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Problem 1. (2) 

The measurements of the index of refraction of polymer-TiO2 NP composite as a function of TiO2 NP 
concentration is shown in the table below. Using this data, after reading material from the book, 
determine the index of refraction of TiO2-NP, and polymer matrix. Explain your approach in detail. 

nR 1.5 1.52 1.54 1.55 1.56 1.57 1.58 1.59 1.60 
C / vol% 0 3 5 7 8 9 10 11 12 
 

Problem 2. (1) 

Assuming that you solved problem 1, and that you know the refractive index of your TiO2-NP and your 
polymer matrix, find out what is Pscatter/(κ∙P0) ratio for this composite for light with wave length 600 nm 
(vacuum) if the size of TiO2-NP is 100 nm. Calculate your result for each concentration of TiO2-NP 
shown in the table above. If the nanoparticle size is decreased 2 times, and light wavelength is 
decreased 6 times, how many times the Pscatter/(κ∙P0) ratio for this composite will change? 

*Problem 3. (1) 

Using particle in the box approach to calculate the energy of an electron as a function of the quantum 
level n, and size of the system L, calculate the wavelength of the light that would be required to excite 
the electron from the ground state with quantum number n, to an excited state with quantum number 
n+3. If the size of the NP changes 4 times, how many times will change the wavelength of the light 
required for this excitation. 

*Problem 4. (1) BONUS 

Explain the meaning of the common term stating that the wavelength of the absorbed light by NP is 
“blue shifted” as compared to the wavelength of the light absorbed by bulk material. 

*Problem 5. (2) 

In the table below the results from the measurements of the light absorption for two different average 
size of CdS nanoparticle population are presented. Find out what is the difference between band gap 
energies of these two population of CdS NP. 

Photon Energy/eV 4.5 4.7 5 7.1 8 8.6 9 
5 nm CdS NP/(αhν)n 0.15 0.25 0.4 1.45 1.9 2.2 2.4 
10 nm CdS NP / (αhν)n 0.45 0.55 0.7 1.75 2.2 2.5 2.7 
 

 

 

 



*Problem 6. (1) 

For PbS NP, the luminescence intensity is a function of NP size. Explain how the intensity of 
luminescence changes if the PbS NP size decreases and why? 

*Problem 7. (2) BONUS 

Consider ZrO2-NP/PMMA combination. Luminesce peak of ZrO2 NP/PMMA is measured as a function of 
ZrO2 NP size. Data are shown in the table below. Using this data and reading a book, find out what 
should be luminescence of 2 nm and 70 nm ZrO2-NP/PMMA. 

NP size/ nm 10 20 30 40 50 
Peak, λ / nm 312 386 396 398 399 
 

*Problem 8. (1) 

In one or two sentences explain what is the plasmon? 

Problem 9. (1) 

Explain how the electroluminescence light intensity depends on current density of the device for 
CdSe/PPV multilayer system. 

*Problem 10. (1) 

What are the typical photochromic and electrochromic materials? Explain why? (no more than 100 
words) 

Problem 11 (2) BONUS 

In the table below the characterization measurements for two stacks of Fe2O3 NP are shown. In the first 
set, the Fe2O3 NP have mean size of 10 nm, and the angle of polarized light rotation passing through the 
stack of NP (Faradays effect) is measured as a function of magnetic field.  In the second set the of data, 
the stack of Fe2O3 NP with unknown size is investigated using the same measurements. What is the size 
of NP in the second experiment? 

Exp 1. 

B / T 0.1 0.3 0.5 1 1.5 2 
β/ rad 0.1 0.3 0.5 1 1.5 2 
 

Exp.2 

B / T 0.2 0.3 0.4 0.5 0.7 0.85 
β/ rad 0.7 1.05 1.4 1.74 2.45 NA 
 



 

*Problem 12 (1).BONUS 

What is the role of TiO2 NP in the Gratzel Cell. (2-3 sentences). 

Problem 13 (1). 

Draw the structure of typical dye molecule used in the Gratzel Cell 

Problem 14 (1) 

What is the purpose of I3
-/I- redox couple in Gratzel Cell (2-sentences). 

Problem 15(1) 

Draw the relative to each other the energy level of the TiO2 conduction band, energy level of LUMO of 
the dye, and energy of the HOMO of I- complex. 


