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Abstract
CAMERON L. SMITH: Studiesof Carbonaceais Materials using Raman
Spectroscopy
(Undertheguidanceof Dr. NathanHammer)

Variouscarbonaceousaterialsncludinggraphenetreatedbiochar,andCgowere
studiedusingRamanspectroscopwvith particularattentiongivento thetreatmenprocess
andthe RamarenhancemennethodsSuchstudiesthatfocuson thetreatmenprocess
areusefulin determiningthe extentto which the speciesvasaffectedvia shiftsin the
Ramanpeaks Previouscollaborationshaveprovensuccessfulvhenmultiple samples
werestudiedandanalyzedTheattemptto createa novel Ramanenhancemerechnique
via combinationof two previouslyrecordedechniquesvasultimatelyunsuccessfubut

furtherwork is necessary.
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Chapter 1 Introduction

Spectroscopis the studyof light andmatterinteractionsFor researcherghe
interestingpartof thisinteractionis thatlight usuallyundergoes changan wavelength
andhenceenergyoncea photoncomesin contactwith matter.This changean energyof
the photonswhich struckthe mattermarksa changan enegy of the surroundingas
shownin Figurel. Most oftenthis changen energyis notedby a changdn energyof the
matterwhich the photoncontactedGiventhatenergylevelsin matterconsistof
translationalyotational,vibrational,andelectronicenegy statesthe mattermayundergo
manydiscreteinteractionsdependingn the wavelengthandintensityof theincident

light.
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Figure 1 Excitation: Theaboveimagerepresentshevibrationalexcitationof amolecule
whenstruckby a photonof a patticular wavelengthsThe particularvibrationis a
stretchingmotion.



Theenergystatesof matteron a macroscopidevel appeato be continuousgiven
thenumberof moleculegpresenbut quantummechanichasshownthatenergystatesare
in factdiscreteandquantizedmeaninghateachenergylevel transitionis experimentally
measurableSpectroscopyseshis fundamentatharacteristi¢o studyhow light and

matterinteract.

1.1 Raman Spectroscopy

Althoughmanyhavequestionedvhy the sky andoceanareblue, it wasnot until
the192@® with theadventof the RamarEffect thatthe scientificreasoningehindsuch
phenomenobecameapparentAlthough Sir C.V. Ramanwould notlive to seehistheory
cometo full experimentafruition with the surgein advancedasertechnology? he hadin
effectlaid the mentalgroundworkfor afuturefield of researchthatwould be both
extensiveandencompassing.

Electromagneticadiationexistson a spectrunthatrangesrom long radiowaves
with thelongestwavelengh to gammarayswith the shorteswvavelength Although
commonlydividedinto categoriesthedifferencesetweercategoriegrepurelyarbitrary
with respecto anypropertiessavewavelengthenergy,andfrequencywhich areall
directly relatedandarein fact equivalenimeasurementsf light. For Ramanspectroscopy
to beuseful,achangen the polarizabilityof the moleculeunderstudymustoccur? In
orderfor thisto occur,incidentlight mustpossesgnoughenergyto excitethis transition

but not sopowerfulasto destroythes a m p ¢hendcalstructureasdemonstratech



Figure2. Generally light in thevisible andnearinfraredregionsof thelight spectrumare

usedin theform of monochromaticadiationsuchaslasers.
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Figure 2 LaserPower: Giventhatthe carbonaceousioleculesunderstudypossessuch
alow flashpointtemperaturé,it is possibleto leaveburnresidueon the sample This
will certainlydestroythe chemicalstructureof the sampleandbe unrepresentativef the

whole.



Ramanspectroscopis basedon the scatteringpf incidentlight asshownin
Figure3.28 This scatteringcaneitherbe aninelastic(of varyingenergyfrom theincident
light) or elastic(of the sameenergyastheincidentlight) collision. Eladic scattering,
commonlyreferredto asRayleighscatteringjs the mostcommonform of scatteringjt is
approximatelysix ordersof magnitudemorelikely to occurthanStokesscattering.
Inelasticscatteringcanbedividedinto two oppositecategoriesStokesandAnti-Stokes.
At ambienttemperaturesr below, mostof the studiedsampledheldvibrationalenergy
levelsin thegroundstate As such,Stokeswasthe morecommonof thetwo inelastic
scatteringcategoriebecauseéhe samplesvereexcitedfrom the groundstatevibrational
levelto avirtual stateandrelaxedto a slightly highervibrationalstatethanthe ground
statebut belowthevirtual state At highertemperatureshevibrationalenergyof the
samplencreaseAs such,theintensityof Anti-Stokespeakswill increasébecausehe
samplesareexcitedfrom anabovegroundstatevibrationallevel to a virtual stateand
relaxedto thegroundvibrationalstate.In essencea scatteredadiationcaneitherbe

higher,lower, or the sameenergyastheincidentradiation.

Anti-Stokes

— - Rayleigh

Stokes

/I\

Figure 3 RamanScattering:Oncelight interactswith amolecule the scatteredight is
restrictedo threepossiblecategorieshigher,lower, or sameenergy.Anti-Stokess the
highestenergy,Rayleighis no changan energy andStokess thelowestenergy.



Whennotingthe specificpeaksn a Ramanspectrumit is paramounthata
spectroscopidbe ableto notethe structuralandchemicalidentity of the peak.Generally,
thex-axis of agraphis labeledin Ramanshift with unitsof cnvt, which signify the
energyof thescatteredRamanlight; they-axisis in unitsof light intensitywhichis
arbitrary savewhencomparinghnormalizedpeaksin asinglemeasuremerdf asample.
While understandinghe structuralandchemicalinformationof the Ramanactivemodes
is necessaryestimatingthe amountof a speciesactivefor thatmodeis alsonecessary.
The estimationsignifiestheamountof a specieghathasa certainphaseor bonding
structure Two methodscanbe usedasrelativeestimatedbeweenrelatedspecies:
absoute maximapeakintensityandintegratedareaundera peak.While theintegrated
areaunderthe peakis a morecorrectandaccuratédorm of estimation absolutemaxima
of peakscanbe comparedTheintensitieswill oftenbedendedasalx/ly ratio for peaks
denotedX andY respectivelylt shouldalsobe notedthatthe absolutegpeakintensityis a
guantitativemeasuref themoleculesvibratingat the medianvaluefor thatfrequencyif

a Gaussiarcurveis approximated.

1.1.1Principle of Raman Spectroscopy

As previouslymentionedRamanspectroscopis characterizetby the scattering
of aphotonby a molecule.Thisis commonlyreferredto asthe Ramaneffecf afterits
discoverelC. V. Ramarf Scatteringasillustratedin Figure3 illustratesthe fundamental
physicaleffectsthatoccurswhenlight scattersClassically the Ramaneffectcanbe
describedy the polarizabilityof a molecule Giventhatequation(1) representshe

induceddipole momentof amolecule:



‘ | 0()
It is clearthatthe polarizabilityfactor of the molecule,U whenin the presencef an

appliedelectricfield, E, will induceadipole moment uing. Sincelight is composeaf

two perpendiculapscillatingfields of electricandmagneticpotential,the electricfield
whenin closeproximity will havean effectonthe molecularelectroncloud. It is this
distortionof the electroncloud of the moleculeandits atomsthatis of interestto Raman
spectroscopistd hereforejt canbesaidthata changdn the polarizability of amolecule

is necessaryor the moleculeto haveRamanactivevibrationalmodessuchasin Tablel.

1.1.2Application of Raman Spectroscopy

Whatbeganasa relatively simplistic studyof naturalphenomenohby modern
scientificstandard$iasblossomednto a wide-reachingfield. Fromclinical application
with handheld spectrometefdo temperatureontrolledbiochemicalstudiess Raman
spectroscopistsaveenterechearlyeveryfield of sciencan which quick, norrinvasive,
northazardousandtime effectivemeasurementsf chemicalstructureandcomposition
areneededFrommethodenhancementsuchasSurfaceEnhancedRaman
Spectroscopifto Tip EnahncedRamanSpectrocopy! modernadvancesn technique
havemadethe characterizatiowf previouslyunstudiedspeciepossible As will be
discussedhn following pagesa combinationof two previouslystudiesechniguesRaman
UnderNitrogenSpectroscopy andSERS wasattemptedRUNS involvessubmersing
the sampleof interestundera layer of liquid nitrogento avoidsampledegradatiorand

oxidation whichis representeth Figure4.'®* SERSis definedby the excitationof



localizedsurfaceplasmornresonancesn nanostructuregurfacesor nanoparticlesvia a
thin coaing of variousmetalsfilms in physicalcontactwith avapordepositedsample
layer'* Both enhancementsiethodsaretheorizedo provideenhancement® resolution
manyordersof magnituddn size.Sucha novelarrangementiasnot beenattemptedand

publishedin literature As such,theapplicationof suchmethodis largelyunknown.

Laser

Porcelain Bowl

Figure 4 RamanUnder Nitrogen: The sampleis submergedinderalayer of liquid
nitrogenin the hollow of a porcelainbowl. Porcelainvaschoserto avoid crackingthe
equipmenfrom the low temperatures.

1.1.3Instrumentation of Raman Spectroscopy

Forall experimentatatacollected,a HoribaLabRAM HR EvolutionRaman
Spectrometewasusedwith primarily agreenYAG 532nm laserasdepictedn Figuresl
throughb, althoughcertainsamplesequiredared-orangeHe-Ne 633 nm laserof lower
energyto reducefluorescenceThedetectowasa CCD cameraThemostcommonly
usedgratingwas600gr/mmwith 1800gr/mmusedon rareoccasionsThe objectivelens

usedwasprimarily a 100xzoomor on occasionlOx zoom.The powerof thelaserwas



variedfrom approximatelys.2 mW atfull powerto 0.3mW at 5% powerfor the532nm

YAG laser



Chapter 2 Samples

2.1Graphene

Unintentionallycreatedor centuriedy the useof graphite pencils,graphendias
beenthefocusof muchscientificresearclsinceits isolationin 2004by Andre Geimand
KonstantinNovoselovat the University of Manchestéf usingthe scotchtapemethodof
mechanicakxfoliation Structurally,pristinegraphee is composeaf sp? bondedcarbon
atomsin atwo-dimensionalattice;it is similarin bondingstructureto thatof chicken
wire givenits hexagonapattern Althoughit wasstudieddecade$¥eforeon metal
surfacesusingelectronmicroscopes® only afterits physicalisolationfrom a substrate
wasit broughtinto the scientific spotlight.Givenits incrediblepropertiesof strengtht’
conductivity!® andopticalactivity,'° graphendiasbecomea candidatefor manyreatlife

applicationghatextendinto nearlyeveryfield of engineering.

2.2Biochar and Doped Graphene

Initially, studyingaminefunctionalizedbiocharanddopedgraphendeganasa

collaborationproject. Two separateollaborationsvereeventuallyestablishedavith Dr.

Wei-Yin ChenandDr. SasarNouranianof the ChemicalEngineeringdepartmenatthe



University of Mississippi Theemphasi®f the collaboratios wasto studythe effectsof
treatmentanddopingusingvariousexperimentaparameterandmethodson biocharand
grapheneTheexpeaimentaldesignandsamplepreparatiorweresourcedn thelabsof
Dr. NouranianandDr. Chenfor their respectiveprojects
Dopingsampleasbeenprovenmanytimesto changehe physicalpropertiesof
carbonaceousiaterials® The particularinterestof dopingthe biocharandgraphene
wereto captureCOy, Ni(ll), andorganicmoleculesvia ligandbondingto thegraphene
substrateyariousultrasoundurea,andphosphoricacidlevel treatmentgo the biochar,

andgraphenesheetn photocatalyticspeciesuchasTiOo.

2.3Ce0

Havingbeenstudiedandisolatedbeforegrapheng! Cso hasbeenextensively
studiedandresearchetbr decadesUndertheadvicefrom Dr. Bob Comptonpreviously
of the Universityof Tennesseat Knoxville, anewindependenproject began.The
emphasi®of this projectwasto combinetwo previouslystudiedRamanenhancement
methods SERSandRUNS, into a noveltechniqueentativelynamedSERSUN.Given
thelack of publishedwork for thenovelmethod this would proveto be the mostdifficult

work to date.

10



Chapter 3 Methods

3.1Preparation

Oneof theadvantagesf usingRamanspectroscopis thelack of sample
preparationthis greatlyreduceghe potentialof usercontaminatiorandunintended
reactionbyproductsWith the study of grapheneandCeo, stocksamplesvereacquired
from ACS MaterialsandSESResearchnc. respectivelyNo samplepreparatiorwas
appliedto the previouslymentionedsamplesaveCeo. It wassubjectedo useonthe
EdwardsAUTO 306 vapordepositionchamberfor depositionontosilver coated
microscopicslidesthatwerecleanedusinga Piranhasolutionto removeanyresidual
organicmatter.Both the silver coatingandCso depositiorwereapproximately70 A in
thicknesseach

Thedopedgraphenesampledor CO, captureprovidedby Dr. Chenfor study
weresubjectto varioussolutionsandtreatmentsisseenin Figure10.22 First, the graphite
startingmaterialwasoxidizedto graphiteoxide. The graphiteoxidewasthenexfoliated
by ultrasoundo graphenexide. Thefinal stepwasthefunctionalizationof thegraphene
oxide by aminesubstitutionwith tetraethylenepentamink should alsobe notedthat

otherhyperbranchedaminescould potentiallyperformthe samefunctionasTEPA.

11



Thedopedbiocharsampledor heavymetaladsorptiorprovidedby Dr. Chenand
Dr. BaharakSajjadiwerefirst treatedwith ultrasoundo adjustthe surfaceareaand
overallporosityof the samplethenfunctionalizedwith ureausingphosphoricacid

ThedopedTiO. graphenesamplegprovidedby Dr. Nouranianvariedin the
amountof oxidationandtitaniumdopingpresenpersample Theywerestudiedbased
upontheir oxidationstateandthe amountof GO presentelativeto TiO».

Thesampledor the SERSUNstudywerepreparedy placing cleanmicroscopic
slidesinsideof a VDC wheresilver nanoparticlesveredepositedat approximately70 A
thicknessOncethe ssilver substratdhadbeendepositedalayerof Ceo wasdeposited
usingthe VDC againat athicknessof 70 A. The coatedslideswerethentreatedo

variousphysicaltreatmentsasseenn Figuresl7 through20.

3.2 Calibration

Forthe sakeof consistenandprecisemeasurementshe spectrometewas
calibratedbeforeeverysessiorto ensureproperspectrallignmentusinga silicon wafer
chip placedon amicroscopicslide. Thetwo pointsof calibrationswvereat 0 and520.6
cm?, indicatingproperspectralalignmentvia a certified referencematerialuniqueto the
individual spectrometett is alsoimportantto notethatthe laserwavelengthandgrating
positionwereadjustedor calibration,notthe cameraor stageIn orderto focusthe
samplein referenceo the camerajt wasnecessaryo adjustthe stagevertically asthe

cameravasplacedabovethe stageandwasstationary.

12



3.3Measurements

Forthemajority of the samplesstudied the YAG laserwasusedat alower power
setting.For solid samplespre-cleanednicroscopicglassslideswereused.Thesample
wastransferredo aslidevia adoubleendedmicro-taperedstainlesssteelspatulafrom a
clear or ambertinted cylindrical glassvial thathadbeenstoredout of directsunlightin a
woodenlaboratorysamplebox. The samplesverethengently spreadoy the broadsideof
the spatulato ensurehatthe macroscopishapeof the sampleontheslidewasflat in
orderto minimize shiftsin opticalfocusof the camerawhile scanninghes a mp lbcal6 s
terrain.As haspreviouslybeenshownin earlierresearch? thefocal lengthof the 100x
objectivelenswasvery sensitiveto anyverticalchangeWhenstudyingsamplesf very
sporadighysicalform, locatingarepresentativ@ortion of the sampleoftenproved
challenging.

In theory,all of the samplesunderstudywerehomogenoudhoweverit was
apparenthattheresultantspectravasvery muchdependenonthelocationof laser
placemenfor the sampleunderstudy.While changesn the fundamentatibrational
frequenciefkamanpeakswereanexceptionallyrareoccurrencevhenstudyingdifferent
portionsof the samesamplejt wascommonto seeanincreasean noiseor fluorescence
from oneportionof the sampleunderstudyto the next. It is quite plausiblethatthe
microscopiderrainof the samplehadalargeinfluenceon theresultantRamanspectra.

To betterillustratethis point pleaseseeFigure5 below.

13



Laser Laser

Figure 5 MicroscopicTerrain: Dependingon the elevationof the sampleabovethelocal
microscopiderrain,it is foundthatthe flatter samplemoundsproducethe bestspectrum.
As shownwith the arrows,the angleof scatteing is influencedby the angleof the
surfacewith respecto thelaserpath.

Althoughdifficult to illustrateor explainon paper it is easiesto imaginethe
microscopiderrainasa mountainousandscap@ndthe cameras a satellitedirectly
above themountainrange Whenscanninghe samplewith the camerapnewill oftensee
moundsor clumpsof dark,dull carbonin the solid form. Giventhatthelaserhasa
physicaldiameterof appioximatelyl7 micrometersvhenusng the 100x objectivelens
it is quite plausiblethatthe peakwill nothaveaslargeof a crosssectionalareaasthe
laser. Whensuchconditionsaremet, the sidesof the peakarestruckwith thelaser thisis

usuallythefirst indicationof a poorresultantspectrumlt is theorizdthatthe slopeof

14



the samplesurfacedirectly affectedthedirectionin which thelight wasscatteredwith
themajority of the scatteredight notreachingthe objectivelensandhencethe detectora
decreasén thesignalto noiseratio ensuedThis spectrakventis not oftenmentionedn
textbooksor researctpapersf ever,butit wascontinuallya concernfor my research
efforts.

Anotherconcernis the opticalfocusof the objectivelenson thesampleln order
to adjustthe opticalfocus,the stageon which the microscopicsliderestsis adjusted
vertically andhorizontallywhile the cameraandobjectivelensremainstationary the
stagewasableto movealongthreeaxes For spectrameasurementhattakelessthan
onehalf hour,thereis little worry thatthe samplewill becomeout of focus.However ,if
the spectrometeis usedfor longerthanonehouron asingleportionof the samplethere
is anoticeabldossof opticalfocusdueto the gradualmechanicafalling of the stagedue
to nontlocking gears Thisis notaconcernfor the majority of researcherasingthe

spectrometeryet shouldbe noted.

15



Chapter 4 Results

4.1 Graphene

As mentionedn earlierchaptersf this text, understandinghe theorybehindthe
spectrapeaksandrelativeintensitieswill allow for moreaccuratanterpretatiorof the
results.Giventhatgraphenas atwo-dimensionamaterial,it canbe easilydescribedasa
carbonfilm. Within pristinegraphendilms, the vastmajority of carbonsaresp? bonded.
As such,thevisible excitationof thelaserwill resonatevith the” statesf thesix
memberectarbonrings of thelattice. Whenconsideringheentiremolecularattice,
assigninghe peaksshouldbe straightforward?* The D peakat approximatelyl 350cn?
correspondso theout of planeAg vibrationalmodeandcanbe structurallyexplainedoy
theamountof defectsn thegraphenesheetandat the edgeof thegraphendilm. TheG
peakat approximatelyl580cm correspondso the primaryin-planeEzq vibrational
modeandis structurallyexplainedoy the stretchingof the C-C bondin thegraphene
rings it is commonto all sp* carbonsystemsThe 2D peakat approximately2850cn?
correspondso the a secondorderovertoneof adifferentin-planevibration of the D peak
andis describedstructurallyasthe splitting of electronbands® Of particularimportance
whencomparingof variousgraphendike materialsasseenn Figures6 through9, it is

usefulto compareherelativepeakintensitiesof the D andG peaksastheIp/lg ratio.

16



Intensity

Thisratiois largelyindicativeof therelativeamountof structuraldefectsn thegraphene

sheets.

2D
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500 1000 1500 2000 2500 3000 3500 4000
RamanShift (cm?)

Figure 6 GraphenePowderRaman:The abovespectrumwasthefirst datal had
collectedfrom the RamanspectrometerheD, G, and2D peaksareseenfrom lowerto
highwavenumbersespectivelyThe powderwasobtainedrom ACS Materials.

The Ramanspectrumof Micro 450, Micro 850,andMicro 4827areusefulin
illustratingthe spectralkeffectsthatvarying physicalpropertieshave.Micro 450is a
syntheticcarbonflake with a partide sizerangingfrom 3 to 7 um with anaverageof
approximatelyb um. Micro 850is a naturalcarbonflake with a particlesizerangingfrom
3to 5 um with anaveragesizeof approximatelyb um. Micro 4827is a surfaceenhanced

syntheticcarbonflake with anominalsizeof 2 um. While Micro 450andMicro 850have

asimilar surfaceareaof 17 and14 m?/gram,Micro 4827hasa surfaceareaof 113

m?/gram.

17



Intensity

| | | | | | | |
500 1000 1500 2000 2500 3000 3500 4000
RamanShift (cn?)

Figure 7 GraphiteRaman:Theabovespectrunof graphiteflakesis usefulin illustrating
thelp/lgratio foundin graphendike samplesWhenexaminingthe spectrunof graphite
in comparisorto grapheneit is usefulto notethefi h u nh@t@ccursin the 2D peakis
sectionednto 2D: and2D; which occuratlower andhigherwavenumbers
respectiveley®

While numerousrariableexistthatmight explainthe differencesn the o/l ratio,
oneof themostobviousis the surfaceareaof the sample<’ Giventhatthelp/ls ratio
increasedrom Micro 850to Micro 450thento Micro 4827,0onecansummarizehatas
the surfaceareaof theflakesincreasedhe measuref structuraldisorderincreases.
Giventhatthe projectwasultimatelyattemptingto usea graphendike substrateéo attach
functionalgroupsontofor CO, capturethelogical choosewvasto reduceMicro 850
basedonits low Ip/lg ratio to graphenexide. Oncereducedo graphenexide,the

samplewassubjectedo TEPAin solutionby two potentialroutesto transferamine

groupsto the graphenexide 28 Thefirst methodinvolvesN-hydroxysuccinimidén the

18
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Figure 8 Micro 450, Micro 850,andMicro 4827Raman:Theabovegraphcombineghe
Ramanspectraof Micro 450(red,top), Micro 850 (blue,bottom),andMicro 4827
(greenmiddle). Thelp/lcratio of the samplesareasfollows: 0.204,0.156,and0.48L
respectivelyThelzp/lg ratiosof thesamplesareasfollows: 0.403,0.338,and0.396
respectivelyNotethatthesemeasurementseredoneusingthe peakintensityandnot

theintegratedareaunderthe peak.

presencef 1-ethyl-3-(3-dimethylaminopropl)carbodiimide The secondmethod

involvesareflux of KOH andwaterat 80

19
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Figure 9 GO Raman:Theabovespectrunrepresentshe Ramanspectrumof GO
providedby Dr. Chenusinga532nm laser.
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4.2 DopedBiochar and Graphene

TEPA

NH NH
H2N/\/ \/\NH/\/ \/\NH2

5|O 1bC 1%( ZbO ZlSC 3OIOO3!30(4bOO
RamanShift (cnm?)

Figure 10 GO-TEPAand GO: Theblackline represent§&0. Theredline representghe
attemptof addingTEPA? functionalgroupsvia microwaveso the GO. At theD andG
peaksof GO-TEPA, red shift of 3 cm! and15 cm! areseenrespectivelyAlso, thelp/lc
ratio calculatedusingthe integratedareaunderthe peakchangedrom 1.42to 1.38for

GOto GO-TEPA.

Whencomparingthis experimentatesultsto previousworks® it is clearthata
shift doesoccurin thelp/lg ratiowhenTEPA functionalgroupsreplacethe epoxy,
carboxyl,andhydroxyl groupsof GO. Whencomparingdiredly betweenGO andGO-
TEPA, previousworks showanincreasen thelp/lc ratio; thiswasnotthe casen our
experimentaftesultsastheratio slightly decreasedl he anticipatedncreasas theorized

to occurdueanincreaseof defectsan thegraphenesheets functionalgroupsubstitution,

21



andincreasan the numberof sp* bondedcarbonsAlso, shiftsin theD andG bandwere
noted.WhencomparingGO andGO-TEPA, a blue shift of 15 cm* wasnotedfor theD
peakand3 cn for the G peak.Theshiftslikely indicatethe presencef electron
withdrawinggroups,especiallyin the G peak.The overallintensityof the 2D peakis
decreaseth the GO-TEPA asseenin previouswork. With the conflicting natureof the
resultspresentedn comparisorto previouswork, aclearconclusionregardinghe
presencef nitrogencontainingfunctionalgroupson GO cannotbe madewith
confidencerom theresultspresented.

Despitethe ambiguityin the conclusionsdlrawnfrom the spectrakesultsof the
graphendunctionalizedwith theaminegroupsof TEPA, the experimentwasrevisedto
usebiocharandfunctionalizeit by usingultrasoundphosphoriacid,andureaas

demonstrateth Figures11through133!
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Figure 11 Biocharand DDifferentUItrasoundDurations: The spectraof USO-P50%
UR6M, US20P50%UR6M, US40-P50%URG6M, andraw biochararelabeledasred,
black,blue,andgreenlinesrespectivelyThelp/l ratio werecalculatedas0.749,0.96,

0.78,and0.766respectively.
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Figure 12 Biocharand DifferentPhosphoricAcid ConcentrationsThe spectraof US20
P0%UR6M, US20P25%UR6M, US20P50%UR6M, US20P85%URG6M, andraw
biochararelabeledasred,orange green blue,andblacklinesrespectivelyThelp/lc
ratiowerecalculatedas0.813,0.825,0.963,0.856,and0.766respectively.
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Figure 13 BiocharandDifferentUrea ConcentrationsThe spectraof US20-P50%
UR1M, US26P30%-UR3M, US20-P50%UR6M, US20P50%-UR10M, andraw

biochararelabeledasred,orange greenblue,andblad linesrespectivelyThelp/lc
ratio werecalculatedas0.821,0.793,0.963,0.816and0.766respectively.
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Whencollaboratingwith Dr. Nouranianthe objectivenow becameo investigate
the effectsof substrateehemistryandTiO2/GO ratiosasseenin Figuresl4 throughl6on
thegraftinganddistributionof graphengayerson TiO>. While the photocatalytiactivity
of thecompositewill eventuallype measuredthe datais not yet completeandassuchthe
following graphsarepreliminaryresultsof the spectroscopigortionof the study As of
yet, publishediteraturehavecomparedhe o/l ratioamongssample’ but havenot
comparedherelativeintensitiesof the D andG peakto thetitanium peakat

approximatelyl50cn?,

= <

500 1000 1500 2000 2500 3000 3500 4000
RamanShift (cm?)

Figure 14 GO-TiO2 Low Oxidation: The graphaboveis representedy GO-TiO> at low
oxidationlevels.Thered,greenandblueline representhne GO-TiO2 low oxidation
levelsat 5%, 10%,and20% GO to TiO2. Thelp/lc ratiowascalculatedo be1.01,0.94,
and1.04respectivelyby relativepeakheight.

26



Intensity

~ S

500 1000 1500 2000 2500 3000 3500 4000
RamanShift (cm'?)

Figure 15 GO-TiO2 Mid Oxidation: Thegraphaboveis representetty GO-TiO> at mid
oxidationlevels.Thered,green,andblueline representhe GO-TiO2 mid oxidation
levelsat5%, 10%,and20% GO to TiO». Thelp/lc ratio wascalculatedo be 1.04,1.00,

and0.97respectivelyby relativepeakheight.
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Figure 16 GO-TiO2 High Oxidation: Thegraphaboveis representedy GO-TiO> at high
oxidationlevels.Thered,green,andblueline representhe GO-TiO> high oxidation
levelsat5%, 10%,and20% GO to TiO». Thelp/lc ratiowascalculatedo be1.03,1.01,

and0.97respectivelyby relativepeakheight.
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4.3SERSUN

As previouslymentionedn the preceedindext, anovelRamanenhancement
techniquewasattemptednvolving SERSandRUNSIn combinatiorasSERSUN.The
following Tablel lists thefundamentaRamarnfrequenciesndsymmetrieof Ceo.
Figuresl7through20 displaythe Ramanspectreof variousstagef the experimentsit

progressed.

Tablel: RamanFrequenciesand Symmetriesf Cso: Theabovetablerepresentsheten
fundamentalibrationfrequenciesndRamanactivemodesof Cgo.>

273cmt 437cm? 496cm?t 710cm? 774cm?
Hg (1) Hg (2) Ag (1) Hg (3) Hg (4)

1099cmt 1250cmt 1428cmt 1470cm?t 1575cm?t
Hg (5) Hg (6) Hg (7) Aq (2) Hqg (8)
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Figure 17 Ceo PowderRaman:Theabovespectrumwvasgatheredisinga532nm laser.
Theexperimenwasconductedinderatmosphericonditionsandambientlaboratory
temperaturesA microscopicslidewith no coatingwasplacedunderthe sample.
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Figure 18 SERSf Cso: Basedon theoverallshapeof the spectrumit is obviousthatthe
silver coatedslidesnot did improvethe signalto noiseratio of the Cso experimentvhen
comparedo nonttreatedslides.This experimenbccurredat atmosphericonditionsand

ambientiaboratorytemperatures.
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Figure 19 SERSf Cso at ReducedremperaturesWhencomparedo the SERSspectraat
ambienttemperaturessomeof the spectrafeaturesareseento diminish; specificallythe
fluorescencehatoccurspast1000 wavenumbersThis is mostlikely explainedby the

reducedemperature§123K) of thestudy.
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Figure 20 RUNSof Cso: Whenloosepowdersamplesveresubmergedinderliquid
nitrogenin a porcelainbowl, the signalto noiseratio wasgreatlyincreasedNotethatthe
samplewasplacedat the bottomof the bowl! with no treatedslide placedunderneatlthe

sample.
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