Uvudw2d7/ 6749

Submitted to Physical Review Letters LBL-3558
Preprint €. I

&

LOW ENERGY ELECTRON DIFFRACTION (LEED) S TUDIES OF
MOLECULAR CRYSTALS: THE SURFACE STRUCTURES OF
VAPOR GROWN ICE AND NAPHTHALENE

L. E. Firment and G. A. Somorjai

December, 1974

Prepared for the U. S. Atomic Energy Commission = =D
‘under Contract W-7405-ENG -48 RELfWLEElN\éE

f . _ \ RADIATION | ARORATORY
l | F=B 201975

LIBRARY AIND
DOCUMENTS SECTION

For Reference
Not to be taken frc;m ‘tvhgs room

4 S

8ag¢e-T1dT

-




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '



OU0vo420787

i LBL-3558

LOW ENERGY ELECTRON DIFFRACTION (LEED) STUDIES OF MOLECULAR CRYSTALS:
THE SURFACE STRUCTURES OF VAPOR GROWN ICE'AND NAPHTHALENE o

L E. F1rment and G. A. SomorJal

4
i

Inorganlc Materials Research D1v151on, Lawrence Berkeley Laboratory
and Department of Chemistry; University of California,

Berkeley, California 94720
ABSTRACT
.Low energy electron d1ffract1on patterns have been ‘obtained from
ice and naphthalene crystal surfaces vapor grown on the (111) face of

platinum at 1ow temperatures. The surfaces of both molecular crystals

were well ordered, and can be identified as a hexagonal plane of ice

and the (001) face of naphthalene.



A very large group of materials, including most”organic solids,
can be clasSified as molecular crystals. Although tﬁeir importance in
surfaoe.science-is widely recognized, tbey have not yet been studied
by the various electron or'atom.scattering techniﬁues that have been
employed inpreeent years for investigating surfacesvon the atomic'scaie.
There have been'no‘reports to date of the surface structure of molecuiar
cryStals by low energy electron diffraction (LEED). In this letter, we -

report the surface structures of two such materials: ice and naphthalene.

Y

‘We have grown crystals of each by vapor dep051t10n, and have studied their

surface morphologies as functions of substrate structure, temperature,
and exposure. ‘We have found that the orYStals exhibit ordered surface
structures when grown under the proper. experlmental condltlons and are
falrly re51stant to damage from electron bombardment

The crystals were grown in a conventional LEED apparatus_on a
Pt(111) crystal’surface. The platimm crystal was spot?weldedato
platinum bars_attached to a hollow copper block. By'flowing liquid

nitrogen through the block and/or passing current through the platinum"

crystal, the.platinum crystal could be held at any_temperature between

100K and 1400K. The water and naphthalene vapors were introduced through

a needle that permitted direct incidence of the molecules on the crystal

surface, with fluxes in the range of,l()ls-lo15 molecules_cm'zsec—l. The

total pressure in the diffraction chamber-cOuld be maintained at 10™8 Torr
by continuous ion pumplng dur1ng the expernnents | | |

The dlffractlon pattern shown in Fig. 1 was obtained by exposing
the clean Pt(lll} surface to water Vapor flux of 10'% molecules cm™%sec”!,

at substrate temperatures from 125-155K for several,minutes;'iBelow this
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temperature range the ice surface exh1b1ted no d1ffract10n pattern,
1nd1cat1ng substant1al ‘disorder. Above this range, the Pt(lll) d1ffract10n ‘ h
features remalned d1st1nct because- the 1ce vapor pressure was too. h1gh -
for multllayer growth. The d1ffract10n pattern has'51x—fo1d rotatlonal
symmetry, and it is almost identical to that expected from domains of
a Pt(lll)—(/ingj R30° surface structure, rotated 60°Vto'each other.. The
pattern can be interpretedias from domains of the (111) face of the
face centered cub1c mod1f1cat10n of ice (ice I ) grown parallel to the
Pt(lll) surface w1th the ice [110] parallel to the [l 1] or [i,1] of the
platinum surface mesh. Alternatively, the pattern canvbe explained as
due to the basal plane ({0001]) of hexagonal ice I grown parallel to
the Pt(111) surface, with the a d1rect10n ([100]) parallel to the [1,1]
or [1,1] of the platlnum surface mesh. The cubic fonm has been found
to grow at these temperatures 2 Crystals with thlcknesses up. to 10 4
have been grown, as measured by optical” 1nterference techn1ques and the
surface order appeared to be- 1ndependent of th1ckness

Naphthalene chem1sorbs readily on the Pt(111): surface at 300K, and
the absorbed layer orders into'a (GX6) surface structure up on heatlng
the substrate to 400K.3 The best ordered naphthalene_crystals were
grown epitaxlally on this (6x6) structure. .With a naphthalene vapor flux.

14 molecules cm_zsec 1, crystals exh1b1t1ng ordered surfaces could

of 10
be grown between 105 and 200K. A disordered surface forms below th1s
temperature range, and there is no multllayer growth above it.
Multilayers of thickness similar to that of the ice were grown, and the
diffraction pattern fnom'the'surface is shown in Fig. 2. The observed

pattern is that.expected from the monoclinic naphthalenevcrystals



'-growing with'their (001) plane (ab plane) parallel to,the Pt(111) surface.
The b direction ([010]) of each crystallite'is parallelvto one‘of the
three [1,0]’directions of the substrate‘surface mesh; l
When naphthalene was deposited'on the clean Pttlll) surface WithoUtg

first form1ng the ordered naphthalene monolayer structure a rlng 11ke
diffraction pattern was observed The radii of the concentrlc rlngs are
equal to'thebdlstances from the‘specular beam to the prev1ously described
. naphthalene diffraction spots' This indicates a naphthalene surface
structure with the (001) plane aga1n parallel to - the substrate surface,
but the naphthalene crystallites are rotat1ona11y dlsordered about the
surface normal" Slm11ar rotational disorder results when naphthalene is
grown on a clean Pt(lOO) surface.

The effect of low energy electron bombardment (current density
-3

- ~10 amp cm ) on the surface structures of ice and naphthalene was also

studied. The ice crystal surface remalned ordered in the electron beam

4

although exce551ve sublimation of water molecules seemed to occur. Using

electron energles of about 100 eV, enough ice could be removed in- mlnutes'
to allow the Pt(lll) diffraction features to be observed The naphthalene

crystal surface was more sens1t1ve to electron bombardment At beam -

energies of_about_SO eV, the diffraction pattern was ob11terated within T,IA |

seconds, due to disordering of the surface. Upon moving the electron
beam along the surface,'the diffraction patternrreappeared. It appears
the electron beam induced disorder is localized to the area bombarded

by electrons.
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Secondary electron emission studies of ice and anthracene ébove~100.eV
show that the flux of secondary electrons is greater than the incident flux,

effectively'rembving negative'surface charge.5 This.is the likely reason"

for the relative case of obtaining'LEED patterns from .the surface structufes

of these insulating molecular crystals. Below 30 €V a build-up of surface

charge obliterates the diffraction features from both'crystal surfaces.

However, fbf 1ay¢r thicknesses of less than 1033,'the diffraction patterns - . o

were detectable at all electron energieé;
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Fig. 1:

Fig. 2.

E.
FIGURE CAPTIONS

(a) LEED pattern of the ice surface at 74 eV. (b) Proposed
surface structure of ice. The ice surface mesh is indicated by
light lines, the Pt(111) surface unit cell is drawn with correct
orientation at lower left. The oxygen atoms of the water molecules
are indicated by dots, with the open dots lying above the plane
of the filled dots. Dimensions shown for the ice lattice are
bulk ice values.
(a) LEED pattern of the naphthalene surface at 36.5 eV. The
specular beam is left of center. (b) Schematic of the naphthalene
LEED pattern, with specular beam position indicated, and one
reciprocal unit cell drawn. Two other domains, rotated by 60°
are also present. (c) Proposed surface structure of naphthalene
with the Pt(111) surface unit cell drawn with correct orientation
at lower left. Magnitudes of a and b vectors shown are those for

bulk naphthalene.
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LEGAL NOTICE
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responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
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