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ABSTRACT

ANALYSIS OF OPTOELECTRONIC SMATERIALS

AYOOB YOUSIF AHMED ALQURQASH
M.S., Electrical and Electronics Engineering Department
Supervisor: Assafrof.Dr. Efe Eseller

May 2017,50 pages

Optoelectronic is a sectionf electronics which deals with emitting and
detecting of lightsuch as LEDssolar cells, transistors, photodetest Thesedevices
synthesis omaterials §ilicon, MWCNTs, SWCNTs andGraphenehasa possibility
to convert thencident radiation lightn to electric power or vice vers&his thesis
reviews theanalysisof optoelectronic materials in particular for graphene material
which represents the latest episode of the explorations of the origin of alafesim
carbon (graphite, fullerene, CNMWCNTs, SWCNTs and Graphen&)nd highlight
the exceptional properties dMIWCNTs andgraphene by using Raman theoAn
implementationincluding experiment i laboratory on MWCNTsample by ugg
Ramansystem which incluedspectrometemwith power laser(200mwW, 100mWw,

50mW) and wavelength 532nm.

Keywords: OptoelectronicMWCNTSs andGraphene



Oz

OPTOELEKTRONKK MALZEMELERKN ANALKZEK

AYOOB YOUSIF AHMED ALQURQASH

Yiksek Lisanse |l ektri k ve Elektroni k M¢he

Tez Yoneticisi: DogDr. Efe Eseller

Ma y 2(l7,50sayfa

Optoel ektroni k,veeéekel gal al'mlgedreiermeé g¢nek
transistorlerin, ve fotodetélrleriny a p € s &€  Weelgili¢orl eatni ii r anabi | i
Cihazl arén sent e malzemehedSilikon, M&/CNT USWICNHThve | a n
Grafen)r adyasyon EKéjene elektrije veya te
dej i Ki m g°. Bu ¢k, nptdelektrahik rsistemlerde 6zellikle karbondan

(grafit, fulleren, CNT, MWCNT, SWCNT ve Grafen) uretilen malzemel&iikenini

temsil edengrafen materyalinde bulunan karbon nanotip malzemeteralizini

i ncel emekt e vV e MWCNT'" | erin i s MWGENTa i ° 7z ¢
numunesi Uzerindeki deneyler, gic¢ laz&0nmW, 100mW, 50mW) ve dalga boyu

532nm olan Raman spektrometre kul | anél arak ger -ekl ekt

Anahtar KelimelerOptoelektronik, MWCNT ve Grafen
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CHAPTER ONE

INTRODUCTION

1.1 Raman Spectroscopy

Phenomenon Raman Effect found by Sir Chandrasekhar Venkata Raman (C.V.
Raman) in February 1928. Which that bears his name, just rough instrumehéation
beenaccessedSir Raman utilized daylight as the source and a telescope as the
gatherer. Haisedhis eyes as sensor for this case. That suctveaknessnarvek as
the Raman scattering werecognized was for sure wonderful. He got tebel
Prize for physicson 11 December 1930, Bit by bit, changes in the different segments
of Raman instrumentation occurred. Early resedochisedon the improvement of
better excitation sources. Differelght source of the componentsvere produced
(e.g., bismuth, helium,izc, lead). These ended up being unacceptable due to low
light powers. Thedevelopersare included also mercury light source. An early
mercury light source which had been utilized for different purposes as a part of 1914
by Kerschbaum was creatfq.

In the 1930s mercurljght souce convenient for Raman utilizatiomere designed.
Hibben improvementbas been @ieveda mercury burner in193f], and in 1942
Speddingand Stamm tried to find a cooled tyjid. An advancevas made by Rank
and McCartney in 1948, who concentrated on mercury burners and their experiences
[1].

Hilger Co. Managedto find a mercury trigger source framesk for the Raman
instrument, which comprised of folight source enclosed the Raman tube.

Welsh et al.Presenteca mercury source early frortine 1950s which got to be
familiar name Toronto Ar¢l]. The light source comprised of a fesource helix of
Pyrex tubing and was a change over the Hilger light source. Chanligst isource
were made by Ham and Walsh, who portrayed the utilization of micrewave
controlled helium, sodium, mercury, and Potassilight source. Stammreich

likewise chek the reasonableness of utilizing argon, cesium, rubidium, and helium



light source for shaded materials [1]. His wevlishard forstudyingthe propagation

of light and the discovery of his influence gave himlggtimacy to carry his name.
Laser discoery in 1960 by Maimarj2] gave animpetus to the improvement of
implementation Rama8pectroscopy [2]. After this discovery, the sources of Raman
Spectroscopyepend on the laser.

Ultimately, the Argoron laser which has wavelength starfrom (351.Inm to
514.5nm) and the Krypton laser from (337.4nm to 6 @¥become®btainable are
easy, with the passage of time exactly in (1964) appeared another kasiof(Nd

YAG) which hasa wavelength(1,064 nm). It was utilized asa sourceof Raman
spectroscopy [1]. Aftethis progress which appeared otaser, gave the feature to
Raman spectroscopy to become one of the important waysatealysis of materials

[2].

Through a brief period replaced the light sources (mercurgjhersources (laser).

In the meantime alsq being replaced with other modern components like
photomultipliers, scanning spectrometers. In parallel with the development and the
discoveries of modern electronic components the Raman spectroscopy also develops

[1] [2].

1.2 Carbon Nanotubes and Gaphene: Discovery and Application

The evolution of modern life demands a development in technology, this
prompted researchers to race for research and discovery in the area of finding
materials to help improve the performance of electronic devices and increase speed
and smaller size. Where Silicon was one of the dominargriabih the manufacture
of smdl electronic compound such agamsistor and electronic integrated circuits
(IC) with the limited theoretical and technidahckground The elementarbon is
available innature, itsrepresenthe source to obtain of graphiteyjlerenes,carbon
nanotubes andraphend16]. Raman spectroscomssistsn achievingprogress in
carbon materialstudies especiallythe Graphend 3] . Wher e i1 tds abl e
of information and detai/sfor example the thicknessof graphem, disorder and
conductivity [9. In 196Q graphite appeared on the sceverediscovered by Arthur
Mooreet al[17]. In 1985 The fullerene (6) have been discoverero dimension
by Kroto et al [15] who (was awarded the Nobel Prize in Chemistry in 19%5)

2



Gave impetus for scientiste proceed wh research and development [16Since
this date the number ofesearcherdhas begunto increasein this field. That
researches in 1991 where was found of carbon nano{@€E) one dimensiorby
lijima [15]. CNTs is the regularity of graphene in a single, double, rfay&rs and
wrapped up aroundself. t results from that soalled (SWCNTs, DWCNTs and
MWCNTSs) with unparalleled properties that acquiring them possibly valuable in a
wide assortment of uses cdu as electronic and optoelectronic uses. This label
coming from the very small size of the material where has diameter vellyasmda
measured by nanometer |34t played a role in the discovery of (MWNTSs) where
the deposition was observed on the catheldetrodeduring preparation fullerene
Research scientists and researchers have contiou@tbny years until he saw the
light and found (SWNTsin 1993[16,4. Followed in 2004 Novoselogt al It has
beendiscovered material twdimensional namelrgpheneg[15]. Two dimensional
comes from the height of the layer which egialone atom of graphite which wa

hexagonal lattice form thadures (1 & 2 & 3) illustrated.

Figure(1) Carbon hexagonal lattice structure of grapl@he



Graphene

Figure @) some substances derived from carbon atoms @D) [35]

Figure (3) Single, Double and MulVall Nanotubes [8]

4



In spite of thefact that the CNTs have onesixth of the heaviness of steel, like
graphene under stress, CNTs are two requests of size more powerful than steel. PC
emul ation rating of the fusion purpose
represerdthe highest degree compared to other matewyalsnear the fusion degree
to graphite. The diameter and in addition the structure of the CNT, play a major role
in influencing the electronic conductivity of the SWCNTs. The diameter of
MWCNTSs ranging 2n#b0nm and the gaps between the layers inside the MWCNTSs
approximately 0.34nm [34,37 There are three ways are common so far,ther
production of the MWCNTSsArc dischargechemical vapor depositionand laser
ablation way) [3]. By a wide temperature change, installation of catalyst, and
different treatment parameters, the normal nanotube measurement and size
allocation can be shifted. Arc discharge and laser ablation are at present the
important techniques for getting little amounts of superb CNTs. In any case, both
strategies have sevemdibadvantages.ifstly, both strategies includes vaporizing the
carbon sample source, therefore it has been misty how proportional up generation to
the modern level utilizing these methodologies. Secondly the issue identifies with the
way that vaporization techniques diyge CNTs in profoundly tangled structures,
blended with undesirable types of carbon or potentially metal sort. The CNTs
therefore created are hard to filterezbntrol, and gather for creating nanotube
componentstructures for realistic application37 39].

Graphene has gotten much interest as of late wmngrscientists and researchers
because it has distinctive properties and possibilities with the Nanooeleatsages
or applications [P Therefore, it is a quickly rising star and becambright star
between materials [8Previous studieh ave shown that the gr aj
have ahigh conductivity at normal temperature, also has a lot of distinctive
properties like transparem and other properties can use manufacturing the
electronic componentwhich added to this field mulproperties forfuture devices
[7, 9. Add to other than the remarkable mechaniedtdres and thermic features
[16].

Graphene imposedsilf as supermaterial because of its ekoepl physical
properties. This new sort of 2D materials which has nanostructure, it drew the

attention of researchers at all disciplines. At present, graphene became the material
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thinner discovered so far and the most robust matetliavever, ithas illiant
electrical, thermal conductivity, feature optical, high stability, high flexibility,
excellent porosyt, and other recipes featured [15The stdility of graphene
structurescomesfrom the ability ofthe carbon atom tonterconnectwith neighbor
atomsbecausetihas four electrons inuter orbit and formatiof covalent bonds
[4]. The horizontal distance tveeen two atoms is (0.142 nm)][5And the vetical
distance is (0.123 nm) [B]. Figure @) illustrated.

3

0.123 nm

Figure @) Digram for the distances (verticahd horizontal) between atoms

graphene

In general, graphene is a new type of material with a thickness of one atom this
feature gave labels two dimensiondl(] Graphene shows numerous exciting
properties, for example, Hall effect at room temperaturigle wange ballistic
transport with just about ten times more prominent electron versatility than of
Silicon, accessibility of charge bearers that carry on as massless relativistic semi
molecule (Dirac fermions), and the limited of band gap comes from wuant
confinement and Coulomb siege effect. These exceptional properties can be used for
manufacturing excellent electronic components, for exampleT, IC, and
Supercapacitors [15Many ways of manufacture graphene, but the most prominent
are the two mainway, peeling of graphite to aain graphene and way chemical
CVD.



The first wayfamiliar for all whichknown as Scotch tape, lojilizing adhesive tape

to get a thinayer sample from graphite and return the operation to the sample many
times to obtain a sgie layer with high one atom [13

For the second way, Graphene pet#tecunulates by CVD method (Methane
compound as cadm raw materials) on copper (Calibstrates at the surrounding
pressureA first step a copper foil with thicknes®©(025mm) was introduced into a
(CVD) oven toheatto (1050°C) with the existenc€300 sccm Argn) and (10 sccm
Hydrogen gas)n the wake of achieving 1050 °C, the model or samgteainsunder

1050 °C for half hour or more without any change in the gas influx rates. After that
comes participation the Methane with the previousag#rgon and Hydrogenior

ten minutes Eventually, the model was quickly cooled to normal temperature with
existence Argon and Hydrogensgas. Then bng out the product from oven [[LO

The Nobel Prize in Physics at 2010 crowned two scientists is (And&ekn) and
(Konstanin S. Novoselov). Where they had significant rolein this achievement
Graphengdl2].



CHAPTER TWO

LITERATURE SURVEY

As previously mentionrbm the stage of discovery and developmehtarbon
material.l looked at those stages and the results eéaech and studies conducted in
the past, but my focus will be on graphehe.be integrated search, any researcher
cannot separate the specification or properties of graphene, but they are mentioning
that and they focused are in part or a set of specificatibris. noted that, for

example,

The researchdsaac Childreset al, CH19 [9]: is highlightedon the properties of
graphene by using Raman spectroscopy application to explain synthesis of graphene
Where theyare able to study the main psal, G, and 2D) in the fingerprint of the
graphene and the statement of the sensitivity of its locatidhedRaman spectrum
explairs the charactestics of graphenend the state of thatensitiesrelationship to

the peaks of eagheakwith each other and the interest of the fund

The researchekndrea C. Ferrari, 2007 [14: is focused on the originated of D
G and 2D peaksf graphengthe variation locationform and the relatiored/lc to
know how many graphene layers, the influence ofallwy in graphene on the form
and changes in the spectramd the graphene defect can be observed in thegehan
of theform D pe&. Herelies on the Raman applications for his study

The researchebjjal Kumar Sur, 2012 [1%: is focusedon the synthesis,
functions,various applicationand the remarkable propertiesgraphendiighlighted
as a future materiabnd he expects that graphene markét thiive to the highest

levels



The researcheR. Saito et al, 2011 [14: is focusedon the sampleggraphene)
regimes individually and relative ttypical estimate of nanostructuredamplesIn
addition to showng the capability of Raman applicati®a detectproperties of the
sample(graphenepnd the aspects the convergence dhe graphie. And they are
emphasizinghe development which obtainefl the Raman theory useful tbein-
depth studyf the materials and staté the characterize of materials amtoughthe

spectrunto illustrate the behavior of graphene

Eric J. Heller et al, 2015 [3]: adopted in their research on the theory of KHD

with Raman scattering &iudy of graphene properties

Qingkai Yu et al, 2011 [1Q: is focusedon the production of graphene, improve
production and control to get high qualitgy usingthe CVD methodto product

graphene.

A.k. Gem, 2009 [17: is researching the progress that is happening in the
research and analysis applications and tries to distinguish thie pth to graphene

material

S. S. Nanda et al, 2016 [1§: is researchinghe audit the advancements and
examine the future heading and different inquiries applicable to Raman spectroscopic
examnation of graphene and graphemeéatedmixes. An upgrade of the essential
ideas basic the Raman spectroscopy of graphene is introduced and conclusions with
respect to this matter are given. The biomedical and physical utilizations of Raman
spectroscopy of graphe are evaluated. Thepgrade ofthe Raman flags and
investigations of these improvements is known as Surfaggroved Raman
spectroscopy and Tip upgraded Raman sp®scopy Diverse systems of the
accomplishing compound upgrade of the Raman flag of the graphene surface and
investigationof these improvements through Raman spectroscopy are talked about in
this basic adit delineating thelevelopment irthe utilization of Raman sp&oscopy

in agraphenesurvey

The researcheMagdalena Wojtaszek 2009 [19: is highlighted in the

correlation of the expectations from the model with the exploratory perceptions.

9



For that reasarhe created graphene gadgets and measured electronic transport with
and withoutan attractive field. In the last pafhe demonstrates that in spite of the
fact that the proposed model is exceptionally straightforward, it duplicates ®ill th
estimations and can fill in as an appasafor test characterization

Andrea C. Ferrari and Denis M. Baska 2013 [2Q: is focused on the best in
class, future headings and open inquiries in Raman spectroscopy of graphene. They
portray basic physical procedures whose significance has just as of late been
perceived, for example, the fiifent sorts of reverberation at play, and the patti@f
guantum impedance. They have redesigned every single essential idea and
documentations, and propose a wording that can portray any outcome in writing. At
last, they highlight the capability of Ramapectroscopy for layeredaterials other

than graphene

Andreas Bablichet al, 2016 [21: is highlighted on the optoelectronic gadgets in
view of graphene and related tglomensional (2D) materials. The search
incorporates essential contemplations of process innovation, including exhibitions of
2D heterostructure development, and remarksthen versatility and manufacture
ability of the development techniques. We then survey the capability of graphene
based straightforward leading anodes. A noteworthy part of the search depicts
photodetectors in view of horizontal graphere imtersectionsrad Schottky diodes.

At last, the advance in vertical gadgets produced using 2D/3D heterojunctions, and

additionally, each of the 2heterostructures is examined

F. Bonaccorsoet al, 2010 [23: are reviewing the Rotonics and optoelectronics
properties of graphene and the characteristics gidtential fuur e appl i cat i on

appearance

Frank Schwierz, 2010 [23: survey the properties of graphene that are
significant to electronic gadgets, talk about the exchange offs among these properties
and look at their impacts on the execution of graphene transistoriratiohals
andradio frequency applications. He @n§ that the amazing versatility of graphene
maynot, as is regularly expected, be its most convincing component from a gadget

10



viewpoint. Or maybe, it might be the likelihood of making gadgets with channels that
are greatly thin that will permit graphe fieldimpact transistors to be scaled to
shorter channel lengths and higher velocities without experiencing the antagonistic
short channel impacts that limit the execution of existing gadgets. Exceptional
difficulties for graphene transistors incorp@aipening a sizeable and all around the
characterized band gap in graphene, making huge zone graphene transistors that
work in the current saturation administration and creating graphene nanoribbons with

all around charactzed widths and clean edges.

Zhi Yang et al, 2012 [24: are highlighted on t he
graphene investigate: readiness, functional and additionally the specifications of
graphene will be talked about. What's more, the possibility and potential uses of
graphene in regions, for example, sensarano (electronics and composites)
materials, which are also discussed. And they are talking about the techniques
identified with the planning, functional, and utilizations of graphene. Over the span
of the few years, it can be normal that there willabklast of searches on the new
amalgamation, functional, and also uses of graphene. Alongside the licenses and
distributions, the world will witness an upset in nawtence in which a totally new
manufacturing and innovation will develop, in light of gnepe and the semce of
functional graphene

Changsoo Park 2015 [25: is proposing a strategy to create (valfmlarize)
electron rays utilizig two layers of graphene-mn intersecting. By analysis of the
moving description of electrons out of the intersection aitinuous interface
within the sight of trigonal twisting, he monitored that he exists a domain collision of
energies and hindnae elevations in which moved electrons are good condition
polarize and aligned. To this point of perception and by performing numeral
reproductions, it is exhibited that vallsybordinate electronic streams with about
flawless polarization have the abilto produce. He additionally demonstrates the
secession angle for the polarization current whichbeaander control via utilizing
high and low at voltage gate. The outcomes can be utilized for buildielg@ronic
shaft splitter to deliver vadly - polarize streams. He exhibited that (vallpglarize)
electronic streams with aboutlif polarize can be created imwo layers of graphene

11



n-p-n intersecting. The conjunction with the separate boundary conditions of the
energies which carry a gative sign motivate the electrons with the energies which
carry a positive sigmo submit to the angle which conditional doresonant motion
which is described and distributed with energy conservation. Within the sight of
trigonal twisting, this empowerthe moved electron streams to be very much
polarized and aligned. He has demonstrated the polarize streantbehalsility to

exist in a different domain of energies and hindrance elevations and the location
partition between the values of the highssint (peaks) estimations of the polarize
streams and the ability of controller by outer gate voltage. By building an electron
shaft splitter in view of the present outcomes, it can get polarize streams very much
isolated in space, which might be ut for a (valleybased) electronic gadget as

well as for researching impedance impaasudeen valley polarize waves

Chao Qiu et al, 2016 R€]: is searched and introduce detailed search with Raman
application and Drude system &m investigation of variations and upgrades in a
material's properties, as it mavefrom threedimensional (graphite) to two
dimensional (graphene). In addition tegistration by Raman system, which
demonstrates regardless mono layer, a dual layer, or more than that of graphene, the
Raman application mapping authorized th® uniqueness of such ram@nd an
immediate imagination of the homogeneity of the mateBakides, the estimations
or identify the value of IR transmittance and utilization of the Drude system, both
identified with the material, conductivity of electrical, exhibit a featured increment
in conductivity if reduceddimensional, fromo@®m Al For an (HQPG)
specimen t®138 m Al For a specimen with a mono layerdacssome layer of
graphene. Thismensuration is additionally especially suited to deciding other
significant material qualities, including a significant rise in the concentrafion
carrier (3.59 x 104 A ,14.91 x 101A | , 46.31 x 101A | ) For (HOPG),
themore than one layer, mono layer of graphene respectively. These last outcomes it
shows the importance and dominance the transport of intralayer adds to the
conductivity of the material. Such detail and data are important for improving the
sensors for biomedical, where is representing the fundamental application imagined

for this search

12



Shaahin Amini et al, 2010 [27: is exhibited another (method) or strategy for the
huge range graphene development, which gameability to new methods of
production with lower costs and high productivity. The technique depends on
developing mono layer or some layer of graphene velum from a fusion stage. The
procedure includes dissolution of carbon with a fused metal at a gingetature
and afterward permitting the dissolution or broke up carbafitst thermodynamic
stage (nucleate) and develop on the surface of the fused metal with less a
temperature. The inspected metals of the carbon dissolution included (Cu) and (Ni).
For the last mentioned, the brilliance of one layer of graphene was developed
effectively. The outcome of graphene layers was undergone to itemized infinitesimal
and Raman spectroscopic portrayal. Tte convolution of the Raman two
dimensional band wasilited to precisely decide the quantity of nuclear plans in the
outcome graphene layers and get to their goodness. The outcomes demonstrate for
their innovation can give mass graphite velum, some layer of graphene and
additionally high productivity monaaler of graphene on the metals. Their working
style can likewise be utilized for creating graphene thermic mediator materials for

thermic administration applications

Takaaki Tomai, Yuji Kawaguchi, and Itaru Honma, 2012 [2§: They are
explaining that the nangraphene was created from sheets, carbon lattice via the
method of (SCF) peeling without sour oxidation. Amid the peeling procedure, a
dynamic abatement in the quantity of layers was joined via the cutting process of the
basilar plane. They depend on the Raman application to recognize the nature of the
specimens, declaring that the deformity thickness in the basilar plane of the nano
graphene which hathe ability to lessen to not as much as that of a beginning

materialamid (SCF) peeling.

C. Casiraghiet al, 2007 [29: they are highlighted on the powerful differences in
the Raman spectrums of various mdager for graphene specimens acquired by
micro mechanical splitting. This detects the existence of overabundance in the
charges, even without deliberate doping. Theceatrations of doping if increased to
more than p TA | are assessed by study the shape, deviation and domain of

pulse G and the diversity of the location and the intensitiol the pulse 2D.
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Asymmetryof the pulse G show charges disproportienaton a si ze of un:«
Add more details about their search, they demonstrate that Raman application can
yngerprint contrasts bet ween ostensi bl y
similarly. They found that, the regardless presence a D puilaajpulation via the
parameters of Raman which are more normal and associated with an existence of
overabundance in the charges. This is an important result, which accommodates the
variety of electrical features regularly found in ostensibly inugstishable
specimens. They focused on as enough of specimens above 40 mono layer graphene,
delivered by small scale division of graphite. Which have distinctive regions, ranging
alimited number of* & © 1 v‘md). They are working on getting enougbmkber

of the spectra over 10My utilizing source laser (514 nm and 633nm) with

resolution A | with power less than 2 mW

Katsuhisa Murakami, Takuya Kadowaki, and Jun-ichi Fujita, 2013 [3Q:
Focused their search on the study of the relationshificfl by using Raman
applications, electron stream radiation with the approximate energy of (100eV)
which hasthe ability to occur damaged in the monolayer of graphene. The harm or
damagegets to be distinctly bigger with diminishing electron stream energy. Inner
stress, which occarfor graphene instigated by harm under radiation is moreover

assaesed in view of G pulsshifts. The dosage dependent on the inner stress was

around( 2.22%-c¢® vp m b — at 10@V and 500eV respectively. The stress

instigated by the radiation indicated a solid reliance on electron energies

Sebastian R. Accordinoet al 2015 [3]: Graphene and the materials that
originate from carbon such as graphite, CNT, C60, MWNTs and SWNTs are
normally viewed as hydrophobic as well as have been generally utilized as ideal
models for the realization of the conduct with the proviso, nonpetEnton for
water, an issue of real sympathy toward field's domain for biology science to
materials styling. But, some experiential and academic bits of knowledge appear to
repudiate, in any event, in part, such a photo. In this search, they providigihine
evidence of a flawless hydrophilic kind of graphene superficial. Their studies of the
components of atoms showed that analogous graphene sheets, insetha solid
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propensity to stay completely hydrated for middling for a long pexidiine
(notwithstanding, when the harmony state is to be sure the breakdown of the sheets),
and in this way, they are minimally inclined to sg#it together than the pattern
hydrophobic superficial they utilized as control that which ealst guided a
hydrophobic breakdown. Theapability of mean drive estimations they without a
doubt make obvious the dissolvent make a repulsion commitment to tkgetself
together of graphene superficial. Besides that, they likewise evaluate graphene
hydrophilicity via a method for the figuring the density of water at two cases of
pressures and water density variances. This search has not been implemented on
graphene and speaks to a method both to affirm and to evaluate its flawless
hydrophilic conduct. The likewise make clear the pertinence of the somewhat

alluring watercarton admixture or interactions

M. Reininghaus et al, 2012 [33: Their search was on the theme a laser incited
removal procedure to manufacture ultra thin graphite wafers. By changing the
puence of the removing beam Full Spectru
features numeric for thermic vaporization thus calleel nonthermic removal of
graphite wafers. The exence of a notthermic removal is an immediate outcome of
the solid mismatch of the strength of cohesioa matural casingnd the direction of
the plane of the material which has layers, for example, graphite. Theneromal

removal threshold of grapiei is 250 — which obtained through experiments

concurs completely with academic forecasts. Lastigy saved nanthin graphite
wafers has area 50 , Raman applications were theinmethod to complete this

work.

Matthew J. Allen et al, 2008 [33: Touched in their studies the speak about, the
reduced or decreased the oxide for grapiR&0O) has indicated guarantee as an
adaptable, ready to replace the mechanically way for peeling samples of graphite.
Albeit numerous estimations demonstrate that (RGO) has features drawing closer
those of inherent graphene, where it was difficult tovkrito what extent graphite
system is reconditioned upon decrease. Raman applications are broadly utilized for
the description of mechanically peeling graphene, however, it could not be
completely investigated for (RGO).
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Explain theirsearch, hydrazine (N2H2) suspensions of (RGO) are kept on smaller
scale hofplatelet and analyzed over a scope of temperatures via Raman applications.

The search focused the advantagthefarrangement processing
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CHAPTER THREE

BASIC CONCEPTS OF THE THEORY OF RAMAN
SPECTROSCOPY

In general, thedefinition of spectroscopy is the investigatiamd surey of
interaction and changes that ocdar the sample due to the incident rmin.
Spectroscopy is widely utilized to research the inner &tracof materialschiefly
moleculesof complicated organic components or inorganic componé&htge of the
mog common types of molecular spectra, microwave (rotatjoswéctra, infrared
(rotationatvibrational) spectra and visible (electronic band) spectra. In this study, the
interested was about a visible type, where | used laser source (532nm) and | focused
on the vibrational sectiofil2, 1. To startspeakingaboutthe theoryof Raman
Spectroscopy | wi | | explain some phenome

laws for molecule.

Heteronuclear, aholeculeconsistof multi kinds of elements. But homonuclear it is

consists ofust a single kind of element.

3.1 The harmonic oscillator

A

The harmonic oscillator, itds the oscil]l
The restoring force isssumed to obeyd o o k e 6(8§ wel hawe spring and two
masesor the spring fixed from one terminal to wall and the second termixed fi

with the mas®s In the case of the draw of mass and extend of the spring, when the
mass beconsefree the spring will presses. The tang force guals the distance

between the equilibrium case and the extent case, multiply by the constant of spring)
this is simply aheRguleebaillustrates ithoballs @g, mR)a w . T

and spring.
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Figure §) simple harmonioscillator model

~

Restoring force = —— Qw (3.1)

Where 0 @ is the potential energyp 1 1 Is the displacement from the
equilibrium bond lengthi , andQis the force constant. By integration of eg1)
Get

06w - (32)

For a diatomic moleculethe harmonic oscillator treated the vibrational energy

levelsO Which, givenby
0o "@»uv - (3.3)

Where vibrational quantunon 0  Tiplti8 8 «dVibrational frequency which can

p—

finditbytheeq.o — ¢ (34)

111111

Reduced mass eeeéeéé. (5)

Il tds axi omati c, t chd@ect\progoticaality with@ahd inverse g u e n ¢

proportionality with* .

More utilize the term vibration wavenumber symbol , rather than the term

frequency, the eq3(3) Will become
o v - (3.6)

For all diatomicmoleculeshaving two terms (rotational term values and vibrational

term values) the vibrational term values will give by the 8d)(

— 00 ] 0 - (37)
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From eq. 8.7), if we substitute the values of Tiplthot8 BwWe get

"on %ﬁo %rmc %rmo & B88&
G P G G G

From above, wecan argue the molecules impssible at 0 1 have notthe
vibrational energyecausef the vibrational term equal half vibration wavenumber
even at a temperature of absolute zérmther words, the molecules have vibration

energy at zero leveBut the molecules have zepoint energy.
In transition case between two differéetelsadjacent,
Supposedb © 0 p

Y

00 p OU O p -] 0 -1 (38)

Obviously we find that thedistances between all thevels are equathat'sonly for

harmonic oscillator approximation. Figu® {llustrated.

potential energy U

Te r

Figure @) levels energyn harmonic oscillator case
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3.2 Theanharmonic oscillator

In this caset he mol ecul e does not obey Hooko&s

of @ 1 1

* 1 1 In this case the molecules dissociate arff@® 1 without additional
chang€Y. Consequently the curve of potential eneafyanharmonic oscillatoin
Figure (7) we willget Y 'O

__Harmonic _Anharmonic

UP...

\ dissociation state
|
.\ D, D, <o e

o E diverge state
/ <&/ >

Converge state

—a /I \m<— 7‘ Internuclear distance r

equilibrium state

o/ Le

Figure () graphic shows the comparative behavior between harmonic and
anharmonicoscillation.

* 1 1 Inthis case, similarities in charges for the two nuclei increased repulsion,
the curve of a harmonic s ¢ i | | Bmdreosharpericampaged widm anharmonic
oscillator, the mechanical anharmonic very important which modifies for eq

(3.7) asseriouq12].

V0L 1 0 - ] 6L - 1 G0 - (3.9)

Where] @ h o é Are anharmonic constantthe reason that theecond term
hasa negativesign this is due to @ Which hasa same sigrwith regard to the

whole diatomic molecules as well the temcluded a negative sigthereforei t 6 s
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always positivg12]. From figure (§ we canobservethe rapprochement betweén
(Whichrepresentednaccumulation of the energy levels) and the anharmonic levels

As wel | as we <canot dthernmleculésare neveraas ther e i t
bottom of the potential energy well the lowest energy they can possibly have is one

in which they are in the@ 1 which is slightly above the bottom of the potential
energy, so we never really measuré® We always measure the dissation

energyO Fromthey Ttlevel, thenwe have to do a lie bit of math to get the

formula that we can calculate the value @ and we can obtain the approximately
ofO e —
Andweget0 B YO WhereYO OO0 p OO
Presented Morse in 1929 suggested about potential ergngsentedy
Yoo Op Q (3.10)
By using the Schrodinger edlith Morse eqFor case anharmonic oscillator
o Of
(Kinetic energy +potential Morse energy) O T

o}

0Op 0 r 0 T (3.11)

Solving eq. 8.11) we get thathe quantized obtained the vibrational energy levels.

And we will reveal the distance between the energy levels adjacent it is not equal.
"Ov 0 -] 0 -] ® (3.12)

If we substitutedd Tipltho8 8 8We will get

"0gq -1 -] , 0o - -1
Now if we calculate findingy"O

YO Op ©Om 1 p Cw
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YO 'Oc¢ ™Op 1 p 1O
YO 06 O¢ 1 p o

We @n see that clearly in figure (7) for the anharmonic curve

3.3 Overtone and hot bands

The overtone occurat second order, third order, etnd can be getting it at the
transitions between the energy levels which are not adjadtent ¢h oh thetc.,
but the hot band getting it at the transitions between the energy,levalsh are
adjacentWhereaghe fundamental band can be seen betWeenm© 0 p) this
is shownin figure @), [12,13.

ur)'|
—
/./
=
/
/
v=4 \ / second overtone

second hot band

_ \ ‘F,.—%
v=2 A first overtone
r=1 \ Liﬂrst hot band
[

fundamental band

Figure @) overtone and hot band



3.4 Vibrational and rotational levels
In Figure (9) we can observe the interference and correlagbmneen the vibration

level with rotation level.

U(r)
Yy —
/I
7
7/
/
p =2 Del)j //
T Rotational energy levels forv = 1,] =1,2,3

v =0——14 Rotational energy levels forv = 0,] =1,2,3

L4 {

e\

Zero-point energy

Figure(9) graphic shows the vibrational and rotational levels

In Figure (LO) we make zoom in to focus on the state Tip state and expand it.
The zigzag illustrates the big gap in energy between the energy levels associated with

0 Tt and those associated with p all the levels identified witb 1T ando

p have exactly the same amount of vibratioeatrgy ‘Ot - -1 @ And

Op -] -1 @ Respectively The levels which labeled by ¢ atv 1

andy p werein a pretty have the same rotatiorakrgy.

23



Joom in

A —
El 4
3
3 9
1 L G(1) = S We — S WeXe

 ——oo0000e—— [ V=0

1
We — =

1 — 900000000000 — G(ﬂ)=2

|
£
o
2
m

Figure (LO) zoomsin illustratingvibrational and rotational levels

3.5 Vibration and Rotation Spectroscopy

The transitions for molecule between the energy levels hastypes of motion
(vibration motion andotationalmotion) with taking into consideration gas, solid or
liquid phases becaudke vibrational transitiortan besensedat all phases but the
rotational transition can sensedt gas phase. There&mwe will takeatotal of two
termsvibrationd "O0 and rotational™O 0 which represent™Y DR with omitted
centrifugal distortion. The total enerdy Oh) has beerjust a simple sum of two

terms.
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YOl) OO0 00 (3.13)

0 -7 0 -1 @ 88O60VL p (3.149)

Where 6 Rotationalconstant,0rotational quantunmumber

To predict the spectrum that will result from vibrational transitions we need to take
into account both the selection rules ti¥at ph ¢ &®And Y0 p, but of

course transitions fo¥v p will exhibit far weaker spectral line intensities.

Now, will focus on the fundamental band which we will excite molecules [from
0 mOD p,which will get on transitional itheY0  p state. And the igure
(11) illustrated.

E A 4 —
3
F 3
. =1
F
1
. F
L)
4 -4
R_branch P _branch
’ -0
‘ ve-vee v=>_
1 0000000
=0 ———00000000
J—=J]+1 J—=]-1

Figure (1) transition between levels
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Whenlo L we identify these transitioress Ri branch transition noticthat
all these transitions whenlo L will be at a frequency that isrgerthan the

fundamental frequen@ndthe fundametal frequency can be identifiéal a

hypotheticalkransition which constant for both, and we wakéntify these transitions
asa Pi branch transitionn caselo and we notice the frequenawm this case

is smaller than the fundamental frequency.

At the fundamental band theiFbranch and R branch we have rotational transition
state between two levels, therefore sugpassedhe initial state labeled§ ) And
the final state is(), this is purely a convention. Therefor& 0 p ataPi
branch transition this means we can find the frequemcy Of any line in the R
branch which represented by ttfference between the totalkotational and
vibrational Rovibrationa) energy of the final energy level and the total

Rovibrationdenergy of the initial energy level.
W Op O60LULVL p ™Om 6L L p (3.15
Now we will rearrange this equation
&) 1 p ¢cw O60LUL p 60 p UL ¢
1 v p (3.16)
The same steps will apply in the case ofbRnch 0 90 0 p
W Op O6LULVL p OmM 60 ULV p
1 p ¢Gw O60LUVL p U ¢ 6L VUL p
T G6ou p (3.17)

We never get a transition at exactly the fundamental frequency these two equations
(3.16, 3.17) to find all the possible spectral lines in thé Branch and in the R

branch theres no other branch for diatomic. The minimum value @f)(Is zero in

the P1 branch and if we substitute this value in the &dLG) the first line will be

at ¢6) and the minimum value ¢f0 ) Is Zero in the R" branch as well, and

substitute this value in the e®.17) will get the first line in this branch will be at
T GO ).

26



This means t her ed st0 ¢getweentthe firkt éne im Plgangh e qu a |
and the first line in R branch and the middle of the gap represented the fundamental
frequency] ) . Now itds easy t casefPii rahchtatrdd® f i r st

branch if we know the value of gap and wegsa. Ad the kgure (2) illustrated.

’ Ry | )

. ;h_L \J;L«U\J_

Figure (12) Rovibrational SpectrufiL3]

In the diatomic molecules (homonuclear and heteroar)clgolarizability varies

through the vibratiomotion produces the vibrational Raman Effect.

This variety can be conceived as a reefithe polarizabilityasa shape okllipsoids

in Figure (13) converge and diverge are same the change casendfiength with
vibration. Raman scattering requires that an oscillating molecular dipole is first
induced prior to the inelastic scattering event this is usually accomplishedawith
strong electric fieldsuch as the one supplied by an intelaser | tedsary thag C
the electronic distribution about the molecule can be distorted by the applied
electromagnetic field and that the molecular polarizability varies as a function of
molecular motion (vibrational or rotational). Consider we applied electromagnetic

field on a homonuclear diatomic molecule this figltl affect inside the molecule.

And the resultant dipole moment, whigave byd0 | ‘O (3.18
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Where| is the polarizability which ishowingthe degree of separation for the
electrons proportion to the nucldihe magnitude 60 Is 'O & i Q&O wherev

Is wavenumber of radiation.

Figure(13) the polarizabilityasthe shape otheellipsoid[12]

By usingmathematicatreatments with the e{3.18) we get

0 | pO0i @O -] (O WETW 1 0 - pOWETW 1 0 (319
Where| j Average polarizability, | ; Amplitude of the change] vibration
wavenumber.

In the eq (3.19) the first term at right hand represents Rayleigh in this case the
molecular statdixed, unchangedy interaction, the second term represents -Anti
Stokes 0 1 and the third term represents Stokes 1 Raman scattering. The
Figure (14) illustrated[12, 13, 14.

28



Energy
A

A ]-Vi rtual state
7 7
Vibration levels
A 4 Av
4 Y Ground state
Raman stokes [(emission) Rayleigh Raman anti-stokes (absorption)

Figure (1) Vibration Raman scattering

By definition vibrational Stokes transitions essociated with vibration excitation of
the molecule during the scattering process this lead to scalitgreat with a lower
frequency than the incidentally concomitant with the vibrational excitation. We must
also consider th¥0 1 ¢ selection rulesransition in which(() changes (+2) are
known as (S _ type) transitions and (Q _type) transitions wigedmes not change
and (O _ type) wher@) changes-@). The Figure (15) illustrated.
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Figure(15) Vibrational Raman Stokes transition

In the case of stoke, the transition will be coming from a low energy vibration state
to a high energy vibration state . Howevier the case of anstokes the transition

will be comingfrom a highenergy vibratin state to a low energy vibration state only
the conservation of energyheenergy lost by the molecule in this process is gained
by thescatteringphotonagainwe must consider th&0 1h ¢ selection rules. The

Figure (16) illustrated[15].
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Figure(16) Vibrational Raman antbtokestransition

Summary of the abovéf the collision is elastic the energy of the phqtas well as

the energy othe moleculewilldon 6 t ¢ h aartdalision §Raylegan example

of this behavior, what we see in nature, watch the sky. Albhe energy difference

between the inelastic scattering photon and the incident photon it is exactly the
difference between the two enerigyelso f mol ecul e vibration &
energy of the molecule iacreasedfter the collision the energf the sattering
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photon is decreased bjhe same amau and therefore can we deteatlong
wavelength (Ramastoke$. But If the vibration energy of the moleculedscreased
after the collision the energy of scattering photon is increase shows theuseun

and therefore can we detettort wvavelengthRaman antstokes) [16.
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CHAPTER FOUR

EXPERIMENTAL SECTION AND DATA COLLECTION FOR
THE SAMPLE

4.1 Inroduction

Raman Spectroscopydt afreaked method and used widely &how properties
of asample[6]. Whenthe beam of light or laser is an incident of molecule the most
about 99.9999999% of this light will be scattering pass through the sample or
molecule with the same frequency, but oalymal part relatively of light will
scater in another waywhich approximately 0.0000001%ill be scatteed in
different frequency that small value was useful to achieve the requiremém of
RamanapplicationgFigure (17) illustrated.

elastic scattering

(Ravleigh)
99.9999999%

Raman

Laser ~0.0000001%
inelastic scatterin

Figure (I7) illustratestheratios ofscatering of light through the sample
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The incidents of monochromatiggeenlaser (532 nm) on a sample of one layer
of graphite (graphene) lead to change on the phonon energy that yielded smemer
two peaks clearl at 1586A | and2D at 2691A | which represent theecond
rateof D [9]. This observation can be fodint by utilizing Raman application®,
14]. Investigdion of the peaks by the utilizatiaf Raman applications provides data
about the structure of the sample and about a number of its intriguing physical
characteristicsand from the variation and the deviation betwées incident energy
of light and the scattering energy of ligh¥e wi | | get on atidhe fRa
to that, we can identify the structure, nature of the discovered materials in recent

from knowledge thérequency of the phondi6]. Figure(18) illustrated.

4 D | T T 8 |
-~ : 2D
= 3 3 ! -
s .'-
£ 2F Fo-
2 . it
= i
§ 1 | -
} D+G
0 I
1500 2000 2500 3000

Wavenumber (cm'1)

Figure (B) Raman spectrurior asample of grapher{8]

The two peak$2D, G)location changes depending on the incident laser energy and
the other peaks cannot appéke the peakD at 1350A | in the case ofhe pure
graphenethe reason attributed to the crybfasymmetry. We can know the numbers
of graphene layers from the relatiam/lc besides the location and form the peaks
where bp, Ic are representing peak intensies of 2D and G respectively, antig

graphene disorder leean know from ratiod/lc [9,13,14.
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The relationship between theoflic) from the side and the ¢). from another side,

where Lo is the average dimension for defect and another, will appear two regimes ,

the first when b < 2.9rm , where obseevthe relationship betweer(lic) and Lb is

direct relationship this rege or region calledi nanocr ystadnd i ne g
subject to the formulat(l).

- — (4.2)

Where & is the wavellloveassume ob plRaman e x.
thend =10211 . While the second regime whem & 2.9nm wherewe observe
whereverthe Lb increased thellc) decreases hi s r egi on candl | ed fia

subject to the formulad(2).

— 00 (4.2)

WhereO is constan{l0]. TheFigure (29) illustrated.

4vvvvrvvvavwvavvvv‘rvvvv

Figure (D) the relationship betweerp(lc) related to b [9].
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Colliding beam of laser which included the incident endijy and momentum
(ki) with the sampleand scattered, as a result, a difference going to happen in the
energystate(Es) and momentum statgks) add orwe subtract the value of change in
the energ and momentum of phonon ihe duration of the sttering which is
labeled aqEq) and (q) respetively. To achieve recombine a hole of the incident
momentum(ki) with the electron of momentum statéks), with condition (wave
vector q=0).
Es=Ei Eq , ks=ki ¢

That means the phonons at the centergointor near t hat, moti ve
by Raman process. That all above with respect to first order. However, in the second
order casethe conditimm (q=0) will have more relaxedlue to bilateral scattering
[16]. The two characteristics, twaimensionaland hexagonal shape of grapbeni t 06 s
been giverextra feature, th@amely linear relation for dispersion at the corners of
Brillouin Zon&ABI oall sadb ed &ldl Kif. Dicasaa 0 c on
(q I)@nd low energy states, the two cases of edag will appear (inter and irat
val l ey) wher eborsiceaversderthemega kk YIK  orrvicekéfda
for peak DRespectively [1p

The hexagonal form of sample graphene gave it arrangement a distinctive of
two forms, armchair rim and zigzag rim. Whereas armchair rim only has the ability
to show the D peak by the elasscatter of charge carrieréccording to the
reference 9] if the polarized of excitation source (laser) was in parallel with the line
direction of armchair rim the D peak will get a further strong near that. Unlike in the
case of the zigzag rim effect of which would be very simple compared with the
previous ase.

Also, the developed theories and studies enhanced by the experiments of the process
shown that the lonely optical phonon which has beiraaingitudinal it has higfi

effect close to the armchair rim. And the behavior of optical phonon was transverse
close to lhe zigzag rim, therefore the lis boosted in the case of the parallel of the
polarized excitation source with line direction of an armchair and orthogonal with

line direction of the zigzag rif®]. TheFigure @O) illustrated
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Figure Q0) Zigzag and Armieair forms of graphene samp®

4.2 Experimental section
4.2.1 Samplepreparation

The sample of MWCNT#hat which used in the experiment, it was received from
Nanografi Co. Ltd. (Turkey) as gift to support of students. In this experiment, my
work was done on the NGNC7086rieswith carbon purity (90% The experiment

was caried out in the laboratories ddacettepe University.
4.2.2 Type and specification of theRaman spectrometer

The spectrometer device that utilized in #mperiment was one of the devibat
is produ@d and have trademarkbg DeltaNuFigure (21)illustrated.Where several
series wavelengths can be used in this series type of spectrometer such as
(532nm,633nm, and 785nm) and used NuSpec Softiigtee (22) illustratedThe
power of used laser in this device has five choices (low;nm@sium, medium,

mediumhigh, high).
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We choose three valuasd Laser Energyhich arelow, medium and higr200mWw,
100mW, 50nW respectivelyand the egeriment vas carried out on those energy

parametersThe figure (23) illustratedll the parts of this deve.

Figure (21) picture of the Raman spectrometer device

Figure (22) picture of the display screertlzd Raman spectrometer device
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Figure (23) picture of the parts Raman spectrometer device

4.2.3 Steps and results of thexperiment

The first step is taken the sample and place it in the vial and theedpia the
sample holder. W have selected the value of the power laser on low power, we
followed this stepaccording to the user manua the device, so as not to damage
the sampleThis procedure in gener@ for all materials samples to protect the
samples from damage, while in the case of carbon compounds, we can start from the
high degrees of laser power because the temperatwartmon melting up to 3700
#*, but we followed the steps in the user manual of the spectrometer déndoe.
this step we get the spectrum at the figu#®.(& is worth noting that this process is
automatically only that the values to be changed amgbslibratedAnd | take the

sector of wavenumber (15@01 -1800A | ) to focus on the @and.
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- By changing thelaserpower,we getthe spectrum at theigure (25). And if the
power laser change to high on the same $ampe get the spectrum at thegbre
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Figure (5) Raman spectrum of sample with medium |d€omW.
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In Figure (25) we observe clearly thé (AT & ), but when the laser power
covertof high laser power the forrg ) will fade away smoothly and lisappears
as shown in gure (26).Whereas theg( ) would be more flexible with the smaller
diameter for the CN3 In contrastthe € ) do not be affected by changes in the
diameter of the CNTSs.
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Figure () Raman spectrum of sample with high [a3@@mWw.

In Figures (28,29 and 30) we notidethe stages of the emergence of thepBak
gradually as the laser power increases as in the appearance gb¢aé.Ghis shows

that best result we get for the clarity of the spectrum is to be in the case of increased
laser power, but to a certain extent and not to the finality otherwise may be a

breakdown in the sample.
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Spectrum of MWCNTs with (532 nm excitation laser)
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Figure (Z) Raman spectrum of sample with combination between the low, medium

and high laser cases.
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Figure (28)Raman spectrum for MWCNTSs show the Peak with low lases0mW
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Figure (29)Raman spectrum for MWCNTSs show the Peak with

medium lasedl00mwW

Figure (30)Raman spectrum for MWCNTSs show the Peak with

high lase200mw
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