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Abstract

A model is presented for the reversible ghase <&transition
observed for azulene monolayers on Pt(lll). Below the transition
temperature the overlayar LEED pattern consists of (3x2) aligned
with the substrate and (3x3) rotated by 30°. Above the transi-
tion temparature the LEED pattern is a (3x3) aligned with the
substrate. The model attributes the phase transition to an
order-disorder transition of the rotational orientation of azu-

lene molecules with the molecular plane parallel to the surface.
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Low energy electron diffraction and other surface sensitive
probes have been  used to observe meny order transitions with
temperature for chemisorbed molecular monolayers adsorbed on
transition metal surfaces.l Unlike the cases »f physisorbed
overlayers these transitions invariably have been observed to be
irreversible and in most cases are Jdue to chemical modifications
of the adsorbed molecule. Recently we reported the first obser-
vation of a reversible transition in the LEED pattern of a chem-
isorbed hydrocarbon monolayer adsorbsed on a transition metal.
The system is azulene (CIOHS) chemisorbed on Pt(lll).2 In this
communication we indicate chat this transition can be ascribed ﬁo

an order-disorder transition af %he retational orientation of

molecules wit! the molecular plane parallel to the surface.

When azulene is adsorbed on Pt(lll) at room temperature and
at coverages which lead to C/Pt atom ratios (from Auger electron
spectroscogy) 1in the range of 1 £ C/Pt £ 1.3 the ordered over-
layer of interest is obtained., Following formation of an over-
layer in this coverage range the observed LZED pattern consists
of a bright 1/3 order ring. This indicates a well defined
intermolecular spacing three times the pt surface unit cell
vector. Domains with randoem orientation with respect to the Pt
surface lead to the ring pattern, If this overlayer s
at ~ 125°C an overlayer which exhibits a reversible tamperature
dependence is observed. Figure ] shows the LEED pattern spbtained

from this overlayer below and above the transition tsmperiatur2.

There i3 no change in the Auger spactrum and no hydrogen 2avolu-
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tion associated with the transition. The facts that the transi-
tion is reversible and tha sample nay be cycled through the
transition many times with no change in the behavior of the LEED
pattern is strong evidence that the transition is not asscciated

with any chemical modification of the adsorbed azulane.

The LEED pattern obtained from the lower temperature phase
(a-phase), Figure la, consists of (3x3) domains alignad with the
substrate plus (3x3) domains rotated by 20° with respect to thea
substrate. In addition, some intensity still exists as a 1/3
order ring. The LEED pattern of the higher temperature phase (8
phase) is a (3x3) aligned with the substratzs. The transition

temperature qu is coverage dependent. Ta increases with cov-

8 -8
erage from a value of Toeg ~ 100 % for c/Pt T 1 to T.es ~ 130 °¢

for C/Pt T 1.2,

Any nicroscopic explanaticon for the a+3 transition must
explain the driving force for domain formation in the a phase.
We propose that the 2+3 transition corresponds to an order-
disorder transition of the rotational orientation of azulzane
molecules bound to the Pt with the molecular plane parallel to
the surface. Our model of the ordering of azulenes in the =
phase is shown in Figure 2. Cnly one domain (aligned with =tna
substrate) is shown. Two phenomena will exist Edr such orderead
ovarlayers which will lead to a 4riving force for domain forma-
tion. An ordered domain such as that shown in figur: 2 will have
a strain fi2ld associated with ic if cthe Pt atoms Gtelow 2ach
azulene are moved even slightly from their clean surface eguili-

orium positions. The total strain energy of the systen can Db«
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minimized by domain formation. This has been postulated recently
by Ring, et. al. as the driving force for domain function in the
reconstruction of W(00l) following adsorption of N.3 The minimi-
zation of the strain energy is balanced by the energy required to
form the domain wall as well as the energy r2quired to form the
slightly less stable domains rotated by 30° with respect to the
Pt. This energy balance results in a finite domain size. Above
the transition temperature (3 phase) the azulenes are rotation-

ally disordered leading to the (3x3) LEED pattern.

The other, less likely, driving force for domain formation in
the o phase is the existence of an electrostatic field associated
with the ordered domain. Azulene has a dipole moment of .8
Debye. Since the molecule is not well described by a point
dipole model, the molecular dipole will not bé totally scraenad
by its image. Thus there will be a field associatad with such a
domain. The interaction of the fields of neighboring domains may
lead to stabilization of domains. not aligned with the substrata.
This effect will again be balanced by the domain wall energy and
the instability of the domains not aligned with the Pt. Modeling
this effect with a two point charge model of the molecular dipole
indicates that it will be minor compared to the strain energy.

However, a sophisticated model is required to totally 2liminate

this possibility.

within this model the barrier to rotation o2f an 2zulen=

molecule is on the order of 1 kcal/mole. At present we ars2
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taking LEED intensity data in an attempt to measure the critical
exponent for this transition.4 A detailed discussion of the
strain anergy will be 1included in the publication of these

results.

we wish to thank D.L. Mills and J. Lawrence £or saeveral

discussions.
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Figure Captions

Figure 1
a) LEED pattern obtained from tha o phase of azulene adsorbed
on Pt(lll).
b) LEED pattern obtained from the 8 phase of azulene adsorbed

on Pt(lll).

Figure 2  Model proposed for the lower temperature (a) pPnase of
azulane adsorbed on Pt(lll). Cnly one domain (aligned wi:ih
the Pt) is shown. Van der wWaal radii are included for the

hydrogens to give an indication of the molecular size.
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