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We report on the small molecule of 6,-ki3 (tri-isopropylsilylethynyl) pentacene (TIPS
pentacene) powder and solution grown single crystal structural properties while the
optical, electrochemal properties are studied lusing TIPSpentacene solutiorthermal
andelectrical propertiesre studied by using its powder. THpEntacenas preferable to
other organic materialglue to their remarkable electronic properties, stability and
solubility. The studies performed by-fdy diffraction technique indicate that the material

is single phase having a triclinic structure. The grown single crystals are highly oriented.
From UV-visible spectroscopy analysis, it has been observed that the absorptiodipeaks
within the range of 30843 nm. Thermal behavior has been studied by Thermo
Gravimetric Analysis (TGA) and Differential Scanning Calorimeter (PSKat the
material decomposes at 492 and melts at 263 °C.
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1. Introduction

The nterest in organic semiconductors based on conjugated materials has been emerged in
the early 1980. Many organic soligslymers are perfect insulatorgrely are conductorgand
have beeran integral part of the semiconductor industry since 1966 first metal oxide silicon
field effect transistor is @monstrated by Kahng and Atalld]. Theanvention of conducting
polymers becomegioneer for the organic semiconducting materials. Organic semiconductors are
more applicable than inorganic one due to thelight weight andeasein processing The
conjugatedpolymers appeaias a new class of organic materials wjhomising electrical
properties. Conjugated polymers and small molecules@nread a ysabgectto intense research
owing totheir potential applicatianin photonic and optoelectronics-8. TIPS pentacene is a
solution process ablsmall molecule that forms Van der Waals bonded molecular sy3i&8.
pentacene small molecule is formed whenispropylsilylethynyl acetylem is added to a
pentaceneTIPS-pentacene molecules assum®-dimensional’ -“ stacking within unit cellThe
presences of the isopropyl group makis material soluble in common organic solvértie low
cost, ease of fabrication and tunable properties make the organic semiconductor more preferable
than inorganic semiconductor. Conductive polymers are light weight and inexpensive. These are
widely used in the field of solid state suchbadterieselectrotiemicaldisplays,electrochemical
sensors [89] andtransistors 10-13]. At the same time functionalized pentacene can be readily
processed from common organic solvents such ayleme, CCJ, chloroform, bromobenzene,
tetrahedrofuran and toluene [14mong the solution processing organic semiconductqrd36
bis (ri-isopropylsiyethynyl) pentacene is &nown well due to its highHole mobility and
environment stability. However, its tendency to form randomly oriented needle shaped crystals
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when its saltion is crystallizedleadsto significant performance variations in organic thin film
transistors performance. TIPS pentacene stacked in two dimensional cornayargave rise to

an electronic structure that is different from pentacene. Such difEsemakea case for
fundamental studies in OTFTs using TIPS pentacene as the semicondagtingventhough

there have been several studies dedicated to pentacene based OFE]sTIS pentacene can

be crystallized in the thin film formeadingto astrong bathochromic shift, which indicates strong

“-“ interactions. Since crystalline thin films absorb further into the red thesuhstituted
pentacene, thiteads tohigher photocurrent anghower conversiorefficiency [20]. Pentacene is

one of the small organimoleculeswhich havethe highest charge carrigrobility. In comparison

to pentacene,6L3-bis (ri-isopropylsilyethynyl) pentacene is better in solubility and stability due
to the presencef silyl groups. TIPSentacene, rubrene takits the highest mobilityas a result
these are commonlysed in the organic field effect transistors and in the optoelectronic devices
[21-24]. Many complex microstructural organic semiconductor mateteaddto form films that

have a great impact on device functionality. These matenialdassified into two major groups,

the small molecule based and polymer based organic semiconductor both liffergnt
microstructures. Small molecule based films casspses longer range order, regular arrangement
of these small molecules within each domain enhances exciton and charge diffusion, improving
device performance while Polymer based films are dissolved with small ektB&.pentacene
marked the turning poinin the field of organic thin film transistors as the molecule is easily
synthesized in good yield, stable in normal conditions and exhibits carrier mobility comparable to
and better than amorphous silicon. Ruceesearch however expandbhe expetoire of
semiconducting materials to include certain organic molecules. Such organic semiconductors are
superior to their inorganic counterpatiecause thewre easily process abldéo depositon a
substrate, light inweight and gnificantly more flexible.In this paper, we have described the
structural, opticalthermalandéectrical propertiesof TIPSpentacene.

2. E xperimental

In order to get single crystals of TIR@ntacene we used the droplet pinngdtadlization
method. A solution of TIP$entacene is made by mixing the solvenkytene (sigma Aldrich)
and carbon tetrachloride (C&lof Sigma Aldrich with volume ratio 1:1. We have taken a 10 pl
solution of TIPSpentacene with the help of Fiftipettehaving different concentration 0.2 mgml
! 0.4 mgmt, 0.6 mgmt, 0.8 mgmt and 1.0 mgmt, and dropping it onto a silicon substrate
(1cnt) with the help of a small piece of silicon wafer (0.4cm x 0.4 cm) called pinner to pin the
solution droplet.The optical micrograph of a single crystal imayv concentration @mg/ml is
shownin Fig.1The silicon substrate is placed on a Teflon slide inside a Petri dish (35mmx10mm).
After putting the substrate having grown single crystal inside the Petri dish, it is sealed with para
film allowing the solvento evaporate slowly on a hotplate having temperature 30+1°C. Aligned
crystals are formed within one hoas reported by Hanying Li et [25]. X-ray diffraction (XRD)
measurements for TIPS pentacene powder and single crystal are performed by Bisingea
diffract meter in speculag/2q mode.The absorption spectra of TIRentacene solution having
concentration 0.2 mgil to 1.0 mgml are recorded with the help of a Perimer UV-Vis
spectrometer (Lambe®). The instrument which is uséd measureghe electrochemical properties
is Cyclic Voltametry (CY CH1600A with eectrochemical work statiohaving platinum disk
plate and a standard calomel electrode (SCE). Saturated calomel electrode is used as a working
electrode in a 0.1 mol/l TetfautylammoniumHexafluorophosphate (BINPFR;) CH.CI, solution.
The DSC scan of 8.590 mg TIR@ntacenés performed at 10°C/min on a Perkitmer DSC 4 in
the Nitrogen atmosphere and the scan of TR}AR. The study statphotoluminescencis taken
on a HITA-CHI 4500 fluorescence spectrometEfl-IR spectra are obtained in the range from
4000cm™ to 400cni* with a BrukerVector 22 infrared spectrometer.
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Fig. 1.Optical image of single crystal of TIFB&ntacene.

Electrical properties of TIRBentacene pellet having diameter ratn and thickness 0.5
mm is measured on a Novocontrol Alpha high resolution dielectric analyzer (Novocontrol GmbH
concept 40, Novocontrol Technology, Germany), equipped with a Novocool Cryogenic system for
temperature cdrol. Full detailed related to electrical properties of TRS$itacene ardescribed
by the author in another artidi26].

3. Results and discussions

It is evident from the earlgtudies thasmall molecules in organic electronics have strong
capability to form single crystal which contribatenuch in carriermobility. The crystals of
conjugated organic molecules have low crystal symnstocture;they are often monoclinic or
triclinic becawse theypossess larggymmetry of thenoleculeq27-30].

The crystals of TIPPentacene are triclinic having unit cplirameters & 7 . 565 , U
80.13J, b= 7.75ij, b = 78.420, ¢ = 16-péhtaceneareand o =
slip-stacked in twalimensionsThe XRD pattern of TIP$entacene powder and siegrystal are
shown in Fig (2) and Fig.(3), respectively The interplanar spacingn case of powdered sample
is 3.43A just like ingraphite B1, 32]. TIPS pentaceneds greaianisotropy in itsstructure;its
conductivity strongly dependsn the crystalline orientatio.he monolayer of single crystals are
uniformly distributed over the substrate atite distance between the planes 18.8A that
corresponds to the long axis of the molecule ¢ = 16.835 A from the data of-rthe x
crystallography The same values aa¢soreported by thauthor C D. Shrew et al and othel33-

35]. The crystallinity of the material increases on mixing olvents. The grain size of the
particles increaseshile the grain boundaries becomegluce. As a consequence, the conductivity
and mobilityincrease$36].
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Fig. 2.The XRD of TIP$entacene powder
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Fig. 3.The XRD pattern aingle crystal grown by droplet pinned crystallization method
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It is concluded fact that the solvent plays an important role in the formation of a material
structure. The Xay diffraction pattern of TIPgentaceng@owder, single crystal shows that there
is a regular arrangement in atoms. Especially, the grown crystal shows an ordered structure. The
X-ray diffraction pattern of a single crystal shows that the material is crystalline. A sharp peak at
26.9 due to SiQ is observed in powder and single crystal structure. It is clear from the XRD
pattern that the crystallinity of the material increases when the material is dissolved in an organic
solvent. It means that the solvent plays an important role in crysta|B&i+$8].

UV-visible spectroscopy is used to study the molecular energy levels or molecular
aggregation effects and it can also be used to characterize the electronic stBattiiteejeffects
ofs u b s t ion theeeledirénie structure halveen studié by measuring their absorption spectra
in solutions. Absorption spectra of tHdPSpentacene are presented in &igrhe absorption
patterns of the entire derivative aa@me as the usubstitutedoentacene with shift gieaks.The
value ofoptical band gaps 1.8 eV which is the samas cited by Bayrarunduz el [40-45].
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Fig. 4.The UVtspectra of TIP$entacene having coantration from 0.2 to 1.0 mg/ml

The presence of a peak &0 nm, 330 nm indicatethe presence ofsemconducting
elementike siliconin the structure of small molecule.The presence of the peak atrdSdue to
intermolecular absorptioand italsoindicates a transition from valence to conduction band, the
peaks at the position &75nm, 590nm and 643 m show that this material is suitable for the
application of Optoelectronic devices. The peak at 643nm is due to isotacticopdint *
transition as reported Hyavid T. James «tl [45].The material based on small molecuiaving
no absorption at longewavelength than 7000m indicatesit is suitable for waveguide
configuration #6]. Absorption maxima peak at 64%n, with few absorption peaks between 400
nm and 600nm that matches the absorption spatt reported for TIPS peacene The
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appearance of the exciton peak around (6@() 2 eV is due to the ordered extended polymer
structure §#7-49].

Cyclic Voltammetry (CV) is used to measure the electrochemical properties of TIPS
Pentacenelt helps in identifying the position of the highest occupied molecular orbital level
(HOMO) and the lowest unoccupied molecular orbital level. In organic semiconductor materials
the position of these levels helps us in identifying the donor or acceptiriah The onset
potential of oxidation{E,,) wave is 0.7%V while that of reduction (&) wave is-0.95eV.

Fig.5. Cyclic VoltammeterfCV) of TIPSPentacene

The lowest unoccupied molecular orbital position is calculbtedsing the relation Gyo
= -Eqt 4.4V, where Eqis the reduction potential and the highest occupied molecular orbital
position is calculated by the relationidmo = -Eox + 4.4 €V. The highest occupied molecular
orbital (HOMO) of TIPSPentacene leat-5.15eV while the lowest unoccupied molecular orbital
(LUMO) lies at -3.45 eV. The electrochemical band g&» value is calculated from the
difference between HOMO and LUMO levels and it is found to be 1.70 eV which is in the range
of semiconduting materials [47].
In order to study thermal stability, thern@avimeterof TIPS pentacene indicasehigh thermal
stability in the range of 50 to 35C. The thermal stability ggends onthe u b s t igtoupenmdt 6 s
changes with the change sfu b s t i positiens. Nai snly the addition of 6 13-bis (ri-
isopropylsilylethynyl)increases thesolubility but alsothe thermal stability. A typicalThermo
gravimetric analysis trace is represented in F&y.The inflection at 42 °C is related to ta
decompositionprocess bTIPS-pentacendn significant decomposition related residue is observed
at 498 °C which is close to the reported value byHasg Kwon etal [50]. The 60% weight loss
is due to breakage of bonds and the curve shows atghility after 600 € andthis stability
confirms the presence of inorganic element in the chain of-PEt$acenelhe material melts at
about 263 °C after which its degradation or oxidation takes place as shown iThegDOSC scan
of TIPSpentacenel®ws thathe material is in crystihe form at low temperatur85 °C t063.5
°C as depicted by the second time heating and cooling curve respectvgBss transitiotiakes
placeat 16551 °C that isdepictedby the heating curve as shovim Fig. 8[51].



