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Chapter 1. |l ntroducti on

A portion of section 1.2 in this chapter was
Chemistry Co: Ki nBeviBew dfessacent BadWHarnces an
sofsitcat e orfgialnmct rtahnai stor JgOTHAl) cfendMMateri al
Submitted Manuscript.

1.1 Organic Electronic Devices

El ectronic debiaseds (s®srggncad)beemiconductor
over inorganic semiconduct orcsositn,c | dueaHtsvanerr gogel i yn g
i nput manufact'dndngastechhi gnesgr atAddi tiindmalfll)
organic semiconductors can be functionali zed
tune their solubility, physical pr &Yeenratbilesng o
the tailoring of these materials foremditftfiergen
diodes {OLEDsi)¢ photovdbraganaifcdeimhanm @@RVSsSY or s
and chemical or bi ol ogi cal sensors based on
( OECHsAHditionally, these materials can be in:
area drmdlrlolell ectronics fabrication, wh?cdh has
These applications strongly depend on <charge
matetoml diiffusi on of analytes through the bul
case of sens'dTheapdloireat i ome. desi gn of mol e
semi conducting pol ymetrat ewi mdl & cawloaurr asdtl eec ksion g ,d
t owar ds haicghhileyvicnrgyst all ine films with precise
devel oping the next gener atproond uafepdeir hanggramsciev
el ectiPoffaincys.di fferent processing parameters ¢
organic s e mi-fciolnmMsuct ac | udiimbsubep o sit £i otnempat at
depos’fstuirdm,ce chemi s?rgy-doefp otsh & isounb stthreartnea,l anne
vapour &¥%Cealtindéwngl am molecul ar and pol ymer
understanding of how processing influences de
of electronics that can suppl emeddviomessubpasad

range of appla&wadlitomsa i ecchtleudilicsaga nadn di nbg .ol ogi c a



1.2 Or gahiilcm Thriannsi st ors (OTFTs)

Organtfd Itmhitm ansi st otresr MiOMT&ITsdJewirees hecemsi s
a drain electrode, a gate electrode, an orga
el ecohohes from the source to drain electrode
charge transport!?i?2fféheusemint ormedwteemy thse so
therefore a functi onVgofadrhoes saptpH e edi eglaet cet rviod .t
Ve, negliéfdiobnise across the semiconductor channe
Howev &dcheyaodnd a t hrVes,hotlhde vdoiletlaegcet r(i ¢ becomes
popul ate the semiconductor/ diled acteasesnaadf it
amplified wWstbndecregsthg device Aono. Key pe
including their ability to effectively switch
o fVr, a high ratio off catatartlhaldtamae m t-adiifeplc(t f i €
mobi IOi twhi(ch is the average charge c&Theer dr
architecture of an OTFT can be categorized wun
position of the organic semiconglatcd o o mthamtt he
(BGBC),-ghotedanotpact (-B&GtTeC ) b odtdotpom( T GB Cg)a taen dt otpo p
contact (TGFCpus)er dctlures (

Bottom-Gate Bottom-Gate Top-Gate Top-Gate
Bottom-Contact Top-Contact Top-Contact Bottom-Contact

Figure 1.1 Schematic of four primary OTFT architectures.
1.2.1 OTFT operation and characterization

With respect to charge transpoyipe (haheissi
maj ority chdrygpe dderlreicamro)n,s mre majority charg
and electron conduction are psxismsg bdgeyat iOrFsTss
t hose foxri deetsaelmi ccomfdect orr dneildfvo st y MOSF&Ts )
used to characterize OTFTs are outhiugurciurliv.exsA



shows two distinct regions of transistor oper
regivedn VssilVr| domcdhanges | Vpeedml yt hwei tstat uiVedt i>on r e
VMesi Vil , t he current begins to saturatevwand evel
transf &i gauwBkv & s@ dsapsl oat fouWasat i an vesh st ant
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Figure 1.2 Sample A) output curve and B) transfer curve for appe OTFT. Reproducedith
permissiorfrom data published in Referen82 Copyright Royal Society of Chemistry 2023.

The -&fkédty(@pobi laint OTFT can be <calcul ated
rearriBaoggatibfocmr t he clast ou EmRIladin: @onf

. ow | o W (1.1)
(@) ~ w W w —
v C
‘ 6 10 (1.2)
wow Tw
whelreenWr epresent the channel |l ength and widt h,

diel &€tibsccal Oul—at evdifQrusseatnhlge di e l-eicst rtihce tpheircnkinte

of free-9macteheamdd el ectri ¢ c onTshtea rétf Bokfd ty hneo bd il e
(e)of an OTFT can be calculated in tlBeorsathhe at
cal cullad ioo sEiqaufadl.é4 Aoml 4B:

& i
D n ¢ (1-3)
I3)



‘ O 1 O (1.4A)

wo Tw
) (1.4B)
05 T
Critical devicdapdcameakss Becaxtasacted fro

I n the saturation region, Otwh¥cscsal no pbee otfa kaednj atcoe |

a plewvtdcdfcan be caltdasl amxegée érloiepe amif zéddvdat a f

Ved N the same mAasamegimenparamgter extraction f

curve dat &kiiguarehdwml in
100000 120 0.12
Z 10000 { Vpg =50V / 100 by
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= £
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c 100 4 L0 5 T0061  {eesesemiem
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Figure 1.3 A) Characteristic forward saturation region transfer curve ard\B)Vesfor a forward
sweep ofips vs Ves with €e extracted from the average of values in the measurement area (red
box). Figure reproduced with permission from RefereB8e Copyright American Chemical
Society 2021.

1.2.2 Engineering the Semiconductebielectric Interface in OTFTs

The interfaces of organic electronic devic
including in film nucleation and growt h, c he
semi cowndedteaeant ri c i nterface of OTF Tose.e nA usnidgenritfe

to expl or e -atshsee mbs ee do fmoq#fl dahyde rnso | (eScAUMER)o r t € me | a
gr owt h of organic semi comamfca omma nfciel mM@T FtTe aam
photovoltaics. Surface templating techniques

evaporatedproocesasledt i @INFTs and has ebheen ohourca
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crystallinity of meni s°Susncceo a@theed esfdmicdd nvdeu cctoon

OTFTs is the first sever al mol ecul ar | ayers (
with the dielectric, and since charge carrier
mol ecdUrPédsjng this interface is critical for t

SAMs ar e hi ghdiymeonrsiieonntaeld mowoecul ar arrangen
on the surface of a variudtiy itetendOMEPTt bempanéate
of the 3%ubstthreatveor k functi%8AMTff awmerhaatli oenl erced qu
chemi sorption on a surface foldiowsedabryange hbDa

mol ecul arly 6Mdéeeed|l desmaypscally used to forn
parts: the head group that is reactive with t|
an aliphatic chain or oligomer and -stunbes ttreartnei

interactions, surface drnerugyw*?@odmMOTFRepdr oD mg
SAMs include“?caghavxygifIaammdaspihds,p Aowvhiic ha aiedyau,i r e
hydroxyl ated surface groulpi gwr & o}t m4 &rA MiRle fotn| 0 X (
X, where R is the aliphatic chain and X is ¢t
gol d electrodes due t oFiagw4Bex ifdiapAmMemaldeld tli @

al so be further functionali zed by nucl eophi l
reactions and other chemical reacti of& hsummar
properties of organosilane and phosphonic aci i

infl uevhefe OhETs. Thelrsnheicthtaniins MOTORTs i ncorpor at
is the permanent dipoles of the molecules res
that can generate or withdraw mobi |4 Eébhrar ge
exampl e, Hali k and coworkers reported BGTC OT
inverse | inear relationship -bet wieeg mbledulpel
resultiwyg aevose a range of semisfongpgeatacenen
U,-diNhexyl sexkDH&Nouphémeme et al. demonstrated
bet ween SAM ch&wfgoer dae ncsattayl oagnude of ten organo
OTFTs based pomnl yatnmoirapnhgolupsmi ner ysfhl |l i ne pentace



Dielectric SAMs
(Organosilanes, carboxylic

Q Q Q Q Q Q — Terminaigrous acids, phosphonic acids, etc.)
8 o0 oso of

W*v‘v

NS SSS555555555555]
ﬁﬁ?*rbwer s

<—————— Anchor group

Electrode SAMs (thiols,
organosulfur compounds)

o Rk

Substrate

Figu4k) 1Generic structure of SAM mol ecul es an
integration of dielectric SAMs (|l eft) and el
Figure A reproduced wibhbh @GepyisghonRoéyam Rec€ i
2018.

The terminal group of SAMs canOahsOTRasebn
tuning the dafr ftatlce *dipeplr gt rliyg. t he total surf a
(99" i's defined asP)tomposmentofand sdipdp ewlsii(ovle aroe
related to the polarity of the surface and ca
differedAtMangl déenferent calculation approaches
substrates which have been>@muaeanmatrri ateelg Yo yf Kmwokec

Oin OTFTs i so Tthoi smisntirnaitzeegy was wmpImr &V iboyu sTioyk i rt eof
cowor kers who found an i nver se relationship
increasingly hy ddiop bl ¥ i2sh(EBAMEe cayriyh ) o preme [ 3,
b]thiophenePAddRBIGMAT) .y, Diao et al. demonst
ener gy i-cno astoe dutpioolny melra sseedni @TomTdsu crteosrul t ed i n t
crystalline domai ns, a greater degfrome® aaindcr ys
increase in nearly ObHewevederr Dfie magha@hewdses hinp

been demonstrated to be more complex and a mc
energy of the dielectric to that of the organi
with | ow grain boundary deamssiftoy amd?ipdrue efaa\s e
al . demonstrated a direct effect of surface e
t hoedf Smowli fi ed dre mpiad®ebi ad diel ectdcas!l avhi l
be directly correl adfear wbdthh aRchr5TsPic a & iarQdl FeT o
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polycrystalline peh®Fiacahlky,an8AMaPcaTIFASlLuenc
carrier type of organic semiconductors as dem
hol e and el ectron transport fronol KB iNsawByi po
decyl t etmapretctyd 2Nf]3di t HAi & ptletdr®a c ar b @ xd7idwlk mi d e
5,-6Njpb2Nhi ophenrBePT) K PONDgh functionalization wi
di met hyl amino S°AM, respectively.

Pol ymer brushes are another c¢class of SAM U
bias str%Bisastatiéss ystabiliwvnafter miempiemitzidn q
gate bias stress can be significantly improv
dielectric and®'fte tsveani ponochacyomp.ol ymer graft
polymers to dielecttaoiand-bg blanc tetisim ep 4t fdgorgaa gtfptrnoga @ |
pol ymer brushes are attached to the substrat
reacti on, wh-f r ema happigoadhi ogual ly -invbiated
pol ymer®fMaantyi omal ymer st o oap par ogarcaehf tarnegy c ommer c i
synthesized by coupling a polymer chain to a
similar to SAMs such as!®o@Ptadderciygs ur fi mb & o rad =idl
pol ymeri zati on has been reported -bMgdieampldoy
Pol ymeri z a®iAdmTn( &mMPHer Radical °¢BddrnydneReée zeart s iom
addiftriaogoment ati on chain t r®aMMHA eirn ppdagtneupd lzaart i
robust anhechowdhheaml esaed bteo s yddfhiersa & ep avley rher s
compati bl e wittoh amatfly ognf dafipthilidd® cih® sgener al ly de
ATRP where transition metal cat alaynsdt sRAcFaln wshteirl
sulbfeessed chain transf er INdMPe mtas madve® theeme usemc
broad range of vinylic h’Gmetphod cyrfgetriesy,le@iamailewsd i n
carbdaclead pendantwipgpel wnerise.sty of grafted poly
synthesis are available, so a robust and scal
fabr i/datsichre mat i-tco odn d)-f mbanfi taigpmg oachesFagar demo
1.5



Grafting to

D Monomer © Initiator /end group of polymer “~_~~ Polymer chain

Figure 15 Schematic diagram amfd {fi G&@edft t shugrgf ace mod
techniques. Figureeproduced with permission from Refereri& Copyright Royal Society of
Chemistry 2020.

Ki m et al . demonstratleggdnebt hahesf |l baséeda
pol y(pentaf | uorbasatsy rsetnree)s si nsptracbvield ty dfaspéent ac
OTFby a ftalcrteoa tod si xxaadmpafédorond8it ®d al kyl !
by a reduced thoéshion ddewilcager amgffer (charact
testf¥Haget Irintrerdappedaneol ystyrene as a-diel ec
i nkpgreitnt ed transi s6t,cB8s (i micospprapyhgillBg3 et hy
Pent aacasentehe semiconductor and observed a bias
applying a mechanical bending force to the de
untreateé®Fimavigeswork by Lee et al. determine
a molecul ar werigshul todfd 8i nk gtthmeo Imaxi mum g?r aftin
compared to brushes with mol eld#i gh weil glhtus aof \
pol ymers were found to block active sites for

of charge traps, which has an i mpact on the p

Mol ecul arwhieanp | daitfefser from SAMs in that t he
sur faarcee,anot her popul ar class of materi-al s wt

performance OTFTs through a phenomd WEG kmoawn



be achieved by i &eapmorleaetciungesracd a tempiating
dielectric interface and i s of ten paired w
phthalocyadi d®HEY { MPempl at e typiradaelrled yiuglfds e:
mol ecul es haarnvte oarni efinetdagtei on i n which charges h
surface of!% htey psiucbaslt rVaBE G pteersmp X iap @@ K falSbelft cihs

was used to OincrZzmRe OhRTshodye an &rdéddo/f magn
1. 882Hj egprer f or mance OTFTs achieved by |l everagin
semiconductors has motivated the design of a

OPVs summarized in’'’% review by Jones et al

1.2.3 OTFTs as Transducers for Oxidative and Reductive Gas Sensors

OTFTs are an effective platform for chemi
mechani sm of operation being the intregawlttiiomg
im rapid, -depeadanttiP@§pPonakth.a®©FBT gas sensol
experience reversibl e Vag@lpgddnmahneem te xcphoasnegde st/ os he
concentrations of analyte. To quantify these
merit can be extracteBRinscska3i bhgwesploaieVe eco®s
(typicall wpdamdt etbeas iLndpt. oRfel caeti evceet iroens p(lonse ¢
fr &ognu atlil on

Y'Yb = pmmb (1.2)
()
WheYranYbare an el ectrical parameter at fina
conditions, respectivel y. Rel ati viesat esporsd eanit

applVosmah g3 8 from measuVwifmomchamgldséfehidn sur ves
typically defined as the slIRRppdoénalhetdi oemc e
report edloirn %hapmpgomc al c EGq @mat@Rod r om

TYY

“Y _
T o

(12)

Whe€denotes analyte concentration, and the
the sern®Odorf. alhseensor during dynamic measur emen

concentration) d&guonatBonal cul ated from



UUOW (1-3)
WheNies the noise of the sensor signal esti
of the sensor signalSi durhaegséhei riecibawrerigpgpehe
anldi s the estimated baselinetguirs enmnypioc¢althegy de

time of current chandg foomO%whef babel omereantr
O.gPwhegies the dif flenlégwhciel eb ert emgpgwneirsy defmenegd as
requiredrtgm s+e tGoIn 10% of the current maxi mum
a quantitative measure of whether the sensor

may interfere with the detection of a desired

Organic semiconductors are assembled from

groups with a |l ardgelecmbensomadehgcéahiemedusce
reductive processes which is responsible for
The bonding and | ocal ‘eenlve ctornomesn tmaokfe tthhee dced rore

semiconductors either more suskCGettdc.bler troedwxda:t
such Rs;HNHEtOX.i dati ve gases are-dogppantsalliyny oec
semi conductors and di fdfirediecn rt ¢ tmeé esbmceony
accumul ation of holes, enhancemerty poef, tbhlye tdeawi
free €ERfvdhdtlreoreskposure to reductive gases often
ptype. Conversely, exposure to oxidative gase
reduces the current otfy ppe doeepvda rceet thoemnigd eoepietr ma t vei
free electron carriers, and expo°Tuhreer etfoo rree,d urcet
mechani sms can be | ever gpead ofronta ntchee QTeF/Te | goapsmesr
strong redox gasesg She NQaadisarod ciagd | par toif ¢ NIHa
since itrhckewystarieal | 'y sproad p@med ec lmadmidc als a resul t
processesi norauenoimotbeid e &2Abruwsmlb eorn efn gd mgeasni ¢ s
incorporated into OTFTs have®h% 8 %Ney 8%t ed t o
and 50 0ften OTFT sensors -ooxfibdees eddeamsagss owv e
l ess strict operational requatr emeomst smpér atsu
thamr a8 0f or mebtaasle de X i éed td -bt ar saeedn i§ & r'Shdrme  wor k ha:

been undertaken towards understanding how to
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towards oxidative and Ke dNuc tNavrea yaaadae s oundarok e re
demonstratedohbaent mat iNdHh i ncr eases, the densi
increases resul tOiamdHoirma taidor miamlcth &Nf, BINBeno [ 3,
b]l]thi ¢ DINGFiTgsed OTFT sensors. Tsiceonekemectat Dbnirt
loholirat i o i s stronger in devices where the sem
di ffusion of the-samalcytineutcd®®hbendiceefatedi ¢ f us
the bulk of the film, as well as the rate of ¢
dielectric interface haasiveemoanns terfafteecdt boyn Ghein saonrc
fabricated OTFTpisombs dhapdleywldera ass t he semicc
thicknesses Pfloen fBagmi t2denmof the sensor respo
thickness decreased from 25 nm to 20 nm, foll
as thickness further decreased to 1l15rmameamnd 5
desorption of gas mol ecul es exceeding t he r
semi coqwdedteent ri c interface. Optimized devi ces

demonstrated a sensitivity ofl®5% caand rpestp cams

1.3 Met al Pht hal ocyanines as Organic Semicond
1.3.1 Metal Phthalocyanines

Pht hal ocyanines (Pcs) ar e aromati#a nkedip o
i soindole wunits forming a conjugated macrocy:
through two <covalent bonds and two <coordina
phhal ocyankFingsnd MBRc& h are useful as dyes and |
in organic el¥éMPosi ccadevbieceshemically modif
met al / met B'B1Wd di ngorper i ph'@? dofrt swibtsht i axiealt s ,sut
covalently bonded tb?téhwmbmetnal /trhet aslylnaihde sd ar e
functional ma tpehryisail asgpltwoarhe ¢ tum@amilT e pf opett orali
MPcs has enmnabbedsohemi on processabl e, maki ng

for printa®vle?®l ectronics.

The centr al atom of the MPc contributes t¢
example, MPcs incorporating Zn, @E¢tWwhiCe, TiM@PC
possesse&Bapedosteructure and can for mshaft’e.conc

A wide variety of MPcs containing different
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electronFicgunRei sea& h( as divalent MPcs (MWMifth no
and ZxtRc,valent MPcs (with o-8EB2%anxdi atle tgraovuap)e nit
(with two axial -@Qhaoudp Sh’Mcercil putdd rnagl SfiwPrcct i onal i
also influences their electronic properties.
copper phthalocyanine (CuPc), results in a re
(LUMO), esalbiegediect?P MPcsomdecigiemrer al I-y hol e
typ>however there are a few derivativegpehat
i ncl udi®n PéismassCki PéThe ability of these- plana
orderddltmsi makes them i deafli cnantdri adnasttésst of rosr (00"

k Divalent MPcs Trivalent MPcs Tetravalent MPcs

Figure 1.6 Examples of MPcs incorporated into organic electronic devices

1.3.2 Silicon Phthalocyanines

Silicon pht ASil Poccsy)a nwintels g Rt et r a vsaulbesniti t Suie nd
are advantageous since axial functibeemaloiazat i
substit ubdanntds strBrm@)else utilized to modify mol ec
amountordfital overl ap between neighbeireg amel

mul tiple solid state packiBgPomomatBiopprgdeed.ed
i ncluding ¢ omb ibneantzieonnes aenfsl olibeerthzzdeldde sd rae &ti enrg . d e g
of-orbital oVvienrtlearpacatnidons enabl es greater charg
i s advantageous for t heir appifemt iexmmplne,or
functionalization -9ifPctd(sRb)stwtubegeddG@#HI oooo0Pp
moi eties resultestdaiaea papkiovwngdamsodl adsrteadcukcitnigo n
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di stance from 3. 9772Sji Plcorn ot 1Be 6bnms yb gtoirt-uthed bC
Si PePH&@JF Pc). This-simpereowedasgkimdrtolrded wnictred si
power conver si osRh@SfifPicciiemcqor poofr a¢ E d as an ac
photovoltaic?fTORW) edenvaincceesd. stacking -obgerve
di ffraction (XRD) measurements and resulting

Cy+-Si Pc was al so obser vseudb sftoix8 uoPtéise.rR f |l uor ophenc

Dual benzene stacking Single isoindole stacking
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Figure 1.7°-" i nt er a c tR+-SPes Repooduees] with permission from Refered&2

Copyright American Chemical Society 2018.

1.3.3 Peripheral Fluorination of Metal Phthalocyanines

The i ntrocd etewiotrorndo fa wi ng groups t o t he |
semi conductors often results in a downward sh
result in a change in the majori3tyyic earadd ec arn

stable el ecttryome tgamiSp@Bidudtaomd.unctional ity h
the periphery of MPcs ttoy psewiytpoehnitnh eOTrF Tlse hwa @ iho
report of peripherally fluorinated MP&wBsPao,epor
FrgnPeagcoMmecndEEPCc which yiel d&if redmdcfotBafi¥rmbi | it
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Us'128ji ngl e ciEuPteLloFcofZmE@P cF were grown and incor

by KIloc and coworkers who determined that the

of fluorinated met al pht halocyanines WPth a
Il ntermedi ate degrees of peripheral fluorinat.i
exampl e, Kloc andVMRosvowiktelr sCu eprod t£rd rhet al cer
8 or 16 peripheral fluorine atoms to tune t he

fromypetyp’d&@nPc transittyipoeredoefnrbcerhap/i our when
of peripheral fluorine atoms increased from
sufficient to i nduceCudlPrabi derl iav asClu &leasveCnodic F hi nF
demonstrating ambi pol aMP d edarii waitri. v dtgy pieeortadn dcra
FIMPc derivatives -twpee ArmbapbiVarand peri phera
pht hal oeckhm&niPece , ( Fhe first »>px&r Pphde adWweart friveupari t
was synthesized by Yutronkie etQoafl uapn dflMi nOc.o3r pc
Isli naMd 0.2/ Ai omair, exceedi nigutPlce whe rctho ri ma nw
used #d4ypan MPc or ganrifw es @ mi d dred wdtganti cfhi cvaanrti abtait
this molecule, a new synthetic pathway >was de
FxSi Pc derivatives substituted with phenol ax i
fluori nfei gaurpem®h.¢&h characterheederdinvalti ve with
fluorine atoms detnyopnestlr emthaewieouudrequehbhyi pes witl
fl
fl

being the oaily ®onhablte d&élaeetron transport.

u
u
uorine atoms demonstrated ambipolar behavio
u

orine atomstypel O€BTunwipohathe fully perip
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X N&= N \N
:2 g (tb-Ph),-F,SiPc: X,= H; X,= F, H (random on each arm)

(tb-Ph),-F,SiPc: X,= H; X,= F
(tb-Ph),-F,sSiPc: X,= F; X,= F

A [ p-type mobility in N,
- n-type mobility in N,
—36 —_ —type mobility in air
LUMO -4 0 Tw 0.01 o
—~ LUMO n
5 e, 44 ke
< F,SiPe LUMO N LUMO =
o F,SiPc z
2 = 1E-3
5 HOMO FSiPc  F,SiPe g
-52
-0
-6.0 -6.0 .

Degree of fluorination
Number of X perlphera] fluorines in (th Ph)z—FXSIPc

Figu8AR)SYnt hetic pathway used i nxStiRe d)gbledstct i c
occupied mol ecular orbital (HOMO) and | owest
eve(ltbhdiSi Pc estimated from ultravian®eNC)photo
type -taynpde pmobi-PhjpBe Pcofas(tab function. oFi gereéepl
reproduced fl3&mpRefighendve | ey 2023.

1.4 Organic Heterojunction Devices as Transdu:¢

Organic heterojunctiosd dadi @osndEeo ( Lammomg :
initially reported by Bouvet and cowor-kers a
film transistor 'SEmeoe shdtasreaj wmc tMPxrs .devi ces

semiconductors with di fferent wor k functions
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opposite charge carriers ( edregcamrioon s i mtnedr f la o ke
accumul ation/ depl et t3%Tnhehettoepr olj auynert i oh €héeotr s
device is typically | gt eahiiucrh biiss pohnteh ad fo ctyhaen i fni
mol ecul ar semiconductors ®giidaMata rmoagm t¥mparca
compared to divalent metal phthal oidy'!cm) nes an
which are typicaittBt?eu steod iatss sruabdliacyaelr sn.at ur e, i
el ectron yielding an activation elf®TEVs oliaded
on Lih®¢e de metnyspter abteehda vni o u r -tuynpdee rb evhaatb® wotmiera nidn pe
et al. demonsifndtmed atsh es efnisfoesss tthhads resde nosn nlgu Red e
detection S 8Od,N®Osed on a planar conduct o0me
with reproducible conductivity chapages2tipmpnt.he
The semiconductohag madsoremoof vhuPd its incorpo
reported HWNRedriegued . f df® wine discriminatio

1.4.1 Organic Heterojunction Gas Sensor Operation

To operate an organFiicgumet ela.Oh uasti snf dest c
the two sets of interdigitated electrodes, re
device depending on 't Dwee ntad utrlee orf e lt antei waulby alye
subl ayer compar-erdg atnd ct hent er §anec and t he i nt
substantially | druer st hanet hehaltgetcadeiers t
bul k of the subtggerctontbaefacgaand across t hg
of free charge carriers accumul ated at ttehe i nt
or withdraw electrons from theahaghadyehangipeagd
concentration of mobitepchayge @oamgrinkesd'ing &mH
resulting in a change in the currentwhmecahs uirsed
el ectron domwpeénhbgemgasoj an @t i on -adfefvd creesmpdnseun

mani fests asdeapemdearthtdeadrieoans-etypa ketrtereoajuyunoevhi

wi || undeom® me sipoamrsne awh i & h c onrdee¢plictarsdaetsnito ni ncr e
cur t¥mtnver sely, for oxidizing porzgedpperdaeviace
will undermgo rea siptotngispee whd Miec ens woiflflo urnedseprognos ea.

parametetre OTFMmeaehlse rferxdamatcheeddynami c respons

gas sensoRRBRStoarldQDdi ng
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LuPc,

Sublayer

Substrate

. Direction of
Charge Transport

‘ Gas Molecule

Fi gu9Cr obsescti onal schematic of an organic hete

1.4.2 Tuning the Majority Charge Carrier in Organic Heterojunction Gas Sensors

The direction of charge carrier transport
orbitals of the subl ayerg\ abnedt weheen wohrek ofrugnacntiico
the bFigyep!*#{f 10he work function of the subl a
el ectrons hopc dumine d hmo lseecmil ar oo bi hal LYUBOMO]J
subl ayer , -tryepseu Ictoinndgu citni oon. Conversel y,l eisfsetrhe
than that edfeciubPomns will hop from the HOMO of

resul ttiynpge iocno'pB ucti on.

®, LuPc, CoPc M(ClgPc) o,
3.4 M:Co, Cu, Zn
— Zn(Cl,Pc)
. 4.30
€ path1 [—1 wmo
? 0,0
E 4.%3 §=8a%D
T [ SOMO Gt NN
S 5.25 5.0
s Homo
6.41
Path 2 e- Zn(ClgPc)
D,>0,
Figuité&€hhrge hopping at bil ayer i ntre)ofacactiep
semiconductor in the heterojuncti @na9 Roeppyrroidguhct

American Chemical Society 2020.

17



There are three reported methods to change
heterojunction device. The first method is <c¢h
structure whichi thshe ctamo niihtgaamdt opoannt ires ul t i n
transporting or electron “YAaespepdfteicng obr darei a
atom on the behaviour of organic heterojuncti
i ncorpor at efdc )C,0BRCw)(,ZM U ICilnt o devices asdsthe s
the toPpi dwiydBc(t ochl orinated MPCgsué)l daynkd ACuwwi
(Fi gure 1c.elnltC al met al atodm®d dem@pmoatsregt evchid ef ttt
MPc subl ayer with Bi or € e iditeintoBn smhedadde dadaopfit(sren

(@) 0011 (b) ss
LuPc,/Zn(ClgPc) LuPc,/Co(ClgPc)
5.0
— 45
< 0010 <’i3
— NH, NH, — 40
NH, NH
351
0.009 3.0
3000 6000 9000 3000 6000 9000
Time (s) Time (s)
(c) - (d) o.08
LuPc,/Cu(ClgPc) LuPc,/CoPc
61 0.071
= 5] o
i(:; NH, NH, f:; &gl NH NH
=] =
0.05 1
3_
; 0.04 ;
3000 6000 9000 3000 6000 9000
Time (s) Time (s)

Figul®ullrent variation a#CiklP¢ umet e oomj whcti ones
90 pp3nhoNH HOomg nperi ods sleprag at eslt bye di0odnd ni n
30RHat a biRaesproofdulceM with perlMi9sGopwynr fglhtm Rmed
Chemical Society 2020.

The second method to change the majority cl
i s including peripheral substituents in the M

a shi ft in the frontier morld s candrcan bri g ad Ist oif n
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hol e transporting t o ambi pol ar wdr cll édatsr olme «
demonstrated when pr oQuies®ei vEBBiyPEéfdlnuomnirgani ¢
heterojunction devices, the peripheral chl ori
charge carrier i noftfhee rdeebrg cree)e I (dldl-da OfMtt BrEM O N S «
(Fi gur e)l*f.hlelBoriginal report of organic hetero

LuPRPlktet erostructure also demonstrated the eff ec

response oifctu®CePdaoradNFE &1 ubi li zing functional a
i ncorporated into the MPc structure to tune t
with three Ni Pc desuVatainwyéd fdooaayticho ambidnnga thieoxna | o f
sul fanpclardmom&k y phenoxrye snpoeicettiiveesl vy, i n organic h

LuPas t he 'tBlpe ddayoart.i mqulHfeaxiywll groups in the pe
derivatives w0é$o0l redpionse Wwhucthypes keomasvisdiemt
OTFT8while the waad&képyt ieslgelcfhoenoyll groupsom®Esul t
response of the devices. This work demonstra

fabricated with solution procesascadhdgptpiéhPcplseba

Ssubstituents are sufficient to tune the major
change the majority charge carrier in organic
sour ce, which was deémooworlkées WwWhoBoseetviasib
respons eCuoPfc/dhueR & r oj un cttyi poen-t tf@°éimme p ambi pol ar i t
FsCuPc/o;bePerojunctions was independent of appl.

l ight desorbing molecular oxygen from the sut

carriers while promoting the conesottatdion af
in devi ce bCuhPacv/ pboauPre rfoojrunFct i ons pa redképioPsc /algu RCcu P c
to Ilight did not result in a polarity change.

1.5 Scope of the Thesis
This thesis wildl focus on the fabrication
gas sensors with >-ePmal lay ¢ haparcdtieece B emi c o

purpose of devel oping rel ationships bet ween

derivatives, their optical and electronic pr
Chapteev el ops i1 wpirtoipaelrtyt mwedtadurieonshi ps bet ween
film texture, and device perbpdirfmancder if vat etV es,
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of these derivatives being reported in OTFT:
characterizati onf iodfms4+ShoeP c dRe vwecrees , c htahrianct er i z ec
mi croscopy (AFM) to extract-i hektaeamnpaenkg |-ReayXer mat
scattering (GIWAXS) to detefSmPose tkekéamohvecutba
Single crySit ®csdatas oceBttansifeter| npdeharigy de
theory computationadr smotde!| 1 ungheédry «wmodeéradtoaad
group on intermol ecul ar i Nt eChaapgti orap @ratnsd fed w
addit p-®DinRd dReri vatives, with three nove- mat e
cyammenoxy axi al groups developed Chapeéetto ol tF
furtherVipbisiR Btehsced QaR@W3s. t 6n this wor k, the o
these derivati ves -Wesr,e acnhda red cetcerriozcende nbiye@UV pr o
by cyclic voltammetry. We .8hsPersvdd oan devee tstuibrsg
which necessitated the wuse of pol ymer-t doar us he

approach to stabilize the semiconductor fil m.

| €hapt,erl 4report >>uPccmampronal R bis(pentaf
pht hal oassarmricpe ohFa range of functional surfac
chemi st$iyPonf iRl ms and OTFT performance. The f
include a -8ANglkemftf@s ktyler mi mg,al £ HHE)o uapss el | a s
as a template | aye$i Po demenssmi nat aebeshmirl &r WE
and trivalent MPcst avlhl icme yfoial nihsohdéegdll gadgeoy i ent

| Chapt,erl 5i ncor ppghXitRc st weiltvhe iIRncreasing a»
fluorination (X = 0, 4 or 16 F) into BGTC OT
peripher al fluor-fiinlami toeaxtiwnrfd uedhekrgpe hparf crtmd
This wor k ibmuiitidal omemnrt by Vebber -sautbsali.t uwlea
peripherall y>ISilRosy | matde dd eRitoanlslt & ated e c tarn o n tr
bis(tertbutyl phenoxy) haenxi andedod|Pbl)uoh or sd¢tl é cione
optical and electronic pVYopebkteespedtnthecsep yn:
photoelectron spectroscopy to determiaertmheir
air stabil+R&I PBa uddreisv aotfi VvRes suppl ement initi

t welve reported derivatives. Tshtiasb Iweo rekl edcetnroonns

20



fl

Wi
Lu
se
re
(3
pe
me
t h
ch
Si
t h
en
ch

ga

>FIBi Pased OTFTs did not simply depend on p
uorination has a role in stabilizing the de
| €Chaptwe i6ncorporate all three bis(pentaf]l
th zero, four and sixteen peripheral fluori
Pexs the subl ayer zsgasi seastngapeopbeitireBdH Th
|l ected to determine the threshold foofforgan
sponseonn or@aspaursnexposere NbBlased opmSiibPac tamd

45 RBhN® bot h yif dlodhieregp d tcthram acteri zed powde
ripherally fluoFRkbnRtedbdeRamMani sepecdf ofRcopy
asured the dynamic sensor response in the r
ree heterojunction devices with i mpedance s
argeorttr apnrsopper ti es. To further optsPm®fe t he
Pchheter ojunctions under vacuumdtohamumaet drhie
ese changes by i mpedance spectroscfoplyd Af 1
hancement in the sensitivity of devices | i ke
arge transport, demncertdterpatsiing otnhe rpateesrsti ingl

s sensors for the first ti me.

| Chaptefr My thesi s, I present the overall
commendations about future reseaFkhPdsriecto
in film electr@mapt adrevprces. d&i amdsd yacises and
ntributed to during my Ph.D.
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ChapteSi |l 2con pht haktoycpyeano mgsnifoort

transistors: devel opment of struct
This chapter was published in th&i phgurm.al MeAEC
0. ; Ri ce, N. ; Kashani , S. ; Tonnel ®, C. ; Raboui , H
H. ; Castet, F. ; Mucci ol i, L. ; Letsywme d or gganibke. *t hg

transistors: rdevaelepmenpenfystel ationshpgl13ACS A
323%36.

Cont ext
| n t hi's wor k- ndtiltaud i an maobdbkli aborati on to bu

pht hal oR:-paPRPichederivat Hvidsm itm amrsg esrtioa st (iOIT FTs)

Si Pcs derivatives with different axial |ligand
or by coll aborators at theaAsUMiiwerusisteyd afn TCohrs
selection of axSiaPc ss uhbasvtei tau esnitg nfiofri cRant i nf | ue

intermol ecul alri pasctkatng, iaand hel st ronic propert

with density functional theory calculations bz
of relative mobilities and el ectr ongiec ttrraannsspfoer
We were primarily interested n [tnhe eixnfulree nacna

performance since to this point many derivat.

had been compl eted.
Contributions

I prepared and chailReStEBerredt OVESsbyr pmysi cal
and processed analyzed-Vidsvispectiawvagopdyi pa&mé cX
measur ements. Dr . Nicole Rice performed AFM m
the manuscripPrwithLespatdfr dm. Mel vil I-e, Dr .
aut hors reviewed the manusewnigptw. pMWrottea sabt
calcul ations were perdfor méas taentd, iPirtcefr.prMu edi
Gl WAXS data was collected by Dr. Swar aj and p
Mc Af ee. Phthalocyanine derivatives were synth
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Abstract

Silicon phthalocyanines ( Stiyges)ormhaambispolwar
semi conductorsfiilm amr@asictohsn ( OTFTs) and or
Althpuolperly desi gned -&Sfi Rersit yripiev ad r gcaunrirce nd e nsitc
materi al s, rel-ptopetyyfewl stiracshirgs have bee
i mpact of axi al substituents ont OGdESIi per Dbér md
generation of SiPcs. To addresortolpies tymirsediadn
f

characteri zgtt enotnotPad ¢dbtbs ,t owne ext ensi vef yl maves
u

r -daposited SiPcs with. phernagdgi taixomal t aubhlbo

> O

siaAgyX di ffraction (XRD), ato-mnhci tlermmeg lmi dXe o s
ray scattering (GI WAXS) and density functiona
i ncludingctrredmt ifmgleif leihtayt er i al s, was i n gener a
obtained through DFT modelling including reo
observed from device perfor mwandarwmad ntgh ath airmc
axial pesdheat gooapreduct\Wonf rionm td4h7r.es hVo Itdo v20ll.
corroborated by DFT movYrelelcreg@asewhiwech hpt dedi stqa
induced at the interface betweenetweedi Podpeéhi
predictions and experi ment al res-tit;m manpbel @
and orientation by AFM and GI WAXS. Our resul
modeling to select prospedt iwiet hc aanpdpirdoaptrei amat

conditions to deposit me lid au | mesr pvhiotllo-gg o f avama
orientation relativpetrd or ing pedlBgstercda tCeT,F Tysi.el ds

2.1lntroducti on

Theevel opmentootluet gy 6mr gani c semi conduct
film transistors (OTFTs) cosdas s aretcihalnitcoaltlhye re
l ectronic components for ap'Moiweattirong huanaj a

i performance organic semiconducting materi al

r-t ppe semiconductor i s how its frontier mo

e
h
conductyp@nheé pof the key factors that de-ter min
0
component s, such as tHR®hieflteicng odles el dtuif f & r ¢
h

ighest occupied molecular orbital (HOMO) and
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of the organic semiconductor with respect to

electrodes through the synthesis of novel ma
apparent mobility and®*AMlnbdreinntg stthaebi Mot ¢ c ulnarC
semiconductor may also influence intermolecul

thiinl m morphol ogy anWndehatgqaditrganhpor tt.ai |l or
semiconductor molecular structure affects int
specifieropreudtyurreel ati onships dHperf oheoaympeal nz
organic eliefetsrroni c de

Design rules relating mol eculsaal isd rsutcatue ep a
and charge transport in OTFTs +aanvdeynpeematevweh
The addition of conjugated substitouenttsalt o vernr
and therefore charge transfpodtm moRinlki exampl si
i ncorporating two pheny-DPAUbrsé¢ s ulute’'sh tnig ne o sat cra @i hodne
yi elhdoilneg mori loift iueevtigdi 1 408FiTei. |l ar performance i
as a result of chemical modi fication hZ%ave be
napht hal é&nden dd ibiemizidbe hli%elntoeirsionign dimogloe.cul ar struc
mol ecul ar al i gnowredt c ovi ftihg tlarna tiieodng,e wher e t he ¢
perpendicular to the substrate surface and <c¢ch
over |l appbngals, resuleihgcti AtmdMmpleiompedr fbekdl :
edge orientation can be further promoted thr

thermal 4nnealing.

Met al and metall oi d pht hal ocyanines ( MPc ¢
semiconductors that are relativel!A wadg VvVarbg
of MPcs containing different met al cores have
MPcs (with no axi afangd oAftpRsc)y alnecn tu dMhogs CluwPict h
i ncl udiCildanad Ptcetraval ent MPcs (wit-@batnwo -SaPical
Cii!™MPcs are -geplegweVvegr pthere are a few ypea, vat
incl udil®g PRHigPde8RI P&.he ability of theserplearar |
t hiinl ms makes them i d¥eBhe chainghaesat esegonrt O Fe
OTFTs is fdr | MsORW tthhiarver age hol e?VAsdXTHiig i es
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superior performance was attributed to signif
di stances of 3.145 to 3.211 j,ommdornihent attiemn
deposited on an ocimpld{fiiedi¥¥soabs)siatane (OTS)

Si Pcs with a tetraval entFiSgu)aehemw ea e ctewma | ay:
promi €e¢ paes omr ambi pol ar organic semiconductors
or ganiemiltitg ntg' éd igachdé s, ?Saonlda r O'TtF¥esp. alierposi t ed Si F
with phenoxy (POP)anmadi adarbbobgti¢tRBRents are of
relatively goodyper mat mantrdédsads ab ONBhisene el e
acceptors Z?%nhesohiaghecsetl Irseporm)ed-bglpac tStidR5s ma ksi
c WVislf r omSiFPXFi(gu),e which is comparabl e ypre exc
OTFf&nd implying the potential odft hadrittsympce as s

organic seMiPesmpiuceornthis excell ent -pprootpeenrttiya l
relationships have been established t-badeder mi
OTFT performance. Several studies indicate th

the single crystalstackieng dhasna@ginceg, therringhb

mol ecul a° Povermliap.end, Gali et al. demonstrate
calculations in combination with kinetic Mont
potenti al o f sever al compounds by &estfmading

compoumdi Pc) which has never been previously
better 1D single crystal3(f8iaPgr asanhbpobest af
crystal chMglevitlrlasmsetoral.. found that increas
decreased mobiluintcyt i ool & b IEOBK P)é {aNpdC-O60OP c )

and t hei rs uabnstthirtaucteende a'ffDael sopgiutee itnh eQTrF Thsu l2k i er a
( 34SiFPc)3(&SdPc) outper-$obsmedtld ethht 8t EF ms of t
vol te¥ge amd i ndicating a compl ex interplay b €
perforfMadee st andi ngpriolpese¢ ystrredattarmeshi ps wi | |
axi-aubgtitut edpeSifPocrsing mee O ghs .

Il n this study we report the electrical ch
struptaperty relationshi dsl idfi(gax)iealCloypoulagteidt
botiga@ameconotpact OTBGEIC)ahadte these results to
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cal cul ati olnsa.kdMhIwer eali scorporated into BGTC C
mat eIwaasl previously repgtmtde d oimip(®B &8BHPTQFF Ts,
SIi Pc@ PhGC®IOPc L I &NpEC-8S0OPc) have beermartep drothddaitn ¢
(BGBC) WOTHMse. fil ms were char-Rayveditédaasiaog
atomic force micr osicnocpiyd e(richepl}veaagkeds coarta zzirngng (
to cor rfeillamh ef arhmant i on wi th single crystatestru
and electrical perf gramdnc ©&FJarcametudrag i smch was
i nvestmigritesi ¢ materi al properties and to pr

characterization of devices.

R
Iy
)N/ :
@“‘§i‘"® 1: PhO-SiPc !} 4: 2MP-SiPc }! 7: 3Pyr-SiPc ||
S [ P —— N P — T P ——— <!
NS NN prmsmmmmmenanaaes e y pr—mem—————ee—=- o SoAo
98 i Foool H H
i £ ' =\, i
i 1y iy \ i
R4 {2 :z i I
: ' ' i

10: PhCOO-SiPc |

3

\i 3: F1O-SiPC 3

S ——— .

Figure 2.1 Chemical structures of SiPc derivatives incorporated into BGTC OTFTs.

2 .Experimental Section

Experi ment al
Synthesis of SiPc derivatives

Si PId P RSO P &)Y 3 4SiFE&B)Y FSi Pé8)Y8( 2 MPI Pc ,-Si3AP,- 4 MP
Si Pc -Si3PPcy8i4Prey)r 391 FBPéa)nld@ Ph G®IOPc L I Npd-80PWwer e

synt hesi zed according to previously reported
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Computational Model |l ing

Mol ecul ar structures were optimized in the
(DFT) at t3heG(RI3LYIPel@G@h dorFraearcki cal excitation
strengths were -dempputedt uséiTby OFMme-aoirtrhe |l talba o:n:

functional and basis set. The electronic par al
of the Marcus theory, namely the reorganizat
calcul ated &83tl1G(d¢ BeuhueéP/xousmbahgondhedatppirloed I
wor#s3tinternal reorgdani avadntiichhn desenrdibes the int

relaxation effects occur namdp utpbeotnwetehre tewoe crhaloe
reacthi oon©0 O ,were <calcul atedoins$i negxptkesifomur
adi abatic potend¥riahsteel)gmtheagrabchseerbi.zi ng t he e
bet ween mol ecul ar nei ghbours Viderxea raalted!| dtreod
crystallographic structures, ausnsoucnti unpgi eal griorl ie
orbitals. Theédehoweeinndg woatneds ghbouring sites ar
and depend on the square of the electronic co

¥

’ —0VAgD — 21)

whe®es the Pl d&hek redmdti aret el ectron im@albicl i ti es
wer e eval uated at zero field i n t he i deal C @

expression rel atthgthkedmdé®i%si on coefficient
© 0 —-B' P 22)

where T =0Q800aKe Bhd el ementary charge and Bo

| Equat2Ront he sum runs over al/|l pairs of mol ec
vecbanmn®i s a cell BquatRbankquwad®mpmno ywmodea | ity val.
t hat correspond to the maxeenumi raglhe ecvalpbealfc
considered as an upper | imit" " Bieedipmensieanali t
el ectron transport was qgualitatively assigne
mobilitiep a&lbadygtaahéographbc>directions with
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P o’ o
C®j° ofnj’ o (23)
o%'j° onj’ o

Mol ecul ar properties and electroniTamcoupl i

ORC¥programs, respectively.

Preparation of devices

N-doped silicon substr gtroswnwibtelDexzt30@ hm@myeh
were washed with acetone and isopropanol t o
nitrogen. Substrates were then sonicated sequi

under a nitrogenthltoxwpgen apldadmeated Wh mi nut
were rinsed with water followed by isopropano!
1% v/v octyl (trichloro)straated OF8pbstohttenews
tol maemle dried und@erf oracl wmat @Bottbthamt ( BGTC) OTF
fabricated from each of the 11 SiPc derivatiyv
as the active semiconducting | ayer on a subst
depos(iPbMDo)n t hrough a square shadowWTmask. afo@r a
and drain electrodms wcidahmél =wekr@eg O0ohb tLa i=n edd by
100 § of Mn at a rate of 0.5 j/s, followed by
(Ossila) to yield 20 individual transtosntloyr s pc¢
el ectrodes | ®0@riepawerde usi ng the same deposit
characterization of Tabdsaf deve cB8sppgamt breg f lomin

OTFT testing & electrical characterizati on

Al devices were measured at room temper :
characterization of OTF-Dbuiwaseasperof owi mmehd bu saisnsg
tips platedgonid bmn2nGilOWel . The testeern hway Qeé6ld
source met ers otuad cereVeptl hadeati@a mc &g | tasngle measur e
soudcain bbyrr Outt pUt curves wekWssatobtdiasoeet eéoyv
bet ween O and 60VsYy dméamoeease pvicm e tolbhd/sai metdh ey
satur at i 05n0/.VYcewgai so na paptl ited wi th a duty cycle of

reduce gate bias stress. For a duty cycle of
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interval bet ween 80 ms (8 Hz) intervals of ze

i mprove device stability dur ivVamgo roep erré&lffiheml e.n d
el ect reofnf gatelmp bwéi ¢ei easl ¢ul ated using the foll
regi on:
‘0w
Ra R @
Q)

Where L and W repr esemt atnhde wcidmdgtnhn e(ld Qedrcg ti hv
The capacitance @)f itshec agladuel—adfieed Recsternigce (t hi c k|
of t haei Sliedctric- i(30t0herndi ealnacatTrhiec sd cmomset arft adf]
point® Vdssi s taken at every point in td&esmeasu
VesThe avereavgael uoefs ailnn a 10V measurement range Ww
asef or each working device. An example Bf thic
(34%iFPc) in the Subpo@dD&Engdghlentorsdbhiobdd @al tabe

from thei mveraget of O w#¥sirn ztehle dsaame fmeasur en
Thin film characterizati on

Sotlsitdat /i UV absorption spectroscopy was p
spectrophotometer on 30 nm fifmy deéegdgiatce d oon
measur emendtds nm Si Pc f i I-fmsn cdd poonsaid 8§ eztesdio naitOeBEs
el ectweordee sper f ormed using a Rigaku Ulatyi nsao ulr\t ep
of @p=K 1. ppr18t a scAan=xr Bndggendofa S can. r ®eakof
integrals were determined by maseal heg. dAf bomi
mi croscopy (AFM) i mages were obtained-Awirt h a
probes, i n ScanAsyst mo dGx a\wiii indyi dae nacoeg hveargz®et e o
scatt@IrwWwhXxS)( measurements were performed at
Synchrot r-Ambiim, *‘ShRhienrts-athpt ect or di stance- was 3
ray energy was 11 keV. Grazing incildelDe 2patt
O.A2 th 10 images at an exposure time of 10 s
i mages. The detector MNabremacked samphe aplghee o
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were -daposi t edduroinngSitthe same deposition as fil
X-ray data was processed with a modified® NIKA
Mat el ( RHSO Pc) |l attice parameters used for sim
Gl WAXS experiments: a = 9.6872 jppar®0-A, 1P82877A
Mat ex(iféSli Pc) | attice parameters used for si mul
b = 10.320 iU = 742 .1530%@0HQ% A83MaR85i3aMPi Pc)

|l attice parameters used for simulation of rec
11. 4807 =i ,0 anfl96A]1135Ma8t2e8A 4aRyirPc) | attice par ame
simulation of reciprocal space MtapsoaaM90%, 73
118. MdtAerl Mp COOPc) | attice parameters used f
maps: a = 8.693 j, H = 110.48%® Hnl = =00Y11.268RA . |

2 RBesults and Discussion

Computational Resul ts

Charge transport properties measured or cCaé
cannot be directly comparedpdloy drewd tcel Ipieref oa
t hiinlrhewever, these data may shed | ight upon i
candidate materials suitable f3 saupnpniaircya toifo nssi
crystal packing mo-tgtfasc kisn @ ckii tga Tt aylgdeerlh ratndp r 0 \
SupportingHéenéprmBTioal cul ations were first c;
el ectronic properties such as the frontier en:i
(Tabl . 2The energy and strength -déegéeher atransi i
excited states were also cal(chuhBaPe)l &a&®9rtbkbache
compound, r ei nfwdrtdidmr o wiheg eclheacrtarcanrer of t he ph
hal ogen substSitRice]lntSI3PERBIi $4£93 H or replacing t
pyridi Mé¢ 3PYyinPgc |§[ &PYirPc] ) | ower s HOMO and LUMO
significant i mpalcUWUM®ng amh,e aODIFtTh HOMO el ectron af
| owered. Conversely, adding a metdh@[l2 M ®ecp t o
3MBi Pc afsd P4 MP or udiureqnt axiod |l O[sRrhpGROP 8] ze (
[ NpCO0DPc]) has a negligible impact on frontie
nature of the axial subsUMO wermpt, haddridslpy rmgyfofganamtss
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S0 Stabsorpti omgEgpre2deandess i [40.tD5p ismirleanrgltyh tfo

bear i rogxidiel yalx%*“al groups.

TablldFZXZ. energy values of the HOMO, LUMO, L UMC
from differences in the total energies of th
g eometirnitees)n,al reorgani zatijaomd -BTRCEr gee s i tak €1
energbgeBqE{ed and correspondignagn g@ sfdirlolma tt daire gtrroeur
(g ot owar ds -dehgee meeraatley exci t &d, scianlgcluelta tsetda taets t
31G(d) Il evel. AlIl energies are given in eV uni

Mat er i a Eiowo ELumo ELumo+ EA & qEg { 4f) OEg eofde

1 (PBH®c) 5.1-2.9 2.92.(0.12.00.32.06 (
2 (3HAi5Fc) 5.3 3.2 -3.22.:0.22.00 (2.05 (
3 1(6Fi Pc) 5.2 -3.1 -3.12.:0.11.99 (2.01 (
4 (25MPPc) 5.1 -3.0 2.92.(0.22.02 ( 2.06 (
5 (3MPPc) 5.1 -2.9 -2.92.(0.22.04 (2.04 (
6 (4SMPPc) 5.0 2.9 -2.91.¢0.22.04 (2.05 (
7 (SSHyPrc) 5.2 3.1 -3.02.:0.22.00 (2.06 (
8 (4SHyPrc) 5.3 -3.1 -3.12.:0.22.01 (2.06.3
9 (S3IPc) 5.2 3.1 -3.02.:0.22.03 (2.03 (
10 (PHWEC® 5.0 2.9 2.91.¢0.22.01 (2.03 (
11 (NpOQ@ 5.0 2.9 2.92.(0.21.99 (2.02 (

Consistent rwiptdh ¢dsiPtvpotulsal ocyanine derivati
rather | ow internal reorganization energy, a
el ectron delocalkEqguwati iolmn &idhcter arheper ten(fergi es
var i altviadmnuses( are within a 50 -smemM Iraarn gsey)s tienmst, h
coupbjngkich result from the intimate supr amol
main parameters determining specifiTah2hebr ge t
anBi glr.&he nature of peripher al substituents
arrangement and spati al overl ap, transl ating
instance 9(8bmpewhdbits t he ’lsatragceksitn gc oduiprleicntgi so n
while they are oneromtdengofheagbhheudai Fewei o
el ectron transport. Although transfer integral
couplings with significantd( hEHinAtcthwwde odrfe ralmud

charge transport pdatnhewasyi so naanld cfoanvdourcst imuilttyi. Re
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transfer integrals were subsequently employed
the three crystalline axes, together with the
def i Eqdi ai2B@abl . 2. 2

Tabl2€€o2nput ed el ect ra,n dmoybsitlailtlioegsr agplhancg di r ect i
values in bol d)ayg awGe® gy M@9bhi laintdy di thensi onal i

transport Eqausat2Beofni ned i n

Material . rﬁ\%ls”) (© r%l\(/)T)1§1) © rﬁ\%lél) (© rﬁc\);fvli‘l) D
1 (Bh®c) 1.287 0.202 2. 0765 1.188 2D
2 ( 3H4i5PF) 2.861 0.301 0.761 1.30¢ 1D
3 1(eFi Pc) 3.072 0. 0814 0. 642 1.26€ 1D
4 ( 2SMPPc) 0. 26E 0. 443 0.94¢€ 0.551 2D
5 ( 3SMPPc) 0.8214 0.181 0.21¢ 0.408 1D
6 ( 4SMPPc) 0.6114 2. 731 0. 083 1.1423 1D
7 ( 3SHyPrc) 1.092 0.09¢€6 0. 067 0.418 1D
8 ( 4SHyPrc) 1.117 0.18¢C 1. 857 1.051 2D
9 (S31IPc) 0.3114 0.00C 5.393 1.902 1D
10 ( PKGC O 1. 052 0.321 2. 545 1. 30€ 2D
11 ( NpSadax 0. 86¢ 0.110 0. 447 0.47E& 2D
El ectrical Characterization and Device Perfor

OTFTs fabriiclaivede f poeopcatryeld tan COT-@9 i) fsii @ da n ¢
Sio@ubstr stidwaewg d hes el eAdMm)des (see ExpMeri ment
recently demonstrated that Ag el eosBibdesi wit h
higperformance alternative to gold (Au) electr
respect to Au (~ 4 eV vs 5 eV) facilitating |
which according to | P&rSgimeesas(ueleanetnrt an pafsfsiersist
eV/Previous experiments demonstratf®3i Pchata dev
semi conductor with AgMn eVrecimpdewsve d edaimmes anr at
reduced contact resistance when compared wit
observed similar trends with the SiPcs invest
using AgMn Tab2g3 mmadeerforming those with bar
| nf or Mmat? A, summary of devidatasablagdhndgt hegi
rati o of oMlndood o6f prTecasbelnee Rtk Brresent ati ve out put
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for an OTFT 3pF8pRcwthifchomadethd sowetshahAghRin
el ectrodes, Fiaguer ésrh@opwe soeumt tpautti veend transfer cu
materials c&ngh2edd o)uddl ti nshould be noted tha
degr ad &batonWdignh out put curves occurs. This phe
stress causing el ectr oci elreacptpriincg iantt etrhfea csee noirc
itself, resuMrttunigng nmetaSsumid raer rotfd elgsa 6 d ¥dignbn o f
output curves has Hogpr dadRevércesd ith'peoppbat mhly
fluori n@dred pCarPyxl *@hei sdiefnfiedcet. can be suppresse
chemistry at #dhel saemiicdodéndcaeppflaycieng @ heul sed
exploration of alternative surface chemistrie
wor k. However, to reduce the impact of gate bi
applied for transfer cutheeEmpasumement ssastoban

Table 23 Electrical performance of SiP&§ 11with AgMn electrodes.

Mat eri al g c2M1sY?) Vi[ V) lo &) lo n /%t 1
1 (BHi®c) 8.3 N=3%7.37.1 N1.20°% x1610
2 (3i5Pc) 6.4 N=22.29.5 N1.10°% x1686
3 1(eFi Pc) 1.1 N H.21.1 N3.79% x18°
4 (2MPPc) 1.2 N ®.46.8 N4.978 x19
5 (3MPPc) 1.8 N H.34.8 N2.66% x1619
6 (4SMPPc) 1.9 N B.47.9 N6.31% x19
7 (3SHAyPrc) 8.5 N=31c(C* 1.607 x1b
8 (4SHyPrc) 1.5 N17a.+ 5.30% x196
9 (S31IPc) 3.1 N=®2.29.2 N5.307 x1%6
10 (PHWGC®e6.3 N=Z2.35.0 N2.666 x1619
11 ( NpSGCG2. 1 N1.577 x1816

N ®.41. 8
a

akecantwerael accul at ed based lpgmnlghewerr e« ad aulecsuy | athé d ebased on m
* Values could not be calculated accurately due to higl

46



A B
8000 100000 200
4 =0V
7000 { —4v 10000 4
&; ] :233 :’:; - 160 =
= 2] = 1000 § 3
& ] & £
£ 5000 ; S 100 - 120 g
3 5] p
T 4000 - e 8
o ] ) T 10 ] L g0 &
S 3000 4 — B =t ©
: 2000 A ] £ 1 g
3 - 3
3 : 3 - 40 @
1000 0.1 4
0 EE——_ 0.01 F=—— . : : . 0
0 10 20 30 40 50 0 20 40 60

Source-Drain Voltage (V) Gate Voltage (V)

Figure 2.2 Representative AQutput curves and B) transfer cur¥g¢= 50 V) for BGTC OTFTs
fabricated from materiéd (F1o-SiPc).

Fl uorinat e 3c4Gnrpaangh HSi Pc) were the best per
in OTFTs, wgamhdt hveavedsrggh easltl t he Si Pc derivatiwv
performance3(&bi @) ewnal comparabl e to p+reviou:
cont act?Thevidees.ease Vpg houwAr amtrAdacd .1(8%igPacn)d
several other SiPc materials (Supporting Info
resulting in wéaddbwewleag ,c drhd sc taimbn pod @

be suppressed by

natur e,
device engineer i n*d anadt t he
semi conduct or / &|A&bti rpood eari mtae rufraeec ewas predi ct ec
mat ebamM(s3MPI Pc -S§nBc3lreXMaetcea 7{veRgrPc)8(dRyr
Si Pehi,cdht h contain pyridinel@xi ahegoodps, oéxhAD
unique to pyridoxy derivatives in this study.
We found t hat -btahsee ds tprroendgiecsttorDsF Tof hi gh exp
OTFTs were a |l ow intd)ynahd® e axvgea milda ptérceimmiesn & ank
mobility measduradd i RotBhied asteudveel ( with these
Fl uorinat S&tSiEFPaéhRI6 FoSi1 Rchydit spl ayed the highest t
( 1°@ MV''Sl<ge< AcOMV''SYH al so had t he Otawod Itahreg efsitr sptr ea
| owest reorganization ldher Naedd 2MPbRc B(t4eM f or
Si Pcwith the | owestedl-2xd@QW'EST) ,mohbad itthe sl qwest
|l owest @Gapdiseitedd and f ourltMathd5dilBedBit Py edast @

consistent outlier, dispe(aly.i Bgmmehle deaspidt ¢ ah g
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t he hprgehcklsamn @ dt h-eowest t @ITehcki adtiesccr epancy bet we
experi ment al and thedorcahikealy modi &t tyi b or e dnat
super iHforl mshiwi th a favourable grain structure,
There are some reasonable explanations for t|
observehdi ghlmert hatarge carrier mobilities can be
and larger intermdl®ousartheasmbablt dicfoudrdahse

mani fest as | afriglem denvainggess. iFfort htitmmeor et i cal mo
stronger correlation Qofatdrepe®,Gmaa@veadtiudnb biinditcya
information about how nucleation and film gro
i nvest@Owartaloln, the theoretical valwues calcul at

for screening cand-mdbi ki tmat OTE&aSstsh ed effgapclhin g hh a-
mor phol ogy is an obvious confounding factor t
strupgtaperty relationshiops.

We cor r é&toaft edde vtihcees as a f unct’fvdin chf etsh é mhad
the electron donating or withdrawing characte
t he SiPc, withFirgewsrud vx. el 6094 aHdG | Ma t 7e(r3iPaylrs
Si PcB( amSgdrPc) were excluded from this anal ysi s
calcul ated for pyridi fdaé&asuladtsiot veexnctl su,d eadn da sc an
derivative. We show f onNrdtehcarte afsierss ta st itnmee tehl aetc f
character of axi al group increases, resul tincg
havi ngvty olwees compar edddma twierasku Ime teil yelctterdo npend a
(46 2MBiI PXMEBi Pc asd P4 MPAtdidonal |y, the relatior
calcul ated dipoles of theVraxi @lhes uSh sPtcist uweanst Si
(Figur ¢, 2 a3Batslsembélefd monol ayer (SAM) formed ©b

di poles induced by the interfacial contact of
OFET el ectri c®@IPboweavrearc t etrhiisst iecfsf.ect strongly d
orientation, dictated hermodiyf itdce 9 unh etrraatte o nt

and the phthalocyanine co¥¢o kol da ®SNhromwgudar
identical orientations for all theFcgmpBeuds.
t hwdecreases slightly with the square of the
of the ener@etdi ¢ hditsdheercosrr S RBi Po) fas | ist fpo:

48



a unique anisotropic morphology which wil/ be
t he correl at iFangsurkeu g Brag h tSa d® cisn wi twh tshtdrr canvg enrg

axial groups could yield OTFTtSr evattédnd | Dwrefra oeoe.
desirable if these materials are ev%ntually i
A) 60 B) 60

= @ o s 4 A

840 P 240 /. @

| o NG ®

$ ® ® s ® @

= =E

-0.2 0 0.2 0.4 0.6 0.8 1 0 2 4 6 8 10
Hammett Parameter [-] |dipole|2 (D?)

Figure 2.3 Vr of SiPc OTFTs as a function of A) the Hammett parameter of the SiPc pendant
group for materiald 7 6, 97 10 and B) the strength of the DFalculated SikR dipole for
materialslT 6 and971 11.

ThiFn | m Properties

The mol ecutl axt prae ki @amgd mor phol ogy of organ
is critical t oo &dredviicte ip®r &5 s anatfciall m t mo rcphhaorl aocc
through multipl e t ecprndpeuretsy troe |[detiReadyrogihiisdf ar.a cRa
(PXRD) resulté&ipglomMmdt Isiph afyieldmgreater diffract
Si Pcs with smaller moFiegikd &4 waidgltiataxigalhi ghe
order or degrEkri ©9fcaoulydtla¢l dnetyo the ease of

axi al groups, l eading tolMmehrS PX()G &JirPzce)d amrdy st
(4 PSirPc) have the | owest mol ecul ar wei ght axi
crystalline orldielPh GC®ORd)e Iakpdc®OPalls have high n
wei ght axi al groups and a | ow degree of <crys

bet ween PXRDegeD Witwearss iftoyu nadnd suggesting PXRD r es

to der i vper sperutcyt urreel ati onships for OTFT perfor
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At omic force microscopy (AFM) Wialst g efrufrotrhneerc
i nvestigat e tFh aiurr).e8S8red®repthaoll opmgryot(ot ypi c al mor phol
our Si Pc fill(mh o) MMPieRa)aBPnsti Pcal | yielded regu
ani sotropic grains atrbmsphhsesulbbéeraeteond obh
mat e (i3adSiFRPc)whi ch f or medl iaknei ssohtereotpsi ca cprloastse t h e
broad dispersity of -lcirkyestsaH d @ tt Clrsdazeedsh T ieTOhPeds Reic
which also form | arge overl apgiThg ¢hairds uinm quut
was observedd FdSoPcmat ewhi @ h rwacst acnognplrairs eadn iosfot r o
in tHealtmi consi stent with results observed in
OT#odi fied substrattt dAherbomrtlemaedamase. frec
randomly oriented i sotr odfi2avPy P6x()4nveP| PS(p4sPeyrrv e d
Si PenNld@ Ph G®iOPc) ,clwlsiedty resemble film mofphol og
Finall y9( 3daxtheirbiatled a wunique and highly disor
grew in multiple directions and orli¥Np@0OOons
Si Ho)r med an amorphous film with no discernibl
crystallite mBapHolgegiceesmn!| (yi pberfor med better
attributed to fewer -fgirlamm nb ebtowenednarti rees 9 ou rtchee &
reduci ng t hceh arregsei sttraanncsep otrbAddict besalt hg, chmins et
appeared to grow horizontally across the <cha

transport.
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Figure 2.4 Atomic force microscopy (AFM) images ofaterialsli 11.

Thifmnl m mor phol oliilecsano fo fniaetre rsioamhes ex pl anat i
relative mobility estimations by DFT <compare
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i ncorporated into °>tenvdi cRMS rGmwgEmnbesstsh u d tmproe t a
mor phol ogy features that can dr amat i chalalsy i mp
predicted by DFT t®ofhaalel alnb nrgattéirei dlosvesur veye
it performed rel ahigbdlkegtwabver wgdgh mtab el t?th padwil
c Vsl Tfhii lInmsate®B( NP Pc) form regular rounded ¢
the substrate with a | davbh2RMS whiughness!| @ f b8 . ¢
favourabl e charge transport properties in a di
the favoured cryst dalle@RhS@a pPkiyy¢ a&@dirdc )(, whi ch e:
Si miedoar t he drfareV'ishiaBex the same grain struct.
values beCowve@r $elnyn( 390 mecroddnNpEsC-90Fco)t h di spl ay
relatively poor peromr mame edk déntVed i cMa t9e wii a lh
formed undviekn fgeatimesr wi t h a | ar ge -dR M®& nrso vognhan e
growth on the substrate, all GThivhioms odulmatl
l1did possess | ow RMS roughness of 1.56 nm, h

structur al features.

Il n addition to AFM i maging, Gl WAXS measur e
polycrystalline structure and texture of SiPc
with expericme Mtadlq rRIRSG BI(F,BS0 Px()3, MPi P&()4,PSyirP c)
andl NpCODPc) were selected to survey SiPcs wi
mobility values i nf iBIGliCcdyevtixlesst Mhet urhe nand
determined using GI WAXS data couplsednewihtohd rheac
previously been employed to identbpbhpseh€uPrys
thin®%olmdentify the structure and orientatio
peaks, RS Msl H5 8amaddtwe rtihd)l(sor i ent atNBower besweeh a
2D Gl WAXS plots and RSMs for materials analyz:q
| nf or fratgiud2M@ S X1 . Whi | e3( et €ciladldNspdC-O0OPc) had eas
identifiable scattering peaks thda(PBOrPEes pond
(3WMP Pc)8( 4&8FidPc) f or med dpdlifyemerdp g otmhathe cryst
single crystal counterparts, making it not po
For m&38(&6Bi RE), the (010) and (001) orientatio
observed scatteFiggrAe2ki tbcdt0ilOns cpobnsi dered
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orientation. Due to overlap in scattering dat
estimate of the ratio of the (010) orientatio
1Y NpCOSDPc) only the (001) orientafFigorBwa2. bde
An il lustration of the orientations identifi e
3( FeSi FFd,gur g aAdABNH COOHd,gurFp. 2. 5
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Figure 25 2D scattering patterns for films of materials3\)F10-SiPc) and BJL1 (NpCOOSiPc)
at U = 0.22A determined by 3@GidWAXa&dschemdidcoh ei g ht
orientations relative to the substrate of molecular (SiPc) plane identified by GIWAXS for materials

E)3and F)1L

According to 2D GI WAXS 1sltaad teae rd onngi rpaant tt earnise

the phthalocyanine macrocycle plane being pre
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e surface. Additionally, while both materi a
al -phenyl st adkiamsg,a maivaticahg di Stamparefd 3.

ma3twehri icahl' -heatsa@aki ng di s ance of 3.769 .

Considering only thel 1G4 WAK&ada) awo thikatveeb € apr
(rel at icebalsye) inghdon e eddpad@e 3;0 hnoanwteevreira |
i's was not obseThied eéxperemantpnl tgn be expl
maltlead adbne of the | owest predictedtoondsct
w degree of el ectr onpear aloluell itrdgp tailevndglest shter adti
nversel §extmals eriedalati vely highhel é2000nida r e
cording to DIFd t(H8&8r enffed/e eaxpmpect ed e o Thhawe a

rection of strong eBalkéoomespacrodpltioagt her di

S
N

ene stackingon ncanrfei guseaudonedglenti fied |
ri but es gdtod tmad ere saal | t3a nitnt hdiernvliint enso r pFhuorl t ohgey

>
—

crostructure have an i mpa3htasofr eglud rage ama rsroit
s

s the substrate that coouhar de tar amogpmorftav

(@)
—

ropic featurewhochambkphygual 3hodvaoiemng ra bgurt ees
an nmalt elrhiesle results clearly demonstrate th
predict possible organic semiconductor can
nthirlomgh multiple techniqgues must al so be
teri allsetpteerrf orman ot Hesrub.stbPap e3’itédmipres mafua e
emf’s@f go influence t-hel msysandl Imordietcyul af ©h
bstrate and device performance. Thifsi |has a
ystallinity and m®ibRd) til@Ss(PReH)C Gni@o tod @tosd v i(
und to be dependant on substrate temMpefPatur
sed on previous results, further optimizat:.i

udy i s warranted in future work.
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2.Conclusion

Struptaperty relationships for a series of
were developed by performing DFT calcul ations
BGTC OTFTs, and t hor ougHhf iclhna onhoorgpehe s z1la tldio e r o & | 1
9wer e i ncorporated into OTFTs for the first t
derivativesnteiemgtiiemargstals and used as a ba:
of OTFTs. Ex peerrifroernmaanl c e&deTmopo st diahged t he str
correlation lwin@asparamétcercs by DFT calcul ati o

the first time through el ectrical cha+acter
withdrawing character of pendant groups, me a s
the iialteefacitric dipole between the insul ati
correlated to ¥fdeor dds® VntavernadeV. AFM mea:
11 Si Pc derivatives resulted in the formation
same deposition conditions, i ncluding: ikegul a
s led s, rectangul ar anisotropic grains, smal |

amor phous fil ms. Gl WAXS measurement s i ndi cat

mol ecul es relative to substrate sawprrfaannd ec 8l

i nteraction'soribn ttahle ofvoerrmi aopf and t he addriderteyd of

films with anisotropic grain strucpue@isc tailvseo
techniques including DFT and functional group
next i1 teration of SiPcs. These computations,

AFM and GI WAXS, <can | eoapdt itnod litlhtreh ipmdeeona 9 Sfii mcga t d oor
yi el ¢oerifmpmantcyepenb@ised OTFTs.
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Supporting I nformation

Table 24 Summary of single r y st al packing motiifstaskaaolgi ng stipli.elBesslkofiedtr ™ mat
stacking distance is highlighted in bold.
Packing Stacking

B1? B2P C19 (C29

Material Bridge Motif Typed A (A A A AR D(A) Source
1 (PhO-SiPc) PhO  Herringbone 2 (AB) 3.771 3.673 3.564 [31]
2 (345FSiPc) PhO Herringone 1(B) 3.716 3.580 [30]
3 (F10-SiPc) PhO Lamellar 1(A) 3.769 [28]
4 (2MP-SiPc) PhO Lamellar 3(BCD) 3.567 3.826 3.862 3.828 3.826 [31]
5 (3MP-SiPc) PhO 68° 1 (B) 3.797 3.671 [31]
6 (4MP-SiPc) PhO Lamellar 1 (B) 3.599 3.648 [31]
7 (3Pyr-SiPc) PhO 22° 1(C) 3.932 3.709 [31]
8 (4Pyr-SiPc) PhO  Herringbone 2 (AB) 3.762 3.580 3.601 [31]
9 (3I-SiPc) PhO  Herringbone 1(C) 3.716 3.810 [33]
10 (PhCOOSiPc) R-COO  Lamellar 2(AB) 3.738 3.882 3.554 [19]
11 (NpCOO-SiPc) R-COO  Lamellar 1(A) 3.650 [19]
a) A = duatlbemerrnenet aclke marend en es iamgll-ission gnideo | bee nszteancek-i Bgj nGoFedabbch em@gen®n & st aghkiendenzen
b) B1 = biemaieméol e stackindedzehanseackB2ng Heszanee
C)Ci1 = biemaieméol e 1 stacki-ngoididolamc2,stCecki bgndiesitance
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Table 25 Non-negligible transfer integrals (D 1, in units of me V) , c
reference molecule and its first neighbours. The crystallographic directions corresponding to
intermolecular vectors joining the reference molecule with its neighbours are given in the basis of
direct lattice vetors.

Material Direction: J«k

1 (PhO) +(1, 0, 1):47; +(0, 0, 1):19; (0, £1/2, £1/2)7; £(1, 0, 0):1

2 (345F) (1, 00):37;, £(1/2, £1/2, 1/2)10; (1, 0, 1):14

3 (F10) +(1, 0, 0):43 (1, 0,-1): 12, £(0, 1,-1):5

(0, 1/2, £1/2)25; (-1, 1/2, 1/2)17; (0,-1/2,-1/2): 16; (-1,-1/2, 1/2):10;
(1, 1/2,-1/2):10; (-1,-1/2,-1/2): 2; £(1, 0, 0):1; £(0, 1, 0):1

5 (BMP) 1(1, 0, 0):25; (1/2, £1/2, 1/2)11; (1T1/ 2, 1WAV, @21)81 1/ 2
6 (4MP) +(0, 1, 1):47, %£(1,-1, 0):10; (1, 0,-1):9; £(1, 0, 0):1

7 (3Pyr) +(1, 0, 0):28, £(1, 1/2, 1/2)6; +(1,-1/2, 1/2):6; £(0, 1, 0):4

8 (4Pyr) +(1, 0, 1):44; (0, 0, 1):21; (0, £1/2, £1/2)7; (1, 0, 0):1

9 (3I) +(0, 0, 1):86;, (1, 0, 0)4

10 (BnO) (0, 0, 1):34; (1, 0, 0):20; (1, 1, 1):10

11 (NpO) (1, 0, 0):26; £(0, 0, 1):12; £(1, 1, 1):10; (0, 1, 0):1

4 (2MP)

* Complousmndnot reported since it was not possible to obt

Figure 26 Top views of the molecular dimers giving rise to the largest electronic couplings, as
extracted from periodic replicas of experimental crystal structures.
1 (BH®c)

(1, 0, 1):47meV +(0, 0, 1):19meV
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+(1, 0 0):37meV +(1/2, +1/2, 1/2)10 meV

3 1(eFi Pc)

Y,

(0,-1/2,-1/2): 16 meV (-1,-1/2, 1/2):10 meV (1, 1/2,-1/2): 12 meV
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Figar®ontinued
5 (3MPFPC)

1(1, 0, 0):25meV (1/2, £1/2, 1/2)11 meV (117 2, N1DmeV,
6
+(1,-1, 0):10meV
7
8

A

B
S 7 Il - ' : 1
ey,

L]

(1, 0, 1):44meV %(0, 0, 1):21 meV
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Figar®ontinued
9( 39i Pc)

%(0, 0, 1):86 meV

10 ( PHG®@)

-

+(1, 0, 0):20meV +(1, 1, 1):10 meV

+(1, 0, 0):26 meV +(0, 0, 1):12meV +(1, 1, 1):10meV

62



Table 26 Electrical performance of SiPcs 111 with Ag electrodes.

A

Source-Drain Current (nA)

due

to

Material ge[cmM?VTIS®  Vr[V] D lon® lon/off®
1 (PhO-SiPc) 7.7 £7.4 x16 405+ 1.8 2.47 x10’ 10*
2 (345FSiPc) 4.7+1.1 x10° 28.9+2.1 6.23x10° 10°
3 (F10SiPc) 7.1+3.0x10® 39.7+1.4 5.68x10° 10°
4 (2MP-SiPc) 1.0+ 0.30 x16®* 48.7+0.7 3.86 x1¢® 10°
5 (BMP-SiPc) 8.0+1.7x10° 34.1+0.4 1.04x10° 10%-10°
6 (4MP-SiPc) 1.6+0.29 x1¢ 41.9+2.1 1.12x1¢° 10%-10°
7 (3Pyr-SiPc) 2.0+ 1.2 x10* * 5.90 x10° 1P
8 (4Pyr-SiPc) 7.0+ 2.0 x10° * 3.70 x10° 10
9 (3I-SiPc) 4.6+ 0.74 x10* 44.5+27 2.20x10° 10°
10 (PhCOOSiPc) 2.3+0.69 x10* 36.2+7.3 1.90 x1¢® 10%-10°
11 (NpCOO-SiPc) 3.9%+1.5 x10° 40.7+0.8 2.31 x10’ 10%-10*
dkcanVdwerel ccul ated based lpanlghewerr e/ ad aulecsu | avhdé d ebased
* Values could not be calculated accurately
B
10000 4 Vpg = 50V b 100 — LR
. /% " % E o Measurement area for i,
u.:‘ > / Measurementarea-zo ° E”-“j'

0

Figure 2.7. A) Characteristic forward transfer curve andeBYys Vgsfor a forward sweep dbs

20 Vi 40 60
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40
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60

on m
higt

vsVesfor 345FSiPc (2) withee extracted from the average of values in the measurement area (red

box)
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Figure 2.8 A) Output, B) transfer and C) E jvs Ves curves for PheBiPc (1) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 29: A A) Output, B) transfer and C) E 3 vs Vescurves for 345FSiPc (2) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 2.10 A) Output, B) transfer and C) & vs Ves curves for ko-SiPc (3) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 211 A) Output, B) transfer and C) £ yvs Vescurves for 2MPSiPc (4) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 2.12 A) Output, B) transfer and C) £ vs Ves curves for 3MPSiPc (5) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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(solid lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 2.14 A) Output, B) transfer and C) E_jvs Ves curves for 3PySiPc (7) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 2.15A) Output, B) transfer and C) E_jvs Ves curves for 4PySiPc (8) with Ag (solid
lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 217 A and B) Output, C) transfer and D)E_yvs Vsscurves for PhCOGSiPc (10) with
Ag (solid lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 2.18 A) Output, B) transfer and C) E_jvs Ves curves for NoCOGBIPc (11) with Ag
(solid lines) and Ag/Mn (dotted lines) electrode configurations.
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Figure 219A) PXRD data for materialsil1l, scanned from 35 2P < 2(?, and B) btal PXRD
diffraction intensity for materials L 11 as a function of pendant group molecular weight.

Table 2.7 Average RMS surface roughness of materidlsl1, calculated from AFM images.

Materi e Average RMS Rol

1 (Bh®c 2.07
2 ( 344i5PFc 14.50
3 (-BlLec 3.94
4 ( 2SMPPc 2. 70
5 (3MPPc 3.34
6 ( 4SMPPc 2.33
7 ( 3SHyPrc 2.87
8( 4 R§irPc 2.05
9 (S31IPc) 9. 11
10 ( PG 1.56
11 ( NpSadax 2.58

75



|
|

-0.8

Ay [AT]
Figure 220 A) 2D scattering pattern with likely orientations based on simulated HKL orientations
from -3 to +3 of the single crystal and B) reciprocal space map (RSM) model for all HKL
orientations from-3 to +3 simulated, plotted over 2D scattering pattern and amrdpwith

magnitude of @y, g, for material 1 (Phési Pc) at U = 0.2A determine
indicate scattering data that does not correspond to singgeal data.
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Figure 221 A) 2D scattering pattern with identified molecular orientations based on single crystal
data and B) reciprocal space map (RSM) model for all HKL orientations-8dm+3 simulated,
plotted over 2D scattering pattern and compared with magnitudgypfld for material 3 (ko-
SiPc) at U = 0.22A determined by GI WAXS.
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Figure 222 A) 2D scattering pattern with likely orientations based on simulated HKL orientations

from -3 to +3 of the single crystal and B) reciprocal space map (RSM) model for all HKL
orientations from-3 to +3 simulated, plotted over 2D scattering pattern and c@upaith

magnitude of @y, ) for material 5 (3MPSi Pc) at U = 0. 2A deter mine
indicate scattering data that does not correspond to singgeal data.
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Figure 223 A) 2D scattering pattern with likely orientations based on simulated HKL orientations

from -3 to +3 of the single crystal and B) reciprocal space map (RSM) model for all HKL
orientations from-3 to +3 simulated, plotted over 2D scattering pattern and c@upaith

magnitude of gy, g,) for material 8 (4PySi Pc) at U = 0. 22A deter min
indicate scattering data that does not correspond to singgeal data.
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Figure 2.24 A) 2D scattering pattern with identified molecular orientations based on single crystal
data and B) reciprocal space map (RSM) model for all HKL orientations-Bam+3 simulated,

plotted over 2D scattering pattern and compared with magnitudexpfgf) for material 11
(NpCOOSi Pc) at U = 0.22A determined by GI WAXS.

Figure 2.25 Solid state UWVis spectra for previously unreported SiPcs in OTFTs.
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