obtain quality films, such as precursor solution characteristics (concentration, pH, composition of 
solvents) and other conditions (temperature, relative humidity, withdrawal rate for dip-coating, etc). All 
these parameters, as well as preparation methods, strongly affect film morphology and properties.[2] 
Humidity plays a critical role by influencing structural organization during film formation. In this work, 
thin films of cinchonine trichlorocobaltate were deposited on Si(100) and ITO-coated glass substrates 
via dip coating under controlled humidity. Scanning electron microscopy (SEM) analysis revealed that 
low humidity favors uniform film formation, while higher humidity levels induce morphological changes 
characterized by nano- and mesoscale pinholes. Optimized parameters yielded homogeneous films 
suitable for ferroelectric characterization, contributing to the development of novel metal-organic 
ferroelectric systems. 

 
Figure 1. Scheme of research steps. 
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ENVIRONMENTALLY FRIENDLY LEAD-FREE THIN FILMS  
FOR HIGH-PERFORMANCE DIELECTRIC CAPACITORS 
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We report on the development of sustainable, lead-free dielectric thin films fabricated via a low-cost 
aqueous chemical solution deposition method for high-energy-density capacitor applications. By 
strategically combining Bi-ĤċƚĲĬШ ċŰĬШ 7ċüƖÑŔ§Ќ-derived compositions, we achieved optimized 
microstructures and phase behaviour at morphotropic boundaries, resulting in significantly enhanced 
recoverable energy densities (up to 51Jcmϖ³) and efficiencies exceeding 75% at high electric fields 
(2MVcmϖ¹). Structural and electrical characterizations reveal excellent stability under varying 
ƣĲůƓĲƖċƣƨƖĲƚШċŰĬШŉƖĲƕƨĲŰĦŔĲƚЯШċƚШƽĲũũШċƚШŸƨƣƚƣċŰĬŔŰŊШŉċƣŔŊƨĲШƖĲƚŔƚƣċŰĦĲШŸƻĲƖШΝΜЙШĦǃĦũĲƚЮШÑőĲƚĲШŉŔŰĬŔŰŊƚШ
highlight the strong potential of scalable, green-processed thin films for integration in next-generation 
capacitive energy storage systems, especially in energy-autonomous and miniaturized electronics. 
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FROM MECHANICAL PROPERTIES TO ATOMIC-LEVEL MECHANISM 
OF ELASTICALLY FLEXIBLE CRYSTALS 
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~ĲĦőċŰŔĦċũũǃШċĬċƓƣŔƻĲШĦƖǃƚƣċũƚуƣőŸƚĲШĦċƓċĤũĲШŸŉШċĬŢƨƚƣŔŰŊШƣŸШċШƖċŰŊĲШŸŉШĲǂƣĲƖŰċũШƚƣŔůƨũŔЯШ
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ŸƓƣŔĦċũШ ĬĲƻŔĦĲƚЯШ ĲũĲĦƣƖŸŰŔĦƚЯШ ƽĲċƖċĤũĲШ ƣĲĦőŰŸũŸŊǃЯШ ċŰĬШ ƚŸŉƣШ ƖŸĤŸƣŔĦƚЮяΝѐШcŸƽĲƻĲƖЯШ ċШ
ĦŸůƓƖĲőĲŰƚŔƻĲШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲŔƖШůĲĦőċŰŔĦċũШƓƖŸƓĲƖƣŔĲƚШċŰĬШůŸũĲĦƨũċƖрũĲƻĲũШůŸƻĲůĲŰƣƚШ
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ĦŸŸƖĬŔŰċƣŔŸŰШƓŸũǃůĲƖƚШ ы9ÂƚьШ ċŰĬШ ĬŔƚĦŸƻĲƖĲĬШ ƣőċƣШ ƣőĲǃШ ĲǂőŔĤŔƣШ ƖĲůċƖťċĤũĲШ ċĬċƓƣŔƻĲШ
ĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШ[ƨƖƣőĲƖůŸƖĲЯШƽĲШŉŸƨŰĬШƣőċƣШŔŰƣĲƖůŸũĲĦƨũċƖШŔŰƣĲƖċĦƣŔŸŰƚШƓũċǃШċШĦƖŔƣŔĦċũШƖŸũĲШŔŰШ
ŔŰǰƨĲŰĦŔŰŊШ ƣőĲŔƖШ ůĲĦőċŰŔĦċũШ ƖĲƚƓŸŰƚĲƚЯШ ƽőŔĦőШ ĦċŰШ ƖċŰŊĲШ ŉƖŸůШ ĲǂĦĲƓƣŔŸŰċũШ ƓũŔċĤŔũŔƣǃШ ƣŸШ
ċĬƻċŰĦĲĬШĲũċƚƣŔĦŔƣǃЮШÑŸШĬĲĲƓĲŰШŸƨƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲƚĲШůċƣĲƖŔċũƚѣШĤĲŰĬŔŰŊШĦċƓċĤŔũŔƣŔĲƚЯШƽĲШ
ċŔůШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШƨŰĬĲƖũǃŔŰŊШůĲĦőċŰŔƚůƚШĬƖŔƻŔŰŊШƣőĲŔƖШǰĲǂŔĤŔũŔƣǃШċŰĬШƖĲũċƣĲШƣőĲůШƣŸШƣőĲШ
ůĲĦőċŰŔĦċũШŉĲċƣƨƖĲƚЮяΞрΤѐШfŰШƣőŔƚШƚƣƨĬǃЯШƽĲШĲǂċůŔŰĲШƣƽŸШŰŸƻĲũШŸŰĲрĬŔůĲŰƚŔŸŰċũШĦŸŸƖĬŔŰċƣŔŸŰШ
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őŸƽĲƻĲƖЯШƽċƚШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШċƣŸůŔĦрũĲƻĲũШĦőċŰŊĲƚШƣőċƣШŸĦĦƨƖШĬƨƖŔŰŊШĤĲŰĬŔŰŊШŉƖŸůШċШ
ƚƣƖƨĦƣƨƖċũШƓĲƖƚƓĲĦƣŔƻĲЮШ7ǃШůċƓƓŔŰŊШƣőĲШƚƣƖƨĦƣƨƖċũШċũƣĲƖċƣŔŸŰƚШċƣШƣőĲШċƓĲǂШŸŉШƣőĲШĦƖǃƚƣċũШĤĲŰĬШ
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ĤĲŰĬŔŰŊШŔŰШĦŸŸƖĬŔŰċƣŔŸŰШƓŸũǃůĲƖШĦƖǃƚƣċũƚЮШÑőŔƚШůĲĦőċŰŔƚůШĦŸŰƣƖċƚƣƚШĬŔƚƣŔŰĦƣũǃШƽŔƣőШƣőŸƚĲШ
ŸĤƚĲƖƻĲĬШŔŰШĲũċƚƣŔĦċũũǃШǰĲǂŔĤũĲШůŸũĲĦƨũċƖШыΜ?ьШĦƖǃƚƣċũƚШƚƨĤŢĲĦƣĲĬШƣŸШůĲĦőċŰŔĦċũШƚƣƖĲƚƚШċŰĬШŔŰШ
ŸŰĲрĬŔůĲŰƚŔŸŰċũШƓũċƚƣŔĦċũũǃШĬĲŉŸƖůċĤũĲШĦƖǃƚƣċũƚШƨŰĬĲƖШƕƨċƚŔрőǃĬƖŸƚƣċƣŔĦШƓƖĲƚƚƨƖĲуƣőĲШŸŰũǃШ
ƖĲĦŸŰǯŊƨƖċĤũĲШĦƖǃƚƣċũШůĲĦőċŰŔƚůƚШŔĬĲŰƣŔǯĲĬШƣŸШĬċƣĲЮяΤѐШfŰШċĬĬŔƣŔŸŰЯШƣőĲШƚƣƖƨĦƣƨƖċũШǯŰĬŔŰŊƚШƽĲƖĲШ
ŉƨƖƣőĲƖШĦŸƖƖĲũċƣĲĬШƽŔƣőШůĲĦőċŰŔĦċũШƓƖŸƓĲƖƣŔĲƚЯШƽőŔĦőШƽĲƖĲШĲǂƓũŸƖĲĬШĤŸƣőШĲǂƓĲƖŔůĲŰƣċũũǃШċŰĬШ
ƣőĲŸƖĲƣŔĦċũũǃЮ 
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DEVELOPMENT AND EVALUATION OF NZVI-BASED MATERIALS FOR 
ARSENATE REMOVAL FROM WATER:  

ADSORPTION PERFORMANCE 
ŰĬƖĲċШËƓŸũŢċƖŔħ and EũƻŔƖċШéŔĬŸƻŔħ 

  University of Zagreb Faculty of Chemical Engineering and Technology, Zagreb, Croatia 
 aspoljari@fkit.unizg.hr 

Nanoscale zero-valent iron (nZVI) is a promising material for remediating contaminated water due to its 
high surface area and strong affinity for pollutants like arsenate. Its ability for redox reactions supports 
effective contaminant removal.[1] However, challenges such as aggregation and oxidation limit its 
practical use, necessitating surface modification to improve stability and effectiveness.[2] This study 
characterises four nZVI types: bare nZVI, nZVI with chelating agents, supported nZVI and nZVI in a 
polylactic acid (PLA) matrix. Characterisation techniques included isoelectric point determination and 
scanning electron microscopy (SEM) to evaluate surface properties and morphology. We conducted 
batch adsorption experiments to assess arsenate removal efficiency across different pollutant 
concentrations, particle dosages, pH and contact time. The data were analysed with isotherm and 
kinetic models to clarify contaminant uptake mechanisms. We found that modifying nZVI, particularly 
its immobilisation in PLA, significantly enhances stability. These findings contribute to ongoing research 
on optimising nZVI-based materials for effective water purification technologies. 

  

Figure 1. Morphology of biopolymer-based adsorbent and effect of nZVI dosage on arsenate removal 
efficiency using PLA/nZVI composites. 
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EFFECT OF PROCESS PARAMETERS ON REMOVAL  
OF ACETAMIPRID WITH NANOFILTRATION MEMBRANES 

Patrik Bubalo, Iva :ƨƖŔħЯ Bruna 7ċĤŔħ éŔƚťŸƻŔħЯ Anica ÂċƻũŔŰŸƻŔħЯ 
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  University of Zagreb Faculty of Chemical Engineering and Technology, Trg MċƖťċШ~ċƖƨũŔħċШΝΦЯШ 
10000 Zagreb, Croatia 
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Increasing use of pesticides, such as acetamiprid (AC), shown on Figure 1[1] pose significant 
environmental and health risks through processes like bioaccumulation and biomagnification, most 
prominently in water sources.[2] Nanofiltration (NF) is a valuable process for removing substances from 
aqueous solutions. This study was aimed at optimizing this process by testing the efficiency of AC 
removal through NF membranes with the molecular weight cut-off of 150-300 Da. Experiments involved 
1 mg/L and 5 mg/L AC solutions, with changing pressures (5 bar and 10 bar) and flow rates (2 L/min and 
4 L/min). Permeate and retentate samples were taken in 1-hour cycles for each set of conditions. 
Samples were analysed using high-performance liquid chromatography to assess removal efficiency. 
The results indicate that changing the pressure and flow rate significantly influences AC removal. The 
removal efficiency of a 1 mg/L AC solution at 5 bar equals 48.10 % at 2L/min and 64.87 % at 4 L/min. The 
same 1 mg/L solution with the pressure raised to 10 bar shows an efficiency improvement to 65.95 % at 
2 L/min and 74.09% at 4 L/min. In conclusion, AC removal by nanofiltration improves at higher pressures 
and flow rates. 

 

Figure 1. Acetamiprid structure [1] 

ĦťŰŸƽũĲĬŊĲůĲŰƣƚЮШÑőŔƚШƖĲƚĲċƖĦőШƽċƚШŉƨŰĬĲĬШĤǃШƣőĲШ  Ñ§ШÉĦŔĲŰĦĲШŉŸƖШÂĲċĦĲШċŰĬШÉĲĦƨƖŔƣǃШÂƖŸŊƖċůůĲШƨŰĬĲƖШ
ŊƖċŰƣШŔĬЮШ]ΣΜΥΤШċŰĬШ9ƖŸċƣŔċŰШÉĦŔĲŰĦĲШ[ŸƨŰĬċƣŔŸŰШƓƖŸŢĲĦƣШ?§uр Â§§рΞΜΞΟрΝΜрΥΜΣΟЮ 
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INTEGRATED APPROACH TO TEACHING RADIOACTIVITY: 
CONNECTING CHEMISTRY AND PHYSICS  

FOR BETTER UNDERSTANDING 
Ana Magovac and Vanja Novosel 
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Understanding abstract concepts like radioactivity can be challenging for students. Since chemistry and 
physics overlap in the final gymnasium year, we adopted an integrated teaching approachуcoordinating 
ĦŸŰƣĲŰƣШċĦƖŸƚƚШĤŸƣőШƚƨĤŢĲĦƣƚШƣŸШĬĲĲƓĲŰШƚƣƨĬĲŰƣƚќШƨŰĬĲƖƚƣċŰĬŔŰŊШƣőƖŸƨŊőШƓƖċĦƣŔĦċũШċŰĬШŔŰƣĲƖĬŔƚĦŔƓũŔŰċƖǃШ
work. This also created space for enriched learning experiences: Viewing materials such as Chernobyl, 
ÑőĲШ~ǃƚƣĲƖǃШŸŉШ~ċƣƣĲƖШыEΟьЯШċŰĬШ779ќƚШEũĲůĲŰƣƚаШÅċĬŔŸċĦƣŔƻĲƚШƣŸШĬŔƚĦƨƚƚШőŔƚƣŸƖŔĦċũЯШƚĦŔĲŰƣŔŉŔĦЯШċŰĬШƚċŉĲƣǃШ
aspects of nuclear energy, Dice experiment simulating radioactive decay, helping students discover half-
life principles independently, Geiger counter activity to detect radioactivity in everyday objects and spark 
ĦƖŔƣŔĦċũШƣőŔŰťŔŰŊЯШ[ŔĲũĬШƣƖŔƓШƣŸШƣőĲШuƖƜťŸШ ƨĦũĲċƖШÂŸƽĲƖШÂũċŰƣШƣŸШċƓƓũǃШƣőĲŸƖĲƣŔĦċũШťŰŸƽũĲĬŊĲШŔŰШċШƖĲċũ-world 
context, supported by structured worksheets. Discussions on environmental impacts of nuclear energy, 
engaging students less confident in science through broader societal perspectives. 

This interdisciplinary model fostered active participation and multi-angle exploration of radioactivity. 
Students showed greater accuracy and deeper understanding on assessments compared to previous 
ǃĲċƖƚЯШċŉŉŔƖůŔŰŊШƣőĲШůĲƣőŸĬќƚШƚƨĦĦĲƚƚЮ 
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LEGO PHOTOMETER AS A TOOL FOR STUDYING  
CHEMICAL REACTION KINETICS 

CċŰŔШËťċũċůĲƖċЯШÑŔŰШuũċĨŔħЯШ?ċƖťŸШéƨƜċťЯШÑċŢċŰċШ7ĲŊŸƻŔħЯШ~ċƣĲŢċШÂŔƚċĨŔħЯ 
~ċƖŔŢċŰċШÂŸĦƖŰŔħЯШand éĲƚŰċШÂĲƣƖŸƻŔħШÂĲƖŸťŸƻŔħ 

  University of Zagreb, Faculty of Science, Department of Chemistry, Horvatovac 102a, 10000 Zagreb 
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The crystal violet (CV) reaction with hydroxide ions (Figure 1a) is a commonly used model system for 
studying chemical kinetics in education, as it allows simple monitoring of changes in the concentration 
of a colored reactant via (spectro)photometry.[1] Although photometers are standard lab equipment, 
their cost often limits availability in educational settings. In this work, a method for studying the kinetics 
of the CV + OHϖ reaction is described, utilizing a simple and inexpensive photometer constructed by 
students from LEGO bricks, LEDs, and a voltmeter (Figure 1b), following the concept introduced by 
Kvittingen et al.[2] The device uses identical LEDs as both light source and detector, with absorbance 
calculated from the voltage measured across the detector LED. 

Although the reaction follows second-order kinetics, it was carried out with a large excess of OHϖ ions, 
allowing application of a pseudo-first order model. Measurements were performed at three OHϖ 
concentrations to determine the second-order rate constant. Despite the simple setup, the results 
showed surprisingly good agreement with those obtained using a professional UV-Vis 
spectrophotometer. This educational and accessible approach was developed as part of the chemistry 
task for the European Olympiad of Experimental Science (EOES 2025), aiming to enhance understanding 
of spectrophotometry and kinetics while promoting low-cost STEM tools. 

 

Figure 1. (a) The chemical reaction used for the kinetic study, (b) the LEGO photometer. 
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DIFFERENTIATED TEACHING OF CHEMISTRY 
ÑċŢċŰċШuŸƻċĨĲƻŔħ 

  §ËШÉŔĤŔŰŢƚťŔőШǏƖƣċƻċЯШÉŔĤŔŰŢЯШcƖƻċtska 
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Differentiated teaching is one of the forms of teaching that relies on differences in learning styles, 
methods and speed. In the strictest sense, differentiation consists of the teacher's efforts to respond to 
differences among students. 

The idea's originator, Carol Ann Tomlinson, defines it as taking into account individual learning styles and 
levels of readiness for learning before making the actual preparation for the lesson, or as an approach to 
teaching that meets the different needs of students.[1] 

In the teaching of chemistry, this form of work is applied in terms of adapting the teaching methods and 
forming different types of tasks to check the adoption of the outcomes of the knowledge level from basic 
adoption to critical thinking. 

Students are divided into homogeneous groups according to their interests and abilities, and the lessons 
are adapted to their interests, learning style and willingness to learn. One group consists of pupils who 
demonstrate excellent or very good knowledge and have an interest and ability to absorb more complex 
content. They're used for multi-level tasks and complex problem-solving. The other group is the students 
who show mediocre knowledge, and the benefits of this approach to learning for them are that they're 
more engaged, they're more expressive, they're more active, they're seeking clarification. In the end, both 
groups adopt the same outcomes, but in slightly different ways. 

Through the lecture, different types of assignments and learning styles would be shown to suit the needs 
of the groups. It would also show the results of a survey of the opinions of pupils involved in this way of 
working. 
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GREEN CHEMISTRY IN HIGH SCOOL EXPERIMENTS 
~ċƖŔŢċŰċШþŊĲũċШÂƨƣŰŔťŸƻŔħa and fƻċŰċШ ŰįĲũŔħb 

 a Fifth Gymnasium, Zagreb, Croatia 
 b University of Split, Faculty of Science, Split, Croatia 

 mzgela@gmail.com 

Green chemistry (GC) is a scientific field developed to reduce or eliminate the use and generation of 
hazardous substances.[1] Studies show that incorporating GC into chemistry education can enhance 
student motivation.[2] Burmeister et al. propose several models for integrating sustainability, including 
the application of GC principles in laboratory practice.[3] This presentation outlines how GC experiments 
have been integrated into high school chemistry textbooks and teaching practices in Croatia. Several 
textbooks now include dedicated GC chapters with corresponding experimental activities. Additional 
materials have been presented at educational conferences and through project platforms. Various 
strategies help implement GC principles in school laboratories, such as shifting from macro- to micro-
scale experiments, substituting hazardous chemicals with safer alternatives, or using solvent-free 
techniques like mechanochemistry. More advanced approaches involve students in experiment design, 
encouraging them to apply GC principles and reconsider chemical use. For instance, as part of an 
inquiry-based learning approach, students first produce hydrogen through a conventional laboratory 
reaction between aluminum and hydrochloric acid. While effective, this method generates chemical 
waste and relies on non-renewable resources. Students then critically evaluate the process using Green 
Chemistry principlesуparticularly Principle 1 (Prevention), Principle 3 (Less Hazardous Chemical 
Syntheses), and Principle 7 (Use of Renewable Feedstocks). Guided by these principles, they redesign 
the experiment to utilize a reversible fuel cell, enabling hydrogen production from water via electrolysis. 
This not only reduces environmental impact but also deepens students' understanding of sustainable 
practices in chemistry. By shifting responsibility for method development from teacher to student, the 
activity fosters critical thinking, problem-solving, and a greater appreciation of environmentally 
responsible science. More specific examples of experiments reflecting these strategies will be 
presented. 
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EMERGENCE OF DIAMONDOID CLUSTERS  
IN HELIUM NANODROPLETS 
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Diamondoids are cage hydrocarbons useful as building blocks in the design of new materials.[1] They can 
be selectively functionalized and recently the field further expanded to diamondoid covalent 
assemblies, molecules composed of several diamondoid cage subunits connected by a heteroatom.[2] 
Non-covalent interactions are known to have a significant effect on spontaneous self-assembly of 
diamondoid derivatives, especially intermolecular London dispersion interactions between the cages. 
To gain more insight into the fundamental properties of these compounds, we explored diamondoid 
agglomeration in helium nanodroplets (HNDs) since that is a good medium for characterizing weakly-
bound supramolecular clusters.[3,4] We confirmed that for derivatives of low polarity (hydrocarbons and 
ethers)[3] dispersion is indeed the main driving force for molecular organization in HNDs, while 
introduction of more polar functional groups to diamondoid scaffolds[4] resulted in the emergence of 
more complex nanostructured supramolecular networks. A combination of experimental and 
computational techniques provided us with a clearer picture of the forces driving the diamondoid self-
organization processes,[5] which is important for their future application in nanotechnology. 

 

Figure 1. Computed networks of 4,9-diamantanedicarboxylic acid molecules. 
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DEUCRAVACITINIB TABLET DOSAGE FORMS:  
ACHIEVING ANALYTICAL EXCELLENCE  

THROUGH A NOVEL HPLC-DAD METHOD 
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Approved for treating moderate to severe plaque psoriasis in adults, deucravacitinib is a selective oral 
allosteric tyrosine kinase 2 inhibitor with a novel mechanism of action. Given its administration as a 6 
mg tablet once daily, this study aimed to develop and validate a high-performance liquid 
chromatography (HPLC) method for quantifying deucravacitinib in pharmaceutical form. 

Chromatographic analysis was performed on an Agilent 1260 HPLC system equipped with a diode-array 
detector (DAD), using a Poroshell 120 SB-C18 column (3.0 × 100 mmЯШΞЮΤШ͓ůбШ ŊŔũĲŰƣШÑĲĦőŰŸũŸŊŔĲƚЯШ
Santa Clara, CA, USA) maintained at 30.0 ± 0.1 °C. Isocratic elution was employed with a mobile phase 
composed of ultra-pure water (75 %) and acetonitrile (25 %), acidified with 0.1 % formic acid at a flow 
rate of 1.0 mL/minЮШÑőĲШŔŰŢĲĦƣŔŸŰШƻŸũƨůĲШƽċƚШΡШ͓xЮШÄƨċŰƣŔŉŔĦċƣŔŸŰШƽċƚШĦċƖƖŔĲĬШŸƨƣШċƣШΞΡΠШŰůШыΠШŰůШƚũŔƣШ
width), while the full UV spectrum (200т600 nm) was recorded. 

Method validation followed the International Council on Harmonisation (ICH Q2 (R2)) guidelines.[1] The 
calibration curve demonstrated linearity over the concentration range of  
10тΝΜΜШ͓ŊоůxШыr = 0.9997), with ċШũŔůŔƣШŸŉШĬĲƣĲĦƣŔŸŰШыx§?ьШŸŉШΟЮΜΣШ͓ŊоůxШċŰĬШċШũŔůŔƣШŸŉШƕƨċŰƣŔŉŔĦċƣŔŸŰШыx§ÄьШ
ŸŉШΦЮΞΣШ͓ŊоůxЮШAccuracy was assessed through recovery studies at three concentration levels (10, 50, 
ċŰĬШΝΜΜШ͓ŊоůxьЯШƽŔƣőШƖĲĦŸƻĲƖŔĲƚШƖċŰŊŔŰŊШŉƖŸůШΦΣЮΠ % to 101.5 % and relative standard deviations (RSDs) 
below 2.3%. Precision was confirmed by intraday and interday analysis of six replicate samples (50 
͓ŊоůxьЯШ ǃŔĲũĬŔŰŊШ ÅÉ?ƚШ ŉƖŸůШ ΜЮΝΠ % to 0.59 %. Stability testing demonstrated high stability of 
deucravacitinib standard solutions: 100.4 % after 8 hours at room temperature, 99.4 % after 3 days at 4 
°C, and 99.5 ӖШċŉƣĲƖШΤШĬċǃƚШċƣШҽΞΜШ҄9ЮШÅŸĤƨƚƣŰĲƚƚШƣĲƚƣŔŰŊШƖĲƻĲċũĲĬШůŔŰŔůċũШƻċƖŔċƣŔŸŰƚШŔŰШƖĲƚƨũƣƚШƽőĲŰШ
small changes were made to column temperature (±2 °C, deviation <0.43%), flow rate (±0.05 mL/min, 
deviation <3.28 %), and mobile phase composition (±1 %, deviation <2.28 %). 

In conclusion, the developed HPLC-DAD method is accurate, precise, robust, and suitable for the 
routine determination of deucravacitinib content in tablet dosage forms.  
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NATURAL COMPOUNDS AS LAG-3 INHIBITORS 
IN CANCER IMMUNOTHERAPY 
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 a Doctoral School of Exact and Natural Sciences, Jagiellonian University, Cracow, Poland 
 b Faculty of Chemistry, Jagiellonian University, Cracow, Poland 
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LAG-3 is a membrane protein found on T and B lymphocytes and NK cells. Its inhibition stops the 
activation of immune system cells. Some cancers overexpress LAG-3 ligand у MHCIIу which, when in 
contact with the immune system, cause its inhibition. For this reason, drugs targeting the LAG-3 protein 
are becoming the focus of an increasing number of research groups.[1] 

Currently, the main known inhibitors are based on monoclonal antibodies, which are extremely effective 
but also expensive to produce and problematic to administer. The discovery of the first small molecule 
inhibitor will be a milestone on the path to discovering a cheaper, orally available drug.[2]  

Compounds naturally occurring in plants are an interesting set of molecules to search for potential 
protein inhibitors. If a sufficiently active inhibitor is discovered, further testing in animals or humans is 
easier and faster to conduct, as these compounds are often widely used in folk medicine. Furthermore, 
their often optimal pharmacokinetic properties make active natural compounds a good starting point for 
optimizing the structure of the inhibitor. In this case, the initial optimization of a number of 
physicochemical properties that the drug must meet has already been done by nature. 

Among the compounds tested, a group of flavonoids proved to be particularly interesting, characterized 
by their ability to block interactions between LAG-3 and MHCII proteins (IC50) at a concentration of 
ċƓƓƖŸǂŔůċƣĲũǃШΞΜШ͓~. They also activated the immune system response in cell studies. The cytotoxicity, 
which occured on higher concentrations has been abolished by developing appropiate formulation. It is 
interesting to note that changing the position of substituents strongly affects their ability to block LAG-
3/MHCII interactions in cells, suggesting high selectivity and opening possibilities for SAR and QSAR 
studies. 

Acknowledgements.  This work has been supported by the National Science Center of Poland as part of the OPUS 
ŊƖċŰƣШљfŰŰŸƻċƣŔƻĲШƚůċũũШůŸũĲĦƨũĲШinhibitors targeting LAG-ΟШċŰĬШƣőĲШ~c9ffШĦŸůƓũĲǂШŉŸƖШĦċŰĦĲƖШŔůůƨŰŸƣőĲƖċƓǃњШ
(grant number UMO-2024/53/B/NZ7/02801). 
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DEVELOPMENT AND VALIDATION OF A FLOW INJECTION METHOD 
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IN PHARMACEUTICAL PREPARATIONS 
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Ascorbic acid (AA), commonly known as vitamin C, is a water soluble compound that shows acidic 
properties as well as reducing properties due to the endiol group in its structure. Since it cannot be 
synthesized by the human body, ascorbic acid must be ingested with food or supplements. 
Consequently, there is a need to develop a selective, simple and accurate method for the determination 
of ascorbic acid in pharmaceutical preparations. 

Flow injection analysis (FIA), the first generation of flow analysis introduced by Ruzicka and Hansen, is a 
powerful instrumental analytical technique for pharmaceutical analysis.[1] The advantages of this 
technique are its simplicity, cost-effectiveness, high throughput capacity and flexibility. As an 
environmentally friendly technique, requiring small amounts of samples and reagents, FIA reduces 
chemical waste and lowers analytical  costs. 

The new flow method utilizes a rapid redox reaction in which AA reduces the Cu(II)-neocuproine complex 
to Cu(I)-neocuproine with maximum absorbance at 458 nm. The optimization of the experimental 
conditions and the parameters of the manifold was performed by the univariate method using a simple 
two-stream single reagent manifold. The reagent prepared in Britton-Robinson buffer solution (pH = 3) 
ƽċƚШůĲƖŊĲĬШƽŔƣőШċШƚċůƓũĲШыΡΜΜШ͓xьШċŰĬШŔŰŢĲĦƣĲĬШŔŰƣŸШċШĦċƖƖŔĲƖШƚƣƖĲċůШŸŉШĬŔƚƣŔũũĲĬШƽċƣĲƖШċƣШċШconfluence 
point, where the streams are combined. A linear calibration curve was established in a concentration 
range of AA from 6.0 × 10ҽ7 to 4.0 × 10ҽ5 mol Lҽ1 with the regression equation y = 6932 x + 0.0025 (R2 = 
0.9989). The new FIA method is sensitive with an LOD of 1.8 × 10ҽ7 mol Lҽ1 of AA at a sampling rate of 60 
samples per hour This new FIA method offers a sensitive, simple and rapid approach for the 
determination of ascorbic acid in pharmaceutical preparations. Furthermore, FIA method is precise 
(RSD 0.9 %) and accurate (recovery in the range of 95.5 % to 101.5 %). 
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SHORTENING THE LINKER-DISTANCE IN BINOL-DERIVED 
CYCLOPENTADIENE LIGANDS 
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Cyclopentadienyl (Cp) ligands are fundamental components in organometallic chemistry and have been 
extensively utilized in a wide range of transition metal-catalyzed transformations.[1] Despite their broad 
utility, the development of Cp-based ligands for stereoselective catalysis has been hindered by the 
challenges associated with introducing substituents that can exert precise control over the coordination 
environment.[2] Most stereochemically directed Cp ligands incorporate a BINOL-derived moiety tethered 
to the Cp ring.[3] In the present study, we report the design and synthesis of a new class of structurally 
simple, CЋ-symmetric Cp ligands, in which the Cp unit is directly fused to a binaphthyl scaffold. This rigid 
framework is expected to provide enhanced stereocontrol in catalytic applications. The synthetic 
approach relies on a zirconium-mediated cyclization of chiral diynes, as illustrated in Figure 1. The 
synthesis, structural features, and preliminary applications of these ligands in asymmetric catalysis are 
discussed herein. 

 

Figure 1. Conceptual design of the chiral Cp ligands. 
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FMOC SOLID-PHASE SYNTHESIS AND STRUCTURAL 
CHARACTERIZATION OF C-GLYCOPEPTIDES 
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The incorporation of non-proteinogenic amino acids (NPAAs) into peptides is a well-established strategy 
to modulate their secondary structure and improve physicochemical properties. Previous studies 
suggest that both the number and distribution of NPAAs within the peptide sequence can significantly 
influence peptide conformation and intermolecular interactions.[1]  

We hypothesize that sterically demanding carbohydrate moieties bound directly to the C͈ atom of C-
glycosyl -͈amino acids can stabilize certain secondary structures, depending on their number, 
stereochemistry and positional arrangement within the peptide sequence. To investigate this, we 
developed a robust and highly diastereoselective strategy for the preparation of C-glycosyl- -͈amino acid 
monomers that is compatible with a wide range of carbohydrate substrates.[2] These building blocks were 
subsequently incorporated into peptides using Fmoc-based solid-phase peptide synthesis (SPPS). The 
resulting C-glycopeptides (Figure 1) were purified by RP-HPLC and structurally characterized by 1D and 
2D NMR spectroscopy and CD spectroscopy. 

This study systematically evaluates the effects of structural variations and incorporation patterns of C-
glycosyl ͈ -amino acids on peptide conformation through non-covalent interactions. We demonstrated 
that stereochemistry, glycosylation pattern, and positional arrangement of these amino acids 
predictably influence the stabilization of the secondary structure. 

 

Figure 1. (a) Hexapeptides incorporating C-glycosyl ͈ -amino acids synthesized by Fmoc-based solid-
phase peptide synthesis. (b) Proteinogenic ͈ -amino acids. (c) C-glycosyl donors. 
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Alzheimer's disease is a progressive neurodegenerative disorder characterized by significant cognitive 
impairment and memory loss.[1,2] This major global health concern is often linked to the cholinergic 
hypothesis, which proposes that a decline in acetylcholine signaling contributes to cognitive decline. 
Acetylcholine is a crucial neurotransmitter for learning, memory, and attention, and its activity is 
regulated by the enzymes acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Because 
AlzheimerќƚШ ĬŔƚĲċƚĲШ ŔŰƻŸũƻĲƚШ ŰĲƨƖŸŰċũШ ĬĲŊĲŰĲƖċƣŔŸŰШ ċŰĬШ ƖĲĬƨĦĲĬШ ċĦĲƣǃũĦőŸũŔŰĲШ ƓƖŸĬƨĦƣŔŸŰЯШ
cholinesterase inhibitors are used to increase acetylcholine levels and mitigate symptoms. 

To link experimentally measured reversible inhibition of AChE and BChE to the theoretical potential 
energy surfaces (PES) of the compounds, we developed inhibition/PES regression models. An extensive 
machine learning procedure for the generation and subsequent cross-validation of multivariate linear 
regression models with a linear combination of original variables as well as their higher-order polynomial 
terms was performed.[3] The best-performing models have been identified and will be presented. These 
activity/PES models can be used for accurate prediction of activities for new similar compounds based 
solely on their PESs, which will enable wider screening and guided search for new potential leads. Our 
results demonstrate that -͈benzoylamino acetamides represent a promising scaffold for the further 
optimization of novel cholinesterase inhibitors. 
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2022-10-9525: Target-guided synthesis of cholinesterase inhibitors supported by machine learning. 
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DEVELOPMENT OF LC-MS/MS METHOD FOR SIMULTANEOUS 
DETERMINATION OF THIAMINE, FOLIC ACID, AND NIACIN IN 
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The probiotics are typically defined as live microbial food additives that, when consumed in sufficient 
quantities, confer health benefits to the host.[1] Lactic acid bacteria (LAB), most commonly species from 
the Lactobacillus genus, along with Bifidobacterium species are among the most commonly used starter 
cultures for the fermentation of a wide range of foods. Their application enhances the safety, shelf life, 
nutritional value and overall quality of fermented products.[2] Although many LAB strains are auxotrophic 
for certain vitamins, laboratory studies suggest that Lactobacillus and Bifidobacterium strains possess 
the ability to synthesize water-soluble vitamins, particularly those from the B-vitamin group.[3,4] This 
characteristic is especially valuable because consuming LAB-fermented foods can serve as a dietary 
source of vitamins.[4]  

In this study, our goal was to develop an extraction protocol and sensitive LC-MS/MS quantification 
method for determination of thiamine, folic acid and niacin from a fermented milk food supplements 
containing Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus and 
Bifidobacterium lactis. Simultaneous determination of more water-soluble vitamins in one method is 
challenging due to the diverse structures and chemical properties of these compounds, their trace trace 
amounts of vitamins present, the complexity of the matrix, and additional issues such as light and heat 
instability, as well as solubility limitations. Various solvent mixures have been tested for the extraction 
of analytes and the best results were obtained in LLE extracion with 0.5 M TFA and hexane followed by 
protein precipitation. The analytical recoveries, determined using the internal standard addition method 
before and after extraction, were found to be satisfactory for all three analytes. Samples were analyzed 
on the Agilent QQQ LC-MS/MS in multiple ion monitoring (MRM) mode. The solvents used for the 
chromatographic analysis were 0.1 % FA in water and acetonitrile with gradient elution performed on 
Zorbax XDB C18 with flow rate of 0.3 mL/min.  
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ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜΡ 

QUANTITATIVE DETERMINATION OF THE CHIRAL COMPOUNDS IN 
THE SEA FENNEL ESSENTIAL OIL USING GC-MS/MS 
[ƖċŰťŸШ7ƨƖĨƨũ,* ,a ŰċШéƨĨċťЯa Kristina Jurlina,a ǍƖċШCƨũŸƻŔħЯb fƻŔĦċШ7ũċǏĲƻŔħЯb  

ÂĲƣƖċШ7ƖǍŸƻŔħЯc and fƻċŰċШ]ĲŰĲƖċũŔħШ~ĲťŔŰŔħc 

 a Department of Analytical and Environmental Chemistry, 
 b Department of Organic Chemistry,  
 c Department of Food Technology and Biotechnology,  
  Faculty of Chemistry and Technology, University of Split, Split, Croatia 

 franko@ktf-split.hr   

Sea fennel (Crithmum maritimum L.) is one of the most widespread perennial, facultative halophytes 
with a great ability to survive in saline environments and a well-developed mechanisms of adaptation to 
the Mediterranean climate.[1] Sea fennel essential oil is characterised by a high content of limonene and 
significant amounts of sabinene, ͐ -terpinene and terpinen-4-ol. This work aimed to develop and validate 
a method for quantification of limonene, sabinene, sabinene hydrate and terpinen-4-ol enantiomers, as 
well as achiral ͐ -terpinene. 

Gas chromatography hyphenated with tandem mass spectrometry (GC-MS/MS) is a suitable technique 
for qualitative and quantitative determination of volatile constituents in essential oils. Chiral standards 
of (1R, 5R)-(+)- and (1S, 5S)-(т)-sabinene, (R)-(+)- and (S)-(т)-limonene, (R)-(т)- and (S)-(+)-terpinen-4-ol, 
as well sabinene hydrate and ͐-terpinene were purchased for the preparation of the standard solutions 
using hexane as a solvent. Gas chromatography was applied to separate these compounds using a chiral 
CycloSil-B column and was optimized by changing the oven temperature program and the carrier gas 
(helium) flow. A triple quadrupole mass spectrometer, in MRM scan mode, was used to monitor specific 
fragmentation reactions (quantifier and two qualifiers for each compound). Mass spectrometry was 
optimized by determining the collision energy with nitrogen for each MRM transition. The developed 
method was validated according to the ICH guidelines and tested parameters were range, linearity, limit 
of detection, limit of quantification, accuracy, precision, specificity and system suitability.[2] 

The presented procedure was applied in the analysis of C. maritimum essential oil, showing that only 
(R)-(+)-limonene was present while (S)-(т)-limonene was not detected. Only one enantiomer was 
quantified in the case of sabinene, sabinene hydrate and ͐-terpinene. On the contrary, both enantiomers 
of terpinen-4-ol were identified with a higher amount of (S)-(+)-terpinen-4-ol compared to subsequently 
eluting (R)-(т)-terpinen-4-ol. 

Acknowledgements:  This work has been supported by the PRIMA program (supported by EU) under project 
SEAFENNEL4MED. 
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ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜΣ 

NUCLEOFUGALITY OF PHENYLSULFINATE LEAVING GROUP  
IN AQUEOUS ACETONE AND AQUEOUS ETHANOL 

~ŔċШ7ƨƜũŢĲƣċ, Bernard Denegri, and Mirela Matiħ 
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Understanding the reactivity of organic compounds and the structural factors that influence it is of 
fundamental importance in organic chemistry. The ability to predict reaction rates is particularly 
valuable when handling compounds during synthesis, purification and storage. The assessment of the 
solvolytic reactivity of compounds can reliably be estimated using the Mayr equation.[1] 

 log k (25 °C) = sf(Ef + Nf) (1) 

In the equation (1), k is a first-order rate constant, whereas Nf and sf are nucleofuge-specific parameters 
that define the heterolytic reactivity of a leaving group (nucleofuge) in some solvent. On the other hand, 
the Ef value refers to the heterolytic reactivity of an electrofuge and it does not depend on solvent. Using 
reference benzhydryl electrofuges with defined Ef parameters,[1] it is possible to determine Nf and sf 
values of leaving groups of various structures and functionalities over a very wide range of reactivity.[1,2,3] 

In order to determine the nucleofugality parameters of the phenylsulfinate leaving group in aqueous 
acetone and ethanol, a series of benzhydryl phenylsulfinates were synthesized and rate constants for 
solvolyses of substrates in 60 % acetone and 60 % ethanol (v/v) at 25 °C were measured using the 
conductometric method. The nucleofuge-specific parameters (Nf and sf) of phenylsulfinate were 
determined from logk/Ef plots using the Ef values of the reference benzhydryl electrofuges as defined by 
equation (1). Determined Nf parameters of phenylsulfinate allow comparison of heterolytic reactivity of 
this leaving group with reactivities of other leaving groups on the nucleofugality (Nf) scale. In addition, as 
in the case of other substrates bearing different leaving groups, rate constants and half-lives for 
solvolyses of various phenylsulfinates in aqueous acetone and ethanol at 25 °C can be predicted 
according to Equation (1) using existing Ef values[1,4] of corresponding electrofuges. 
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Figure 1. Solvolysis of substituted benzhydryl phenylsulfinates 
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ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜΤ 

DUALITY IN SN1 AND SN2 MECHANISMS IN REACTIONS  
OF BENZYL CHLORIDES WITH AMINES  

UNDER SOLVOLYTIC CONDITIONS 
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Reactions of unhindered primary benzylic substrates with various nucleophiles might be expected to 
proceed through a concerted SN2 displacement mechanism. However, as has been previously reported, 
these substrates react with some amine nucleophiles in aprotic solvents (nonsolvolytic conditions) 
simultaneously via both stepwise SN1 and concerted SN2 mechanisms if they are substituted by strong 
electron-donating substituents and contain very good leaving groups, such as tosylate and bromide.[1,2,3] 
In this study we set out to investigate the mechanism of the nucleophilic displacement reactions of 
activated benzyl derivatives bearing a moderately good leaving group (i.e., chloride) with piperidine (a 
strong nucleophile) and pyridine (a weak nucleophile) under solvolytic conditions (that is in a protic 
solvent). For that purpose, reaction rates at different concentrations of the mentioned nucleophiles were 
measured in 80 % aqueous ethanol (v/v) at 60 °C using the conductometric method.  

CH2Cl

X

X = 4-OCH3, 4-SCH3, 4-OC6H5, 3,4-di-CH3, 

       4-CH3, 4-C(CH3)3, 4-C6H5
 

Reactions of all activated benzyl chlorides with piperidine (a strong nucleophile) in aqueous ethanol 
followed the rate law in equation (1) with a nucleophile-independent term k1 and a nucleophile-
dependent term k2, indicating the duality of nucleophilic substitution mechanism. In addition, the 
Yukawa-Tsuno treatment of measured rates has confirmed that concurrent SN1 and SN2 pathways occur 
in the reaction with solvent and piperidine.  

 kobs = k1 + k2[Nucleophile] (1) 

Kinetic analysis further indicated that the most activated benzyl chlorides (X = 4-OCH3 and 4-SCH3) in 
the presence of pyridine (a weak nucleophile) reacted only with solvent by the SN1 mechanism. On the 
other hand, the nucleophilic displacement under solvolytic conditions of the less activated substrates 
in the presence of pyridine were shown to proceed simultaneously through the both concurrent 
mechanisms. 
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ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜΥ 

CONFORMATION AND SUPRAMOLECULAR STRUCTURES  
OF N-HETEROCYCLIC HYBRIDS BASED ON  

1,2,3-TRIAZOLE AND QUINOLINE 
Mario Cetina,a ÉŔũƻŔŢċШ~ċƖċĨŔħЯb and ÉŔũƻċŰċШÅċŔħШ~ċũŔħb 
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Quinoline is a key structural component in a variety of compounds with diverse applications, several of 
which exhibit strong cytostatic activity through multiple mechanisms, including DNA intercalation, 
apoptosis, abrogation of cell migration and others.[1,2] Additionally, the 1,2,3-triazoles became the 
heterocycle of choice in drug discovery, due to their favourable pharmacokinetic and safety profiles, 
hydrogen-bonding capability, moderate dipole moment, rigidity and stability under in vivo conditions.[3] 
Based on these considerations, we have synthesized 6-phenylquinoline derivatives featuring a 
trifluoromethyl group at the C-2 position, along with either an unsubstituted (1) or a p-halogen-
substituted (2-4) phenyl-1,2,3-triazole moiety (Figure 1). We succeeded to obtain single crystals of all 
compounds and their structures were determined by X-ray diffraction. Structures of non-substituted and 
p-chloro-substituted derivatives 1 and 2 were presented recently.[4] Herein, we will compare 
supramolecular structures of 3 and 4 with previously presented structures in order to determine how 
such small change in the molecular structure, i.e. replacement of hydrogen atom at C-4 position of the 
phenyl ring with halogen atoms, can affect their supramolecular assembling. Conformation of structures 
3 and 4 will be also compared with 1 and 2. 

3; R =

 2; R =

4; R =

 1; R =

 

Figure 1. Molecular structures of the N-heterocyclic hybrids based on  
quinoline and 1,2,3-triazole moieties 
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ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΜΦ 

DEVELOPMENT OF A DYE INGRESS TEST COMPARABLE  
TO MICROBIAL INGRESS FOR ASSESSING  

CONTAINER CLOSURE INTEGRITY  

xċƖċШ;ŔǏůĲť, [ŔũŔƓШÉƣŔƓŔħЯШfƻċШEƖċť, ċŰĬШ?ƨŰŢċШ7ŸǏŔħ 
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The role of a ƓőċƖůċĦĲƨƣŔĦċũШ ƓƖŸĬƨĦƣќƚШ ƓƖŔůċƖǃШ ƓċĦťċŊŔŰŊШ ŔƚШ ƣŸШ ƓƖŸƣĲĦƣШ ƣőĲШ ĬƖƨŊШ ŉƖŸůШoutside 
contaminants, enabling safe storage and transportation to patients. Defects in the packaging can have 
serious implications , potentially causing the drug to leak from the container, exposing the drug to 
external contaminants, moisture, and oxygen, thus ċŉŉĲĦƣŔŰŊШƣőĲШƓƖŸĬƨĦƣќƚШƚƣĲƖŔũŔƣǃШċŰĬШƚƣċĤŔũŔƣǃ. To 
ensure an adequate packaging system, leak testing is highly important during the development of new 
products and in stability studies, which assesses the integrity of the packaging across the entire shelf-
life of the drug. Because of the limitations associated with sterility testing (microbial ingress method), 
the use of various physical tests for confirming container-closure integrity (CCI) have been proposed.[1] 
One of these tests is a dye ingress method, which is performed under vacuuming conditions and is based 
on spectrophotometric measurements to determine the absence/presence of dye in vials. Positive 
control or defect creation methods most often include inserting a needle through the package wall or 
stopper since it represents an easy and inexpensive approach for creating larger size defects useful for 
test method feasibility studies.[2] However, positive controls for sterile products should be close to the 
microbial ingress limit of detection, whŔĦőШŔƚШċĤŸƨƣШΞΜШ͓ůЮ[3] 

In this study we have investigated two most used leak standards, pre-pulled glass micropipettes and 
fused-silica microcapillaries. The investigation included the use of different dyes, surfactant 
concentration, vacuum level and dwell time, ambient pressure dwell time, and different position and 
length of leak standards. Micropipette leaks with orifice diameter yielded good results under mild 
vacuum level and shorter dwell time, whereas microcapillaries with nominal diameters yielded 
significantly lower leak rates. Vacuum condition and dwell time had to be significantly higher and longer 
to achieve positive results with the use of microcapillaries. In addition, the length of microcapillaries had 
a great influence on dye ingress in tested vials. In conclusion, this study demonstrated that improved 
sensitivity and repeatability were achieved with micropipettes using standard vacuum parameters of 270 
mbar for 10 minutes and ambient pressure dwell time of 30 minutes, attributed to the orifice's minimal 
depth, which eliminated the impact of path length. Although determining the sensitivity of a method is 
challenging, usage of pre-pulled glass micropipettes as a leak standard makes the dye ingress method 
a reliable and time-efficient test method for evaluating container closure integrity.  
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INNOVATIVE GELLED EMULSIONS FOR GENERAL USE 
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Low molecular weight organic gelators are molecules capable of forming unidirectional self-assembled 
aggregates through no-covalent interactions and consequently preventing the flowing properties of the 
solvent used. These patent protected gelators show remarkable gelation efficiency in vegetable oils and 
emulsions, a thermal and mechanical stability, self-healing properties, a long period of stability and 
controlled simultaneous delivery of hydro and liposoluble bioactives. One such gelator is N-
butyloxalamido-L-phenylalanine amide (4-P) where the molecules are connected by strong 
intermolecular hydrogen bonds between planar oxalamide units.  

The rheological measurements performed on the gelled w/o emulsions of the chiral oxalamide 
compounds showed similar or even better viscoelastic properties compared to the vegetable oil gels. 
Figure 1. b) shows the amplitude sweep test of oil gels that contain 0.05, 0.1, 0.2, 0.5 and 1.0 wt% of 4-P 
gelator. Storage modulus (]ҋ) values of the gels were in the range from 50 to 55000 Pa. An increase in the 
concentration of the 4-P gelator led to higher yield point values, ranging from 2 to 40 Pa, and a lower loss 
factor (tan )͑, confirming that the gel containing 1.0 wt% of 4-P gelator shows the highest structural 
ordering. 

The research focused on the behavior of the ambidextrous 4-P gelator under varying water contents, as 
well as the determination of the rheological properties and morphology of w/o emulsions. 

 

 

Figure 1. a) 4-P gels of sunflower oil at 0.2 wt% with different amounts of water (10т50 % H2O); b) 
Amplitude sweep test of oil gels that contain 0.05, 0.1, 0.2, 0.5 and 1.0 wt% of 4-P gelator. 
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BINDING OF CARBOXYLATE ANIONS  
BY (THIO)UREA-CALIX[4]ARENES 
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Urea and thiourea macrocycles remain central to modern anion receptor design, offering strong, 
directional HȤbonding and sophisticated supramolecular behaviour.[1] In our recent work we have 
demonstrated that (thio)urea-calix[4]arenes exhibit multiple advantageous features: high affinity for 
various anions in acetonitrile,[2] controllable supramolecular dimer assemblies based on interactions 
with its carboxylic-calixarene counterpart,[3] and ion-pair binding displaying positive cooperativity.[4] In 
each case we devoted extensive efforts to perform detailed thermodynamic description of the systems. 
This included detection of higher-stoichiometry complexes and characterisation of several coupled 
processes, like proton transfer, ion-pairing and salt precipitation. 

In this study, we focused on the influence of structural variation among carboxylate anions 
(benzoate, acetate, fumarate, maleate) on the binding affinity of the investigated (thio)urea-calixarenes 
(Figure 1) in acetonitrile. Complexes of different stoichiometries (1:1, 2:1, 1:2) were observed and their 
stabilities were determined or assessed using UV, NMR, and ITC titrations. Special attention was 
devoted to the possibility of proton transfer from the receptor to the negatively charged guest, as well as 
from the water (present in the solvent) to the highly basic anions (maleates). 

 

 

Figure 1. (Thio)urea-calixarenes and carboxylate anions investigated in this study. 
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THE MECHANOCHEMICAL SYNTHESIS OF CO(III)-AMMINE 
HETEROPOLYOXOMOLYBDATES [XxMOmOy]nт  

(X = Al, Si, Ge or Te) 
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Polyoxometalates (POMs) represent a large and structurally diverse class of metal-oxo clusters 
characterized by their rich structural  topology and wide range of chemical and physical properties. The 
versatility in terms of their size, structure and redox activity makes them attractive candidates for 
numerous applications, including homogenous and heterogenous catalysis, biomedicine, and material 
sciences. A significant subclass of POMs comprises polyoxomolybdates (POMos), anionic molybdenum 
oxoclusters formed through the condensation of {MoO4} units. POMos containing exclusively 
molybdenum centers are classified as isopolyoxomolybdates, [MomOy]nт, whereas those incorporating 
an additional p-, d- or f-block metal heteroatom (X) are known as heteropolyoxomolybdates, [XxMomOy]nт

. The self-assembly of molybdate ion, [MoO4]2т, and its transformation into higher-nuclearity species, as 
well as their crystallization into ionic POMo structures is governed primarily by a combination of 
hydrogen bonding and electrostatic interactions. Complex cations have proven exceptionally useful in 
POMo synthesis: beyond simply balancing the charge, they participate in supramolecular interactions 
that guide the condensation of {MomOy} units, either by forming labile coordination complexes or through 
hydrogen bonding with reaction intermediates. These interactions contribute to templating, stabilization 
of polyoxomolybdate frameworks, and influence their reactivity, structural diversity, and 
supramolecular organization. In this work, we employed a mechanochemical synthesis approach 
involving liquid-assisted ball milling followed by vapor-assisted aging to prepare 
heteropolyoxomolybdates with aluminium, silicon, germanium, and tellurium as heteroatoms. We 
investigated reaction systems comprising molybdate ion, malonic acid, cobalt(III) complex cation 
([Co(en)3]3+, [Co(C2O4)(en)2]+, [Co(NH3)6]3+ or [Co(C2O4)(NH3)4]+) and a source of the selected p-block 
metal ion (Al3+, Si4+, Ge4+ or Te6+). By conducting the reactions in the solid state and varying the Co(III)-
ammine complex cations along with heterometal ion used, we successfully isolated several new 
[XxMomOy]nт species, as well as identified some of the reactions intermediates. All products were 
structurally characterized in means of single-crystal and powder X-ray diffraction. 
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H2S is an environmental pollutant, a colorless, flammable, and toxic gas with high toxicity. A 
concentration of 500 ppm  of H2S can cause respiratory disorders whereby the lethal dose of H2S is 1000 
ppmv. Moreover, H2S is involved in immune response, signal transduction, and energy production, while 
endogenous H2S plays a role in various physiological functions, including regulating blood pressure, 
neurotransmission, anti-inflammatory effects, vasodilation, antioxidation, and apoptosis. [1] Due to 
these facts, developing precise methods for monitoring and determining H2S is very important. A large 
number of methods for H2S detection have been developed, including gas chromatography, colorimetric 
assays, and fluorescent probes. The advantage of fluorescent probes is their non-destructive and 
sensitive nature, which is very important for selective determination of H2S.[2] The aim of this work implied 
the design of 1,8-naphthalimide based fluorescent probe containing azide group as recognition group for 
H2S detection. Prepared fluorescent probe was characterized using 1H, 13C NMR spectroscopy, and 
elemental analysis. Fluorescence spectra measurements were carried out, and several influences on 
fluorescence intensity were investigated, including pH, time dependence, selective response, and 
influence of H2S concentration. Finally, prepared fluorescent probe was successfully applied to detect 
H2S in a human serum sample whereby the accuracy of the H2S determination was confirmed with the 
standard addition method. 
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Pharmaceutical formulations are developed with strict controls  to minimize particulate matter, 
classified into visible and subvisible particles. The detectability and visibility thresholds depend on 
particle composition and testing conditions, with subvisible particles typically ranging from 2 т 100 µm.[1] 
As a critical quality attribute, subvisible particles require monitoring throughout product development. 
Pharmacopeial methods, such as light obscuration (LO) and microscopic particle count tests, are 
commonly used for particle quantification. However, flow imaging techniques, like Micro-Flow Imaging 
(MFI), enable detailed particle characterization by capturing individual microscopic images, providing 
insights into particle size distribution (PSD) and concentration at specified thresholds.[1,2] This study 
explores the operating principles of the MFI instrument and demonstrates how morphological particle 
parameters can enhance classification and characterization of subvisible particles in pharmaceutical 
products. 

 

Figure 1. Micro-flow imaging instrument configuration 
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Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) are important targets in the treatment of 
ŰĲƨƖŸĬĲŊĲŰĲƖċƣŔƻĲШĬŔƚĲċƚĲƚШƚƨĦőШċƚШ ũǍőĲŔůĲƖѣƚШċŰĬШÂċƖťŔŰƚŸŰќƚШĬŔƚĲċƚĲЮ[1] N- acylamino amides[2] have 
been reported to show noteworthy cholinesterase inhibitory activity. Thus, we synthesized novel N-
acylamino nicotinamides by employing the Ugi multicomponent reaction[3] with nicotinic acid, 
paraformaldehyde, isobutylamine, and tert-butyl isocyanide. The Ugi reaction was performed using 
microwave irradiation, solvent-free ball milling, liquid-assisted grinding (LAG) with a small amount of 
solvent, and conventional methods. Subsequent quaternization[4] of the nicotinamide pyridine nitrogen 
with benzyl or substituted benzyl bromides was also achieved using both microwave and conventional 
techniques. The resulting compounds were characterized using standard analytical methods (NMR, 
FTIR, HRMS) and their purity confirmed by HPLC. The synthesized -͎nicotinoylamino acetamide 
derivative exhibited BChE inhibitory activity (IC50 = 2.1 mM ± 0.3 mM), while its quaternary derivatives 
showed much stronger inhibition in micromolar and submicromolar range, measured using the Ellman 
method.[5] 
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In the development of new biomolecules based on conjugates of ferrocene and nucleobases, the focus 
is on mimicking the parent structure of nucleosides and preserving the potential biological activity of the 
prepared compounds. In these bioconjugates, ferrocene is usually bound as an N-substituent to a 
nitrogen-containing base, and the site at which it is bound determines the biological properties of the 
compound itself. In our previous research on the preparation of organometallic ferrocene derivatives, 
the regioselectivity of these reactions, which included both pyrimidine and purine bases, was tested. The 
bioconjugates were prepared by the reaction of ferrocenoyl chloride with the deprotonating agent 
sodium hydride in dimethylformamide. This reaction is regiospecific for pyrimidine derivatives with the 
formation of only N1 isomers,[1] whereas purine derivatives exhibit different regioselectivity of the N7 and 
N9 isomers formed. By using a suitable substituent at the C6 position in the purine ring, the ratio of the 
isomeric products N7 and N9 can be adjusted, i.e. the regioselectivity of the ferrocenoylation reaction 
can be modulated. [2] In the continuation of research on pyrimidine derivatives, NaH was replaced by Et3N 
and DMF by CH3CN, leading to the formation of N1,N3 derivatives in addition to N1-copulates. [3]  

The research in this presentation is related to purine derivatives, focusing on the regioselectivity under 
the above-mentioned reaction conditions and the effect of substituents at the C2 and C6 positions (Fig. 
1). Regioselectivity is monitored in situ during the reaction using NMR techniques and isolation of the 
final products. 
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Figure 1. Reaction products of ferrocenoylation of derivatives of purine bases (Fc = ferrocenyl). 
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Coordination compounds of transition metals with heterocyclic nitrogen ligands, such as 2,2'-bipyridine, 
have been the subject of intense research in recent years due to their structural diversity, chemical 
stability and biological activity, including antitumor activity. In particular, copper(II) complexes are 
characterized by their involvement in oxidative stress, their potential cytotoxicity and their relatively low 
toxicity towards healthy cells compared to classical cytostatics.[1,2] This work describes the synthesis 
and characterization of novel ternary copper(II) complexes obtained from copper(II) nitrate and chloride 
in the presence of 2,2'-bipyridine as an auxiliary ligand. After synthesis, the complexes were subjected 
to detailed structural characterization by FT-IR and UV-Vis spectroscopy and single crystal X-ray 
diffract ion. The thermal properties and stability were investigated by thermogravimetric analysis (TGA) 
and differential scanning calorimetry (DSC). The biological evaluation includes in vitro cytotoxicity tests 
against the human liver cancer cell line HepG2, with a focus on selectivity against tumor cells. 
Comparison of the results will identify structural characteristics that contribute to both biological 
activity and thermal stability, making these complexes promising candidates for further development as 
copper-based anticancer agents. 
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An increase of carbon dioxide (CO2) in nature has prompted researchers to design effective and selective 
functional materials for CO2 capture. In previous studies, we investigated azo-linked porphyrin-based 
porous organic polymers (POPs), which are promising candidates for CO2 capture due to nitrogen-rich 
functionalities which could facilitate interactions with CO2. Additionally, the variety of linear and trigonal 
spacers allows for fine-tune of CO2 adsorption abilities.[1] Our research has progressed computationally 
with the implementation of sterically hindered and functional ized spacers as units that are connected to 
porphyrin building blocks through azo linkages, forming 2D frameworks. Crystal structures were optimized 

using periodic DFT methods in the CRYSTAL23 program. These optimized structures were subjected to grand-

canonical Monte Carlo (GCMC) simulations in the RASPA program and adsorption isotherms were compared. 

The distribution of CO2 molecules within the examined structures was visualized, and the obtained data was 

compared with the results of the electrostatic potential analysis. Based on the findings, we identified potential 

candidates for selective CO2 capture and further examined the stability and CO2 adsorption at different 

neighboring stacking configurations.[2] Finally, the calculated CO2 uptake values were compared with 

experimental data. These results demonstrate that periodic DFT calculations and GCMC simulations can be 

used to analyze, compare and predict CO2 adsorption properties of POPs. 

 

Figure 1. Strategic design of porous organic polymers for CO2 capture. 
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Biomimetic nanomaterials, which mimic the structure and function of natural biological systems, 
represent a versatile platform for a broad range of biomedical applications, including targeted drug 
delivery and the investigation of hostтpathogen interactions.[1] Peptidoglycan (PG), a major component 
of bacterial cell walls, plays a pivotal role in bacterial viability and in activating the host innate immune 
response. Due to its absence in higher organisms, PG represents a prototypical pathogen-associated 
molecular pattern (PAMP) recognized by pattern recognition receptors (PRRs). The peptidoglycan 
monomer (PGM), GlcNAc-MurNAc-L-Ala-D-isoGln-meso? Âы͌- cЋь-D-Ala-D-Ala, isolated from B. 
divaricatum, has demonstrated significant biological activity and serves as a promising molecular 
scaffold for the development of novel immunomodulatory and antimicrobial agents.[2]  

This study focuses on the design and synthesis of biomimetic nanomaterials functionalized with PGM 
and the investigation of their interactions with lectins. Liposomes and gold nanoparticles functionalized 
with PGM were prepared to enable multivalent glycan presentation for targeted interaction with specific 
lectins, aiming to elucidate structureтactivity relationships. To explore these interactions, 
complementary label-free biophysical techniques, including isothermal titration calorimetry (ITC) and 
surface plasmon resonance (SPR), were employed to determine binding kinetics and thermodynamic 
parameters. The results will deepen our understanding of how nanoscale glycan organization influences 
specific lectin interactions, thereby enhancing our insight into hostтpathogen dynamics and directly 
supporting the development of novel antimicrobial and immunomodulatory strategies based on 
biomimetic nanomaterials. 
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Macrocyclic hydrazides represent a group of compounds with donor atoms capable of forming multiple 
non-covalent interactions with host species. The hydrazide group also displays tautomerism depending 
on the solvent and pH, which can be used to optimize electrochemical properties. The herein presented 
hydrazide macrocycle, was prepared using a hydrazine derivative of pyridine-2,6-dicarboxylic acid and 
dialdehydes previously prepared by our group.[1] The structural features of the prepared compound was 
investigated using FT-IR, NMR, and MS spectroscopy. The cyclic voltammetry was used to study the 
electrochemical properties in Tris-HCl buffer.[2] In cyclic voltammograms recorded at three different pH 
values (pH = 7, 8, and 9), one oxidation peak (A1) of the investigated macrocyclic compound was 
observed, corresponding to the oxidation of NH groups. The oxidation peak current decreased with 
successive scans at all investigated pH values, indicating that the oxidation product of the macrocyclic 
compound is adsorbed at the glassy carbon electrode surface. It was observed that the oxidation peak 
potential of the investigated compound decreases with an increase in the pH value from Ep,a = 0.91 V (at 
pH = 7) to Ep,a = 0.85 V (at pH = 9). 

 

Figure 1. Cyclic voltammograms of Tris-HCl buffer (Ƶ) and macrocyclic compound recorded in Tris-
HCl buffer: pH = 7 (Ƶ), 8 (Ƶ), and 9 (Ƶ). Scan rate, n = 100 mV/s. Inset figure shows presumed 

structure of macrocyclic compound.  
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WITH SELF-ASSEMBLED HOST-GUEST SYSTEMS 

[ŔũŔƓШ]ƖĬŸƻŔħ, Zoran Kokan, and ÉƖĲħťŸШfЮШuŔƖŔŰ 

  ÅƨįĲƖШ7ŸƜťŸƻŔħШfŰƚƣŔƣƨƣĲЯШ?ŔƻŔƚŔŸŰШŸŉШ~ċƣĲƖŔċũƚШ9őĲůŔƚƣƖǃЯ Laboratory for solid state and complex compounds 
ĦőĲůŔƚƣƖǃЯШ7ŔŢĲŰŔĨťċШĦĲƚƣċШΡΠЯ 10 000 Zagreb 

 Filip.Grdovic@irb.hr  

Coordination cages with transition metals are advanced supramolecular structures with broad potential 
in catalysis, sensing, molecular recognition, and selective extraction.[1] Their properties depend on the 
metal centers and ligand design, allowing fine-tuning of geometry and function. These cages often 
contain multiple metal nodes capable of catalyzing various reactions. A key feature is their ability to 
encapsulate chiral guests, which can induce chirality in the host via noncovalent interactions, enabling 
enantioselective catalysis. However, no examples have yet shown the metal centers themselves acting 
as catalytic sites influenced by chiral guests.[2,3] 

In this study, a series of achiral 1,3,5-benzenetricarboxamide based phosphine ligands framework were 
designed and synthesized (Figure 1.)ЮШÑőĲƚĲШũŔŊċŰĬƚШƓŸƚƚĲƚƚШ9Ќ-symmetric geometry, promoting self-
assembly and facilitating the formation of supramolecular architectures. Furthermore, achiral and chiral 
guest molecules were prepared to explore non-covalent interactions within the system. Various 
transition metal complexes with e.g. Pd(II), Pt(II), Rh(I), and Zn(II) were prepared and characterized having 
different metal-to-ligand ratios. Rhodium-based complexes demonstrated a clear capacity for guest-to-
metal chiral induction upon interaction with chiral guest molecules. All synthesized compounds were 
characterized using a suite of analytical techniques, including NMR, IR, MS and UV-Vis spectroscopy. A 
series of catalytic hydrogenation reactions of model substrates were carried out using the in-situ 
prepared rhodium complexes in the presence of chiral guest molecules. Enantiomeric excess of the 
hydrogenation products was determined by gas chromatography on chiral stationary phase. 

 

Figure 1. Ligands, guests, model reactions, and CD/UV-Vis spectra indicating chiral induction at 
rhodium cation. 
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Ion-selective electrodes (ISEs) are widely used analytical tools for the determination of specific ions in 
complex matrices due to their simplicity, selectivity, and low cost.[1] Recent developments in materials 
science and digital fabrication have opened new opportunities for redesigning ISEs using modern 
manufacturing techniques.[2] Among these, 3D printing offers a modern and flexible approach that allows 
for rapid prototyping, customization, and scalable production of electrochemical sensors. This shift in 
fabrication methodology opens new possibilities for designing cost-effective and high-performing ISE 
systems.[3] In this study, we present a novel application of 3D printing in the development of ISE for the 
determination of potassium ions, featuring improved functionality and a simplified membrane 
composition.  The electrodes were fabricated using masked stereolithography (MSLA), a high-resolution 
resin 3D printing technique that uses an LCD screen to selectively cure each photopolymer layer. Our 
electrodes consist of three main components: potassium tetraphenylborate, silver sulfide or graphite, 
and industrial ABS. All measurements were performed in a 0.1 M solution of KNO3. Membranes were 
tested both without and with the addition of ZnO nanoparticles, and the results demonstrated that the 
incorporation of ZnO NPs significantly improved the slope of the calibration curve. Also, membranes 
containing graphite instead of Ag2S as charge transfer material showed high responsiveness, with 
potential readings stabilizing within 3 to 7 seconds over a concentration range between 4.88 × 10ϖИШůŸũШ
Lϖ¹ and 1.00 × 10ϖ² mol Lϖ¹. Our results demonstrate a near-Nernstian behaviour, with slopes 
approaching the theoretical value of т59.2 mV per decade for monovalent cations and correlation factors 
exceeding 0.99. To ensure accuracy and reproducibility, each membrane was tested five times, 
confirming consistent and reliable electrode responses. The ion-selective membranes feature a simple 
and cost-effective design, avoiding the need for multiple complex components. In addition to their 
reliable analytical performance, the electrodes can be easily fabricated in large quantities using additive 
manufacturing techniques, offering a cost-effective and scalable solution. Moreover, they exhibit 
excellent long-term stability, with a functional lifetime exceeding one year. 
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In the past decade, interest in magnetic hyperthermia has increased considerably. This method of cancer 
treatment exploits the greater sensitivity of tumor tissues to heat compared to healthy tissues by using 
thermal energy generated from the relaxation of superparamagnetic nanoparticles in an external alternating 
magnetic fieldуnamely, Néel and Brownian relaxation mechanisms. Effective hyperthermia requires raising 
the tissue temperature to between 41°C and 45°C, which can activate various cellular responses. The 
heating efficiency is commonly quantified using the specific absorption rate (SAR), defined as the amount of 
energy converted to heat per unit mass of magnetic material per unit time. SAR depends on both the 
amplitude and frequency of the applied magnetic field.[1]  

In this study, we examined the effects of phase composition and particle morphology of different iron-oxide 
nanoparticles on SAR values in different dispersing media. Feroxyhyte and magnetite nanoparticles were 
ƚǃŰƣőĲƚŔǍĲĬШƣőƖŸƨŊőШ͊-irradiation of deoxygenated precursor solutions containing Fe(III), 2-propanol, and 
DEAE-dextran hydrochloride (M.W. 500,000). Gamma irradiation of aqueous solutions generates hydrated 
electrons (eϖq), serving as the primary reducing agent to convert Fe(III) to Fe(II) with 2-propanol acting as a 
scavenger of oxidizing hydroxyl radicals. This method avoids the use of toxic and environmentally harmful 
chemical reducing agents.[2] Spherical magnetite nanoparticles were obtained by irradiating a 20 % 
Fe/polymer (w/w) solution at 50kGy, while feroxyhyte nanodiscs were produced from a 5% Fe/polymer (w/w) 
solution irradiated at 75kGy (higher reducing conditions). The resulting particles were washed and dried. 
Feroxyhyte nanoparticles were further annealed in a hydrogen atmosphere to produce magnetite nanodiscs. 
Scanning electron microscopy (SEM) revealed distinct morphological differences between the nanoparticle 
types. The reduction degree, given by the [Fe²ϕ]/([Fe²ϕ]+[Fe³ϕ]) ratio, was measured using UV-VIS 
spectrophotometry with the 1,10-phenanthroline method. X-ray diffraction (XRD) confirmed the presence of 
magnetite or feroxyhyte phases depending on the irradiation dose. Mössbauer spectroscopy and SQUID 
magnetometry verified the superparamagnetic behavior of the nanoparticles and showed that their magnetic 
properties were influenced by all examined parameters. SAR measurements, conducted across a range of 
frequencies and field strengths, indicated that both the iron oxide phase and nanoparticle morphology play a 
significant role in determining heating efficiency. 
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Unlike conventional single-chain surfactants, dimeric surfactants are made up of two amphiphilic 
moieties covalently linked by a spacer group.[1] Combining metal ions and surfactants can yield unique 
compoundsуmetallosurfactants. In this work, the dimeric metallosurfactant, bis(N,N-dimethyl-N-
dodecyl)ethylene-1,2-diammonium tetrabromozincate (II), denoted as (12-2-12)[ZnBr4] was 
synthesized.[2] The conductometry and tensiometry measurements showed that (12-2-ΝΞьяüŰ7ƖЍѐШ
displays enhanced physicochemical properties compared to the precursor surfactant. In combination 
with alginate, (12-2-12)[ZnBr4] was then used to prepare coatings on stainless steel surfaces by 
airbrushing. Scanning electron microscopy was used for surface imaging of the coatings, while surface 
roughness was determined by profilometry. Peel-off and scratch tests were also conducted to evaluate 
the adhesion and cohesion of the coatings. SEM images showed that the stainless-steel surfaces were 
only partially covered, exhibiting an island-like morphology. Furthermore, peel-off test results indicated 
that the coatings adhered well to the substrate surface, and scratch test results revealed that the 
coatings could withstand a continuously increasing load of up to 20 mN. Additionally, preliminary 
antibacterial tests showed promising results. 

 

Figure 1. Graphical abstract. 
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Butyrylcholinesterase (BChE) is increasingly recognized as a key enzyme in the later stages of 
ũǍőĲŔůĲƖќƚШĬŔƚĲċƚĲЯШƽőĲƖĲШŔƣƚШċĦƣŔƻŔƣǃШƖŔƚĲƚШƣŸШĦŸůƓĲŰƚċƣĲШŉŸƖШƣőĲШĬĲĦũŔŰĲШŔŰШċĦĲƣǃũĦőŸũinesterase.[1] This 

study explores the binding of a series of small heterocyclesуin this case, 3-membered ringsуwithin the 
active site of BChE using quantum chemical molecular docking techniques. These heterocycles are 
investigated as building blocks for larger and more complex molecules. 

Docking was performed in multiple phases: initially, each ligand was docked individually, and its binding 
energy was estimated. This was followed by multiligand docking simulations with two or more, the same 
or different, small molecules simultaneously docked into the active site. This approach aims to 
investigate the overall potential for synergistic effects and multiple occupancy, while also finding the 
best spatial arrangement within the extended active site.[2] To ensure a comprehensive exploration of 
spatial binding possibilities, configurational sampling for up to 100,000 different configurations was 
performed for each combination of ligands. Following this, parallel processing of output data was 
performed, including geometry optimizations and binding energy calculations. The results suggest that 
stable multiligand binding of these small molecules is possible within the BChE active site, with certain 
configurations displaying potentially enhanced affinity compared to single-ligand binding. Future work 
will include testing combinations of larger heterocycles to evaluate cooperative or competitive 
interactions. 

 

Figure 1. Workflow of a multiligand quantum chemical molecular docking study of  
three-membered heterocycles into the BChE active site. 
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Nanoparticles have already been applied in various fields, including food, drug and cosmetic industry, 
catalysis, medicine, and environmental protection.[1,2] Among them, silica and titania nanoparticles are 
most commonly used due to their wide availability and the variety of sizes and shapes. Depending on 
their application, it is important to study how nanoparticles interact with simple salts as well as with 
synthetic and natural oligomers and polymers.[3] In this study, we investigated the adsorption behavior 
of the synthetic polymer poly(N-ethyl-2-vinylpyridinium bromide) (PE2VP) on both silica nanoparticles 
ċŰĬШŉũċƣШƚƨƖŉċĦĲƚШыÉŔ§ЋШŉŔũůƚШŸŰШƚŔũŔĦŸŰШƽċŉĲƖƚьЮШìĲШŸĤƚĲƖƻĲĬШƣőċƣШƣőĲШůċǂŔůƨůШƚƨƖŉċĦĲШĦŸŰĦĲŰƣƖċƣŔŸŰШ
of PE2VP increased by approximately 20% when the salt concentration was raised by two orders of 
magnitude. Simultaneously, the adsorption constant increased by three orders of magnitude. For flat 
surfaces, the thickness of the silica layer (ranging from 2 nm to 160 nm) did not significantly affect the 
thickness of the adsorbed polymer layer. Instead, the adsorption was more strongly influenced by 
factors such as the surface cleaning method and the duration of the adsorption process. 

 

Figure 1. Adsorption isotherm of PE2VP on silica nanoparticles (͐ (SiO2) = 1 g dmт3) at pH Ӈ 11, q =25 °C 
and two different NaCl concentration. 
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Silver nanoparticles (AgNPs) have been widely studied for their remarkable plasmonic properties, which 
enable their use in diverse applications such as chemical sensing, biomedical imaging, and catalysis.[1,2] 
Among these, their role in surface-enhanced Raman scattering spectroscopy (SERS) is especially 
prominent, as they are known to be among the most effective nanostructures for Raman signal 
enhancement due to their ability to support strong localized surface plasmon resonances.[3] 

In this study, silver nanoparticles modified with adsorbed chloride ions were synthesized and evaluated 
as SERS-active substrates. Chloride ions are known to influence nanoparticle behavior by affecting 
aggregation, surface charge, and molecular adsorption. Those factors are closely tied to SERS 
performance.[4] The SERS activity of these modified nanoparticles was tested using standard model 
molecule rhodamine 6G. By varying the amount of adsorbed chloride ions, it was examined how surface 
modification impacts both the enhancement of Raman signals and the underlying surface interactions. 
Key physicochemical characteristics, particularly the electrokinetic potential, were analyzed to assess 
changes in surface properties and colloidal stability.  

This work underscores the importance of controlled surface chemistry in tuning the performance of 
silver-based SERS substrates. The study contributes to the ongoing development of reliable, sensitive, 
and customizable nanomaterials for future analytical and diagnostic applications. 
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Nitrosamines in pharmaceutical products have recently become a major concern for regulatory 
authorities due to their potential carcinogenicity, leading to stringent requirements for risk assessment 
and analytical testing.[1] This study presents a comprehensive evaluation of nitrosamine formation risks 
in an ophthalmic formulation containing two active pharmaceutical ingredients (APIs) т dorzolamide 
hydrochloride (1) and timolol maleate (2) (Figure 1), where N-nitrosamines related to the structures of 
these active substances can potentially be formed. The potential formation of N-nitroso Timolol and N-
nitroso Dorzolamide was assessed, by considering the presence of the potential nitrosatable amine 
moiety in the two APIs' structures, as well as the possibility of N-nitrosomorpholine formation during the 
API synthesis. All formulation components, including excipients, purified water, packaging, as well as 
the manufacturing process were evaluated, revealing that there are no significant contributors to the 
nitrosamine impurities formation. Developed analytical methods were validated to quantify the relevant 
nitrosamines. Analytical methods were developed and validated to detect the presence of the targeted 
nitrosamines and to quantify them if their presence is confirmed above the LOD levels of the instrument 
abilities. Results showed that N-nitroso Timolol was below the limit of quantification (LOQ), while N-
nitroso Dorzolamide was detected at a level of 10 % of the established specification limit for this targeted 
nitrosamine, indicating an acceptable safety margin. These findings underscore the importance of the 
integrated risk assessments combined with experimental data to ensure the quality and safety of 
pharmaceutical drug products (human medicines) in the light of nitrosamine contamination concerns. 

 

Figure 1. Active pharmaceutical ingredients in this work. 
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Quaternary phosphonium salts (QPSs) are a fundamental class of organophosphorus compounds, 
which have been applied as important reagents in synthetic chemistry.[1] Although, organic 
phosphonium salts are electrophilic species and the positive charge on phosphorus could enhance the 
electrophilicity or acidity of its substituents because of the inductive effect, the substituent on the 
phosphorus can act as a nucleophile for the construction of C-C bond while initiated by another 
appropriate nucleophile.  

Nucleofugalities (the leaving group abilities) of triphenylphosphine (Ph3P) in various solvents have been 
derived from the SN1 solvolysis rate constants of the corresponding ferrocenylphenylmethyl-
triphenylphosphonium salts (Figure 1) by applying the Linear Free Energy Relationship (LFER) equation: 
log k (25 ºC) = sf (Ef + Nf).[2] In this equation k is a first order rate constant for SN1 reaction at 25°C, sf (the 
slope of the log k/Ef correlation line) and Nf (nucleofugality, the negative intercept on the abscissa of the 
log k/Ef correlation line) are nucleofuge specific parameters, while Ef is the electofugality parameter of 
the corresponding ferrocenylphenylmethyl cations determined earlier.[3]  

On the nucleofugality scale developed in line with LFER equation triphenylphosphine is the weakest 
neutral nucleofuge (the poorest neutral leaving group). Because of solvation in the reactant ground state, 
the reactivity of triphenylphosphonium salts slowly decreases as the polarity of the solvent increase. The 
impact of the phenyl group in ferrocenylphenylmethylium derivatives on stabilization of the positive 
ĦőċƖŊĲШŔƚШĤċũċŰĦĲĬШĤǃШƣőĲШ͈-ferrocenyl group and due to the rate effect of the substituents on the phenyl 
ring is suppressed. 

 

Figure 1. Solvolysis of ferrocenylphenylmethyltriphenylphosphonium salts. 
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The first step in solvolytic reactions that follow the SN1 route involves the heterolytic cleavage of the 
carbon-leaving group (LG) bond and formation of the carbocation intermediate (electrofuge) and the free 
leaving group (nucleofuge). Nucleofugalities or the leaving group abilities have been derived from the SN1 
solvolysis rate constants of the corresponding substrates by applying the Linear Free Energy 
Relationship (LFER) equation: log k (25 °C) = sf (Ef + Nf).[1] From the log k versus Ef plots (LFER equation) 
using of the corresponding benzhydryl and ferrocenylphenylmethyl neutral and positively charged 
substrates, the nucleofuge specific parameters (Nf and sf) of large number of the anionic and neutral 
leaving groups were determined.[1т3]  

Up to now, the least reactive neutral nucleofuges on the nucleofugality scale developed in line with LFER 
equation have been pyridines (Figure 1). Given that the difference in Nf of one unit corresponds 
approximately to a reactivity difference in an order of magnitude, triphenylphosphines are less reactive 
leaving groups than pyridines by about an order of magnitude of three. Because of their low reactivity, 
numerous triphenylphosphonium salts are more stable in various solvents under normal conditions by 
comparison with corresponding sulfonium and pyridinium salts. 

 

Figure 1. Comparison of the nucleofugalities of some neutral leaving groups in various solvents. Binary 
solvents are given as v/v; AN = acetonitrile, M = methanol, and W = water. DMS = dimethylsulfide.[2] Py = 

pyridine.[3] 
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Amine containing polymers such as polyallylamine proved to be biologically active[1] and are known as 
gene vectors or as antimicrobial materials,[2] still cytotoxicity can be an issue. Recent studies included 
succinylation of polyallylamine, however sometimes with complete loss of antimicrobial activity.[1] Two 
novel polymer conjugates comprised of an N-hydroxysuccinamide conjugated to polyallylamine 
hydrochloride (PAA), were prepared via aminolysis of N-hydroxysuccinimide (NHS) in aqueous 
conditions at pH > 9. NHS was added in molar ratios of 1:1 (n-PAA1) and 1:10 (n-PAA10) relative to PAA 
(Figure 1).  

The PAA derivatives were characterized using NMR and IR spectroscopy, and charge analysis was 
performed by potentiometric and polyelectrolyte titration. n-PAA10 showed antimicrobial activity 
against Staphylococcus Aureus and Pseudomonas Aeruginosa, with MIC values ranging from 0.08 to 
0.016 mg/mL.  

 

Figure 1. Preparation and investigations on polymer conjugates within this work. 
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Mechanochemistry was recognized by IUPAC in 2019 as one of the top ten emerging technologies in 
chemistry that will change the world. Today, mechanochemistry is acknowledged as a sustainable and 
solvent-free alternative to traditional synthesis.[1,2] Guanidines are fascinating molecules well known 
because of their superbasicity and ability to form hydrogen bonds. Mercury-based reagents are often 
used as desulfurization reagents in guanidine synthesis. However, the toxicity of these reagents is a 
serious drawback. This reason inspired us to replace it with safer metal salts, such as iron, copper, silver 
or bismuth as a greener alternative.[3-5] The aim of this study is to investigate the mechanochemical route 
to trisubstituted guanidines with potential application in anion sensing. 

 
Scheme 1. General reaction scheme.  

 
Figure 1. Schematic representation of the general synthetic procedure for the preparation of 

trisubstituted guanidines. 
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Imidazole derivatives are important  compounds in heterocyclic chemistry due to their various biological 
activities, which have led to the development of many commercial drugs and pesticides.  However, in 
the field of plant protection, only a limited number of these compounds have been approved by the 
European Commission due to their potential negative ecological impacts.[1] Imidazole-based ionic 
liquids (ILs) are popular in both chemistry and industrial processes because of their simple preparation, 
numerous modification possibilities, thermal stability, good water solubility, and low vapor pressure. 
Nevertheless, there are concerns regarding their environmental accumulation and the risks related to 
the aquatic and non-target species toxicity.[2] A rational approach using computational methods is 
recommended when designing ILs with specific properties in order to fine-tune their molecular structure 
for desired purpose. In this study, we estimated ecotoxicological parameters for a series of proposed 
imidazole ILs, changing the length of the alkyl side chains attached to the imidazole ring (Figure 1). As 
anticipated, longer alkyl chains reduced water solubility and increased lipophilicity of the ILs. Other 
observed properties, including pesticide-likeness, toxicity to algae and daphnia, toxicity to earthworms, 
bioconcentration, and persistence in water, sediment and soil, suggest that the optimal alkyl side chain 
length for this type of imidazole ILs is four carbon atoms. 

 

Figure 1. General structure of proposed imidazole-based ionic liquids 
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Lavender is one of the most appreciated aromatic plants, with high economic value in food, cosmetics, 
and other industries. The innovative and green approaches like microwave, and subcritical water or CO2 
extraction, significantly reduces energy consumption, shortens extraction time, and enhances both the 
yield and quality of essential oils and other plant extracts. These benefits firmly establish supercritical 
CO2 extraction as a highly sustainable extraction technology т green technology.[1,2] 

The aim of this study was to determine the variability in the chemical composition and quality of Lavanda 
Gdinj and Trilj extracts, derived from lavender flowers (Lavandula angustifolia and Lavandula hybrida 
[intermedia]) produced using supercritical CO2 extraction. The study focused on analyzing the volatile 
compounds in the supercritical extracts through gas chromatography-mass spectrometry (GC-MS) to 
assess their commercial suitability. The results revealed the chemical composition of the extracts, 
highlighting variations between the two varieties, with particular attention to key aromatic compounds 
such as linalool, linalyl acetate, and borneol, which are known for their biological activity. The study 
discussed differences in volatile compound content. This research demonstrates the potential of 
lavender extracts as high-quality products obtained using the green technology of supercritical CO2 
extraction. 
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Among many potential and realized applications of calixarenes, a variety of their fluorescent derivatives 
have been proposed as sensitive receptors for diverse species.[1] Nevertheless, it has been believed that 
these macrocycles cannot be used as effective fluorescent sensors without incorporating luminescent 
moieties in their structures.[2] In this work, however, it was proven that rather simple calix[n]arene 
derivatives (n = 4, 6, Figure 1) with no intentionally introduced fluorophores can be successfully 
employed for fluorimetric cation sensing due to their intrinsic fluorescence. Although the luminescence 
of these compounds was low to moderate, the cation-binding induced fluorescence changes were 
shown to be substantial. That allowed for the quantitative monitoring of the corresponding complexation 
reactions in water, methanol, and acetonitrile by spectrofluorimetry, at much lower concentrations than 
those typically required by other commonly used techniques. It also enabled the determination of quite 
high complex stability constants by means of direct fluorimetric titrations, thereby avoiding time- and 
material-consuming competitive experiments which inevitably introduce additional uncertainty into the 
resulting equilibrium constant values. To find out the relation between the fluorescence responses upon 
cation binding by calixarene 2 and its monomeric structural component 4, the cation complexation by 
the latter compound was studied as well. In addition, the results of excited-state lifetime measurements 
and quantum chemical calculations provided insight into the emission mechanisms and explained the 
differences between photophysical properties of the ligands and their cation complexes. 

 
Figure 1. Structures of investigated calixarenes. 
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Molecular crystals have played a central role in the development of electronics, photonics, and 
materials science due to their unique electronic and optical properties.[1] However, their broader use and 
commercialization are often constrained by mechanical fragility and other performance limitations. 
These challenges have driven the search for next-generation molecular materials with improved 
performance and tunable properties. Crystal engineering offers a powerful approach, enabling the 
rational design and synthesis of molecular crystals by manipulating crystal packing and intermolecular 
interactions. A better understanding of these structural factors enables the fine-tuning of properties to 
suit specific applications. Special attention is given to polymorphism, where compounds with identical 
chemical compositions adopt distinct crystal packing arrangements, resulting in distinct mechanical 
behaviors. For example,  
4-bromophenyl 4-bromobenzoate exhibits two polymorphs т one brittle and one elastic т highlighting the 
significant impact of packing variations on mechanical response.[2] This study investigates the 
relationship between crystal structure and mechanical properties in para-halogenated phenyl 
benzoates using periodic DFT calculations implemented in the CRYSTAL23 program. A series of 
derivatives with different para-substituted halogens were examined to assess how minor structural 
modifications influence molecular packing and mechanical behavior. Optimized crystal structures and 
interaction energies along specific crystal planes were analyzed, followed by virtual tensile tests to 
evaluate elastic responses. The 3D shapes of òŸƨŰŊќƚ modulus and the 2D cross-sections perpendicular 
to specific crystal directions further enhance our understanding of the structural features leading to 
mechanically pliable materials. 

 

Figure 1. 3D representations of Young's modulus for two polymorphs: elastic and brittle. 
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Among the top 200 small molecule drugs by retail sales in 2024, 71 of them contain polycyclic 
skeletons.[1] Usually, synthesis of these structures includes multiple -step routes and expensive starting 
materials. On the other hand, aromatic compounds as cheap and readily available bulk chemical 
feedstock provide direct access. Traditionally, reactions of aromatic compounds are restricted by their 
aromaticity and are limited to reactions where it is preserved. Dearomatization reactions allow for 
escape from these restrictions and forging of sophisticated three-dimensional molecular topologies. By 
taking inspiration from known drugs and bioactive natural products, organocatalytic asymmetric 
dearomatization (OCADA) reactions are being developed. 

Azomethine ylides are readily employed in 1,3-dipolar cycloadditions for the construction of highly 
substituted heterocycles.[2] ÖƚƨċũũǃЯШċǍŸůĲƣőŔŰĲШǃũŔĬĲƚШċƖĲШŊĲŰĲƖċƣĲĬШŉƖŸůШ͈-iminoesters during the 
reaction course. On the other hand, their isoquinolinium derivatives are bench stable chemicals. In 
2011, Carillo, Vicario et al. reported enantioselective [3+2] cycloaddition of isoquinolinium methylides 
with ͈Я͉-unsaturated carbonyl compounds.[3] We aim to develop chiral PTC (phase-transfer catalyst) 
mediated OCADA [3+3] cycloaddition reactions ĤĲƣƽĲĲŰШ ŔƚŸƕƨŔŰŸũŔŰŔƨůШ ůĲƣőǃũŔĬĲƚШ ċŰĬШ ͈Я͈-
disubstituted isocyanides for the construction of quinolizidine-type polycyclic skeletons (Scheme 1). 

Starting materials were prepared through known procedures. Isoquinolinium ylides were obtained by 
reaction of isoquinoline with ͈ -halocarbonyl compounds and subsequent deprotonation. Isocyanides 
were obtained from the corresponding aminoacids, through esterification, amine formylation and 
formamide dehydration. 

 

Scheme 1. Chiral PTC mediated OCADA [3+3] cycloaddition between isoquinolinium methylides and 
͈Я͈-disubstituted isocyanides. 
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Mechanochemistry represents a promising green alternative to conventional synthetic methods, offering 
solvent minimization, and enhanced reaction efficiency.[1] In this work, the synthesis of 1,2,3-triazole 
derivatives was achieved via copper(I)-catalysed 1,3-dipolar cycloaddition under mechanochemical 
conditions. The reactions were carried out using terminal alkynes and azides bearing coumarin, 
quinazolinone, and quinolinone scaffolds. Several catalytic systems and solvent combinations were 
screened, including both classical and deep eutectic solvents. The optimal conditions involved 
copper(II) sulfate pentahydrate and sodium ascorbate in an ethanolтwater mixture (1:5), affording high 
yields within 60 minutes of grinding. Several 1,2,3-triazole derivatives were synthesized and 
subsequently evaluated for their antifungal activity, highlighting the potential of this sustainable 
synthetic strategy in the development of bioactive heterocycles. 

ŰƣŔŉƨŰŊċũШċĦƣŔƻŔƣǃШƽċƚШĬĲƣĲƖůŔŰĲĬШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШůĲƣőŸĬШĬĲƚĦƖŔĤĲĬШĤǃШuŸƻċĨШĲƣШċũЮШыΞΜΝΤь.[2] Briefly, 
Aspergillus flavus NRRL 3251 was cultured on a rotary shaker at 200 rpm for 72 hours at 29 °C in YES 
medium (2 % yeast extract and 6 % sucrose, pH 5.8). The tested compounds were applied at final 
concentrations of 0, 0.01, 0.1, and 1 µg mLϖ¹. Antifungal efficacy was expressed as a percentage of 
inhibition, with a concentration-dependent reduction in dry mycelial weight observed. Complete 
inhibition of A. flavus growth was achieved at the highest concentration tested. 

 

Figure 1. Mechanochemical synthesis of 1,2,3-triazoles via 1,3-dipolar cycloaddition. 
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The widespread use of synthetic plastics, combined with their high stability and resistance to 
degradation under natural conditions, has led to significant environmental pollution.[1] In response to 
this ecological concern, biobased polyesters have been proposed as sustainable and biodegradable 
alternatives to fossil fuelтderived plastics.[2] In this study, we analyzed three candidates of esterases 
from metagenomic databases that have the potential to degrade aliphatic polyesters. To optimize 
protein expression in E. coli BL21(DE3), expression was performed at two temperatures: 28 °C and 15 °C. 
SDS-PAGE analysis revealed higher expression levels at 15 °C. All three proteins were purified using 
affinity chromatography on Ni-NTA agarose. Protein yields were quantified to determine the most 
efficiently expressed esterase, which was then produced on a larger scale, yielding approximately 3.7 mg 
of purified protein. The enzymatic activity of this esterase was tested on two aliphatic biopolymersу
polylactic acid (PLA) and polycaprolactone (PCL). Activity was observed only against the PLA. Size-
exclusion chromatography further revealed that the enzyme predominantly exists in a monomeric form 
in solution. Following the biopolymer assays, the esterase's activity was evaluated using small ester 
substrates. Although this enzyme requires further optimization, particularly in terms of solubility and 
catalytic efficiencyуthrough enzyme engineering, our findings highlight the vast potential of 
uncharacterized esterases in metagenomic resources. These enzymes may represent a valuable source 
for developing more robust and efficient biocatalysts for bioplastic degradation. 
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BIOLOGICAL ACTIVITY OF NEW FERROCENYLPYRIMIDINE 
DERIVATIVES OF CURCUMIN 
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Pyrimidine-based derivatives as a class of N-heterocyclic compounds have been extensively researched 
for their therapeutic and medicinal properties.[1] Curcumin, a naturally occurring polyphenol, also has 
many biological benefits, but due to its low bioavailability, it is usually structurally modified to improve 
its stability, bioavailability and pharmacological activity.[2] On the other hand, ferrocene, as an 
organometallic compound with high lipophilicity and stability, favourable redox properties and low 
toxicity, represents an attractive core for conjugation with bioactive natural products, often leading to an 
improvement in their biological properties and activities.[3] Against this background, the aim of this study 
was to investigate the antiproliferative activity of ferrocenylpyrimidine derivatives of curcumin C1-C5 
synthesized by multicomponent Biginelli reactions on two cancer (human breast cancer cells MCF-7 and 
mouse hepatoma cells Hepa1-6) and two normal (human keratinocytes HaCaT and hamster ovary cells 
CHO-K1) cell lines. Strong growth inhibition in MCF-7 and Hepa1-6 cells after 48h of C1 exposure was 
confirmed with MTT method with significant antiproliferative ĲŉŉĲĦƣƚШ ŔŰШ ĦŸŰĦĲŰƣƖċƣŔŸŰƚШ ӄШΝΜШ ͓~ЮШ
Derivative C1 vs. C2-C5 proved to be the most toxic towards cancer cell lines (IC50 т 20.55 ͓ ~Шы~9[-7) 
ċŰĬШΝΡЮΣΜШ͓~Шыcepa1-6), respectively). Nevertheless, it is important to observe extensive cytotoxicity in 
normal cells as well. 

 

Figure 1. Antiproliferative activity of synthesized ferrocenylpyrimidine derivative of curcumin C1 on two 
cancer (MCF-7 and Hepa1-6) and two normal (HaCaT and CHO-K1) cell lines. 
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Metabolic dysfunction-associated steatotic liver disease (MASLD) is characterized by excessive lipid 
accumulation in the liver, which can progress to more severe conditions such as steatohepatitis (MASH), 
fibrosis, and liver cancer. Also, MASLD affects various organs and regulatory pathways, increasing the 
risk of type 2 diabetes, cardiovascular disease, and chronic kidney disease.[1,2] The aim of this study was 
to evaluate the preventive and therapeutic effects of (т)-epicatechin, a green tea polyphenol, on an in 
vitro model of hepatic steatosis using HepG2 cells. Fourier-transform infrared (FTIR) spectroscopy was 
used to analyze structural and biochemical changes in HepG2 cells following treatment with (т)-
epicatechin. Pure sodium oleate, (т)-epicatechin, and untreated cells were analyzed to identify 
characteristic absorption bands. Additionally, the effects of different concentrations of (т)-epicatechin 
were examined in sodium oleate-treated cells under both preventive and therapeutic conditions. The 
FTIR analysis revealed spectral changes in (т)-epicatechin-treated cells, indicating interactions between 
(т)-epicatechin and lipids. In the therapeutic model, the highest concentration of (т)-epicatechin led to 
the disappearance of bands associated with unsaturated lipids, while in the preventive model, (т)-
epicatechin appeared to promote the breakdown of sodium oleate. 

These findings suggest that (т)-epicatechin may modulate lipid metabolism in liver cells in a 
concentration-dependent manner, highlighting its potential in the prevention and treatment of MASLD. 
In this regard, FTIR spectroscopy proved to be a valuable method for monitoring these biochemical 
changes.  
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Coumarin hybrids have emerged as a promising class in medicinal chemistry due to their diverse 
biological activities, including anticancer, antibacterial, antiviral, and antifungal properties. In addition 
to established coumarin hybrids featuring cores such as quinoline, imidazole, thiazole, indole, and 
triazole, novel derivatives incorporating coumarin and 2-benzoxazolinone scaffolds are being 
developed.[1] The 2-benzoxazolinone core, in particular, represents an attractive scaffold for drug 
development due to its weakly acidic nature and balanced lipophilic and hydrophilic properties, which 
facilitate structural modification and support a wide range of biological activities.[2] 

In this study, ƽĲШƓƖĲƓċƖĲĬШĤĲŰǍŸǂċǍŸũŔŰŸŰĲҽĦŸƨůċƖŔŰĲШőǃĤƖŔĬƚШũŔŰťĲĬШƻŔċШċŰШĲƣőǃũШspacer in order to 
evaluate their antitumor and antiviral potential . The synthetic route involved the cyclization of 2-
aminophenol to 2-benzoxazolinone using 1,1'-carbonyldiimidazole, followed by nitrogen alkylation with 
dibromoethane under basic conditions to yield N-bromoethyl-2-benzoxazolinone. This intermediate was 
subsequently reacted with 4-hydroxycoumarin and 7-hydroxycoumarin to afford the target hybrids. The 
structures were confirmed by 1H- and 13C-NMR spectroscopy, and compounds were subjected both 
antitumor and antiviral evaluations. The most potent antitumor activity was observed for the compound 
bearing a 5-chloro substitution on the benzoxazolinone ring and a 4-trifluoromethyl group on the 
coumarin moiety. Notably, the highest antiviral activity was exhibited by the hybrid with the same 
benzoxazolinone substitution and an unsubstituted coumarin ring. 

 

Figure 1. Designed and synthesized coumarin-benzoxazolinone hybrids 

Acknowledgements.  This work was supported by the Croatian Science Foundation under the project HRZZ-IP-
2022-10-9420. 

REFERENCES 

[1] L. Zhang, Z. Xu, Eur. J. Med. Chem. 2019, 181, 111587-111606 

[2] P. Prasher, T. Mall, M. Sharma, Arch. Pharm. 2023, 356, 1-31.  

P-A46 

mailto:pkovacec@fkit.unizg.hr


 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΠΟ 

ANTIPROLIFERATIVE ACTIVITY OF NOVEL BENZIMIDAZOLE- 
COUMARIN HYBRIDS 

Luka uƖƚƣƨũŸƻŔħЯa ~ċƖŔŢċŰċШxĲƻĲŰƣŔħЯb fƻċŰШ:ŸƖŔħЯb and xŢƨĤŔĦċШ]ũċƻċƜ-Obrovacb  

 a University of Zagreb, Faculty of Veterinary Medicine, Department of Chemistry and Biochemistry, Zagreb, 
Croatia 

 b Josip Juraj Strossmayer University of Osijek, Faculty of Medicine, Department of Medicinal Chemistry, 
Biochemistry and Clinical Chemistry, Osijek, Croatia 

 lkrstulovic@vef.hr  

Both benzimidazole and coumarin hold a prominent position in medicinal chemistry.[1,2] Our previous 
research has focussed on the synthesis and biological evaluation of 5(6)-substituted benzimidazole 
hybrids.[3] Here we present new 5(6)-substituted benzimidazole-coumarin hybrids linked by a phenoxy-
ethoxy linker. Besides the 5(6) benzimidazole substituents, additional derivatisation was achieved by 
introducing a methyl group at C4 of the coumarin and a bromo or methoxy substituent at C2 of the 
phenoxy residue. The newly synthesised compounds were tested on one non-tumour (MRC-5) and five 
tumour cell lines (HeLa, CaCo-2, HL-60, THP-1 and HuT78). The methoxy 5(6)-substituted benzimidazole 
hybrid, featuring a methoxy group at the C2 position of the phenoxy ring and a methyl group at the C4 
position of the coumarin moiety, exhibited the highest selective activity against leukemia and lymphoma 
cell lines. 

 

Figure 1. Novel coumarin benzimidazole hybrids. 
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Arginine derivatives, such as arginine hydroxamate, have attracted considerable attention due to their 
potential as enzyme inhibitors and therapeutic agents.[1] Although a wide range of methods for 
synthesizing hydroxamic acids exists, the preparation of arginine hydroxamate and its derivatives has 
been relatively unexplored. Synthetic approaches to these compounds often rely on peptide coupling 
techniques, which typically result in low yields of the desired products.[2,3] This limitation is likely due to 
the unique structure of arginine, particularly the presence of the guanidinium group on its side chain. 

In this work, we report the synthesis of arginine hydroxamate from L-arginine hydrochloride using 
different peptide coupling methodologies. In order to improve yield and purity while minimizing side 
reactions, our work also focuses on two additional strategies: (i) the use of mono- and triply-protected 
arginine derivatives in the condensation step, and (ii) the application of different hydroxylamine-donating 
agents. Using these approaches, we successfully synthesized arginine hydroxamate. The synthesized 
arginine hydroxamate was characterized by NMR spectroscopy and mass spectrometry, confirming its 
structure. As an additional confirmation of the presence of a hydroxamic functional group in the product 
molecule, a quantitative test with Fe3+ ions was performed. 

 

Figure 1. Structure of L-arginine hydroxamate. 
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SUPERIOR PERFORMANCE 
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Membrane separation using non-porous extracting liquid membranes  is a promising alternative to 
traditional solvent extraction, driven by environmental and economic benefits. These membranes 
significantly reduce or eliminate the need for large volumes of organic diluents and extractants, thus 
reducing environmental pollution and making the use of costly and highly selective extractants more 
feasible. They also offer faster and simpler separation comapred to separation based on conventional 
solvent extarction by enabling simultaneous extraction and back-extraction at the membrane/solution 
interfaces with the feed and receiving aqueous solutions. These simultaneous processes makes them 
suitable for on-line industrial separation . Enhancing their stability and transport rates will further boost 
industrial adoption. Key types of liquid membranes for industrial separation include bulk liquid 
membranes (BLMs), emulsion liquid membranes (ELMs) , supported liquid membranes (SLMs) , and 
polymer inclusion membranes (PIMs) . Among these, PIMs are a recent development, offering superior 
stability and versatility in comparison with SLMs, being the most frequnetly used liquid membranes, and 
demonstrating significant potential for industrial applications in the selective separation of both metallic 
and non-metallic species.[1,2] This research is focused on the fabrication and study of PIMs with improved 
characteristics which are expected to make PIM-ĤċƚĲĬШƚĲƓċƖċƣŔŸŰШċШĦŸůůĲƖĦŔċũũǃШƻŔċĤũĲШљ]ƖĲĲŰШ
9őĲůŔĦċũњШtechnology which will be an attractive alternative to conventional solvent extraction 
technologies that dominate industrial separation at present. The critical difference between these PIMs 
and those used at present is the incorporation of a supporting structure, consisting of glass fibres. The 
newly developed PIMs were composed of 55т60 wt% base polymer (i.e., (poly(vinyl chloride) (PVC), 
cellulose triacetate (CTA) or poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP)), 40 wt% of 
the commercial anion-exchange extractant Aliquat 336 and 0т5 wt% glass fibres. Their mechanical, long-
term stability and transport properties for SCNт as model target chemical species were studied for 
different concentration of the glass fibres and different polymers with the aim of selecting the optimal 
polymer and glass fibre composition.  
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DIARYLETHENE-BASED PHOTOSWITCHES: PHOTOCHEMICAL 
BEHAVIOR AND BIOMOLECULAR INTERACTIONS 
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Photochromic molecules like diarylethenes can undergo reversible structural changes upon light 
irradiation, enabling precise control over molecular properties. This switchable behavior makes them 
attractive for applications in electronics, data storage, and light-regulated biological systems. Their 
ability to modulate interactions with biomolecules such as nucleic acids and proteins offers potential 
for designing responsive probes and therapeutics.[1] 

In this study, three diarylethene-based photochromic compounds (Figure 1) were subjected to 
comprehensive spectroscopic characterization. Initial fluorescence measurements revealed very low 
fluorescence yields, prompting a shift toward UV/Vis absorption studies. The compounds were analyzed 
in both methanol and Na-cacodylate buffer, where the dynamics of ring-closing and ring-opening 
processes were monitored over time. Particular attention was given to the photochemical fatigue 
resistance through repeated switching cycles. UV/Vis titrations of the closed-ring isomers with 
polynucleotides and bovine serum albumin (BSA) were performed, allowing for the determination of 
binding constants. The closed-ring forms exhibited three distinct temporal stability profiles, as revealed 
by UV/Vis kinetic measurements. Additionally, circular dichroism (CD) titrations were conducted using 
various DNA structures, including three G-quadruplexes and one duplex. Thermal melting experiments 
were also performed for both open- and closed-ring forms with DNA and RNA to assess structural 
stability and interaction modes. These results enhance our understanding of diaryletheneтbiomolecule 
interactions and highlight their potential for use in light-responsive systems and sensors. 

          

 

Figure 1. Structures of diarylethene-based photochromic compounds. 
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NOVEL BIOACTIVE QUATERNARY QUINUCLIDINE 
PEPTIDOMIMETICS  
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Bioactive chemical compounds, such as quinuclidine derivatives, are recognized as entities with a broad 
spectrum of biological activities, including in the field of neurodegenerative diseases. Accordingly, they 
ċƖĲШ ƨƚĲĬШ ŔŰШ ƣőĲШ ƣƖĲċƣůĲŰƣШ ŸŉШ ũǍőĲŔůĲƖќƚШ ċŰĬШ ÂċƖťŔŰƚŸŰќƚШ ĬŔƚĲases.[1т3] In this work, one novel 
quinuclidine peptidomimetic was synthesized. Reactions were performed using standard synthetic 
techniques and a microwave-assisted Ugi multicomponent reaction.[4] 3­Aminoquinuclidine was used 
as the amino component, benzyl isocyanide as the isocyanide component, paraformaldehyde as 
carbonyl component and benzoic acid as the acid component. A series of eight new quaternary 
derivatives were prepared by quaternization of the quinuclidine nitrogen atom with methyl iodide, benzyl 
bromide and selected, differently para-substituted benzyl bromides. These structural modifications 
were designed to define parameters influencing biological activity, particularly interaction with 
cholinesterases. Prepared compounds were characterized by melting point determination, infrared 
spectroscopy, mass spectrometry, and 1D/2D NMR. Finally, the inhibitory potential of all prepared 
compounds toward the enzyme butyrylcholinesterase from horse serum (EC 3.1.1.8) was determined 
using the Ellman method.[5] 
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Calixarenes are a class of supramolecular ligands that can be readily functionalized to give very efficient 
and even selective receptors for various ionic and neutral chemical species [1] Among them, those 
functionalized with sulphur-containing groups are efficient binders of low-charge density and soft metal 
cations.[2] Additionally, development of neutral water-soluble calixarene-based receptors for cations[3] is 
of great interest for the detection and extraction of toxic metal ions in aqueous media. In the scope of 
this work, calix[4]arene derivatives L1 and L2 (Figure 1) were synthesized and their binding affinities 
towards soft metal cations in water were investigated by means of isothermal titration calorimetry, 
spectrophotometry, and NMR spectroscopy. The obtained results were discussed regarding the 
structural characteristics of the ligands as well size and charge density of the cations. 

 

Figure 1. Structure of calix[4]arene derivatives L1 and L2. 
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Photocages (photochemically cleavable protective groups) are increasingly used in biological studies 
because of their non-invasiveness and spatiotemporal controllability. However, their reactive 
intermediates, and photoproducts may have phototoxic effects on some targets in biological substrates, 
which can lead to undesired effects. In order to reduce the possibility of the formation of toxic 
intermediates and photoproducts, the development of new photocages, as well as the understanding of 
their mechanism, is extremely important.[1] 

In our research group, the synthesis and photoreactivity of aniline[2] and aminonaphthalene [3] 
photocages have been investigated. The investigation of the photochemical reaction mechanism of 
aniline photocages revealed that the decaging takes place heterolytically, giving the carbocation as 
intermediate.[2] On the contrary, the decaging mechanism for aminonaphthalenes involves homolytic 
cleavage on the singlet excited state surface and formation of radical species, which may not be benign 
for biological applications.[3] Further investigation led to the development of different substituted 
aminobiphenyl derivatives (Scheme 1) which react more efficiently in releasing carboxylates (̤R = 0.04т
0.37) than aminonaphthalenes (̤ R = 0.01т0.22). 

To understand the sparse and limitation of the use of aminobiphenyl photocages, the mechanism of the 
decaging reaction was studied by fluorescence spectroscopy and laser flash photolysis (LFP). 

 

Scheme 1. The photolysis of aminobiphenyl photocages. 
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PHOTOSWITCHABLE CUCURBIT[7]URILS  
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Self-assembled monolayers (SAMs) with photoresponsive functionality were constructed on gold 
surfaces through the use of hostтguest complexes incorporating cucurbit[7]uril (CB[7]). In this system, 
CB[7] functions as a universal anchoring motif, binding to the gold substrate via one of its portals, while 
the opposite portal captures a photoswitchable molecular rod bearing a pyridiniumтadamantyl 
recognition element. To showcase the flexibility of this modular design, four different molecular rods 
were synthesized. In solution, the supramolecular CB[7] complexes[1] maintained the intrinsic light-
responsive behavior of the original rods, undergoing reversible isomerization with minimal influence 
from complexation and demonstrating excellent fatigue resistance. Once immobilized on surfaces, the 
resulting monolayers preserved their photoactivity, as confirmed by the light-triggered isomerization of 
a representative diarylethene derivative. These findings highlight the promise of CB[7]-mediated 
architectures in developing stable, switchable molecular interfaces and devices.  

 

Figure 1. Synthesis of molecular rods 1-4 and their reaction with CB[7] leading to supramolecular 
complexes 1-4·CB[7]. CB[7]: a schematic representation (A), chemical structure (B), and top (C) and 

side (D) view on a space-filling model. Idealized visualization of 1·CB[7] on a gold surface (E). 
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Porphyrins are organic dyes that can meet a large number of criteria required for photosensitisers (PSs) 
in photodynamic therapy (PDT), such as absorption in the visible part of the EM, efficient triplet excited 
state formation and production of singlet oxygen (1O2) and other reactive oxygen species (ROS).[1] PDT is 
a promising approach in cancer treatment due to minimal invasiveness, high selectivity and fewer side 
effects, and a low likelihood of developing resistance, but one of its limitations is dependence on 
molecular oxygen (3O2). Given that the microenvironment in cancer is often hypoxic, especially in 
melanomas and solid tumors, it is necessary to develop PSs that will be able to produce ROS by different 
mechanisms depending on the local 3O2 concentration. [2] 

We have recently shown both high cellular uptake and phototoxicity of amphiphilic AB3 N-methylated 
pyridiniumporphyrins conjugated with fatty acids (Figure 1 (left), R = C13H27 or C17H35) on melanoma cells 
(amelanotic A375 and melatonic MeWo) and fibroblasts (HDF).[2] We prepared their N-oxide analogues 
(Figure 1 (right)) to evaluate their potential as hypoxia-activated prodrugs, and here we present a study 
of their properties by absorption and fluorescence spectroscopy, laser flash photolysis (LFP), time-
correlated single photon counting (TC-SPC) and  determination of 1O2/ROS production. Cellular uptake, 
localisation, and (photo)cytotoxicity in different melanoma cell lines and fibroblasts under conditions of 
normoxia and hypoxia (induced by CoCl2) will be compared between these two groups of PSs. 

 

Figure 1. Synthesis of N-methylated pyridiniumporphyrins (left) and (oxido)pyridylporphyrins (right) 
from 5-amidophenyl-10,15,20-tri(3-pyridyl)porphyrins (general structure in the middle). 
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In this work, we combine experiment and theory in the design and development of new quinazoline 
chromophores with targeted properties, i.e. white light emitters for application in White Organic Light-
Emitting Diode devices.[1] The heterocyclic structure of quinazoline allows for various structural 
modifications that can be achieved by different synthetic routes, allowing the spectroscopic properties 
to be tuned. First, we selected four commercial quinazoline compounds based on our previous work[2] 
and determined the optical and photophysical properties both in solution and in the solid state 
(fluorescence quantum yield and lifetime, colour coordinates according to the CIE 1931 colour system 
(fr. Commission Internationale de l'Éclairage))[3] as well as quantum chemical DFT calculations 
(protonation sites, emission spectra, excited state deactivation pathways). Based on the obtained 
results, we then designed the new compounds with the targeted properties of white light emitters, which 
should be achieved by the mechanisms of intramolecular charge transfer and excited-state 
intramolecular proton transfer. Finally, we synthesised and characterised new compounds to confirm 
the prediction. The structure-property relationship is discussed for both commercial and novel 
compounds. 
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Figure 1. CIE 1931 coordinates for quinazoline compound with 2 equiv. of trifluoroacetic  acid in MeOH. 
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Shrubby globularia (Globularia alypum L.) is a heliophilous, xerophilous and thermophilous plant 
species indigenous to the Mediterranean region.[1] It is a medicinal plant that has been used in the 
Mediterranean folk medicine since ancient times.[2] The objective of this study was to compare the 
essential oil and hydrosol composition of Croatian G. alypum collected from two nearby locations on the 
Konavle cliffs. Gas chromatographyтmass spectrometry (GC-MS) analyses of essential oils obtained by 
hydrodistillation revealed that the major constituents belonged to the groups of aliphatic carboxylic 
acids (45.72т61.34 %) and oxygenated monoterpenes (18.39т31.80 %). The major carboxylic acid was 
hexadecanoic (palmitic) acid, followed by tetradecanoic (myristic) and oleic acid, while linalool, borneol 
and 1,8-cineole (eucalyptol) were found as the major oxygenated monoterpenes. The GCтMS analyses 
of the remaining hydrosols showed high relative contents of phenols (53.87т55.10 %), with eugenol (4-
allyl-2-methoxyphenol) and p-vinylguaiacol (2-methoxy-4-vinylphenol) being the major components. 
These compounds, which were also present in the analyzed essential oils, but in much smaller relative 
amounts (<2.5 %), may contribute to the recorded biological activities of G. alypum such as 
antimicrobial, antidiabetic, anti -inflammatory, and antioxidant.[3,4] Volatile components may also add to 
the beneficial effects of skincare products, and at the same time possibly serve as their preservatives 
and perfumes.[4,5] However, it should be noted that compounds such as linalool and eugenol may cause 
allergic reactions (allergic contact dermatitis) and are among the 26 fragrances that need to be labelled 
on cosmetic products according to the EU Cosmetics Regulation when their concentration exceeds 
0.001 % in leave-on products and 0.01 % in rinse-off products.[6]   
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Nitrogen heterocycles are one of the most significant substructures in medicinal chemistry and rational 
design of potential drugs. Pyridine and its derivatives possess wide range of biological activities owing 
partially to their properties like polarity, basicity, and possibility for hydrogen bond-forming important for 
interactions with biological targets.[1] The structural similarity of pyridines with naturally occurring 
nucleotides allowed their optimization to get more selective molecules which could play a crucial role in 
the function of biologically important molecules. Herein we present the synthesis of methoxy and 
hydroxy substituted N-(pyridine-2-yl)-benzamides to investigate their biological potential. Starting from 
methoxy substituted benzoyl-chlorides and 2-aminopyridines, methoxy substituted benzamides were 
synthesized, followed by demethylation with BBr3 to obtain hydroxy derivatives.[2,3] The structures of 
newly prepared compounds were confirmed by means of 1H and 13C NMR spectroscopy and MS 
spectrometry. All prepared compounds will be screened for their antioxidant capacity by several 
spectroscopic methods and antiproliferative activity in vitro on several human cancer cells. 

 
Figure 1. Structures of prepared 2-pyridyl benzamides 

ĦťŰŸƽũĲĬŊĲůĲŰƣƚЮШÑőŔƚШƽŸƖťШőċƚШĤĲĲŰШƚƨƓƓŸƖƣĲĬШĤǃШƣőĲШ9ƖŸċƣŔċŰШÉĦŔĲŰĦĲШ[ŸƨŰĬċƣŔŸŰШƨŰĬĲƖШ
ƣőĲШƓƖŸŢĲĦƣШ7ĲŰǍcĲƣÂŸƣШfÂрΞΜΞΠрΜΡрΤΞΜΥЮ 

REFERENCES 

[1] D. Sahu, P.S.R. Sreekanth, P. Kumar Behera, M. Kumar Pradhan, A. Patnaik, S. Salunkhe, R. Cep, Eur. J. Med. 
Chem. Rep. 2024, 12, 100210. 

[2]  ЮШÂĲƖŔŰЯШÂЮШÅŸƜťċƖŔħЯШfЮШÉŸƻŔħЯШfЮШ7ŸĨĲťЯШuЮШÉƣċƖĨĲƻŔħЯШ~ЮШcƖċŰŢĲĦЯШÅЮШéŔċŰĲũũŸЯШChem. Res. Tox. 2018, 31, 974-
984. 

[3] ~ЮШ9ŔŰĬƖŔħЯШfЮШÉŸƻŔħЯШ~ЮЯШ~ŔŸĨЯШxЮШcŸťЯШfЮШ7ŸĨĲťЯШÂЮШÅŸƜťċƖŔħЯШuЮШ7ƨƣťŸƻŔħЯШfЮШ~ċƖƣŔŰ-uũĲŔŰĲƖЯШuЮШÉƣċƖĨĲƻŔħЯШÅЮШ
Vianello, M. Kralj, M. Hranjec, Antioxidants 2019, 8, 477, 22.  

P-A58 

mailto:amamic@fkit.unizg.hr


 

ΞΦШcÉufufШШ҇ШШ7§§uШ§[Ш 7ÉÑÅ 9ÑÉ  ΝΡΡ 

CALORIMETRIC, SPECTROSCOPIC, AND COMPUTATIONAL 
STUDIES OF CALIXARENE-SOLVENT ADDUCTS FORMATION  

Sven Marinac, Andrea Usenik, ~ċƣŔŢċШ~ŸĬƖƨƜċŰЯШsċťŸƻШ7ŸƖŸƻĲĦЯШuċƣċƖŔŰċШÂŔĨƨũŢċŰЯШ 
uċƣċƖŔŰċШxĲťŸЯШ]ŸƖĬċŰШcŸƖƻċƣЯШsŸƚŔƓШÂŸǏċƖЯШ ŔťŸũċШ9ŔŰĬƖŸЯШÑŸůŔĦċШcƖĲŰċƖ, and VlċĬŔƚũċƻШÑŸůŔƜŔħШ 

  Department of Chemistry, Faculty of Science, University of Zagreb, Zagreb, Croatia 
 smarinac.chem@pmf.hr; ausenik.chem@pmf.hr 

Calixarenes functionalized at the lower rim with electron-donating moieties, such as those containing 
carbonyl groups, have been thoroughly investigated due to their ability to form very stable complexes 
with a number of cations in various solvents.[1] The inclusion of solvent molecule into the calixarene 
hydrophobic basket plays a significant role in determining the extent of cation complexation reactions.[2] 
In the previous work,[3] we studied the thermodynamics of first- and second-group metal cation 
complexation by calix[4]arene derivative L in acetonitrile, methanol, and ethanol, with special emphasis 
on the solvent effect. In the present study, the influence of solvent molecule inclusion in the cone of free 
and complexed ligand on the equilibria of binding reactions was particularly addressed from the 
structural and thermodynamic points of view. Structures of the ligand-solvent and complex-solvent 
adducts were investigated by several experimental and computational methods (NMR spectroscopy, 
classical molecular dynamics simulations, and DFT calculations). The main difference between the 
adducts of the first- and second-group cation complexes was found to be in the orientation of the solvent 
molecules inside the calixarene cavity. In the former case, the solvent methyl group was oriented 
towards cation, whereas in the latter -CN/-OH group faced the metal ion, in that way coordinating it. The 
position/orientation of the included solvent molecule significantly affected the thermodynamic stability 
of the complexes. The solvent inclusion process was also quantitatively studied by ITC and UV 
absorption spectrophotometry, and the corresponding thermodynamic reaction parameters were 
determined and discussed. 
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Computational methods enable the calculation and prediction of almost all chemical and physical 
properties of molecules and their interactions, therefore giving a deeper insight into the nature of the 
chemical process and the explanation of the obtained experimental data. The results of computer 
simulations are comparable to those of experiments and are widely used today as a supplement, 
guidance and very often as a complete replacement of experimental research, especially those that are 
time consuming, financially demanding and ecologically inappropriate. As a part of this study, quantum 
chemical DFT calculations were used to elucidate the reaction mechanism of the thermal 
transformations of o-divinylbenzene derivatives and to predict their outcomes.[1] 

 
Figure 1. Investigated derivatives of o-divinylbenzene 
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When a droplet containing dissolved solids evaporates, the solute often migrates and deposits at the 
edge, forming a characteristic "coffee ring" pattern у a phenomenon that combines fundamental 
physical principleswith complex self-assembly behavior. The crystallization of pharmaceuticals during 
solvent evaporation often results in complex patterns that reveal more than just phase transitions у they 
reflect hidden rules of self-organization, molecular dynamics, and physical instabilities. In this work, we 
investigate the coffee-ring effect in a single drying droplet of pantoprazole sodium, a proton pump 
inhibitor with known polymorphic behavior. 

Using optical microscopy and quantitative image analysis, we demonstrate that the resulting crystalline 
deposit exhibits striking radial symmetry, dense peripheral accumulation, and structured anisotropy, 
despite the absence of any templating forces. In patern present on figure 1 over 450 discrete object were 
identified, predominantly clustered along the drop edge, with size distributions suggesting a strong 
interplay between diffusion, capillary flow, and nucleation kinetics. The apparent order emerging from a 
stochastic process invites discussion on the boundary between symmetry and randomness in crystal 
growth.  

We propose that such evaporative self-patterning may serve as a sensitive diagnostic tool for 
preformulation studies, particularly for compounds prone to morphological and polymorphic variability. 
Our findings highlight the potential of droplet-based crystallization models to uncover fundamental 
physico-chemical principles through seemingly simple experiments. 

   

Figure 1. Selected Pattern of the Coffee-Ring Effect of Pantoprazole Sodium 
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