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The Adsorption of Hydrocarbons on Platinum Studied by Low-Energy 

Electron Diffraction Intensities. The Ordered (2x2) Overlayers 

of Acetylene and Ethylene on the (~11) Crystal Face of Platinum 

by 

P. C. Stair and G. A. Somorjai 

Materials and Molecular Research Division, Lawrence Berkeley Laboratory, 

Department of Chemistry, University of California 

Berkeley, California 94720 

ABSTRACT 

The intensities of the low-energy electron diffraction beams back-

scattered from the ordered (2x2) overlayers of acetylene and ethylene on 

the platinum (111) crystal face. are measured by a photographic technique. 

The intensities are presented in an appendix in the form of normalized-

diffraction beam-intensity~· incident-electron-energy (I-V curves). 

Acetylene spontaneously forms the ordered (2x2) adsorbate on platinum at 

300 K and low exposure under ultra-high vacuum conditions. The intensity 

profiles reveal that this structure is metastable and upon heating to 

350-400 K for 1 hr undergoes a transformation to a stable structure with the 

same (2x2) unit cell size. The acetylene transformation is thought to 

involve an expansion of the carbon-carbon bond length with an activation 

energy determined by the reduction in the carbon-carb9n bond order. Ethylene 

adsorbs on the platinum (J.ll} surface with deeydrogenation to form an 

acetY'lenic species whose structure is identical to the stable acetylene 

structUre as sho'im'by the intensity profiles. 



• 

0 0 6 0 2 

-1-

INTRODUCTION 

In order to understand the details of platinum catalysis in a variety 

of hydrocarbon reactions .an understanding of the. structure and chemical 

bonding of the adsorbed hydrocarbon is necessary. Low-Energy Electron 

Diffraction (LEED) intensity analysis has been shown to be useful for 

determining the structure of clean, single crystal metal surfaces as well 

as simple monatomic overleyers adsorbed on metal surfaces. (l) Several 

years ago Morgan and Somorjai showed that a number of simple hydrocarbons 

would form ordered monolayer structures when adsorbed on the platinum (lll) 

and (100) crystal faces and thus were suitable for LEED structure analysis. (2
) 

Subsequently, a variety of more complex hydrocarbons such as napthalene and 

the normal parafins up to octane were shown to have ordered surface structures 

both as monolayers on metal substrates and as molecular crystals grown under 

low temperature, ultra-high vacuum conditions. (3 •
4) However, until recently 

the experimental difficulties involved in measuring Low-Energy Electron 

Diffraction intensities have prevented the application of this technique 

to the surface crystallography of adsorbed hydrocarbons. In 

particular, the time-dependent destruction of these ordered overlayers by 

the incident electron beam makes the traditional intensity measurement 

techniques using either a Faraday cup or a spot photometer inadequate. 

The need for a solution to this problem led to the development of a photo-

graphi.c intensity measurement technique which lowered the total electron 

.beam exposure to an acceptable level by significantly reducing the 

. . (5) 
measurement t].Jlle. As a result the structure analysis of acetylene 

adsorbed i:Jlto an ordered (2x2) over layer on the (lll} crystal face of 
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platLUum was recently completed. ' This work was important not only 

as the first hydrocarbon surface structural determi'nation but also as 

the first molecular adsorbate of any kind to be so.analyzed. 

Recently acetylene was found to adsorb into two ordered adsorbate 

(8) 
structures on the Pt(lll) surface. - The two structures have the same 

(2x2) diffraction pattern (see Fig. 2) , but have substantially different 

intensities. This implies that acetylene undergoes a significant structural 

and therefore chemical change from one structure to another as a function 

of time and/or temperature, so that even a simple molecule adsorbed on a 

close-packed surface can display complex chemical behavior. The exact 

chemical nature of these two structures has not been completely determined 

as yet even by dynamical LEED structure calculations. (7 ) The present paper 

gives a detailed description of how each acetylene structure on Pt(lll) is 

obtained and characterized using LEED intensities. We shall also provide 

some conjecture concerning the chemical state of the two acetylene species 

as well as information regarding the nature of the transformation. 

Merrill et al. (9 ,lO) have proposed that ethylene dehydrogenates to 

form an- acetylene species plus surface hydrogen atoms when adsorbed on 

the Ft(lll) surface. LEED intensity measurements reported in the present 

paper confirm thi_s proposition by indicating that the structure of the 

ethy'lene on Pt(lll} over layer is identical to one and only one of the 

t~o po~tble acetylene structures. From the adsorption and ordering 

beha-vi:or of eth¥"1ene as compared to acet~lene comoined with our notions of 

·-
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the chemical change w:hi.ch takes place with_ adsorbed acetylene we shall 

' 
present a model of ethylene adsorption on platinum. 

The present paper is also the first reporting of the complete Low-

Energy Electron Diffraction intens-ity data from ordered hydrocarbon surface 

adsorbates. The data is presented as an appendix in the usual form of 

Intensity ~· Incident Electron Energy (I-V) curves. In order to facilitate 

future work in this area, the experimental techniques for hydrocarbon 

adsorption and intensity measurement will be discussed in some detail. 

Finally, we hope that by publishing this data we w:ill promote further inves-

tigation of the molecular structure and chemical bonding of hydrocarbons 

on metal surfaces. 



EXPERIMENTAL 

(a) Apparatus and samples 

Since the present paper i.s the first complete reporting of intensity 

measurements from ordered organic over.layers, we shall describe the experi~ • 

mental procedure in some detail. A Varian ultra-high vacuum LEED/Auger 

apparatus modified for intensity measurements was us·ed in these experiments. 

The platinum single crystal sample was cut from an X-ray oriented 99.999% 

pure platinum single crystal rod. The sample was polished and the surface 

. (11 12) 
cleaned using techniques developed in thls laboratory. ' Further 

detai·ls on the apparatus and platinum sample handling are available else-

whe 
(5,12) 

re. The acety-lene and ethylene were obtained from the' Matheson 

Company. The purity of both gases was checked using gas chromatography. 

The ethylene was found to contain only 10 ppm ethane as the major contam-

inant and so was used without further purification. The acetylene contained 

-1% acetone since acetylene is commonly stored in an acetone solution to 

prevent the formation of explosive acetylides. The acetone was found to 

interfere with the adsorption of acetylene on the Pt(lll) surface by 

preventing the spontaneous ordering of the acetylene adsorbate into the 

(2x2) structure. Only by exposure to the electron beam was it possible 

to order the contaminated acetylene. The acetone was easily removed from 

the acetylene, however, by passing the gas through a molecular sieve trap cooled -

to dry ice temperature C-78°C). This treatment reduced the acetone concen-

tration to below the 1 ppm level and permitted the spontaneous ordering of 

acetylene on the Pt(lll} surface. 
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{_b} Adsorpti.on and ordering 

(12) 
Following a standard cleaning procedure but before the hydrocarbon 

adsorption the platinum sample was flashed to 900°C for 2 mins to remove 

any adsorbed ambient CO or 02. The sample was allowed to cool for 25 mins 

in a background pressure of less than lXl0-9 Torr so that the hydrocarbon 

adsorption was carried out at or near 300 K. During the cooling period~ 

the (llll surface was accurately positioned normal to the incident electron 

beam by· using the threefold symmetry of the first-order diffraction beams. 

The azimuthal angle,~= 0, as defined by Jona{l3 ) was used for all measure-

ments because the diffraction beam intensities have reflection symmetry 

through the line labelled kx in Fig. 1 for all polar angles 6. This provides 

a more accurate azimuthal determination than by means of a mechanical or 

photographic positi.on measurement. 

After the cooling period the hydrocarbon of interest was leaked into 

the vici.ni.ty of the sample via a stainless steel needle pointed at the 

crystal and 4 em from the surface. The vacuum chamber was pumped continuously 

at all times by a 240 l/sec sputter ion pump and by freshly sublimed titanium. 

After a pressure rise of 0.8Xlo-9 Torr above the background, the leak was 

stopped. 
-6 

The total exposure was estimated to be about lL = 10 Torr-sec. 

Although we could not measure the exposure accurately~ a given pressure 

rise from the leak resulted in an overlayer diffraction pattern of reproducible 

quali:tf' and intensttr. All the adsorptions were performed without the 

electron beain striking the surface. 

The adsorption of purified acetylene on Pt Ull) at 300 K as described 

above resulted in an ordered (2x2) acetylene structure which- 'We refer to as 
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.metastable acet~lene. Upon heating the Pt(lll} sample with the meta-
. . 

stable acetylene overleyer for one hour at 350-400 K, then allowing the 

sample to cool to 300 K or letting it stand for 24 hrs at 300 K, there 

was no change in the (2X2) diffraction pattern. However, the LEED 

intensity profiles showed marked changes from the intensities measured 

for the metastable acetylene (see Fig. 3) indicating that a structural 

transformation had occurred. We shall refer to this latter structure as 

stable acetylene. The two ace~ylene structures will be discussed in 

more detail later in this paper. 

The adsorption of ethylene was carried out under the same conditions 

of exposure and temperature as for acetylene. However, ethylene adsorption 

did not irmnediately give an ordered structure but required some electron 

beam exposure before a (2x2) diffraction pattern was obtained which was 

identical to the acetylene diffraction pattern. The electron beam 

exposure necessary for the appearance of the (2x2) diffraction pattern 

-2 
was -50 ~ amp-sec-mm for 60 eV electrons. 

(c) Intensity measurement 

After the vacuum chamber pressure had returned to the background 

level (-lxlo-9 Torr), the crystal was rotated to the desired polar angle 

as measured by the angular scale engraved on the sample manipulator. 

Photographs were taken from 10 eV to 200 eV in 2 eV intervals using the 

came.zoa and film describ.ed before (Sl wit!L an aperture set at f 1. 8 a.hd 

a shutter speed of 1/2 sec. This is 1/2 the exposure time reported before. (S) 

The reproducibi.lity was checked only-- up to 100 eV for reasons whi.ch will be 

di_scussed later. 

(J-
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The influence of electron beam exposure on the diffraction pattern-

resUlting from bot~ acetylene structures as well as. the ethylene adsorbate. 

was investigated in order to determine the extent to which this might 

affect the intensity measurement. For 60 eV electrons, an exposure of 

-2 
-700 ~ amp-sec-mm was necessary for all three hydrocarbon structures to 

reduce the intensity of the CH) beam (see Fig. 1) to one-half its initial 

value. 

By means of a modi.fication in the LEED power supply we were able to 

deflect the electron beam in such a way that the electrons coUld not 

escape the electron gun. This allowed us to limit the overlayer electron 

beam exposure to the time when the camera was actually taking a picture 

without disturbi,ng the stability of the electron gUn filament or focussing 

electrodes. -2 
The total electron beam exposure was approximately 60~ amp-sec-mm 

for a complete set of pictures up to 200 eV. Based on the electron beam 

sensitivity measured above, the intensities shoUld not change by more than 

-5% during the measurement. 

Finally, the incident electron beam current was measured at each energy 

where pictures were taken to permit the normalization of the intensity 

profiles to a constant beam current of 1~ amp. The film developing, film 

scanning and the computer analysis of the scans necessary for reducing the 

photographs to I-V curves have been described elsewhere. {5 ) 



RESULTS 

Ca} AcetY'lene adsorption 

Acetylene· adsorbs on the Pt (111) crystal face at room temperature 

spontaneously forming an ordered (2x2) structure at exposures of 

-6 
11 = 10 Torr-.sec or less. Because of the low exposure and the weak 

acetylene Lntermolecular interactions the adsorbed gas is believed to form 

only a single layer over the clean metal. The diffraction pattern charac-

te.ristic of the (2x2) structures is shown in Fig. 2. The background is 

very low and the spot size of the fractional order beams is the same as 

for the clean platinum integral order beams implying that the ordered 

domains are larger than the coherence width of the incident electron beam, 

-1oo iL The diffraction pattern Lntensities are threefold symmetric at 

normal incidence indicating that the surface must contain equal amounts of 

domains where the acetylene is rotated by 120° between domains. This follows 

since the acetylene molecule itself would not have threefold symmetry if 

it is lying parallel to the surface as proposed in the companion paper. (7) 

As mentioned above, by heating the sample gently to 350-400K followed 

by cooling to 300 K,no change in the diffraction pattern can be observed, 

but the intensity p:..·ofiles change with respect to the metastable acetylene 

first adsorbed at 300 K. An example of the kinds of changes observed are 

shown in Fig. 3. Note that the structure of the intensity curves is quite 

di:ffe;rent in the number of peaks and their position in energy as well as in the 

relatiye intensity of the. peaks that occur at the same energy in both curves. 

Changes such as these can be observed between the two acetylene structures 
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throughout the data in the appendix and are the basis for distinguishing 

the two structures. It is also important to note that for the diffraction beams 

which show significant modulation of their intensity above 100 eV, there are 

no significant differences bet~een the intensity profiles for the two 

acetylenic states in this energy range. We were never able to reconvert 

the stable acetylene structure to the metastable acetylene, and the meta-

stable to stable transformation was not enhanced by exposure to the 

electron beam. Heating either the metastable or stable acetylene over-

layer much_ above 400 K caused the destruction of the ordered (2x2) 

diffraction pattern. This indicates that further chemical:-structural 

changes are taking place. The changes cannot be well-characterized by 

Low-&ergy Electron Diffraction, but may involve some sort of decomposition 

of the molecular structure in the overlayer. 

Both acetylene structures were extremely sensitive to further exposure 

to fluxes of either acetylene or ethylene. An additional hydrocarbon dose 

corresponding to a pressure rise of O.lxlo-9 Torr was sufficient to completely 

disrupt the ordered (2X2) structure, or if the initial dosing was too large 

the ordered structure would form, reach a maximum brightness and then begin 

to fade. This is in agreement with previous results and has been inter-

preted as a disordering of the first layer by adsorption of the excess 

acetylene into first layer interstitial sites. (J.O) 

I:f acetone-contaminated acetylene is adsorbed on the (1.11} surface, 

the ordering is severe~ imJ?aired. Only very faint, di.ffuse fractional 

order diffraction beams are observed. Upon exposure to the incident 

electron beam, however, the fractional order beams are observed to sharpen 
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and brighten with prolonged exposure, but this ordering takes place only 

at those areas on the crystal where the electron beam has been impinging. 

If the acetone-contaminated sample is heated in the usual way to produce 

the stable acetylene structure, the stable structure is observed on the ordered 

region of the sample. Following the heat treatment, areas of the crystal 

surface which have not been exposed to the electron beam still show only 

the diffuse fractional order diffraction beams. Under electron beam 

exposure the une;xposed surface again orders into the sharp (2x2) diffraction 

pattern, but this time the overlayer is stable acetylene as determined 

from the intensities. Apparently the acetone prevents the acetylene surface 

diffusion which is necessary to spontaneously form the ordered (2x2) struct~e. 

However, under the electron beam the acetone and/or acetylene is mobilized 

enough for surface diffusion to occur. Also, the transformation from 

metastable acetylene to stable acetylene is independent of whether the 

overlayer is well-ordered or not, and the molecules in both of the structures 

are mobile under the electron beam. 

(b) Ethylene adsorption 

Ethylene adsorbs on the Pt(lll) surface under conditions identical to 

the acetylene adsorption and is thought to form only a single layer under 

these conditions. Unlike acetylene, ethylene does not form an ordered 

l2X2} structure spontaneously upon adsorption. As mentioned above, some 

exposure to the electron beam i.s necessary for the ordered (2x2) structure 

to appear, and the ordering takes place only at the locations on the sample 

which_ have been exposed to the electron beam. The di.ffraction pattern 

w.hi.ch_ is formed is the equal of acetylene for brightness and sharpness, but 
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it is not nearly so sensitive to ftmther exposure to either acetylene or 

thyl • t ·th - ·· k (lo) e , ene :~_n agreemen W1 pr:~_or wor • 

Merrill et al. (g,lo) have proposed that ethylene dehydrogenates upon 

adsorption on the Ft(lll) surface to form an acety1enic species and 

adsorbed hydrogen atoms. The intensity profiles from ordered ethylene 

confirm this proposal. As can be seen by perusal of the appendix, the 

ethylene I-V curves are virtually identical to the stable acetylene 

I-V curves, indicating the formation of the acetylenic species. The 

surface hydrogen formed with the acetylenic species apparently acts to 

prevent adsorption of additional acetylene or ethYlene into first layer 

interstitial sites lowering the ordered overlayer sensitivity to hydro-

carbon exposure. The hydrogen may also prevent spontaneous ordering of 

the acetylenic species in perhaps the same way as acetone does with 

unpurified acetylene. 

(c) Intensity measurements 

The diffraction intensities from both acetylene structures and from 

ethylene were measured at normal incidence and at polar angles, 8, of 4°, 

10° and 16° to provide an extensive data base for structure analysis. The 

acetylene intensities were also measured at one additional polar angle, 

The intensities are presented in the appendix in the usual form of 

normalized intensity-!§..· incident electron beam energy. 

While as many as twenty--seven diffraction .beams are within the camera 

field of yi,ew: at one tiJ;ne, most of these are either too dim to be detected 

o~ the film, or they' have intensity- curves without any structure. Therefore, 

onlY' the brightest dif:fracti·on beams with an abundance of intensity structure 

/ 
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are re~orted. The diffract~on beam labelling follows Jonats convention(l3 ) 

as shown in Fig. 1. The intensity scales are in arbitrary units; however, 

the same units are used for all curves and each curve has been normalized 

to an inci.dent electron current of l]J amp. Gaps in the curves occur 

whenever the spot intensity falls below the threshold of the film. Since 

at lower energies the incident electron current is reduced, the threshold 

occurs at higher normalized intensity. There are also gaps in the profiles 

whenever the diffraction beam is obscured from the camera's view by the 

sample holder. This happens with the (10) beam at 76 eV for 8 = 10° and 

betw:een 46 eV and 120 eV for 8 = 16°. 

The energy range below 100 eV is the most sensitive to the presence 

of the hydroc~rbon overlayer. At higher energies as the ratio of 

. d (l4) . ht carbon to platinum scattering cross-sect1ons ecreases one m1g 

expect the platinum substrate to dominate and obscure the scattering due to 

the overlayer. An increase in the penetration depth of the incident 

electrons may also contribute to the predominance of Ft scattering. An 

inspection of the intensity curves above 100 eV for the two acetylene 

structures shows them to be nearly identical with regard to peak position 

and shape even in the fractional order beams. The profiles of the integral 

order beams at these higher energies are identical to those from clean 

platinum. Only differences in absolute intensity are evident. Below 

100 eY, however, we can observe substantial changes which distinguish the 

two structures. Because of the long times necessary to scan the film for 

each_ angle (_-30 hrs), as well as the similarity between structures above 

100 eY, cheeks on the reproducibility of the intensi.ty curves were restricted 
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to the lower energi_es. The dotted curves on the intensity profile Figures 

indtcate the results of repeat measurements. We feel that the repro-

ducibility, while not perfect, is certainly sufficient to permit a 

structural determination within the accuracy which the present theories 

are capable. In addition, these checks permit an evaluation of which 

structural differences in the I-V profiles can be attributed to experi-

men~al error and which are due to a bonafide physical change in the surface. 

This is an important consideration which has not been included in previous 

reportings of intensity measurements. 
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DISCUSSION 

AcetY'lene 

A discussion of the important differences between the intensity profiles 

from the two acetylene structures was given previously. (B) Briefly, the 

dramati:c changes we observe, the disappearance and appearance of major peaks 

in the intensi'ty profiles from one structure to another, indicate a major 

change in the chemical state of acetylene bound to the platinum surface. 

This is yet another example of the richness and diversity exhibited by the 

hydrocarbon chemistry at the vapor-solid interface. 

Since the Low-Energy Electron Diffraction intensities are sensitive 

primarily to the inter-planar spacing normal to the surface,( 7 ) the meta-

stable to stable acetylene transformation probably involves a change in 

the distance from the carbon overlayer to the first platinum layer. Changes 

in the spacings of the topmost platinum layers are ruled out since none of the 

intep.sity profiles show changes above 100 eV where the platinum scattering 

is dominant (see above) . This implies a change in the carbon-platinum 

bonding, and therefore, a concomitant change in the carbon-carbon bond. 

An attractive model is that the metastable to stable transformation involves 

an increase in carbon-platinUm bonding and a decrease in the carbon-carbon 

bonding in the acetylene molecule. From the temperature dependence of the 

rate of metastable to stable transformation, the process is seen to be 

activated. According to the above ~odel, the activation barrier may be 

due to the energy· required to reduce the carbon~carbon bond order. There 

Jll.aY' also be a cont.r:tout:Lon to the barrier from some reduction in a platinum-

platinum bond order. However, the results from eteylene adsorption favor 

the carbon-carbon bond reduction as the inajor cause of the activation energy. 
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The structure and chemical-bonding of these states are being studied 

by a dynamical structure calculation CI 1" but have not yet been completely 

resolved. However, it appears that neither structure involves completely 

dehydrogenated species such. as isolated carbon atoms or carbon dimers. 

Thi.s results comes from the following argument: At high temperature ( -uoo K) 

the hydrocarbon overl~ers are not desorbed but form rotationally disordered 

domains of the graphite which is then stable at lower temperatures. If 

the stable acetylene structure was composed of either carbon dimers or 

single carbon atoms, the high temperature would then serve only to break 

the carbon-platinum bonds allowing surface diffusion of the carbon ru1d 

consolidation into graphite. However, from the results obtained on 

adsorbing acetylene contaminated with acetone, we see that when either of 

the acetylene structures is mobilized by the electron beam, inducing surface 

diffusion, only the ordered (2x2) overlayer is formed an~ not graphite. We 

propose that the acetylene structures must have carbon species which are at 

least partially hydrogenated. 

Ethylene 

As mentioned above, in comparing the intensities from the ethylene 

ordered overlayer to those from acetylene we see that ethylene and the 

stable acetylene structure are virtually identical. This supports the 

ltlOdel proposed by Merrill et al. that ethylene dehydrogenates on the Pt(lll) 

surface to form an acetyleneic species and chemisorbed hydrogen atoms. (9 ,lO) 

Assuming that we actually have acetylene and h-ydrogen on the surface the 

------------ ~~~-----
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question arises as to wtcy"· the acetrlene that forms from dehydrogenation 

of ethylene takes the form of the stable species and never the metastable 

species. If the acti:vati.on barrier to formation of the stable acetylene 

structure is due to a required reduction in the carbon-carbon bond order 

as proposed above, then the activation barrier for ethylene would be 

reduced or even eliminated because the carbon-carbon bond order is already 

reduced as compared to acetylene. The ethylene then dehydrogenates directly 

into the stable acetylenic structure at 300K, and the carbon-carbon bond 

order reduction is seen to be the major factor in the activation barrier 

for the acetylene metastable to stable transformation. 
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CONCLUSIONS 

The sequence of events in the adsorption of acetylene and ethylene 

on the clean (111) crystal face·of platinum can be summarized diagram-

matically as: 

low exp. b (2X2) J high exp. 
Pt + C2H2(g) C2H2 ... Pt etastabl ~ disorder 

300 K 

l 350-400K 

~ (2X2~ high exp. 

C2H2-Ft tabl disorder 

>400K 1 
disorder 

beam 

r (2x2n 
btabld + 2H-Pt 

>400K 
disorder 

The acetylenic species are thoughtnot to be completely dehydrog~nated, 

and the metastable to stable transformation is proposed to involve an 

expansion of the carbon-carbon bond with a reduction in its bond order. 
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FIGURE CAPTIONS 

Fig. 1. Diffracti_on beam labelling for the (2><2)-Pt(lll) diffraction 

pattern following the convention of Jona (Ref. 13). 

Fig. 2. Low-Energy Electron Diffraction patterns from the clean platinum 

(111) crystal face (above) and the acetylene on platinum over

layer (below). Both pictures are for normal incidence and 

Fig. 3. 

68 volts. 

I-V profiles of the (~ 0) beam at 8 = 4°, ~ = 0° from the meta

stable acetylene structure (----) and the stable acetylene 

structure ( • • • • • ) . The large dot indicates the point of 

scaling factor change. 

.. 
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APPENDIX 

The a;ppendix contains the complete set of intensity .!2.· incident 

electron energy, (I-V), curves from metastable acetylene, stable acetylene 

and ethylene adsorbed on the platinum (lll) crystal face. The intensity 

scales are all the same, and all the curves have been normalized to a 

constant incident electron current of l ]J amp. The dotted lines indicate 

the reproducibility of the data. The large dots indicate the points of 

scaling factor changes. 
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A-Figure Captions 

Fig. Al. I.-.V profi:les from the metastable acetylene structure at normal 

incidence. 

Fig. A2. I-V profiles from the metastable acetylene structure at e = 40. • 

Fig. A3. I ..... v profiles from the metastable acetylene structure at e = so. 

Fig. A4. I-V profiles from the metastable acetylene structure at e = 10°. 

Fig. A5. I-V profiles from the metastable acetylene structure at e = 16°. 

Fig. A6. I-V profiles from the stable acetylene structure at normal incidence. 

Fig. A7. I-V profiles from the stable acetylene structure at e = 4o. 

Fig. AS. I-V profiles from the stable acetylene structure at e = so. 

Fig. A9. I-V profiles from the stable acetylene structure at e = 10°. 

Fig.AlO. I-V profiles from the stable acetylene structure at e = 16°. 

Fig.All. I-V profiles from the ordered ethylene structure at normal incidence. 

Fig.Al2. I-V profiles from the ordered ethylene structure at e = 4o. 

Fig.Al3. I-V profiles from the Qrdered ethylene structure at e = 10°. 

Fig.Al4. I-V profiles from the ordered ethylene structure at e = 16°. 
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