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ABSTRACT 

Low energy electron diffraction patterns have been' obtained from 

ice and naphthalene crystal surfaces vapor grown on the (111) face of 

platinum at low 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. 
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A very large group of materials, including most organic solids, 

can be classified as molecular crystals. Although tli'eir importance in 

surface science is widely recognized, tJ:ey have not yet been studied 

by the various electron or atom scattering techniques that have been 

employed in recent years for investigating surfaces on the atomic scale. 

There have been no reports to date of the surface structure of molecular 

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 deposition, and have studied their 
.. :•' 

surface morphologies as functions of substrate structure, temperature, 

and exposure. We have found that the crystals exhibit ordered surface 

structures when grown under the proper experimental conditions, and are 

fairly resistant to damage from electron bombardment. 

The crystals were grown in a conventional LEED apparatus on a 

Pt(lll) crystal surface. The platimun crystal was spot-welded to 

platinum bars attached to a hollow copper block. By flowing liqufd 

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

crystal, the platinum crystal could be held at any temperature between 

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

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

13 15 . -2 -1 surface, with fluxes in the range of 10 -10 molecules em sec The 

total pressure in the diffraction chamber could be maintained at 10-8 Torr 

by continuous ion plUllping during the experiments. 

The diffraction pattern shown in Fig. 1 was obtained by exposing 
. . 14 . -2 -1 

the clean Pt(lll} surface to water vapor flux of 10 molecules em sec , 
' 

at substrate temperatures from 125-155K for several minutes. Below this 
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temperature range, the ice surface exhibited no diffraction pattern, 

indicating substantial disorder. Above this range, the Pt (111 J diffraction 

features remained distinct, because the ice vapor .pressure was too high 

for nrultilayer growth. The diffraction pattern has six-fold rotational 

syrmnetry, and it is alrost identical to that expected from domains of 

a Pt(lll)- (13x/3) R30° surface structure, rotated 60° to each other. The 

pattern can be interpreted as from domains of the (111) face of the 

face centered· cubic modification of ice (ice I· ) , grown parallel to the . c 
\ 

Pt(lll) surface, with the ice [liO] parallel to th.e [1,1] or [f,i] of the 

platinum surface mesh. Alternatively, the pattern can be explained as 

due to the basal plane ([0001]) of hexagonal ice I/ grown parallel to 

the Pt(lll) surface, with the ~ direction ( [100]) parallel to the [1 ,1] 

or [i,i] of the platinum surface mesh. The cubic .fonn has been found 

to grow at these temperatures.2 Crystals with thicknesses up to 10-4 em 

have been grown, as measured by optical interference teclmiques, and the 

surface order appeared to be independent of thickness. 

Naphthalene chemisorbs readily on the Pt(lll) surface at 300K, and 

the absorbed layer orders into'a (6x6) surface structure up on heating 

the substrate to 400K. 3 The best ordered naphthalene crystals were 

grown epitaxially on this (6x6) structure. With a naphthalene vapor flux 

14 -2 -1 of 10 rolecules em sec , crystals exhibiting ordered surfaces could 

be grown between 105 and 200K. A disordered surface forms below this 

temperature range, and there is no nrultilayer growth above it. 

M.lltilayers of thickness similar to that of the ice were grown, and the 

diffraction pattern f~m the· surface is shown in Fig. 2. The observed 

pattern is that expected from the ronoclinic naphthalene crystals 
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growing with their _(001) plane (ab plane) parallel to the Pt(lll) surface. 4 

The Q_ direction ( [010]) of each crystallite· is parallel to one of the 

three [l,O]·directions of the substrate.surface mesh. 

When naphthalene was deposited on the clean Pt(lll), surface without 

first forming the ordered naphthalene nxmolayer structure, a ring-like 

diffraction pattern was observed. The radii of the concentric rings are 

equal to the distances from the specular beam to the previously described 

naphthalene diffraction spots. This indicates a naphthalene surface 

structure with the (001) plane again parallel to the substrate surfa~e, 

but the naphthalene crystallites are rotationally disordered about the 

surface normal . Similar rotational disorder results when naphthalene is 

grown on a clean Pt(lOO) surface. 

The effect of low energy electron bombardment (current density 

-3 -2 .· ' 
~10 amp·cm ) on the surface structures of ice and naphthalene was also 

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

although excessive sublimation of water rolecules seemed to occur. Using 

electron energies of about 100 eV, enough ice could be reroved in minutes 

to allow the Pt(lll) diffraction features to be observed. The naphthalene 

crystal surface was more sensitive to electron bombardment. At beam 

energies of about 30 eV, the diffraction pattern was obliterated within 

seconds, due to disordering of the surface. Upon moving the electron 

beam along the surface, the diffraction pattern reappeared. 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 above 100 eV 

show that the flux of secondary electrons is greater than the incident flux, 

effectively removing negative surface charge. 5 This is the likely reason 

for the relative case of obtaining LEED patterns from the surface structures 

of these insulating molecular crystals. Below 30 eVa build-up of surface 

charge obliterates the diffraction features from both crystal surfaces. 

However, for layer thiclmesses of less than 103..8., the diffraction patterns 

were detectable at all electron energies. 

ACKNOWLEDGB1ENt 

This research was performed under the auspices of the U. S. Atomic 

Energy Commission. 

REFERENCES 

1. Wyckoff, Ralph W. G., Crystal Structures, Vol. 1, Interscience, N. Y., 

1963' p. 322. 

2. Eisenberg, D. and Kauzrnann, W~, The Structure and Properties of Water, 

Oxford University Press, N. Y. and Oxford, 1969, pp. 89-91. 

3. Gland, J. Land Sornorjai, G. A., Surface Science 38 (1973), p. 157. 

4 . Wyckoff, Ralph W. G. , Crystal Structures, Vol . 6, pt. 2, Interscience, 

N. Y., 1963, p. 383. 

5. Mltskevich, T. L. and Mikhailova, E. G., Soviet Physics-Solid State.£ 

(1960), p. 655. 



0 0 u I 

-5-

FIQJRE CAPTIONS 

Fig. 1. (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(lll) 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. 

Fig. 2. (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(lll) 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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Fig. 2a 



2 0 I B 7 6 

-9-

• • • • •• • • • • 
• • • • • • • • • • • • (0, 0) • • • • • • • • • • • • • 

• • 
• • • • • • • • • • • • • 

• 
XBL 7412-8377 

Fig. 2b 



r 
-10-

-b 
0 

6.003A 

[0,1](] ' 
2.77l~ (I ,0] 

1}·77A 

XBL7412 -8375 

Fig. 2c 



I d I I 

r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
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. 



. .• ,. 
. ' . 

TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 


