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Epitaxial growth of quaterphenyl thin films on gold (1112)
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The crystal structure and molecular arrangement of para-quaterpféRylgrown on single
crystalline AY111) was investigated over a wide thickness range. The molecular arrangement in the
first monolayer, as investigated with low energy electron diffraction, shows a highly regular
structure. This wetting layer is defined by adsorbate—substrate interactions and forms a prestage for
the epitaxial growth of 4P single crystalline islands, as observed in x-ray diffraction. Two similar
orientations of the 4P bulk phase are observed, with(#id) and (311) planes parallel to the
Au(111) surface. The alignment of the molecules was kept unchanged from the first monolayers up
to a film thickness of 200 nm. @003 American Institute of Physic§DOI: 10.1063/1.1631380

Recently, highly crystalline thin films of organic semi- crystal structuré$?° by using the softwar@OWDER CELL
conductors have attracted large interest in the field of organiSTEREOGRAMM and STEREOPOLE? ™2
(optoelectronics:~® Defined interfaces, the right molecular Figure Xa) shows a LEED image of the 4P monolayer
orientation within a crystalline film and large domain sizeson Au(111). Due to a pronounced energy dependence of the
are required to enhance the performance of such delftes.spot intensitiegextinctions it was necessary to record a se-
In particular, oligo-phenyls have been studied in detail andies of LEED images between 15 and 45 V. The positions of
have proven their applicability in electronic and optoelec-the spots in each single LEED image were subsequently cor-
tronic deviceS 3 In this letter we present studies on the fected for inherent image deformation of the MCP-LEED
structure and epitaxial growth of para—quaterphenyIOptiCS- The correcteq spot posi?ions were trans_ferred into a
(Cy4H1g, 4P) thin films on single crystalline AL11), from _sepgrate represe.ntatllon free of image deformation, as ;hown
the initial stages up to a thickness of 200 nm. in Fig. 1(b). Considering the rotational symmetry and mirror

The sample preparation and low energy electron diffracP!anes of the AWLY) surface, we could explain the LEED

tion (LEED) measurements were performed under ultrrclhigrpmtern of the 4P monolayer by means of one single recipro-

vacuum conditions (10'° mbar). The single crystal A@11) cal unit cell, see Fig. @). The corresponding real space
. . . surface unit cell of the saturated 4P monolayer is in absolute
surface was cleaned using conventional sputter/anneali

n o
techniques. A home-built Knudsen cell was applied for the\iafgi'go_ }r.r?si:qgfnlti:i]g; bb_ 21;:&?;2”;’%;{:;?]2':@
4P film deposition. The films were evaporated at room tem-2. The.mf;ltrix notation of ,thié Z’uperstructure is '
perature with a rate of 0.18 nm/min. The mean film thickness
was monitored by a water-cooled quartz crystal microbal-

ance during the evaporation process. In combination with :< 8 1J
thermal desorption spectroscopfiDS), this allows the 2.75 4.

preparation of well-defined 4P mono- and multilayer fiftfs.

An Omicron minO-ChannE|p|ate low energy electron diffrac- (point_on_“ne Commensuris)'ﬁ4 The h|gh Symmetry of the
tion instrument(MCP-LEED) was used for crystal structure Au(111) surface yields a total of 12 equivalent orientations
determination of the 4P monolayer, which allows for low of the 4P surface unit cell relative to the Au surfac®-
emission curren{nA) to prevent potential damage of the mains.

organic film by electron bombardment. No significant influ-
ence of the A(111) reconstructiotr'® on the 4P monolayer
growth was observet!.

The crystal structure of the 4P bulk was investigated
situ by x-ray diffraction(XRD), performing®/20® scans and
pole figured® on 30 and 200 nm thick films. A Philips X'Pert
texture goniometer with Gf « radiation was used, allowing
investigations in the whole orientation space. The pole fig-
ures were taken with an angular resolutionAaf=1° and
A¢@=3°. Simultaneous measurements of the(J&) sub-
strate and the 4P film were done in order to detect the mutual

[ Au<112>

(a) ’ (b)y * . .
relationship of the crystalline orientations. Analysis of thefrig. 1. (s LEED image of the 4P monolayer on £11) at 16 V. The
diffraction data were performed on the basis of their singleeciprocal surface unit cell is indicated by the parallelogram. The orientation

of the Au11l) substrate is represented by the(AﬂE} direction. (b) Rep-
resentation of the LEED pattern as obtained from a series of LEED images
¥Electronic mail: stefan.muellegger@tugraz.at at various voltages after correction for image deformation.
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top view side view

4P(211)

FIG. 4. Arrangement of the 4P molecules within tt&l1) plane (bulk
phase seen from togleft par and along the direction of the long molecular
FIG. 2. Real space representation of the saturated 4P monolayer surface udies (fight par). The aromatic planes of the 4P molecules lie within the
cell on a AY111) surface. Two different arrangements of @@n der Waals ~ 4P(211) plane. The repeating unit is defined &y, b, , and the cell angle,

size) relative to the A¢111) surface are showrfa) azimuthal andb) intera- - Two orientations relative to the AlL]) surface were observed, where the
zimuthal orientation, which correspond to the long molecular axes alignedong molecular axis is parallel to the AL10) (azimuthal or Au(112)
parallel to the A¢110) and Ay112) direction, respectively. (interazimuthal direction, respectively.

0, 0, i i i
For the thick layers XRD-pole figures were taken of thegq/0 and 20% are found for azimuthal and interazimuthal
alignment, respectively.

five strongest reflections of 4P as determined from the mono- ' : . . : o
clinic crystal structure of 4P Figure 3 shows pole figures of For f|lm_s Wlt.h different thickness, neither quantitative
) or qualitative differences were observed by XRD. The 4P

the 211 and 201 reflections. A new software was deVelc’pe{érystallites grow as needle-like islands and have a fixed crys-

:9 perf?rtrr? trﬁ) |nde>t<a|tl!?n prcljctgz%%]t'w?hd|ﬁerint otrlletnt?- tallographic relationship with the Alill) substrate. There-
lons ot the crystallites relative to the Q1]) substrate fore, the thin film can be interpreted as epitaxially grown.

were found: 4F211) and 4R31D) || Au(11D). Their relative Both azimuthal and interazimuthal molecular alignments

proportion was determined on the basis of the observed polg;inin the 4P bulk phase are obviously caused by the geom-
densities:(211) was found twice as much a811). More- oy of the AY111) surface(adsorbate—substrate interaction
over, the indexation process yields the alignment of the 4Rjthq,gh we cannot derive any information about the mo-
crystalhtes.wn_h respe_ct to _certaln directions of the(l\ll_l) lecular arrangement within the 4P monolayer directly from
surface(epitaxial relationship For the(21]) and (311 ori- | FEP measurements, it is obvious to assume that the mo-
entation we getf011],4¢|[538], and[130]44|[352]au, e~ |ecular orientation is the same in the monolayer and the bulk
spec_tlvely. Ea_ch of these two orientations exhibits 24 SYMphase. Therefore, we propose an arrangement of two 4P mol-
metrical equivalents, due to the substrate symmetrycyles per unit cell, with one molecule lying flat and the
combined with the different growth possibilities of the 4P giher one being side tilte@Fig. 2) and with the long molecu-
crystallites. lar axes of the molecules oriented either azimuthally or in-
The 4P crystal structuféwas used to determine the ar- terazimuthally. This molecular ~ arrangement(two-
rangement of the 4P molecules relative to theJA) sur-  dimensional space group: obliqp@) is corroborated by the
face. In case of th€211) orientation the aromatic planes of following experimental factst1) In our thermal desorption
the 4P molecules are oriented parallel to thé24B) plane  measurementéwe observed two distinct monolayer adsorp-
and hence to the A1) surface, see Fig. 4. The long mo- tion states for the 4P molecules, suggesting the existence of
lecular axes are aligned along azimuttiee Au(110) direc-  two different binding states of the 4P moleculé®;we com-
tions) or along interazimuthgthe Au121) direction. For  pare the area of the 4P surface unit cell (2.Fnor
(311), the aromatic planes are 7° off the @d1) surface and 4 x 10" unit cells/cn?) to the quantitative 4P coverage of the
the long molecular axes are tilted by 3° relative to e saturated monolayer (810" molecules/crh equal to
tenazimuthal direction. For both orientations, fractions of ~0.3 nm mean thicknessmeasured with the quartz mi-
crobalance. This comparison suggests two molecules per sur-
face unit cell;}(3) the required van der Waals space of the two
molecules per unit cell as well as the obvious similarity of
this arrangement to th@11) orientation suggest a side tilt of
one molecule, similar to 6P on All1) as observed by scan-
ning tunneling microscopySTM).12 As a matter of conven-
tion, these two types of differently bound molecules could be
interpreted as “first and interstitial layer.”
The monolayer represents a prestage for the further 4P
(a) :
crystal growth. The 4P multilayer growth prefers t#11)
FIG. 3. Pole figures of the 21(B) and 201(b) reflection taken from a 200  orientation (Fig. 4), which is guided by that prestage, be-

nm 4P thin film. Dark areas represent directions of enhanced pole densitiegguse thg211) plane shows a repeating unit very similar to
The ¢ limit of 20° and 40° are given by circles. The enhanced pole densitiesthe monolayer surface  unit cella.=1.38nm. b

in the pole figures are assigned to orientations of 4P crystallites, examples _ 5 SR
for 4P(211) and 4R311) || to Au(111) are denoted by diagonal and straight — 1.88 nm, andy=79.3°. The(311) orientation is similar to

crosses, respectively. (211) but there are small tilt angles of 7° for the aromatic
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