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1 Luminescence

2 Quantum dot

3 Luminosity

4 Lumen

5 Incandescence

6 Bioluminescence

” Chemiluminescence

8 Thermoluminescence
9 Electroluminescence
10Cathodoluminescence
11 Multiphoton Luminescence
12 Photoluminescence
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1 DFT: Density Functional Theory.
2 Glow stick



VF+0 )LQJ’ &Y b)‘.w.:} AY 0593 ¢ 2y ,05.1.: u,v,,ci)b QAR9H AY

STy 5153 (ol y9 JawS 1 o &S (gl ged g AiiunST Ol jods 13 WIS el 13 Johoeg) (o bownd (SWU LY JSUS
bg.wua wwi
5 stbl e )3 ol Llos el )5 5 olStylojl )3 SWb (el Jlio oy orsaslis ) Sy Jpiwes) Loslhosss LS
o 4y iS5l plEin S 39 o w5uSyy (58 adgs el Jginos) LS| STy cpmolS gan g 45T Ll g
oaimd L aSh el yg 4 olowd (5l oS )l oy slages e & anT pl WS e JenS pasuie el
2 s dLmL)Z9) c‘;t)‘t\. w] d\ﬂg wb& sz & ol dw‘w] L;Lm&;fb Zop ) U"“?‘lf?““‘“ (_5)9)‘.:)[315 u.u.Q)
Lglo.)):.mf .))J)lf M d‘.buyo)i 9 U)ww}) uUUa.o 4@1.0- um )b U9> kS..\)‘ )J.)LQA UJL»LM» ).) J?A.A.Djj
Sy sy b g 5 0 pal olend (SWE IS Jaol Sy dlp coslie 05 ooy cpl (ouimen ladly
Al jlod 4 jome 8 olendon 5 (2bhond (gl yguitas
by SWUY-Y
4 gopd bod GRlIL (o 2 9800 JiuS plucl JIVL (slod 315 4 095 oo a5 (5)58 (B & (lo)S (SWU
O SewMS (g43g05 S o yiitio 365 3l By BB 5 YUl glaled )3 g 05 o cilisee glagge Job )3 55 Ll
S Bl dnyd Yeor BYA+ dgus U lod iol38l g 5 bs jaes 3l p &S Cunl lats) slacwY o Ll gaus,
OBk yg 5 Slaadst glaojlS Saiis ) wSle b slaobsy | gyl bl (SLb £55 opl A5 o Mg Mo )55



AT (DFT) 5 (il st 55 gy b ooglys blis 15 (b b (Sl 50y ooyt iS5ty b (ST 31

wstle S (SWU o) b el Cuosd (e T JSW0

olBplisl )3 ol Slge 155 5 b BT G el 3 5 ole slrosed I (S 2lo)S ST by,
O (gtne lyn csosh 5o 53 a3desS csipl b 398 o p 8 oSilafl 3 Sl 5| S8 sleignd gy ol 2 o
anb38 o1 &)l YU slod b Jlaw a5 (o) op 3 51as cnl Sloj cose codimd L 95 ol lade 33,5 sl31 g5 &y
S8 ol Sitimghy s oy ol 28 demlme 1y Jlaw oy AT L ol ) (loj Gl oo SleMbl ] oS 4y e
RV lSan 5 () 255 35515 sale €55 b puiann o5 Sl & 15 9 1y (il T Cand b 5

e SG Yoy

e 355 ) s i ol s b oS i Jlas] 515 losl 85 a6 ey 5280 Sl
yobas' S (659 sladgsy OLED (sla,Sisles (> b (LED) pjliélyg (sladgsd aile (galades dlgo ;0 ssody opl 08
odidljl (6559l g odd oS 5 PN Wgw (canl ) noyis g lnyg iSUl ccdls cpl (5l 43,3 )5 edlatul 590 03 yiuS
sy 5y 583 LS Sl 51 oS Gopnn Vb o3y s 4y Se SN (S S3dn piie s gt
sy sl 48 1y (SopSI SWb ) sligas ¥ USh)d -l 03,8 dbons] Sig S (sl Suiales 5 ol i 3
(A8 b) A8 o odaliie waud o odlatnl SHHU slalas (b A lgS

! Organic Light Emitting Diode :OLED



VF+0 )LQJ. &Y b)w NY 0,92 c‘_a)bﬁ ,05-'& u»)’oi)b U"‘hs)" A¥

B 51 @lo Sl S g, Kulylod 1 (g1iges iihuminogly SUI (Ginnjpms 593 b gawls LCD Jlios el Y JSG
S o 03Ukl S, e )5 CblgiSy olndgy (511 Clinmniaogly 551

L )98 ol 2980 03 (EL) (S0 psUl (SWb setsnjm y99 9 LED jStled L ol Jliomd csls S5 900
BNy S (0 M8 doxdio pulps 3 (1955 )98 coglise SWg Jloel plin <6 50ud go0lo 5 S 4Y S 5l g pSo e
el (Ulgs 5 am3 00 by (Kod 9 Mo (2ldg) b 1) JRuioled o plod Citunipogly iUl Al LED (gl (sl o3
opeS bl )3 ohgdr Chudiaglg Sl Jliond lacels b ond cage (Shy cnl ade (Ll (S6 2 )
5 ol Oy Spae cde a5l pizmen LSl @il WL g ek (0 Slas ( Sy laclld o | pliac
)8 (ollas slalil g broluagpble o Joa LB (slojlil jl 6 )l )3 joi 98 (e @58

Sl Fy

boyg Sl cpl o7 Sloj 980 dbml dlge o b (55510 slogyg Sy 0 5155 &5 cunl 6y Gl (295 (ST
O 13550 8 g0 SV (550l sl bl s 03,87 it 5500 slecg Sl a1y 395 (651 S o 355 2 olo
Slyice 15 )l S ySdl GbosSug)See )3 (slo3yiaS 3 )5 oy (nl 90 JouS )9l b 4 cutSiL L
385 sl 51 (S (Sl S T ] b galadas g ane Slge (613 g 5 (aliond S cigk o (S g
5 plibg) cusl 03,55 35 uloll S 53 (STL I sy ) sliged ¥ JSS 355 o0 guime Slge pls 5 (wlidinee )
(Yoo

P &S o o Y/FO 23 Glase b (59 N igSuwg ySe bauwgi 050 0395 (il (olall y3 (ST oy ules ¥ JSG
A3 oo i 1y g iU (S5l 51 oW3U STl



A (DFT) I (a0 o000 g, b oagilss B 13 b o (Sl 5040y o 1S9 U (STl

@ SorSl glogin gyl 2 Dediee 0> 0355 (Bl eledl S > (SWBSE (gony I dliges gl ol
b b 4 S L pn (gl Sed e ysk (1900 (Pl B g el Sy sl 9 g g 0L pololl e
Blg o il ol ©ud 9 5 Ngd e 00> lis ) syl b b JS 4 pgad )3 9 A8 0 JouS (Sye ,9 05>
QP 4 (epglal (i ey ) HSG plStnghy LS ) uldll (G9)0 sla Sy 9 Bl o)l (SleML]
5o hedd slacSin g (Sana dlge plu (adllao (gl g Mlidy jigo 1) o (68 JSS Ll g ol Lo b 48 0 S8
oS o olidnej s )b ) slide (lolid (gl 2e3)38 ()l by (ol cord 4l 3 g0y 0gMe 35 s odlatul
Dgdiee 485 )5 4 0308 jobody (Sdme (slaysh 5 (Sigsh dlge dallijdess 4 bgype lalllas )3 5 (St
Sy S o-Y
55y o s 55T oish i b g3 loien i b odle o 53 8l (ogtlsS leuy igshs Sl
sly5d a5le Y (6y98 o )3 e Aol 3 ol S o e (5L (655) 5obsS 290 Jgbo L (599 pw 9 Moy
O 05 S8l g)byppgal sl wbpin GlaosSwy S Sgur SWE .l ssalie JB (ol
B3 5> (81038 3)l8 igad 3os 5>y S8 5 Yl g5y > & 5 995 s0 o3kl b sk & (Sl ]
S o0 0alde 1) (Seigh A gSsg Sue (50 p gl DUSD )3 .55l Sigighall

2-photon B AR \ 1-photon

2-photon

O OBl ¢ Fgigdnia (Kisully il 0oLkl b g oaws 48,5 415 49 VAR e (gand 5145 (590 oy, 1 IPdN (9Swg S O SR
D (6,6 b duoj 595 5land pgual o o (9 (S oo ol 8 AL Bos 3 1) au5j by, L L

28 3§ e0hsy ol g a0l ool oaij L gotalin (St (5SS Bg) Jl pgal )
S 4l (BLSL )95 gl 9 35 (pdg) (2l gl el ple 9d o0 pilogld yo (U el diges I ol sabal
4 (53 Gl gl 4 45T g 03 o L Gas )3 1) (s slaaild g bo)lislo pliee 55k (o
5$593) 39y Jloud & Glaacl pole g (S j Simog )3 e SR (S (Sidrn (98w See (> (e
(VA% ISyl
S,y 5o

22l f ol S eSSl 45 Spgots |y (Bl (550 sy Sloogis? @l Sl o Slodle oS a3 0 &5 Sloj (SWb )y
b b o 13 45 il i g o0 75 il 31 o Aol T Lo ] 3 48 byl sl ol 55 90 Joli
o315 bl g g oaladas lge 9 i8Il sl saalllan (gl ol slonm (65 (Sygs -l oo 4ol 2ty o 3T
2 SWE eyl cnpmte 5l 9205 Slold 3,8 s ) ppgal Saisyslid g )i sy slaySus 53 (pizren ol
OB IR Canysld gla Jgloes (2id )3 £ USE 13 (Vo Vs ¢ S)gely 5 5)55) 35800 gmine (alrond 5 (Sujd lagingl
S (o ol | )8 )95



VF+0 )LQ{ &Y b)lo.».:} NY 0,92 c‘_d)b'vu ,05-'& u»)’oi)b U"&s)" A7

(UV) i 158 s @l6in Gt 9l 5o Jlone s 3.5 S5

Sglite g Loj lacSo) b (edd)> 4 958 WS (g 418 (RAL1E 9 (2 yme 53 i ygld dlge (59l sla gl (B
) O3l (o s 5 0355 o 1y (28018 )98 (658 slome 53 99250 sl JsSUge 5 ol o] Wb 4y oyl S e
Ciyold (go3lo g5 IS )> (pl A 5 ) 298 o0 AL K puibnygld L) pl 4 aimd o CBGL (S0 y95 g0
e glio )3 (5 g el g (cood logiolesl pgle (ajeal )3 (i cnl Sl o) (S Jgbro 3 o] Jlade
9o oslital il (sl Sili 5 oS, adys silo

oS bl 3 (SUaly95 3,0,
oS Sy (g i > 3) 355 Ss5 Js Slol 5 & 85 s obluyhes Slgls estlyS L
o 45 Y ) o Sl ol JB S5 S LB (o Sy ot J 5t wa3n (i (5 pei
S b XS 5 55 LS 5285 gt |y L 15 (55, 455 5 ) 90 b e silsS bl con
S o odalio |

460 nm 520 nm

15 &y Whannly (Swin iU g (5495 olod b (3Wedowi 93 1,5 1 sagiileS blE —Y JKu



A (DFT) I (a0 o000 g, b oagilss B 13 b o (Sl 5040y o 1S9 U (STl

Sy 53950 pal ol S5y g a8y 5L 0)d (g5 39 1SasS ogileS bl iy 395 0 odnlis &5 jglailen
dgbise P ol S5y g ulise ol )b 6551 sd 5,5 i m

sodle Sy g0l (B o Cosl (glossny ' ogBlsS (gl ygate Wm0 £ (295155 il ygae T BB 4 eny oyl
52395Y) 55 n i ] (395 5 (Sig S Lolys e IS (ol V) yiaS Vgana) siogl ulide )3 (g3lndes
5 Bgbiso ogime SasS o (slad S 50 oSl S od 8 o bl 105 oy g oy Sl s oyl o (V<05
9,580 ¢ Jogazne dlge y3 a5l ] ogiilgS Cudgdme el dgng 4 e g Jlgd At oo 4 a5
5Pk glad b by Sl zge Jsb 4 S35 o3le gojluil By Lol ST S > diwgn Ly (631l o 5> il e
S5 gld g 298 dannS g i8Il (sl Slome (slacsT il 390 o0 el Codgiome (pl 295 o0 S9ame (19 pSIl CS o 39
& sl odd g ol (ul ede (gl )98 Lol S 4 e Colod 3 oy cnl b LIl sl o
9 oo iy bolis o) ) Slyguins o (oplsS dlail (Lidg 3> (slaySKitles (slagsylid > (cagilyS LS
Y s)huk 5 8 Sy (il b pegilss LS o S ) il anihy Slolys 5,08 (guilio)sld ()l geas
P Oned L)l (gyidn Cwglie (o g )9 ply 3 1 il Sleday (it puiliygl S5yl Sp Sl
Gilooydd g g 69 ol Sal (uliagl (b)) (b sl SWhiy Sk onl J (Seigsd slapiags,
Cunl 03,53l (6598 (98 slacsyslid 5 5 ple e (i (egilys LB (SWbygr onlpli 9 s odlitul ()95 oMbl
255 dmlgs 365,55 1y by 5 oo pngad slaailols I (g ks soa2] &S
9 Vgm Job dal) (owyp lp (V) alaly Bk 38 A g G )3 0)0 pan (sl eolatl b g 1) s 0]
2, ool L (2 ye dy oy ol (sl 5 sty 5l plgs oo (5551 S

222 2
E :ha)—nh”

 =ho,=———n=123.. ()
2mL

ol (G55l BB e bl 03 555 L )b uSe gy (55T L a5k 98 o0 otalie oS jghailen
A5 b g 39 yioa] o Sy g 4l talsil oy 65 e Sl 1 S L &S 95 o el Jole oyl b oo
Dedi o e ol S5y g adly tals o (gl e ol

Seibiras )3 51 Jagad Su fagad ) 35 4 35T Sl Jogei lyis o gylogai b lioe |y o
ol 3o ol o3l g 1) b JeSge 53 (iliped Sl JEl g oS ol slaanl)d oS sl 595 (rwciib
ool g b bge cpl izmen ST (b Mg oo |y ol e s )8 Qo Sl e JsS)ge S5 et S (o0 S8 lagel
sl (5395 (i 5 55 4 ol Slge ¢ cardginh WSSy lo)id ol piomis g il cerd

! Quantum Confinement
2 Quantum dot display
3 Jablonski diagram
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1 HOMO: highest occupied molecular orbital
2 LUMO: lowest unoccupied molecular orbital
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Objective: Luminescence is a phenomenon in which a material, without the need for a significant
increase in temperature, releases absorbed energy in the form of light radiation and, as one of the
fundamental phenomena in the physics of light, represents the emission of photons from a material due
to non-thermal excitation. This phenomenon exhibits nonlinear behavior in certain cases of intense light
radiation and has therefore received special attention in the field of nonlinear optics. Recent studies
have shown that quantum dots, due to the discrete structure of energy levels and quantum confinement
effects, are a very suitable platform for studying and controlling luminescence. In these materials,
processes such as multi-photon absorption, changing the emission spectrum and increasing the luminous
efficiency can be tuned by changing the size and composition of quantum dots.

Regarding the application of photoluminescence to quantum dots, it is a key tool for studying their
optical and electronic properties, allowing the determination of the energy gap, the assessment of
structural quality, and the identification of defects. Analysis of the PL spectrum and intensity provides
detailed information about the quantum efficiency, radiative and non-radiative recombination behavior,
and carrier dynamics. Time-resolved photoluminescence is also very effective in investigating the

lifetime of excited states and processes such as energy transfer.

Method: In this research, by reviewing the theoretical foundations of luminescence and examining its
types, especially the relationships between luminescence, photoluminescence, and nonlinear behaviors
in nanostructured materials—especially quantum dots—are analyzed. This analysis was conducted with
the aim of identifying the physical properties affecting the intensity, efficiency, and stability of light
radiation in strong fields. The simulations in this part of the research have been performed with Density
Functional Theory (DFT).

Results: In photoluminescence, the behavior of this phenomenon in the presence of intense optical fields
has been investigated. The main focus of this research is to explain the relationship between
photoluminescence and quantum dots to clarify the role of electronic structure and nonlinear optical
effects in controlling light emission. The results of this study can be effective in better understanding
the mechanisms of light emission at the nanoscale and the design of advanced lasers based on quantum
dots.

Because the wavelength of radiation can be precisely tuned based on the size and composition of the
quantum dots, these lasers are capable of producing light in a wide range of colors. Such properties have
made nanoscale lasers play a very important role in areas such as high-speed optical communications,
ultrasensitive biosensors, nanoscale cellular imaging, and even optical quantum computing.

In short, quantum dot luminescence is the basis for the operation of many modern nanoscale lasers, and
this technology has established a link between nanotechnology, optoelectronics, and advanced
photonics that has opened new horizons in science and industry.
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