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Connecting Molecule Oxidation to Single Crystal
Structural and Charge Transport Propertiesin
Rubrene Derivatives

S. Uttiya? L. Miozzo,? E.M. Fumagalli? S. Bergantini R. Ruffo,* M. Parravicini? A.
Papagni? M. Moret,? and A. Sassell¥

The study of a series of rubrene derivatives priypeesigned for limiting oxidation can be a
powerful tool for clarifying the role of oxidatioon the transport properties of crystalline
rubrene, still unclear. Here, the synthesis of aeseof substituted rubrene derivatives from
dimerisation of propargyl alcohols is describedethgr with the analysis of their stability to
oxidation and electrochemical properties in solatidMillimetre-sized single crystals of all
derivatives are grown and their structure determhifi]mm single crystal X-ray diffraction,
which shows for all of them crystal packing featidosely resembling those of orthorhombic
rubrene. Finally, charge transport is studied byanseof conductive AFM. The comparison
between charge conduction in the crystalline statgdation potentials, and photo-oxidation
kinetics allows ruling out rubrene endoperoxidetles origin of the high charge conductivity in
both rubrene and rubrene derivatives, in agreemétit an oxygen-enhanced conductivity
model.

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 1
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The peripheral phenyl-phenyl repulsion, which resud a
strain in the tetracene core, is one of the facabrthe basis of the

Rubrene (5,6,11,12-Tetraphenyltetracene) is onehef tobserved rubrene tendency to react with oxygerprinciple, two
most studied molecular organic semiconductorsesihe discovery, approaches can be followed in order to reduce sephlsion: the
a few years ago, of very high charge mobility ifbnene single introduction of electron withdrawing substituents two of these
crystalst® Rubrene is today the benchmark in single-crysthenyl rings, which induces their efficiemtn stacking, or the
transistor research, because of its ready avatlghitis outstanding reduction of the steric hindrance of the side gsoby replacing
values of charge mobility, and the ease of crygtaivth® Rubrene phenyl rings with the smaller thienyl rings.
also presents some advantages over other widespmegahic Here, following both approaches, we describe the
molecular semiconductors, as pentacene and teasimce it is synthesis of new rubrene derivatives and charaetéhiem, focusing
significantly more stable, thanks to the aryl sitbenhts on the aceneat first on the effects of substituents on the ibtpbto photo-
rings, which avoid dimerisation and the formatioh tetracene- oxidation of the different molecules in solution daron its
quinones. relationship with oxidation potential and HOMO egetevel. Then,

At the same time, the introduction of rubrene inéml single crystals of all the new compounds are groamd their
electronic devices is hindered by some limits, saglits tendency to structural characterization addressed, gettingdethonstration of a
give a stable endoperoxide and the difficultiesnfiblin growing favourable crystal packing, close to that of ortiwnbic rubrene.
crystalline thin films with the same exciting feais observed in Finally, charge transport measurements are perfbromeall single
single crystals, even though some examples have fmesente@!® crystals: the results fully assess one of the néssene derivatives as
The origin of some of rubrene interesting propsrtgich as the high an organic semiconductor joining transport progsrtilose to those
charge conductivity, photoconductivity, and molilitare not of rubrene with a much higher stability to oxidatioThis result
completely understood, in spite of the efforts deuoto find their definitely supports an oxygen-related process furge transport
microscopic origin. enhancement in rubrene, as opposite to a direztoftthe product of

Today it is clear that oxygen plays a key role,duse rubrene oxidation.
conductivity and photoconductivity of rubrene arecreased on
exposure to oxygéh and diminished by annealing in vacuti.

Oxygen-related species probably act as dopantsbwéne but how Resultsand Discussion

oxygen-induced defects could affect the electriopprties is still

unclear and even the chemical nature of these oxygRiced Synthesis

defects is not completely ascertained. For the awnorigin of
oxygen-related band gap states two different hygssh were
proposed, such as (i) the presence of interstiliggien molecules or 2Y220=> - Jau ]
(ii) the formation of rubrene peroxide moleculescarding to (i) . 'he most straightforward synthesis is based orplsim
the enhanced rubrene photoconductivity is the tesila photo- heating —of 1,1,3-triaryl-3-chloro-allene  (1,1,3anyl-3-chloro-
induced electron transfer between molecular oxyged excited Propan-1,2-diene), as described for the first tim¢he 1920’s and
rubrene molecule¥. According to (i), rubrene peroxide Wou|drat|onallzed'|n the 1970’s .by RigautfThis method is still uged for
produce a localized acceptor state within the kgaylof crystalline the synthesis of commercial rubrene and has bemm};y applied to
rubrene'® as deduced from photoluminescence spectroscappat the synthesis of some new derivatives of rubréfie’°Due to the
temperatur® and X-ray absorption spectroscopies. reduceql nymbgr of sypthenc steps requwgd byapfgroach aqd its

Starting from this background and aiming at theeptal compatibility with a wide range of substituents, welected it to
use of rubrene in organic electronics, rubrenevdtvies bearing Prepare new derivatives of rubrene, bearing eleeithdrawing
different substituents have been recently studieget some insights Substituents. _ _
on the role of substituent§?® in particular on the electronic This first step of the synthesis of rubrene acedo the
properties and on exciton diffusion length in salidte rubrenes.  allene protocol is the synthesis of appropriatarytipropargyl

As for many other intrinsic properties in crystadi alcohols (Scheme. ;). Triaryl-propargyl! alcohols bgnalternatlvely
organic semiconductors, electrical transport irstaljine rubrene is Prepared by addition of a proper organometallicgeea (e.g. a
strongly anisotropic. A monoclinic, a triclinic arah orthorhombic Grignard reagent of a arylacetylide or a lithiumetgiide) to
polymorph of rubrene have been described, ther latimg the most diarylketones (su_ch as benzophenéhe} by Sonogashira reactl_or'
interesting for applicatior®:?® Charge carriers mobilities as high a§etween a 1,1-diaryl-propargyl alcohol and a hataged aromatic
40 cnf/Vs were indeed measured in orthorhombic rubrenglesi compound, according to a copper-free protocol diregplied to the
crystals together with record values for photoaurrgeneration Synthesis of 1,1,3-triaryl propargyl alcohdis series of derivatives
efficiency and exciton diffusion lengf®® In this phase, the _bearlng some electron-V\_/lthdrawmg_substltueﬂlas(o_ was prepared
molecules are arranged in a herringbone motif, aitrefficientr - N satisfactory to good yields following the Sonslgisa protocol. In
n stacking along thb axis direction; the largest mobility values hav@rder to compare these derivatives with another bearing an
been measured along the axis, so that conduction can befléctron-donating moiety, we also prepared a pgypaicohol (d)
considered to originate from the efficient overtsgiween molecular P€aring a thiophene ring. Alcohatl was prepared following both
= orbitals of neighbouring molecules along the- n stacking, as the above protocols. )
confirmed by pressure dependence of charge cardesport'=? For the conversion of these alcohols

Introduction

The interest about rubrene promoted a huge effort t
synthesize, functionalize, and characterize devgatof rubrené®

into rubrenc

and also demonstrated for similar derivativeslso the perfect
alignment along the short molecular axis betwegacatt rubrene
molecules plays a key rdfe®® in the triclinic polymorph of
rubrene?® a small displacement of the molecules along tloet sixis
results in a poor charge carrier mobifity.

This journal is © The Royal Society of Chemistry 2013

derivatives, we applied the one-pot protocol alyedescribed in the
literature®® Propargy! alcoholdla-c were first reacted in 1,1,2,2-
tetrachloroethane with mesyl chloride, in the pnese of
triethylamine, to transform the alcohol into therresponding
chloro-allene. Then, the chloro-allene solutionsengeated to reflux
in order to convert theses intermediate into thesirdd

J. Name., 2013, 00, 1-3 | 2
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tetraaryltetracene®a-c (Scheme 2). In the case of alcohol bearii
thienyl (1d), we developed a new protocol aimed at minimi:
competing side reactions leading to the fation of by-products
(mainly a 1,3,3-triarylprop-2-en-1-one).

SCHEME 1. Synthesis of propargyl alcohols
Pd(AcO),(PPh,),

Ar= R—@NOZ
O OH CH,CN Q OH
¢ _ 1
Ar R—@CFa b
e

— 4 X-Ar - —
K,PO,, Et;N
< e

S

o
W,
1/3\37: MgX =+ O O — zLG 1d
W,

39,44,45,47,48
the

As already reported in the literatt

formation of rubrene by dimerisatioof tripheny-chloroallene is

always in competition with the formation of a b-
alkylidenecyclobutenéiNe did not attempt to quantify the amoun
this cyclobutene in each reaction, but it was resdoguite easily b
crystallization from MeOH (seeSupplementar Information).
During purification of compound®d, we obtained several sing
crystals with different coloursand habits, obtained from sic
evaporation of a hexane/ethyl acetate 9:1 soluamgle crystal >-
ray diffraction data collection performed on thesenples reveale
in addition to the formatio of cyclobutene, the formation also o

Journal of Materials Chemistry C

aromatic hydrocarbons. The first observatiorphoto-oxidation of
rubrene to its peroxide®?and of its dissociation upon heating or
exposure to lighit are as old as rubrene itse

It is well known that the reactivity wit'O, of aromatic
hydrocarbons depends on the structure of 'O, acceptof® In
general the reactivity of singlet oxyn with aromatic compounds
increases with the electron density of the subestraflecting the
electrophilic nature ofO,. Strain of the aromatic nucleus plays ¢
an important role in the reactivity towar'O,, modifying both the
reactivity and the regselectivity of the reaction. In order to anal
the effect of different substituents on the oxidatrate of rubrene
we performed an analysis of ph-oxidation of rubrene and its
derivatives in solution. We prepared solutions bftle rubrene
derivaives described above using 1,1,2,2 tetracl-ethane as
solvent, in two different concentrations (2.2 and 3x10G M) in
order to collect reliable optical absorption specin the whole
spectral range from 2.1 to 4.5 eV.

SCHEME 3. Photo-oxidation of rubrene leading to rubrene

QO QO
COU0 - OO0
O O OO

Figure 1 shows the evolution of absorption speocfréa)
rubrene and (b2a solutions with the typical rubrene peaks at

number of unexpected additional sigmducts.(see Supplementary 2.5, and 2.7 eV. After solution exposure to lightair, we hav:

Information). High purity samples of all tetraaryltetracenes w
finally obtained by sublimation under vacuum (6.0* mbar). All
the reagents anthe compounds were characterized *H-NMR,
MS, IR and UV-Visible spectroscopy.

SCHEME 2. Synthesis of 5,6,11,12-tetraar yltetracenes

Qn ¢

——Ar ————»

Ar
MesCl, TEA
CoH:Cle ¢l A
—o( | >
Ar
O Ar
chloroallene

intermediate
2a, Ar= @Noz 2b, Ar= OCF3 2¢, Ar= @—cm

1) Oxalyl chloride
TEA, Et,0
—_—
S 2) collidine, xylene

Studies of the new compoundsin Solution

Photo-oxidation Kinetics

Rubrene peroxide formation (Scheme 3) is a notexample of
reversible photo-peroxidatidi>°In general, singlet oxygel*O,) is
responsible for the formation of photoperoxidesnainy polycyclic

found the decrease of absorption intensity of theesaks, while
broad band from about 2.8 to 3.6 eV attributed oxidized
rubren&**grows up, as a function of exposure time (dasheded;
and dasldotted lines). This phenomenon is the result oftq-
oxidation in solution, which can therefore be moretl, as discusse
in a previous worR® Similar spectra were also recorded .
monitored for all the other derivative

The analysis of the absorption decrease for allpamds
has been quantified as the area of the main comepbaind in the
spectra similar as those in Figure 1, integratethf@.1 to 2.8 eV, &
a function of exposuréme. In Figure 2 such results are reportec
all the compounds and compared to the corresporrdimgne date
The reference value 100% represents the initiabgiral area
collected immediately after preparation of the #Hohs. The
experiment was péormed till the percentage of relative integrada
for all molecules decreases to zero, i.e. duriri@ d interval. The
same procedure has been applied to the high espamptral regior
using low concentration solutions, by integratihg tspectra om
3.6 up to 4.5 eV, the saniehaviou is clearly observed (not shown
here).

Looking at Figure 2, after the first 20 min expasto light
and air, the integral area of rubrene solutiondigpilecreases froi
100% to 4%, while for the other solutions it desesamore slowly
for example, the integral area reaches the same & after 45
min and 7.5 h exposure time for the solutions 2c and 2a
molecules, respectively. While the rubrene solutibecome:
transparent in less than 1 h, for all the other mmunds full
degradation takes from 2 to 10 h, clearly demotisgzathe
stahlizing effect of the substituents. The highestbgitzation is
observed in the case ¢fa, according to the strong elect-
withdrawing character of Aitrophenyl groups

In our experimental conditions, , concentration is
constant and the backwards ctan (from rubrene peroxide
rubrene) can be neglected. Under these hypothesesassume
pseuddfirst order kinetics for the reaction of rubrenergeade
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formation. This assumption originates from the obse exponential
decay of all curves in Figure 2, at least until ihiegral area goes 100k
below 30%, i.e. for most of the process. For longeres, the \

—O— Rubrene

quantity of unreacted rubrene becomes too low anbtgbly other —A—2a
degradation phenomena become competitive. Dowhnisd30% area 80 —e—2b
limit, the experimental curves can be accuratatedi by a simple —>—2C

exponential decay of the area A(t): —%—2d

©
e
©
o
A(t) = Ao exp(kt) @) o 60
where A is the area of the solution spectrum for t = thsTable 1, c
second column, we report the values of the oxidatiwek extracted ';
from the curves in Figure 2 in time intervals whesédation obeys > 40
the simple rate equation (1). ks
& 204
3.0 °
(a) X
2.5 (I S 0000 0 2 T, Wile W, e i ) == ;N
= 0 2 4 6 8 10
8 Exposure time (h)
8 151
§ Figure 2. Relative percentage of the area of the absorgimmd
< 101 from 2.1 to 2.8 eV of all the solutions as a fuoetdf exposure time
to light and air.
0.5
Réd
00t Femee , ‘ Table 1. Oxidation rate constarid oxidation potential, and HOMO
22:.24 2628 .30 32 34 26 level of rubrene and all synthesized derivati2as in solution.
Energy (V)
Oxidation rate Oxidation HOMO level
constank potential (eV)
(a/h) V)
rubrene 48+0.2 0.40 -5.63
- 2a 0.36 £ 0.01 0.56 -5.79
e 2b 44£01 0.50 573
e}
g 2c 42+0.6 0.53 -5.76
Q
< 2d 0.39 +0.06 0.45 -5.68
0.0 Fp . s ; :

T T
2.2 24 26 2.8 3.0 3.2 3.4 36

Energy (eV . .
gy (ev) Electrochemical Properties

Cyclic voltammetry (CV) and differential pulse

Figure 1. Absorption spectra of (a) rubrene and Pa)solutions, Voltammetry (DPV) were performed on rubrene androbrene
with concentration of 2.2x1DM, in 10 mm thick quartz cuvette. derivatives2a-d to determine the redox characteristics and HOMG
The spectra were collected immediately after prapem €nergy levels. Typical CV and DPV anodic curves stiewn in
(continuous line), after 20 min (dashed line), rafth (dotted lines) Figure 3. Almost all the molecules show a reveestnbnoelectronic

and after 6h (dash-dotted line) of exposure timdenright in air. Oxidation wave attributed to the formation of tfelical cation on
Inset: molecular structures of (a) rubrene an®éb) the central tetracene core. The redox reactioroiduily reversible

only in the case of the thiophene substituted dérig, for this

) ) ) ] reason all the oxidation potentials have been obthiby DPV.

The introduction of electron withdrawing groups @#ses These values are in full agreement with the Ealculated from the

the reactivity of rubrene againsD,, as expected from standardreversible CV traces observed for the other derivaoreover, the
reactivity of aromatic compounds against electrigshiThe common rybrene oxidation potential is in agreement witavimusly reported
trend usually observed in the reactivity of organ@mpounds is yalyes in similar electrolyte solutiGh.The nitro, trifluoromethyl,
respected for all compounds bearing electron-wéhiitg groups and nitrile derivatives 2a, 2b, 2c) display oxidation potentials
(2a-c). The behaviour of derivatived needs a specific comment.igher than the rubrene itself, due to the electithdrawing power
Considering then-electron-releasing properties of thiophene, & the functional group. The thiophene derivat®ae has also an
comparable or even higher reactivity agafi@tthan that of rubrene oxidation potential slightly higher than the prigtirubrene, despite
is expected; nonetheless, the experimental datarlgleshow a the donor character of the electron rich heteroatimmring. To
degradation rate ofd comparable with that of the most stablgnderstand this behaviour we could consider thét babrene and
compounda; this underlines that no special electronic effext the thiophene are good donor systems and an interragehtransfer
tetracene core by the thienyl rings are operawythe other hand, process can not be excluded in solution. In thieegcthe thiophene
the reduced size of the thienyl ring in comparismithe phenyl one molecular orbitals contribute to the molecular HOMIDital and the
results in a reduction of steric hindrance with tieéghbour phenyl corresponding oxidation potential is increased toirtermediate
ring which partially contributes in releasing th&as in the yalue between the oxidation potentials of rubrend thiophene
tetracene core. The electrochemical behaviol2dofsee later) also jiself, around 1.2 V vs. ferrocene (Fc). The oxiofat potential
leads to exclude any electron donating effectd@fthiophene. obtained from the DPV current peak position andHIBMO values

PAGE 2
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calculated by using a vacuum level of 5.23 V fa fc/F¢& redox facing each othex-stacking along thé direction of the monoclinic

couplé® are listed in Table 1, third and fourth columns. cell, with no short axis displacement. This packingtif is identical
to the one found in the (200) layer of orthorhomhibrene, fully
0.03 preserved (Figure 4). The different chemical maedifions
o (a) introduced on 4-position of two of the phenyl greup the rubrene
e rubrene molecule, indeed, allow confinement of the substita at both
§ 0.02+ 2a surfaces of the (100) lay&t)eaving almost unaltered the favourable
E —2b 7 —n in-plane intermolecular contacts.
2 0014 —a2d
2
()]
el
E 000
p
5
(8]
-0.01
0.0 0.2 0.4 056
Potential vs Fc (V) S -
W 2 9%
“e 0.034 ' C :
o rubrene
2 —2a
% :g: Figure 4. Packing motif of orthorhombic rubrene: [100] view the
= 0.021 left and [010] view on the right.
c
3 Analysis of inter- and intra-molecular parameterk
5 001l compound<2a-d (see Table 2) evidences that the packing features
= closely resemble those of orthorhombic rubrene ictaming the
o data set closest in temperature, CSD code QQQCIAa5ihe
oo orthorhombic structure of rubrene, ther stacking distance among

54 02 00 0z o4 06 the tetracene cores of adjacent molecules is 3.67wihh a
Potential vs Fc (V) herringbone angle of 61.49°. For all our derivativboth ther—
stacking distance and the width of the herringbamgle are slightly
smaller than in rubrene. While in rubrene the Ingilsbne layer is
Figure 3. CV traces (a) and PV curves (b) of the differemt,goand corresponds to half thecell parameter, with a thickness or
derivatives in 0.1 M TBACIQin 2:1 dichloromethane:acetonitrile13.39 A (Figure 4), the elementary layer for the noinic
solution. structures of all derivatives is;gd The thickness of @, changes
with the nature of the substituents since it mustoenmodate the
The comparison between the data of electrochemigabtruding moieties, sandwiching them between tdjaeent layers:
characterization and of photo-oxidation kineticsowb a good derivative2d displays the smallest value forogl even smaller than
agreement, confirming that the introduction of etee-withdrawing in rubrene, owing to the absence of substituenttherthienyl rings.
substituents Za, 2b, 2c) increases the oxidation potential an®n the contrary, to accommodate the bulky triflunethyl
decreases the reactivity in the photo-oxidatiorctien. Compound substituent of derivativéb, the widest separation of adjacent layers,
2d has also an oxidation potential higher than rubrdaspite the in the series is observed (Figure 5).
donor character of the electron rich heteroaromatig, but it is Also the monoclini® angle is affected by the nature of the
worthy to note that derivatived shows a photo-oxidation reactivity substituents, sincg is determined by the shift occurring along the
similar to2a while it has an oxidation potential close to rutee axis, which is necessary for the stacking of adjaakq, layers
(Figure 6); in orthorhombic rubrene such a shiftws along thé
axis and corresponds to half the unit cell paramétee length of

Studies of single crystals of the new compounds theb andc axes of our derivatives are, instead, much maondagi to
each other and to those of orthorhombic rubreneredieer, the
Crystal Structure introduction of the different functionalities doast seem to affect

the planarity of the tetracene cores (see Tabledihparable to that
All  rubrene derivatives 2a-d display the same of rubrene. This is expected since the tight hghiime packing is
crystallographic symmetry adopting the space gRyft, so thatall quite demanding in terms of close contacts betwadjacent
individual structural parameters can be easily caneg. The most tetracene cores.
important feature of their crystal structure is therringbone
disposition of the molecules in the (100) layeraiving the long
axis of the tetracene: the aromatic cores of adjan®lecules are
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Figure 5. Packing motif of tetraaryltetracenes viewed alodi].

Table 2. Comparisorbetween the structural parameters of rubrene adérmfatives?a-d

Compound rubrene 2a 2b 2c 2d
Empirical Formula CyoHog C4oHoeN-O, CasHoeFs CasHoeN> CagHos S,
Molecular Weight [g/mol] 532.7 622.65 668.65 582.67 544.71
Crystal System Orthorhombic Monoclinic Monoclinic Nxlinic Monoclinic
Space Group Cmca Pe P2/c P2/c P2/c
Temperature of data collection [K] 125 150 120 120 120
YAV 4/0.25 2/0.5 2/0.5 2/0.5 2/0.5
a[A] 26.7890(4) 15.0983(3) 15.9782(2) 14.9125(6) 3.5689(5)
b [A] 7.1730(10) 7.1706(2) 7.2762(6) 7.1151(2) ABP)
c[A] 14.246(2) 14.2489(5) 13.9814(6) 14.4263(4)  .3D20(7)
B[] - 100.616(1) 102.701(2) 98.099(2) 103.954(2)
VI[A9 2737.48 1516.24(1) 1585.7(1) 1515.42(9) 1320.94(9
Rint - 0.0759 0.0505 0.1059 0.0890
R [I > 25(1)] - 0.0673 0.0659 0.0655 0.0687
dygothickness [A] 13.39 14.84 15.59 14.76 13.17
d,. . stacking [A] 3.67 3.58 3.53 3.63 3.53
Herringbone angle [°] 61.49 59.97(2) 58.04(1) 635 60.46(2)
Planarity RM% 0.033(2) 0.036(2) 0.036(2) 0.034(2) 0.034(2)

\ \ Y

- _ ‘ 1
a” . \‘\a ) \ ) 5 3

2b 2c 2d

Figure 6. Packing motif of tetraaryltetracenes viewed perpandrly to (100) plane.

Transport properties transport properties over micrometre sized or snallystals.
Using the same experimental conditions and measmem
geometry for all the samples (see Supporting In&tion) it is
possible to directly compare the results for défer
sample$?®! Nonetheless, reliable absolute values for mobility

The study of the charge transport properties of a
series of single crystals grown from the selectabrane
derivatives was carried out by Conductive Atomic deor
Microscopy (c-AFM), a technique particularly suitem study

PAGE 2
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cannot be extracted from c-AFM measurements, duéhéo
incomplete control of geometry of the contacts dadthe
unc%rztainty in the determination of the actualggmple contact
area’

I-V curves in the range £10 V have been collected i
air by measuring the current flowing along the lattice
direction, i.e. the direction in which the moleaufzacking is
the same for all the studied rubrene derivativesvel$ as for
rubrene, between the Pt AFM tip and a second eketr
fabricated by a colloidal graphite dispersion. Thesults for
single crystals of rubrene and of compou@ds2b, 2c and2d
are shown in Figure 7 (a).

100

a
50 (a)
0 —s=
50
z -100
k=
= -150 1
=
[
£ -200
p=]
© -250 Rubrene
2a
-300 / . 2b
+ 2c
-350 . 24
"400 T T T T T T T T T T
10 8 6 4 2 0 2 4 6 8 10
Voltage [V]
1000
(b)
100
<
2 104
k=
o
5
(&)
14
= Rubrene
0.1 = - 2d
T T T T T T T T T T

-0 -8 6 -4 -2 0 2 4 6 8 10

Voltage [V]
(c)
Eev) |
vacuum =0 eV
-4.8
A
- -5.6
lev v 58
HOMO -6.3
graphite  pp >
t

FIGURE 7. I-V curves measured by c-AFM along theaxis
direction of rubrene and all rubrene derivativesylg crystals
(a); curves in log scale for rubrene and compo2edb); and
sketch of the energy levels for unbiased sampldsuader -1 V
bias (c).

Journal of Materials Chemistry C

particular, the larger currents measured for negatbias
indicate that the Pt tip is injecting holes inte gemiconducting
crystals. A sketch of the energy levels involvediry c-AFM
measurements is reported in Fig. 7 (c) for an apptias of -1
V, which makes the Fermi levels of the two elecé®dlign one
to another and charge transport occur through tystat. Even
if bulk Pt and graphite levels differ by 1.5 eVffeient energy
levels should be expected for the Pt-coated tipthedyraphite
dispersion, used here as electrodes, with respecbutk
materials, so that 1 V bias is enough. Indeed,itapkt Figure
7 (b), the I-V curves for rubrene and compouishow the
current onset at about -1 V bias, in good agreeméifit the
above sketch.

In the case of rubrene and of its derivatigd,
maximum current values larger than 300 pA have been
measured at -10V bias voltage, indicating that eéhéso
materials possess similar transport propertiesh wérger
conductivity than the other derivatives. Being th@MO level
of the different crystals very close, the most vatd result is
the oberved conduction and not the HOMO energy haf t
specific materials.

If experimental data for compounda-c seem to
suggest a positive relationship between slow enaogoe
formation and poor charge conductivity, compourd
completely contradicts this hypothesis. Indeed, ta#er
presents a stability against photo-oxidation cormiplarwith the
most stable derivative2§), but in the crystalline state the
derivative 2d displays a charge conductivity comparable with
rubrene, which is the most prone to photo-oxidatiom the
other side, the comparison between oxidation piaisnand
charge conductivity of rubrene and compouBasl shows that
the charge conductivity, as measured from c-AFMeeixpents,
is large and comparable for the two compounds thighhighest
HOMO energy, namely rubrene afd.

Conclusions

Substituted rubrene molecules are synthesized téhaim of
improving their stability to photo-oxidation andvastigated in
solution; their photo-oxidation rate is found to tnecorrelated
with respect to their oxidation potential and HOM®ével
energy. Single crystals of the same molecules sliogv
favourable packing of orthorhombic rubrene, whilspthying
different transport efficiency, independently oftmolecular
stability. Trying to propose a unique interpretatiof all the
results, the rubrene endoperoxide formation carexx#uded
from the candidate mechanisms responsible for ehasgrier
improvement in rubrene in the presence of oxygdnlensome
other oxygen-related processes, favouring interoubée
electron transfer, have to be found. Finally, saompounds,
in particular the most stable nitro-rubrei2e)( seem to be good
organic insulators, therefore being extremely peing
materials.
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