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Phase transitions in physisorbed ethane investigated by positron-annihilation spectroscopy
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Data are presented for the lifetime and Doppler broadening parameters for positrons annihilating in ethane
physisorbed on grafoil. The coverage dependence of these parameters has been investigated up to about 2.5
monolayers at 108 K. Both the positron lifetimes and Doppler broadening parameters reflect significant varia-
tions in the surface electron density as a function of adsorbate coverage, with clear evidence for minimum
electron density occurring at coverages-e0.8 and 2. The temperature dependencies of the lifetime and
Doppler broadening data, studied for coverages of 0.4, 0.9, and 1.5 monolayers, show structural phase transi-
tions in the adsorbate. We propose a mechanism for this structural phase transition at 39 K.
[S0163-18299)02127-X

. INTRODUCTION at 57 K2 At one monolayer, the ethane molecules stand on
methyl tripods with theirC-C axis perpendicular to the
Two-dimensional(2D) physisorbed gases on highly uni- graphite plane and form &3 Xv3 solid labeled as th&,
form substrates have been the subject of considerablghase.
interest: > These systems exhibit phases and phase transi- In spite of considerable work on the structure of various
tions which have no analog in bulk matter and thereforephases and phase transitions, information on molecular dy-
assume special significance. Simple molecules adsorbed ¢ramics in 2D ethane adsorbate is still meager. In only few
graphite exhibit a variety of structures. In general, thes@D systems has the rotational dynamics been studi€d.
structures are dependent on surface coverage, temperatuTis has been largely due to a low sensitivity of most experi-
and relative strength of the intermolecular and moleculemental techniques to the degree of rotational mobility in the
surface potentials. The studies of such systems have, therfitm. NMR has been employed to study rotational transitions
fore, provided a wealth of information about phase transiin methane and ethylerféIn both of these systems substan-
tions, molecular dynamics, and molecule-substrate angal rotational mobility is observed below the freezing tran-
molecule-molecule interactions. Methods employed for suchition. Some or all of this mobility is lost in rotational tran-
investigations include heat capacity measurem®ntssition for ethylene at about 35 K and for methane at about 17
volumetry! neutron scatterind;'® molecular dynamic, K. Due to an asymmetric shape, the ethane molecule can
low-energy electron diffractioflLEED),"*** high-resolution  exhibit several types of mobilities. In the solid phase, it can
electron-energy loss spectroscoffREELS,® and nuclear  execute an isotropic rotation either about its center of mass
resonance photon scatteri@§RPS.* Positron-annihilation  or a twist rotation. It can also experience rotation of methyl
spectroscopyPAS), which is a sensitive technique for inves- groups about the-C axis. It is reported that in the solid
tigating the electronic properties of condensed mattét, phase, the ethane molecule exhibits a rotational transition at
has also been employed to study certain features of phy%3.5 K, where it begins to undergo a jump rotation about the
isorbed gase¥. ™4 C-C axis!® In the intermediate state, rodlike ethane mol-
The ethane-graphite system has been examined by seveejules can lose their positional and orientational order with
experimental methods. At low temperatures, it exhibits ancreasing temperature and form a strongly correlated lattice
very rich phase diagram. The suggested phase did§ram liquid. In the liquid state translational and brownian mobility
these temperatures features three solid ph&sesS,, and s added to these motions.
S;, two intermediate phasds andl,, and fluid phases The sensitivity of PAS to structural transformatiéhand
andF. At coverages below 0.75, ethane forms 8jephase:  to segmental motion of certain molecifitbas been demon-
a registered Xv3 commensurate solid in which the-C  strated in bulk systems, however, its efficacy in 2D systems
axis of the molecule forms a herringbone patt€r@n heat-  still needs to be established. We have, therefore, utilized
ing, theS; solid transforms to a lattice fluith at 65 K. For  PAS to further investigate 2D ethane adsorbate on grafoil.
coverages near 0.82, ti® phase is formed. For coverages Preliminary results from this work, in which only the Dop-
in the ranges 0.77-0.86 and 0:48%.0, two-phase regions pler broadening measurements were made at a single cover-
(S1+S,) and (S,+S;) are observed. The range of stability age of 0.9 monolayer, have appeared in the literattia.
of the S, phase is very narrow, so it is difficult to produce a this early work, it had been observed that the Doppler broad-
pureS, phase experimentally. The structure of Bephase ening spectra undergo significant changes around 39 K. Here
has not been resolved. However, the LEED experinténts we present results on the positron lifetime spectra that sub-
suggest that it is an incommensurate herringbone with atantiate our earlier observation of a structural phase transi-
5.24x7.39 A unit cell, rotated by 5.7° with respect to the tion at 39 K and 0.9 monolayer. We have extended measure-
lattice vectors which describe the graphite basal plane. Faments of the Doppler broadening spectra to other coverages
coverages between 0.8 and 1.0, 8je~1, transition occurs and temperatures and these results are also presented. Based
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on the combination of the positron lifetime and Dopplertime spectra could not be resolved to separately examine
broadening data, we propose a mechanism, involving inelaseach one of these contributions. However, the exfoliated
tic e"-C,Hg collisions, for the effect occurring at 39 K. graphite (grafoil) is characterized with a layered structure
Some important features of this work digcoverage depen- with average thickness of each layer on the order of 400 A.
dence up to about 2.5 monolayers that clearly shows repetkEach submillimeter of this material, therefore, consists of a
tive nature of the surface electron densiiy), observation of large number of internal surfaces to adsorb the ethane mol-
phase transformations at different temperatuii@s,elucida- ecules. On entering such a layered structure, an energetic
tion of the nature of th&, phase, andiv) proposal for a new positron undergoes a large number of events involving dif-
mechanism to explain the nature of the 39 K transition.  fusion within the layer, re-emission from the internal sur-
faces, etc. The annihilation characteristics of the positrons
are influenced by the modifications in the electronic structure
Il. EXPERIMENTAL DETAILS of the internal surfaces because of the adsorption of ethane

Research grade ethane gas, used in the present work whwlecules. Based on these considerations, whenever the life-
obtained from Matheson Gaé Co. and had a purity’oitime spectra could be resolved into two short components
99.987%. A standard procedure was adopted for the prepé’-”'yv the e_ffept of the adsorbat(_a was examined by calculating
ration and characterization of adsorbates. Details of the vol.@ Mean lifetimer. The long-lived component represents
metry equipment used are given elsewt@r@he system pick-off annihilations of the ortho-positronium atoro-Ps).
consisted of a gas manifold system, two beratron absoluténe Doppler broadening spectra of the annihilation radiation
pressure gauges with overlapping ranges, a high vacuum sy%eré measured using a high purity Ge solid-state detector
tem, and a closed-cycle helium Displex Cryostat equippedPectrometer equipped with a digital stabilizer. The energy
with a temperature controller with an accuracy 0.1 K. resolution of the Ge detector was 1.2 at 511 keV. These
Standard baking and flushing techniques were used in ord&Pectra were analyzed for tf@and Y parameters. Th&
to clean the entire system prior to measurements. A stack dfarameter is defined as the ratio of the sum of the counts in
31.154 g grafoil discs was baked at 1073 K under“Torr the central regior{=0.90 ke\) of the 511 keV annihilation _
for 38 h and subsequently transferred to the sample cell urReak to the total counts under the spectrum after subtracting

der dry helium atmosphere. A 80Ci 2?Na positron source the background. This parameter is a measure of the momen-
evaporated onto 0.81 mg/éml foil was sandwiched be- tum distribution of the electrons and can, therefore, be used

tween grafoil discs at the center of the stack. The sample celf Study changes in the electronic structure of the adsorbate.
was evacuated under 19Torr for about 15 h prior to iso- | he Y parameter is defined as the ratio of the sum of the
therm measurements. In order to determine the total aregPUNts within a certain energy window below the Compton
available for adsorption and to calculate ethane volume fofd9€ 1O the total counts in the central region of the 511 keV
monolayer coverage, adsorption isotherms were measured B¢ak- This parameter is sensitive to Ps formation and can,
different temperatures. A typical result of such measureinerefore, be used to study changes in surface topography via
ments provided a volume of 125 &t STP corresponding 'S formation and its zero-point energy.
to one monolayer coverage at 108 K. The adsorbate cover-
ages were calculated, with an uncertainty of about 10%, by Ill. RESULTS AND DISCUSSION
accounting for the dead volume of the sample cell. For
temperature-dependent experiments, a given coverage was
maintained constant by adjusting the number of the mol-
ecules in the “dead-volume” of the celf. For example, ad- TheSandY parameters of the Doppler broadening spectra
ditional molecules were added to compensate for desorptioms well as the positron lifetimes; and r,, are plotted in
especially afT>77 K.2* Since the number of molecules in Figs. 1 and 2 as functions of coverage at 108 K. Although,
the dead volume was negligibly smaller than needed for ghe data on theS parameter at 108 K have already been
monolayer, only a small correction was needéd. published?* they are shown here so that their features can be
The positron lifetime and Doppler broadening measurecompared with new data presented in this paper. It is ob-
ments were performed simultaneously as a function of covserved that th& parameter remains at a high value of 0.4245
erage(#) at 108 K and as a function of temperature at fixedfor #<0.7 and then drops to a lower value of 0.423 near
coverages of 0.4, 0.9, and 1.5 monolayers. The positron life=0.8. Following this drop, it rises slowly with increasing
time measurements were made using a standard timing spemsverage. This coverage dependence of $hgarameter is
trometer. Thé°Co resolution spectrum was represented by aqualitatively similar to what has been seen in cases of nitro-
sum of two Gaussians with full-width at half maximum of gen and argof{?>*where it shows a maximum at~0.5.
0.357 and 0.522 ns with an intensity of 65.5% of the nar-This parameter is sensitive to changes in thevalence vs
rower Gaussian. The positron lifetime spectra could, in geneore electrons contributing to the annihilation probabilig),
eral, be resolved by theosITRONFIT(Ref. 30 program into  Ps formation, and3) zero-point energy of the Ps atom. The
two components only. In some cases the lifetime spectrahanges in the valence vs core electron contributions to the
consisted of two short components, each characterized withannihilation process could occur due to either modifications
lifetime <0.4 ns and in others the spectra contained a shoiith the electronic charge distributions as a result of the inter-
as well as a long component of lifetime in the range 1-3 nsmolecular interactions or due to positron-trapping in defects.
The short lifetimes probably represent contributions from anThe Ps formation lowers th& parameter due to increased
nihilations of free positrons in the bulk, on the surface, and3y/2y ratio which enhances contributions under the valley
in the interfacial regions. Due to limited statistics, the life- region at the expense of the central region of the Doppler

A. Coverage dependence of the positron annihilation
parameters at 108 K
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FIG. 1. (8) The Sparameter(b) the Y parameter vs coverage of o ) o
ethane on grafoil at 108 K. FIG. 2. () Lifetime of the short-lived componer() lifetime of

the longer-lived component vs ethane coverage on grafoil at 108 K.
spectrum. The zero-point energy considerations affectSthe
parameter when a significant fraction of the positrons formgsland regions may also explain differences in the data below
Ps that annihilates, particularly from regions betweenand above full coverage of the surface.
adsorbate-islands on the surface. Néwarameter and pos- The lifetime spectra could be resolved into two compo-
itron lifetime data help us better understand relative contrinents only; a short-lived component of lifetimg~0.34 ns
butions from these different processes. Similar to $hea-  and a longer Ps-component of lifetimg in the range of 1-2
rameter, theY parameter also drops to a lower value néar ns. The intensity of the Ps component, being relatively small
=0.8. Being proportional to Ps formation, this drop in the ~2%, has large statistical uncertainty. No specific coverage
parameter signals a decline in Ps formation nea0.8. As  dependence in this intensity can, therefore, be ascertained.
discussed below, the intensity of the Ps component in thé&nlike the S and Y parameters,; and 7, exhibit two
lifetime spectrum is relatively small, only about 2% at all maxima, one ab~0.8 and another i~ 2. We further dis-
coverages investigated. Nonetheless, a decline in the Ps foruss these lifetime results in the following paragraph under
mation, consistent with the decline seen in thearameter models. To our knowledge, these lifetime data present clear
(even with as low as 2% Ps intensishould have resulted in evidence for what appears to be a repetitive variation in the
a rise in the value of th& parameter. On the contrary, tle  surface electron density with minimum electron density oc-
parameter drops significantly aroumd=0.8. Only by con-  curring atd~0.8 and 2. Wangt al3 have investigated mul-
sidering the behavior of both ti@andY parameters, it be- tilayered methane physisorbed on graphite. They also ob-
comes apparent that arourt=0.8, it is a change in the serve weak features of maxima in the positron surface
electronic structure of the adsorbate, rather than a decline iiifetime at #~0.5 and 1.5. The drop in th& parameter
the Ps formation, that supports these observations. The relaround 0.8 monolayer ethane in our data is in good agree-
tive contribution of the valence vs core electrons to the totament with the observation by Wargg al. of a similar drop
annihilation probability changes so as to compensates for apetween 0.5 and 0.8 monolayers of methane.
expected rise in thé& parameter and produces an overall Two models have been proposed to explain the coverage
decline in its value. As stated earlier, such a change in thdependence of the positron annihilation paramétet$2%in
electronic structure of the adsorbate could arise as a result ohe of these models, adsorption is viewed as creating defects
(@) rearrangement of the electronic charge distributionson the surface that trap positrons and Ps. Since even a small
and/or(b) rearrangement of the adsorbate leading to surfaceoverage, on the order of 0.1 monolayer, significantly
defects. For6>0.9, theY parameter decreases and tBe changes the annihilation parameters, adsorption should be
parameter increases, which is consistent with decreasing Rdfecting the surface state. It is possible that adsorption leads
formation with increasing coverage beyond a monolayerto the formation of islands on the surfat®ewith increasing
Whether the positrons/Ps annihilate from intrasland vs intereoverage, the size and surface density of the islands are ex-
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pected to increase. Assuming that the positrons/Ps are 0428 [T T
trapped in intraisland and/or interisland regions, the surface Coverage = 0.4
density of the trapping sites will increase with increasing 0427 T
coverage. Under these conditions, the positron surface life-
time reflects average electron density in and the Ps lifetime
measures the size of the trapping site. In the second model,
adsorption is assumed to modify the surface electronic struc-
ture and these modifications are probed by the annihilation
parameteré?23 Adsorbate-surface interactions are known to
modify the surface electronic structure; for example, the sur- oazy Lotoe, ‘ ,
face work function of metals changes due to Cs w0 3 4 s 6 10 s 9
coverage™>* Similarly, hydrogenated surface of diamond () Temperaturc (K)

acquires negative electron affinity>® The positron annihi-
lation parameters presented here clearly show that the sur-
face electronic structure undergoes changes with coverage.
They do not, however, show whether the change in the sur- i 1
face electronic structure is brought about by possible rear- i %T 1
rangement of the electronic charge density due to intermo- 0339 i ]
lecular interactions or by the creation of surface defects. ol L % ]
Nonetheless, the data support the well-known fact that phy- I % ]
sisorption modifies the surface electronic structure. oss [ ® ]

0426 |

S-Parameter

0425 [

0424 |

o
-1
2
3
a
-5
£

I

0355 o T T T T T T T T T T T T T
Coverage=0.4

0347 [ ]

Mean Lifetime (ns)

B. Temperature-induced phase transformations e
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In order to study phase transformations, the positron life-  (b) Temperature (K)

time and Doppler broadening parameters were measured as a o
FIG. 3. (a) The S parameter(b) Mean lifetime vs temperature

function of temperature for bare grafoil and grafoil having !
0.4, 0.9, and 1.5 monolayers of ethane adsorbate. In agreg’—r a constant ethane coverage of 0.4 monolayer on grafoil. The

ment with previously reported result ,22 the positron life- inset shows the difference, in units of the_ statis?ical uncgrtainty in
time, and theS parameter vary linearly with temperature for the measurement, between the data obtained with and without cov-
bare grafoil. In the presence of the adsorbate, these pararﬁr-age'

eters behave very differently. Additionally, the differences

are specific for the adsorbate. Detailed results obtained fde-C axis with respect to the basal plane flips betweetD
three different coverages of 0.4, 0.9, and 1.5 monolayers ar@1d —10°. Therefore, we ascribe changes in the positron

presented below. mean lifetime and parameter near 50 and 65 K to rotational
disordering of molecules and a solid-to-fluid transformation,
1. Ethane coveragef=0.4 respectively.

The temperature dependencies of the positron mean life-
time (7) and theS parameter for ethane coverage of 0.4
monolayer are shown in Fig. 3. The positron lifetime spectra The temperature dependencies of the positron lifetime as
could be resolved into two short components only and avell as theS and Y parameters for ethane coverage of 0.9
mean lifetimer was calculated from these components. Duemonolayer are shown in Fig. 4. The major feature, which is
to relatively low intensity(<1%), theo-Ps component could present in all four parameters measured by techniques prob-
not be resolved with acceptable statistics. In the plot#for ing two different electronic characteristics, is a signature of
there are signatures of phase transitions at about 39, 50, asttuctural phase transition at 39 K. The temperature depen-
65 K. The temperature dependence of Siparameter also dence of theS parameter shows a sharp and pronounced dip
shows deviations from a linear temperature dependence olat about 39 K and a step around 50 K. Following this step,
served for bare grafoil. Steps are seen in the data around 3Be S parameter increases more or less monotonically with
and 45 K. Beyond 45 K th& parameter increases linearly increasing temperature. The major effect, in ¥hearameter,
with temperature. Both, the positron lifetime aBparameter is a pronounced dip around 39 K which reflects a significant
show signatures, albeit weak, of phase transitions in the adiecrease in Ps formation39 K. The positron lifetime spec-
sorbate. tra obtained at various temperatures for this coverage could

It is known from the phase diagram that at 0.4 monolayeibe decomposed into two components; a short component
coverage, the 2D ethane surface exhil8isphase. It is a having an average value0.37 ns and a long componery
registered & v3 commensurate 2D solid and transforms to athat remains more or less around 2 ns. The long-lived com-
lattice fluid, 1, at 65 K. Much below the melting transition, ponent represents pick-off annihilation of thePs atom. The
the S; phase of the system exhibits a transition at 53.5 K torelative contributions from positron annihilations in the bulk
another 2D solid structure in which the molecules are rotaand surface are lumped together in the shorter component.
tionally disordered® At this temperature, the methyl groups However, it is expected to reflect effects of the adsorbate.
are known to perform 120° jumps between indistinguishabléelhe intensity of the long componeht varied between 0.5—
orientations. In this kind of rotation the inclination of the 2%. The temperature dependencel pfalso shows a sharp

2. Ethane coveragef=0.9
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FIG. 4. (a) The S parameter(b) Y parameter(c) Mean lifetime.(d) |, vs temperature for a constant ethane coverage of 0.9 monolayer
on grafoil. The top inset ifa) shows the difference, in units of the statistical uncertainty in the measurement, between the data obtained with
and without coverage. The bottom inset shows data for bare grafoil.

decrease in Ps formation around 39 K. Both Yhearameter phase. Our results, however, indicate that #er0.9 cover-
andl,, that have been measured by two different techniquesage, the 2D solid is dominated by ti$g phase.

exhibit by dips around 39 K, a process by which the Ps

formation is suppressed around 39 K. In the following para- 3. Ethane coveragef=1.5

graphs, we propose and discuss possible mechanism for this

effect that has not been seen, to our knowledge, by any oth?.r The temperature dependencies of the mean positron life-
technique. ime, 7 and theS parameter for a coverage of 1.5 monolayer

P " _are shown in Fig. 5. Similar to the measurements for
The data presented in Fig. 4 f@r=0.9 indicate occur =0.4, the positron lifetime spectra could be resolved into

rence of phase transitions around 39, 50, and 60 K. It i%vo short components. Both sets of data show phase transi-
observed that near 0.9 monolayer at low temperatures, 2 lons around 39 and 80-90 K. It is known from the phase

ethane exists in either a pure$s phase or in a mixture of diagran? that for 6=1, the adsorbate is in thg, phase. In

the S, and S, solid phases? It is, therefore, expected that tgis phase the ethane molecules stand on methyl tripods with

the changes in the positron annihilation parameters should bI eir C-C axis perpendicular to the graphite plane and form
characteristic of these phases. The structure ofyhphase a v3xVv3 solid. The molecules, therefore, cannot execute

has not been resolved. However, LEED experimérgag- Mo rotation. Absence of a sianature of phase transition
gest that it is an incommensurate herring bone with a S'ZEroSnd 50' K .in the mean Iifetirlr?e aurfsl arafneter data ilsl
x7.39 A unit cell, rotated by 5.7° with respect to the lattice onsistent with this view. It has been rep orted that the melt-
vectors which describe the graphite basal plane. Similar t§ng of theS, phase is différent from thatc% or S, phasé®

- i a .
the S, phase, theC-C bonds are aligned nearly parallel to J]I melts between 82 and 87 K without transforming to an

the surface. Therefore, the jump rotational motion observe : . .2
in the S, phase, may also be possible in Bephase. Leav- intermediate phase. The data of Fig. 5 support this picture.

ing aside the effect at 39 Kwhich is discussed below in a
separate paragraphwe first comment on the steps seen
around 50 and 60 K. The step seen around 50 K is consistent One of the most important features of these data is the
with the setting-in of molecular jump rotational motion. It signature of a transition around 39 K, which is observed for
has also been reported that i8¢ phase transforms into an all three coverages. The measurements of several different
intermediate phasé, at ~57 K (Ref. 12 and on further positron annihilation parameters, obtained by two different
increase in temperaturg, transforms continuously int8;. techniques, verify the occurrence of this transition. An ex-
The features seen in our data around 60 K are consistent wittimination of the temperature dependence of any of the mea-
the transformation of thé, solid to an ordered 2D liquid sured quantities around 35-40 K shows features of an order-

4. Possible mechanism for the transition at 39 K
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0.429 ’ the effect seen in our data on ethane around 39 K is due to
| Covemge=l5 ] the setting in of a continuous rotation of this type. Near 39
0428 I” ] K, the ethane molecules in the adsorbate appears to be sus-
[ ] ceptible to rotation. A rotational transition could be excited
0427 [ ] in the molecule by either thermal ener@yT) or by energy
Jf gained by the molecule in&" -C,Hg collision. It is the latter
0425 [ } ] that we envision as the process that brings about the transi-
tion at 39 K. In agreement with the data presented here, this
0424 [ ] mechanism will have to account fdr) a decline in Ps for-
~ mation, (i) a shorter lifetime of the surface component, and
0423 : (iii) a modification in the electron momentum distribution so
(@ 0 20 40 60 80 100 as to account for changes seen in the Doppler broadening
Temperature (K) spectra. As far as iterfi) is concerned, an inelaste” - C,Hg
0355 . collision, which competes with Ps formation, will result in a
[ Coveraget s decline in Ps formation. According to the Ore motfel,
which is known to explain Ps formation in low-density
ethane ga® Ps is formed ire*-C,H, collisions while ener-
getic positrons undergo thermalization. The Ps is formed by
1 only those positrons whose energies fall in the rahge (I
} —6.8) eV. Herel is the ionization energy of the molecule
0.334 1" i and 6.8 eV is the binding energy of the Ps atom. In a colli-
{ 1 sion between ¢Hg and a positron with energy just above the

S-Parameter

0.344 - N

Mean Lifetime (ns)

lower limit of the Ore gap I(—6.8) eV, the positron either
forms Ps or excites rotational transition and is consequently
0 20 40 60 80 100 removed from the Ore gap. The latter results in a decrease in
®) Temperature (K) the Ps formation. The branching between these two compet-
ing processes will, of course, depend on the relative magni-
tudes of the cross sections for Ps formation and rotational
excitation at the specific value of the positron energy. The
disorder transition. To our knowledge, such a transition hasotational motion of the molecule can also conceivably
not been detected by any other technique. The availability omodify the “local” surface electronic structure so as to ac-
new data, especially on Ps, allows us to suggest a mechanistount for items(ii) and (iii). Recent theoretical work on the
for the transition at 39 K. In the following, we discuss this vibrational and rotational excitation of CO by low-energy
mechanism. positrons provides some interesting results in this
It is well known that two types of temperature-induced connectiort” In this work, the vibrational and rotational ex-
structural phase transformations can occur in the adsorbateitation processes have been studied for CO molecules in
() translational disorder angi) orientational disorder. It is collisions with positrons of energy just below the threshold
known from the phase diagram that at 39 K the adsorbatéor Ps formation. It is of particular interest that in such
exists either ir5, phase, or as a mixture & andS; phases, e"-CO collisions, where the positron energy is below the
or in theS; phase. Since, all these are solid phases, transldhreshold for Ps formation, the interaction between the low-
tional disorder is ruled out as being the cause for the transienergy positron and the molecular charge distribution in-
tion at 39 K. The onset of an orientational disorder at 39 Kduces sizable deformations in the total electron density. The
is, however, possible. Such an effect has been observed lbgw-energy positron usually alters the valence electron den-
NMR in the cases of ClHand GH, at 17 and 35 K, respec- sity and does not significantly affect electron density in the
tively, where these molecules execute isotropic rotation. inner core region due to the Coulomb repulsion from the
Since the transition around 39 K is seen at all coveragesore of the molecule. Such changes in the electron density
investigated in this work, the molecular motion, responsibledistributions are expected to alter both the total positron de-
for this effect, should be possible in all three solid phases. Ircay rate as well as the shape of the Doppler broadening spec-
this connection, it is important to realize that the ethane moltrum. The calculations on the"-CO system show that the
ecule can undergo several types of rotational motion. Amongotovibrational coupling increases for faster rotating target
these ard(i) jump rotation,(ii) isotropic twist rotation, and and the vibrational motion is dynamically more coupled to
(iii ) isotropic rotation about the center of mass. Out of thesethe impinging positron’s motion when the target molecule is
the jump rotation is ruled out as it is known to set in at 53.5also rotationally excited. Under such conditions, it is reason-
K and is also not possible in ti®; phase. Having ruled out able to expect significant changes in the “local” surface
the jump rotation, a transition between the gauche and trarslectron density and the momentum distribution of the elec-
stearic conformations of the ethane molecule should be cortrons. However, to our knowledge, no calculations have been
sidered. Such a transformation takes place by a 60° twigperformed to study the precise nature of the changes in the
rotation of one methyl group with respect to the other. Be-electron density and momentum distributions brought about
sides this type of a quantum jump, a continuous twist rotaby collisions between the ethane molecule and positrons of
tion is also possible. In fact, it is energetically favored overenergy just above the threshold for Ps formation. Additional
isotropic rotation about the center of mass. We suggest thamuch work is needed for a better understanding of whether

1 " " L 1 L L ' 1

0.324

FIG. 5. (a) The S parameter(b) mean lifetime vs temperature
for a constant ethane coverage of 1.5 monolayer on grafoil.



PRB 60 PHASE TRANSITIONS IN PHYSISORBED ETHAR. . . 2063

the proposed mechanism, involvieg - C,Hg collisions, can ~ firms the occurrence of a feature near 39 K. We propose that

explain the transition seen at 39 K. this feature is due to isotropic twist rotation of the ethane
molecule that is excited because of energy gained by the
IV. CONCLUSIONS molecule ine*-C,Hg collisions. Additional features of the

] ) _ data are consistent with reported phase transitions in the ad-
We have presented detailed results for the positron lifesorhate. Results of this study demonstrate the usefulness of

time and Doppler broadening parameters as functions of coysAS for investigating phase transitions in 2D adsorbates.
erage and temperature for ethane physisorbed on grafoil. The

coverage dependent measurements have been made up to 2.5
monolayers at 108 K. We observe significant changes in the
positron lifetime and Doppler broadening parameters near
coverages of 0.8 and 2 monolayers. We have also conducted This research has been supported, in part, by NSF Grant
positron lifetime and Doppler broadening experiments adNo. INT-9605178 and Exxon Education Foundation. One of
functions of temperature in the range 10—-100 K for constanthe authorqP.C.J) gratefully acknowledges assistance pro-

ethane coverages of 0.4, 0.9, and 1.5 monolayers. For alided by the University Grants Commission, Government of
three coverages, the temperature dependence of the data comdia.
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