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Recombination in Next-Generation Photovoltic Devices. Springer, 2022.

170
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171
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172
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174
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Matched up in such a way to create asymmetry
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189
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191

Acceptor
192

Potter, Kelly, S. and Simmons, Joseph. Optical Materials. Elsevier, 2021.
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Exciton
194
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197
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Broeker, Benjamin. Electronic and Structural Properties of Metal-Organic Interfaces: Electron Donor and
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Donor-Acceptor Junction
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In the spatial domain
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No need for an etching process, etchant nor a template
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Defined properties
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Most efficient results
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Diebold, Alain, C. Handbook of Silicon Semiconductor Metrology. CRC Press, 2019.
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Interface segregation
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In the right length scale
211

A continuous junction
212

Logothetides, S. Handbook of Flexible Organic Electronics: Materials, Manufacturing and Applications.
Woodhead Publishing, 2016.
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The junction
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Multiple junctions
215

Solution processing and spin coating

216

Tsymbal, Evgeny, and Zutic, Igor. Spintronics Handbook: Spin Transport and Magnetism, Nanoscale
Spintronics and Applications. CRC Press, 2019.

217

Adams I, Thomas, A. Process Modeling and Simulation of Energy Systems. MDPI, 2019.
218

Constituent materials
219

Nix, William, D. A Century of Materials science and Engineering at Stanford: from Steels to Semi-

Conductors to Nano- and Bio-Materials. Stanford Historical Society, 2019.
220

Our nanosize bucky balls
221

Whaley, Brigitta, and Rice, Stuart, A. and Dinner, Aaron, R. Advances in Chemical Physics. Wiley, 2018.
222

Donor — acceptor junctions
223

Laalioui and Saida. Perovskite-Based Solar Cells: From Fundamentals to Tandem Devices. De Gruyter,

2022.
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Responsible for participating in extraction and absorption of light
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225

Very tunable electronic band structure
226

Insoluble
227

Soluble in their own native state
228

Compatible with the attractive features of making organic solar cells this way
229

Arshak, Raffie. Investigation of Organic Polymer-based Films for Flexible Solar Cells. LAP Lambert

Academic Press, 2014.
230

Traditional crystalline semiconductors
231

Colloidal guantum dot solar cells
232

Enrichi, Francesco, and Righini, Giancarlo. Solar Cells and Light Management: Materials, strategies and
Sustainability. Elsevier, 2019.
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Tong, Xin, and Wang, Zhiming, M. Core/ Shell Quantum Dots: Synthesis, Properties and Devices.

Springer, 2020.
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Band structure
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Quantum size effect
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Define and tune
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Spectral tunability
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Williams, Mo. Opposites Abstract. Hyperion Books for Children, 2021.
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In functional approaches of traditional semiconductors
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241
: A:uStPJ 07 a)m‘;\}mdgﬁjudﬁaa}ﬁ ‘C)A”(QSD Codi pu OYEa alidis 4y Lkl
https://t. me/natureofscience

23



Dyse 2 aSaalSia Canl 2430 jlaiea il S ) (5 S e ol )3 Aliay oo sl S slaadali Ly 242 S IS sla i )R S S
3l g 1 iy 245 litle S 53 Ly 8L R (531 5 1 st i 3 (518 48 a3 jSo JLE) i g3 24448y 50 (520 ) 53 slad b
ol (247 sa80 ) Waaloald (4 S g siin 5 (s Sbuglonad (510 (5 SA1) 5 s oy Ll 2400 Sl s K0 (555

Sl 558 (sl 51l Cima 534S canla ) i) adaiedis 3 Gilla lan O el 53 eisa 5 ALl 4L 248 5

3 S A 4 L (oS pa IS B5T5 a5 S 5 50 S pliaslaii Ly L 4S 5 Yla 25048300y (gl 2490 3K 53
At S (e L 4S) 25208 ) il (310 03 5 digian 3 AEIA (5 lee Ly i 3l 05 5 slcR 0 5 Ll A 5o oale
= 5 pRn b (DD hgion oKig) (s laien s S i ) (254 aall ) syt Ly Jadh (s 293 € S il
S AT ) aditia (sl GSE (gia (yia L il 58

05058 (slaadad (s 534S oyl Al L 48 50 a0l ) 53 (sl b il (61 a1 Le Ul s (31,0580 (i by
Jae (saily S 48 ailoaly (1 8 1) and )y sa (e she il U158 Ol 58 « a) (sana 53 2565 55 e Ly 25550451
s oMea 5T 0 ke ) e(sledlacSa Ly palld 5 Canlia (g sy 5 SLlS (2584l g3 (b 1) 257 Lo Jlas yy (slaJlusil

242

Appealing in working with
243

Quantum size effect
244

Tandem solar cells
245

Different materials with different compositions
246

Stack on top of each other
247

Jennette, Robert, L. Size Effect in the Three-Dimensional Ising Lattice. Forgotten Books, 2019.
248

Some kind of way to match the materials’ lattices, match the spacing of their atoms
249

Concentrating photovoltaic devices
250

Apostoleris, Harry, and Stefancich, Marco, and Chiesa, Matteo. Concentrating Photovoltaics (CPV): The
Path Ahead. Springer, 2018.

251

Tunability in quantum-size effect
252

Creative skills in synthesis and processing of devices
253

A single semiconductor having a single composition
254

Only by changing the recipe

255

Tandem and triple-junction solar cells based on colloidal quantum dots
256

Konstantatos, Gerasimos, and Sargent, Edward, H. Colloidal Quantum Dot Optoelectronics and

Photovoltaics. Cambridge University Press, 2013.
257

Band gaps of the constituent junctions
258

In a tandem cell
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259

No limit to a single shape
260

Klimov, Victor, I. Nanocrystal Quantum Dots. CRC Press, 2010.
261

NanoRods
262

Preference for flow along the length axis
263

Krahne, Roman, and Manna, Liberato, and Morello, Giovanni, and Figuerola, Albert, and George,

Chanramohan, and Deka, Sasanka. Physical Properties of Nanorods. Springer, 2013.
264

A semiconductor crystal that’s very compatible with the delocalized electrons along its length
265

Electronic transport properties
266

Take the rods out of solution and coat them onto a substrate
267

The rods lie down
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Now, their transport is in the plane
269

These light absorbing materials to stand up
270

Tetrapod nanorods
271

Cai, Wei. Computational Methods for Electromagnetic Phenomena: Electrostatic in Solvation, Scattering

and Electron Transport. Cambridge University Press, 2013.
272

Quantum solids have had great promise
273

Tawhid, Zaman. Fabrication and Characterization of a Si-based Solar Cell. LAP Lambert Academic

Publishing, 2020.
274

Taking advantage of their size-effect tunability
275

Superlattice
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Nanomotifs
277

Usanov, D. A. and Nikitov, S. A. and Skripal, A. V. and Ponomarev, D. V. One-Dimensional Microwave

Photonic Crystals: New Applications. CRC Press, 2019.
278

We have ordered oriented atoms (on a scale of a half nanometer) repeating themselves
279

Identical particles ordering, self-organizing into a perfect lattice
280

Limonov, Mikhail, F. and De La Rue, Richard, M. Optical Properties of Photonic Structures: Interplay of

Order and Disorder. CRC Press, 2016.
281

Pierret, Robert. Semiconductor Device Fundamentals. Addison Wesley, 1996.
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Characteristic wavelength of electrons

283

Propagation of electrons

284

With coupling these nanoparticles together and packing them into a superlattice

285

Luque, Antonio, and Mellor, Alexander Virgil. Photon absorption Models in Nanostructured
Semiconductor Solar Cells and Devices. Springer, 2015.

286

Ghatak, Kamakhya Prasad, and Mitra, Madhuchhanda, and Biswas, Arindam. Heisenberg’s Uncertainty
Principle and the Electron Statistics in Quantized Structures. Springer, 2022.

287

Very convenient and simple to manufacture

288

Milnes, A. G. Heterojunctions and Metal-Semiconductor Junctions. Academic Press, 2012.

289

Dye-sensitized solar cells

290

Pawar, Udayraj. Dye-Sensitized Solar Cells based on ZnO and TiO2 Nano Architectures. LAP Lambert
Academic Publishing, 2018.

291

Fascinating convergence

292

Achaya, D. Core/ Shell Nanoparticles. LAP Lambert Academic Publishing, 2020.

293

The basis for batteries with solar energy harvesting

294

Pandey, Adarsh Kumar, and Ahmad, Muhammad Shakeel, and Shahabuddin, Syed. Dye-Sensitized
Solar Cells: Emerging Trends and Advanced Applications. Academic Press, 2021.

28



e Ko s cale) 48 297 _laa e S gl ) 29603 o (€ 295085 5 (5 58 JSG L1y ) sh ada 4S Gl (i Ll 3 SIS
25a 5a5an Ll S e dee sd Hlu sida (o) wdShe Cpia 29905 0l edh S IS caiload saliiul 298 SUi 5
il ) ladilecKa ) a8 sa g ol bl o eoalanc Sy iy & slad shu (oo hsn (gl CaBDIA 5 (i it gala

SOLAE s dgea (ol A (LA 300Uy 5 3N (5 ) 55 )2 4S) Ll e (sledke ) (5509 (oadaws )2

‘il

p ﬁi ,,!ili,fr

302,53 445 (5 R0y iadl (sMulaciy L (o ab ClaS 5 ATE gans s (ot 4S) tian) S 4S anl Cpria dsnd JSCE ey 0
ASMQJJGaJJﬁUsO?’ﬂ;J‘)ﬁ@}JN\‘5\5..\{);‘;5%3}).))4_.\@c\J}}@Aca\@m‘)ﬁﬁd}ﬁw

295

Dyes

296

Ziarani, Ghodsi, and Moradi, Razieh, and Lashgari Negar, and Kruger, Hendrick, G. Metal-Free Synthetic
Organic Dyes. Elsevier, 2018.

297

Pigments
298

Often used for food coloring or to dye clothing

299

Pandikumar, A. and Rameshkumar, Perumal. Nanostructured, Functional, and Flexible Materials for
Energy Conversions and Storage Systems. Elsevier, 2020.

300

Richard Brito (Author), Vitor Cardoso (Author, Contributor), Paolo Pani (Author, Contributor.)
Superradiance: New Frontiers in Black Hole Physics. Springer, 2020.

301

Put on a sponge in the inner surface of a semiconductor material (that's very good at transport of
electrons)

302

The huge surface area of a transparent sponge is infiltrated with pigments
303

Every dye pigment, is directly and immediately coupled with (and in immediate proximity of) an electron
acceptor
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Ding, Liming. Organic Solar Cells: Materials Design, Technology and Commercialization. Wiley-VCH,
2022.
305

Interpenetration

306

Kawamata, Jun. Two-Photon Absorption Materials: Science and Application. Jenny Stanford Publishing,
2022.

307

High absorption

308

Goodnick, Stephen, M. and Krokin, Anatoli, and Nemanich, Robert. Semiconductor Nanotechnology:
Advances in Information and Energy Processing and Storage. Springer, 2018.

309

Ensure that every one of our dye pigment molecules is coupled to an electron acceptor
310

Choy, Wallace, C. H. Organic solar Cells: Materials and Device Physics. Springer, 2013.
311

Tunc, |. Charging Properties of Metal @ Dielectric Core Shell Nanoparticles. LAP Lambert Academic

Publishing, 2020.
312

Rao, C. N. R. and Govindaraj, A. and Panchakarla, Leela Srinivas. Nanotubes and Nanowires. Royal
Society of Chemistry, 2021.
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313

Schaepers, Thomas. Superconductor/ Semiconductor Junctions. Springer, 2001.
314

Better contact points
315

Zang, Ling. Energy Efficiency and Renewable Energy Through Nanotechnology. Springer, 2011.
316

More efficient direct transmission

317

Luo, Fang Lin, and Ye, Hong. Advanced DC/ AC Inverters: Applications in Renewable Energy. CRC
Press, 2016.

318

Ohtsu, Motoichi. Optical and electronic Process of Nano-Matters. Springer, 2013.
319

Properties of physically flexible materials
320

Armaroli, Nicola, and Balzani, Vincenzo, and Serpone, Nick. Powering Planet Earth: Energy Solutions for
the Future. Wiley — VCH, 2012.

321

Commercial applications
322

Pagliaro, Mario, and Palmisano, Giovanni, and Ciriminna, Rosaria. Flexible Solar Cells. Wiley — VCH,

2008.
323

Self-charging mobile phones or tablet devices
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324
Tents equipped with energy harvesting devices
325

Kim, Hee-Je. Solar Power and Energy Storage Systems. Jenny Stanford Publishing, 2019.
326

Breakthrough hardware advances in nanotechnology
327

Wade, J., and Castrillon, Melissa. Nano: The Spectacular Science of the Very (Very) Small. Candlewick,
2021.
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