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Low-energy electron-diffraction (LEED) data for the commensurate-incommensurate transi-
tion in solid krypton monolayers on graphite are reanalyzed and compared to recent x-ray dif-
fraction data. For the temperature range 52 to 89 K, the mean misfit versus chemical potential

. 1
change for both sets of data can be expressed as a power law with an exponent of about 3 The

critical pressure at which the transition occurs is consistent with P,(T) = (4.5 x 10*° Torr)
exp(—1990K /T) for 52 < T < 123 K. Analysis of the LEED photographs at 52 K indicates that
the krypton monolayer starts to rotate in an apparently second-order transition when the mean

misfit exceeds two percent.

The hexagonal incommensurate krypton monolayer
on graphite"? can be characterized by the mean mis-
fit m, which is defined in terms of the deviation of
the mean nearest-neighbor spacing 4 from the com-
mensurate (+/3 x v/3)30° spacing dy=4.26 A by

If no vacancies, interstitials, or second-layer atoms
are present, the mean density » for the experimental
range of misfits m < 5% is given by

n=ne(l+2m) , )

where ny is the density of the commensurate mono-
layer. Volumetric isotherm measurements of the to-
tal adsorbed amount as a function of the Kr vapor
pressure provided the first evidence for the
commensurate-incommensurate transition.> Howev-
er, the most accurate measurements of misfit are ob-
tained from diffraction measurements'? which do not
require the corrections for second-layer adsorption
and substrate heterogeneity** needed for isotherm
measurements.

In Ref. 1 we compared our low-energy electron dif-
fraction to the one-dimensional 7 =0 Frank-van der
Merwe theory.!® A more detailed analysis of this
data and the x-ray data? shows that the data are not
consistent with this theory at misfits < 2%. Both sets
of data are consistent with a power-law function of
chemical potential change as proposed by Stephens
et al.?

m=a(TInP—-TInP)? , 3)

where T is the substrate temperature, P is the Kr va-
por pressure, and P, is a parameter chosen for best
fit at each temperature. We present in Fig. 1 the
LEED"® and x-ray>’ data in a log-log plot of misfit
versus chemical potential change. The straight line
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FIG. 1. Comparison of LEED and x-ray data for Kr on
graphite with a power law in the mean misfit vs chemical po-
tential change:

m=(dy—d)/dy=a(TInP—TInP)F ,

where d is the mean nearest-neighbor spacing, dy=4.26 A is
the d value for the (/3 x+/3)30° structure, Tis the sub-
strate temperature, P is the Kr vapor pressure, P, is a fitting
parameter that depends on 7, @ =0.8%, and 8=0.33. The
x-ray data [(a) and (b)] are from Ref. 2 and the LEED data
[(c), (d), and (e)] are from Ref. 1 with a temperature
correction applied (Ref. 6).
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shown is our fit of the 89-K data to Eq. (3) with

a =0.8% and 8=0.33. (Stephens er al. found
B=0.32 +0.02 for the 89-K data.?) From the quality
of the fit in Fig. 1 we conclude that the diffraction
data’ are described by the same power law for

52< T <89 Kand 0.5% < m <5.0%.% No theory
has yet been proposed that explains the power-law
behavior of Eq. (3) with exponent 8 = % (Several
calculations predict an exponent B=% for uniaxial
domain walls,>~!> which are not observed experi-
mentally.!?)

The rounding of the transition at m < 0.5% shown
in Refs. 2 and 9 is not described by the power law
and may be due to finite-size effects. The x-ray mea-
surements indicate that uniform regions of the com-
mensurate phase for the "ZYX " substrate are about
600 A in diameter.? In using domain walls to
describe the incommensurate structure close to the
transition, 16 this 600- A length would contain only
a few domain walls at 1% misfit and thus finite-size
effects can be very important close to the transition.
The single-crystal substrate used for the LEED mea-
surements might have had larger uniform regions,
but the apparatus resolution did not permit measure-
ments for m < 0.5%.

In Fig. 2 we show the pressure P.(T) at which the
commensurate-incommensurate transition begins as
obtained from volumetric isotherm measurements,*®
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FIG. 2. Comparison of pressures P, from different mea-
surements with equation P, = Pgexp( —q/T), with
Py=4.5x 10" Torr and ¢ =1990 K. Upright and inverted
triangles are from volumetric isotherms (Refs. 3 and 9),
squares from x-ray diffraction (Ref. 2), circles from LEED
(Ref. 6), pluses from transmission high-energy electron dif-
fraction (Ref. 17), and diamonds from heat-capacity peak
correlation with vapor pressure (Ref. 18).

LEED,$ x-ray? and transmission high-energy electron
diffraction,'” and heat-capacity measurements.!® The
solid line shown is a least-squares fit of the data from
volumetric isotherm data (72 < T <96 K)**

P.(T)=Pyexp(—q/T) . 4)

with Po=(4.5+0.8) x 10*° Torr and ¢ =1990 +13 K.
This value of g is consistent with that deduced by
Thomy er al. (¢ =1980 K).> The deviation of the x-
ray? values from this line could be due to undetected
systematic errors. As mentioned in Ref. 4, there is
no a priori reason why ¢ should be temperature in-
dependent; the high-energy electron diffraction!’ and
LEED® measurements are not sufficiently accurate to
decide if Eq. (4) is precise near 55 K.

Structural modulations cause orientational ordering
of incommensurate monolayers.!>2° In Fig. 3 we
present new measurements of the orientation angle
of incommensurate Kr monolayers at 52 K. The
LEED photographs of the original study'-?! have
been analyzed by comparison to spot profiles that
were calculated by assuming two orientational
domains?® with overlapping Gaussian profiles. [A
schematic drawing of the observed spots is shown in
Fig. 2(e) of Ref. 1.] The results given in Fig. 3 indi-
cate that rotation starts at about 2% mean misfit, and
that rotation occurs in an apparently second-order
transition. These two conclusions are in good agree-
ment with Shiba’s most recent calculation.!> The
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FIG. 3. Relative orientation angle between Kr mono-
layers at 52 K and the (/3 x v/3)30° commensurate struc-
ture vs mean misfit m = (dy—d)/d,, where d is the
nearest-neighbor distance and dy=4.26 A. The elongated
Kr spots [Fig. 2(e) of Ref. 1] have been analyzed assuming
two orientational domains with overlapping Gaussian spot
profiles.



4172 S. C. FAIN, JR,, M. D. CHINN, AND R. D. DIEHL 21

maximum rotation of about 0.5° at 5% mean misfit is
smaller by a factor of 2 or more than calculated by
Shiba'? or McTague and Novaco.?? This difference at
large misfits may be due to edge effects or to
second-layer adsorption, effects invoked in explaining
the deviation of argon rotation data from calculations

at large misfit.2°
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