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Standard Model of Elementary Particles

three generations of matter

interactions [ force carriers

(fermions) (bosons)
[ 1] 1
mass | =2.2 MeV/c? =1.28 GeVic? =173.1 GeV/c? 0 =124 97 GeVic?
charge 3% % %5 a 0
spin | % U L4 C ; Y t 1 \w ] H
up charm | top ' | gluon higgs
- s - |
=47 MeV/c? =96 MeV/c? =4.18 GeVic? 0
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=0.511 MeV/c?
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—

=105.66 MeV/c?
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—

=1.7768 GeV/c?

-1 -1 =1
L] e Le I..I. Y2 T
electron muon tau
n -
? <1.0 eV/c? <0.17 MeV/c2 <18.2 MeV/c2
F
I\._,," 0 8] (0]
0.
L electron muon tau
J] | neutrino | neutrino neutrino |

L photon

=91.19 GeV/c?

4
1 X ; ~

| Z boson

- W boson
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Zusammenfassung

Ein Quantenpunkt ist ein nanometergroRes Teilchen
aus einem Halbleiter, das meist eine Kern-Schale-Struk-
tur aufweist. Quantenpunkte finden aufgrund ihrer be-
sonderen optischen Eigenschaften breite Anwendung,
da sie bei Energiezufuhr Licht mit bestimmten Wellenlan-
gen emittieren. Diese Wellenlange des Lichts kann durch
gezielte Veranderung der Teilcheneigenschaften, wie
Form, Zusammensetzung und GroRe, prazise eingestellt
werden.

Die Theorie der Quantenpunkte wurde in den 1970er
Jahren entwickelt, und die ersten Quantenpunkte wurden
in den 1980er Jahren hergestellt. Wenn die Teilchengrolie
extrem klein wird, kommen Quanteneffekte ins Spiel,
die die Energieniveaus von Elektronen und Lochern ein-
schranken. Da Energie mit der Wellenlange (bzw. Farbe)
des Lichts zusammenhangt, bedeutet dies, dass die op-
tischen Eigenschaften des Teilchens prazise Uber seine
GroRe gesteuert werden kénnen. Dadurch lassen sich
Teilchen herstellen, die Licht einer bestimmten Wellen-
lange absorbieren oder emittieren. Die Eigenschaften
von Quantenpunkten hangen jedoch nicht nur von ihrer
Grofle ab, sondern auch von ihrer Form, Zusammen-
setzung und Struktur — beispielsweise, ob sie massiv oder
hohl sind.

Quantenpunkte in der Medizin

Quantenpunkte erméglichen Forschern und Arzten,
molekulare Prozesse bis hin zur Einzelmolekiilebene zu
untersuchen, und konnen bei der Diagnose und Behan-
dlung von Krankheiten wie Krebs helfen. Sie werden als
aktive Sensorelemente in der hochauflésenden Zell-
bildgebung eingesetzt, wobei ihre fluoreszierenden Ei-

genschaften durch die Reaktion mit Analyten verandert
werden.
Quantenpunkte in Photovoltaik

Der Reiz von Quantenpunkten in Solarzellen liegt in meh-
reren Vorteilen gegeniliber anderen Methoden: Quanten-
punkte kdnnen bei Raumtemperatur hergestellt werden,
was Energie spart. Sie kénnen aus kostenglinstigen Rohst-
offen produziert werden, die keine hohe Reinheit wie
Silizium erfordern. Zudem kdnnen sie auf verschiedene
preiswerte Substrate wie leichte Kunststoffe aufgebracht
werden.
Graphen-Quantenpunkte

Graphen ist im Wesentlichen eine offene, flache Form
eines Kohlenstoff-Nanoréhrchens und hat sich daher
als vielversprechendes Material fiir die Nanoelektron-
ik erwiesen. Forscher haben gezeigt, dass sich aus eink-
ristallinem Graphen Nanotransistoren herstellen lassen.
Im Gegensatz zu anderen bekannten Materialien bleibt
Graphen auch bei einer Gréf3e von 1 Nanometer stabil
und leitfahig. Graphen-Quantenpunkte (GQDs) zeigen
ebenfalls groRes Potenzial in der Optoelektronik, Photo-
voltaik, Biosensorik und biologischen Bildgebung — dank
ihrer einzigartigen photolumineszenten Eigenschaften,
einschlieRlich hervorragender Biokompatibilitit und
geringer Toxizitat.
Quellenangaben
1. https://www.sciencedirect.com/topics/materials-sci-

ence/quantum-dot
2. https://www.sigmaaldrich.com/NL/en/techni-
cal-documents/

3. https://avantama.com/what-is-a-quantum-dot/
4. https://www.chemistryworld.com/features/



Giriis

Filtreler kendilerine carpan 1sigin yalnizca bir kismini
gecirir. Bu nedenle renkliisik olusturabilir, 1s1gin renk sicak-
hgini kontrol edebilir veya ultraviyole veya kizilotesi gibi
zararli ve gozle goriilmeyen isinlarin gegisini engelleyebil-
irler. Filtreler islevlerine gore iki tlre ayrilir:

Emilim filtreleri Bu filtreler 1s1gin belirli bir kismini emer
ve geri kalanini gecirir. Bu isinlarin emilmesi filtrelerin
Isinmasina neden olur. Bu filtreler cok hassas degildir ve
bu nedenle emme filtreleri kullanarak gli¢lii renkler veya
yiiksek doygunluk seviyeleri olusturamazsiniz. Omdirleri
cok uzundur.

Parazit filtreleri Bu filtreler yansitici filtrelerin bir

parcasidir, 1SI8IN cogunu gegirirler ancak gecirilmesi veya
yansitilmasi gereken dalga boylarini segmek ¢ok hassas
bir istir. Bu filtreler sert renkli isiklar olusturabilir. Genel-
likle camdan yapillirlar ve zamanla buharlasan 6zel bir
tabaka ile kaplanirlar, bu nedenle dayanikliliklari ve stabi-
liteleri emme filtrelerine gére daha azdr.
Filtre tiirleri Renk filtreleri: Renk filtreleri 1sik dalgalarinin
yalnizca kigik bir kismini gecirir ve geri kalani filtre
tarafindan emilir veya yansitilir. Bu nedenle bu filtrele-
rden gecen sanoor miktari cok azdir. Mavi, yesil ve kirmiz
filtreler kendilerine ¢arpan toplam isik akisinin sirasiyla
%20, %15 ve %55'ini gecirir. Renk filtreleri genellikle plas-
tikten, seffaf renkli camdan veya metal oksit iceren cam-
dan yapilir.Plastik renkli filtreler i1siya dayanikli degildir
ancak cam filtreler 1si ve sicaklik degisimlerini kolaylikla
tolere edebilir. Girisim tipi renk filtreleri renksiz olduk-
larindan goriiniimlerinden taninamazlar

ik filtrcler
Cevirmen

hadis javadzadeh /lisans 6grencisi
Tiirk edebiyat: / Tebriz Universitesi

Diizeltici filtreler: Bu filtreler, 1sik spektrumunu gegmek
icin sahip olduklari egriye bagli olarak isigin renk sicakligini
artinir veya azaltir. Ten rengini iyi bir sekilde gostermek icin
kullanilan ten rengi filtreleri, lambalarin isik spektrumunu
sadece yesil ve sari renklerle ilgili kissmda degistirir.33 giin
1sig1 filtresi, 15tk renginin sicakigini sicak beyazdan notr
beyaza degistirir. Cilt tonu filtreleri, insan ten rengi gibi
dogal sicak renkleri iyi gbsteren renk filtreleridir. Ve genel-
likle restoran ve kafelerde kullanilirlar.

Koruyucu filtreler: UV filtreleri ultraviyole isinlarinin
gecisini engeller ve ayni zamanda yeni goriinlr dalgalar
gecirir. Bu filtreler genellikle 400 mikrondan biiyiik dalga
boylarini gecirir ve daha kiiclik dalga boylarini yansitir. Fil-
trenin optik spektrumunun kenarlarindaki iletim egrisi ne
kadar keskin olursa, goriinir 1sigin rengi lizerindeki etkisi
o kadar az olur. UV filtreleri seffaftir.

Filtrelerin farkli tlrleri ve uygulamalar vardir, bunlardan
bazi 6rnekleri asagida belirtiimistir: Kalite diizeltme filtrel-
eri (renk sicakhgi) UV filtresi Ultraviyole veya UV filtresi,
glinesin ultraviyole isinlarini emen ve bunlarin kameraya
girmesini 6nleyen seffaf bir camdir. Aslinda bu filtre, ultra-
viyole isinlari emerek goriintliyi daha net hale getirir ve
ayrica lensi ve kamerayi koruma gorevi de gordir.

Polarizor filtresi Isik, 1s1gin elektrik dalgasi ekseninin ta-
ban ekseniyle acisini belirleyen “kutupluluk” adi verilen
bir 6zellige sahiptir. Isik her yonde ve acida hareket eder-
ek nesnelerin ylizeyine ¢arpar ve mimkiin olan tiim yon-
lerde yansir. Ancak metal olmayan yiizeylerde, 6zellikle su
ve camda, 1sik dalgalan ylizeye carptiktan sonra yalnizca
tek yonde yansir, buna polarize veya polarize dalga denir.

chalesh .



iki adet hareketli cam plakadan olusan polarize filtre, bu
dalgalarin 6niinde engel ve bariyer olusturarak kameraya
girmelerini engeller. Sonug olarak yansimalar bir polar-
izasyon filtresi kullanilarak giderilebilir. Bu filtreyle ¢cekilen
gorintiler daha net ve daha yiiksek renk konsantra-
syonuna sahiptir.

Tavan penceresi filtresi Tavan penceresi filtresi ultravi-
yole filtre gibi calisir. Yani ultraviyole isinlarinin néifuzunu
onlemek icin kullanilabilir. Bu filtre fotografta soluk pem-
be bir ton Uretirken UV filtresi fotografta soluk mavi bir
ton uretir.

Miktar diizeltme filtreleri (isik seviyesi) Isik azaltici fil-
treler

Glclu glnes 15181 altinda fotograf cekip net bir sekilde
kaydedebilmek icin bu durumda alan derinligini azaltmak
adina diyaframi agmaktan baska secenegimiz kalmiyor;
Ancak 1,2000 saniyelik enstantane hiziyla bile sahnenin
mevcut 15181 sig bir pozlamayl kaydedemeyecek kadar
fazladir ve bu imkansizdir.Bu durumda gelen 15181 azalt-
maktan baska segenegimiz kalmiyor. Bu, ND isik azaltici
filtrelerle her tiir film ve slaytta mimkindir. Isik azaltici
filtreler, gelen 15181 azaltmak disinda renklerin tonalitesine
etkisi olmayan gri renk filtreleridir.

Siyah beyaz fotografcilikta filtreler

Renk filtreleri, siyah beyaz fotografcilikta, renkleri farkli
derecelerde etkilemek ve degistirmek, ayrica kontrast-
larini degistirmek icin kullanilir.

Optik filtreler

Farkl dalga boylarindaki isig1 segici olarak ileten ci-
hazlar vardir. Bu yazimizda fotonik kristallere dayanan
mikro bosluk tipi rezonans optik filtreleri inceliyoruz; Ve
cesitli filtrelerin olusumundaki kullanimini ayirip yasakli
bandin tasarlanmasi ve olusturulmasi yontemlerinde kul-
laniyoruz.

Yiiksek gecis filtresi Yiiksek gegisli filtre, daha kisa dalga
boylarini zayiflatan ve spektrumun hedef aralig (ultravi-
yole, gortiniir veya kizilotesi) tizerinden daha uzun dalga
boylarini geciren bir optik girisim veya renkli camdir.

Dik bir egime (filtre kenari gibi) sahip olabilen bir yiik-
sek gegisli filtre, dalga boyunun tepe iletiminin %50'sinde
kesilmesiyle tanimlanir. Floresan mikroskobunda yiiksek
gecisli filtreler genellikle dikroik ve bariyer (diflizyon)

aynalarinda kullanilir.
Optical filter

Incident light
Transmitted light

Gegis Alcak geciren filtre, bandin yalnizca bazi dalga
boylariniiletir ve digerlerini engeller. Bu filtrenin genisligi,
gecmesine izin verdigi dalga boyu araligiyla ifade edilir ve
bir angstromdan azdan birkag yliz nanometreye kadar
herhangi bir deger olabilir. Bu filtre bir LP ve bir SP’nin
birlestiriimesiyle yapilabilir.

Lyot filtresi ve Fabry interferometresi (iki yansitici ylizeye
sahip seffaf bir plakadan veya yiiksek yansiticiliga sahip
iki paralel aynadan yapilmistir) bant geciren filtrelerin
ornekleridir. Alcak gegciren filtre astronomide spektral
cizgileri islemek istediklerinde siklikla kullanilir. Hollanda
acik teleskopu ve isveg giines teleskobu bu tiirdendir.

Yiiksek gegis filtresi Yiksek gegisli filtre, daha kisa dalga
boylarini zayiflatan ve spektrumun hedef aralig (ultravi-
yole, gortiniir veya kizilotesi) tizerinden daha uzun dalga
boylarini geciren bir optik girisim veya renkli camdir.

Dik bir egime (filtre kenari gibi) sahip olabilen bir yiik-
sek gegisli filtre, dalga boyunun tepe iletiminin %50'sinde
kesilmesiyle tanimlanir. Floresan mikroskobunda yiiksek
gecisli filtreler genellikle dikroik ve bariyer (diflizyon)
aynalarinda kullanilir.

Gegis Alcak geciren filtre, bandin yalnizca bazi dalga
boylariniiletir ve digerlerini engeller. Bu filtrenin genisligi,
gecmesine izin verdigi dalga boyu araligiyla ifade edilir ve
bir angstromdan azdan birkag yliz nanometreye kadar
herhangi bir deger olabilir. Bu filtre bir LP ve bir SP’nin
birlestiriimesiyle yapilabilir.

Lyot filtresi ve Fabry interferometresi (iki yansitici ylizeye
sahip seffaf bir plakadan veya yiiksek yansiticiliga sahip
iki paralel aynadan yapilmistir) bant geciren filtrelerin
ornekleridir. Alcak gegciren filtre astronomide spektral
cizgileri islemek istediklerinde siklikla kullanilir. Hollanda
acik teleskopu ve isveg giines teleskobu bu tiirdendir.

Asagl gecmek Spektrumun hedef araligindan (genellikle
UV ve goriiniir) gecen daha uzun dalga boylarini ve asiri
aktif kisa dalga boylarini reddeden bir girisim optik filtresi
veya renkli cam. Genellikle dikromat aynalarda ve uyar-
ma filtrelerinde kullanilir.

Kaynaklar

1. https://www.edmundoptics.com/c/optical-filters/
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Optical_Filters/
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Graphene
in
plasmonic
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Abstract

Graphene is a very thin layer of carbon atoms arranged in a honeycomb lattice. It can be derived from graphite or
produced using chemical vapor deposition (CVD). Known for its exceptional strength, flexibility, and excellent elec-
trical and thermal conductivity, graphene acts like a semi-metal due to the absence of a band gap. This property
allows its electrical characteristics to be modified by adding certain chemicals or applying electric fields, enabling
it to behave like N-type or P-type materials.

Electrons in graphene move exceptionally fast, traveling at about 106m/s, thanks to its unique structure that fa-
cilitates easy movement without significant scattering. Despite its intriguing properties, the practical applications
of graphene have been limited thus far. Its primary advantage is its ability to conduct electricity effectively while
being only one atom thick, which opens up possibilities for new electronic devices. The combination of strength,
flexibility, and conductivity makes graphene a promising material for future technologies.
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P ~ ‘ Plasmons are collective vibrations of electrons in con-
‘.'-\"‘; g R ‘-“‘_ X 'S ductive materials, offering valuable properties for pho-
AN R h - o — tonic technologies. They are smaller than light wave-

Pure graphene is a uniform, single-atom-thick crystél of carbon

: L . lengths, improving imaging resolution and interactin
arranged in a hexagonal pattern, as seen in this electron microscope 20, [ g ging g

strongly with light, which can significantly enhance op-

image
tical signals. Recent advancements have enabled better
Graphene Structure control over these plasmons, leading to applications in
Graphene utilizes all four valence electrons of carbon. sensitive detection, improved solar cells, cancer treat-

Three electrons form covalent bonds in a honeycomb ment, and nonlinear optics.
shape, while the fourth electron exists in a 2pz state, con-
tributing to its electrical conductivity. This bonding struc-
ture provides graphene with chemical stability, strength,
and heat resistance. The free pz electron enhances its
electrical properties. Graphite, the source of graphene,
sublimates at 3,900 K, and individual graphene layers
break apart at temperatures estimated between 4,900
and 5,800 K. The thickness of each graphene layer is ap-
proximately 0.34 nm.
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| » : > IS, '-.' . :: s A Graphene, particularly when highly doped, is a prom-

iy <2 VoaPesa » ising material for plasmonics due to its ability to ad-

S > ,' gD W 1 - just electrical properties. In its natural state, graphene
"._: L2 ." : P2 absorbs about 2.3% of light, but electrical doping can
e ot open an optical gap and create controllable plasmon
Curaphite Crphenc bands by changing the voltage. This allows for quick ad-
justments in graphene’s interaction with light across a

Conductivity of Graphene wide range of frequencies.

Graphene’s conductivity can more than double when Research on graphene plasmonics includes theoretical
gently heated to 400°C in a vacuum. While adding mol- studies and practical applications. Scientists use quan-
ecules can increase conductivity by providing charge car- tum mechanical models and classical electrodynamics
riers, it may also hinder their mobility. Graphene’s sen- to explore graphene’s behavior in various shapes, such
sitivity to its surface allows it to detect single molecules; as sheets and ribbons, as well as in complex structures
however, it presents practical challenges such as excessive like circuits and disks.
flexibility at larger sizes and near invisibility (with 97.7% Graphene’s unique plasmonic properties and electron-
light transmission in a single layer). Although graphene ic characteristics have generated interest in hot elec-
exemplifies a 2D material that can be formed into 3D tron behavior and energy loss processes in plasmons.
structures, theoretical limits to its properties remain un- Graphene exhibits a strong electro-optical response,
observed. Creating and handling high-quality graphene making it more effective than traditional plasmonic
continues to be a significant challenge. materials.



Most observations of graphene plasmons have been at
mid-infrared wavelengths, prompting efforts to explore
their behavior at shorter wavelengths. Recent advance-
ments include controlling plasmons in metal nanostruc-
tures and silicon waveguides using nearby graphene.
Researchers are also investigating increased doping lev-
els and reduced sizes of graphene structures to enhance
tunability.

Graphene has a unique electronic structure with Dirac
points that influence light interaction. When electrons
are added, the Fermi energy shifts, creating an optical
gap measurable by energy loss during light interaction.
The characteristics of this gap change based on the angle
of incoming light, revealing distinct plasmon absorption
features. Studying these properties enhances our under-
standing of graphene’s interactions with light and its po-
tential uses in electronics and photonics.
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Graphene’s stability, high quality, and excellent electri-
cal features have advanced plasmonics research, making
it ideal for optoelectronic devices. It shows strong optical
nonlinearities and can effectively interact with nearby
light sources, which is valuable for quantum optics in in-
tegrated devices.

However, challenges remain for graphene to become
a leading plasmonic material. One major issue is creat-
ing precise patterns of graphene with controlled shapes
and quality. While new production methods are emerg-
ing, achieving detailed atomic control often relies on ad-
vanced techniques like chemical self-assembly. Another
challenge is coupling graphene plasmons with external
light, although progress has been made in enhancing op-
tical absorption through patterned graphene.

Graphene plasmons have been observed in the mid-in-
frared range and exhibit good tunability. Light modulation
with graphene has also been demonstrated in the visi-
ble-near-infrared range, although further improvements
are necessary to enhance this tunability. It is anticipated
that graphene will have lower optical losses compared to
traditional materials, but additional research is required
to fully comprehend these losses.

If these challenges are addressed, graphene could lead
to significant advancements in optical sensing, particu-
larly for detecting molecules using infrared spectroscopy.
In quantum optics, graphene may interact strongly with
solid-state emitters, potentially enabling new applications
through two-photon interactions. The exact mechanism
by which light generates electricity in graphene remains
unclear, but both the separation of charge carriers and
thermoelectric effects contribute to the creation of elec-
trical signals upon light exposure.

To enhance graphene’s response to light, researchers
have utilized metal plasmons, resulting in the devel-
opment of a small spectrophotometer. By leveraging
graphene’s own plasmons, it may be possible to measure
light intensity more precisely by adjusting the plasmons
within a graphene structure. This could lead to a new type
of small spectrophotometer operating in the mid-infrared
range and potentially in the visible-near-infrared range if
the plasmons can be tuned to higher frequencies. Fur-
thermore, graphene-based devices for adjustable lighting,
particularly in the infrared range, could be developed us-
ing thermal emission, where the emitted light spectrum
aligns with the absorbed light at plasmon frequencies.

The emerging field of graphene plasmonics is distin-
guished by the discovery that ultrathin materials can sup-
port tunable collective optical oscillations. This realization
has initiated a broader search for new materials with sim-
ilar properties, with promising results already observed in
plasmons within topological insulators.
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