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areas. The average fullerene coverage in these areas is 1.93%.
In these figures, the solid black trace again shows a pixel-by-
pixel coverage histogram. The blue points and error bars also
show fullerene coverage but are calculated by counting individual
fullerene features. The error bars show “exact” 68% confidence
levels assuming Poisson statistics.68 The histogram in Figure 7B
shows the distribution of fullerenes with respect to upward-
going terrace steps. Thevery small terraces that constitute vacancy
islandswere excluded from this calculation, as it seemed possible
that differentmechanisms for alkanethiolmonolayer growthmight
apply in these highly constrained areas. Figure 7B thus tabulates
distribution statistics for fullerenes onmoderate-to-large terraces
with respect to terrace steps and is directly comparable to Figure
7A.
Figure 7A indicates the distance of the fullerene from the

lower terraces and shows the preference of the C70 to be near
thedownward stepdefect edge.Alternatively, Figure 7B illustrates
the preference of C70 to be a slight distance away from upward
step defects. These trends are outside of the error bars from a
random distribution of C70 on the surface, for which both
histograms would be horizontal lines at the average coverage
(1.93%).Other statistically significant aspects of these histograms
include (1) density is enhanced adjacent to a downward-going
step defect, but coverage drops substantially by ∼100 Å and
does not return to the average value of 1.93% for any of the
distances for which we can acquire accurate statistics, up to 400
Å; (2) density is decreased adjacent to an upward-going step
defect but increases above 1.93% at 130-200 Å; and (3) with
respect to the downward-going step edge, there are small
oscillations at 125 Å and 270 Å, just outside of mutual 68%
confidence limits fromneighboring points. The available statistics
are not sufficient to perform an analysis of higher-order
correlations in the fullerene spatial distribution, though these
correlations are undoubtedly present because the locations of
vacancy-island defects are also correlated to step defects and to
one another.
4.2. Discussion. In summary, we have found that sequential

adsorption of C70 and octanethiol on Au(111) produces well-
ordered octanethiol monolayers with single C70 molecules or
small molecular clusters resident at domain boundaries and
disordered areas of the film. The addition of octanethiol to a
partial C70 monolayer substantially decreases both the apparent
fullerene coverage inmonolayer regions and the size ofmolecular

clusters on the surface. Finally, the sequential adsorption process
results in a distribution of C70 that is correlated to surface step
defects: fullerenes are located preferentially on the upper terrace
adjacent to a step defect and are rarely found on the lower terrace
near step defects. Enhancements and depletions continue to be
observed at further distances from step defects, and a random
(flat) spatial distribution is not achieved for hundredsof angstroms.
We incorporate theseobservations into amodel of the sequential

adsorption process, which is illustrated schematically in Figure
8; this is modified from a well-established simple model for
alkanethiol formation.23 Initially, the fullerenes are the only
component physisorbed onto the gold substrate (Figure 8A). As
the alkanethiolmonolayer begins to form (Figure 8B),molecules
nucleate along step defect edges preferentially on the lower Au-
(111) terrace. The alkanethiols are in a lattice-gas phase and
havevery lowsurface coverage.As the surface coverage increases,
the alkanethiol molecules begin to form stripe phases (Figure
8C). Fitts et al. have reported that alkanethiol stripe phases
(particularly the ! phase) are stabilized near step defects,69 and

(68) These are calculated using the poissfit procedure in Matlab. For large N
counts, confidence limits become symmetric 1σ error bars of magnitude"N; for
small N, the limits are asymmetric and tend to overestimate the amount of error. (69) Fitts, W. P.; White, J. M.; Poirier, G. E. Langmuir 2002, 18, 2096-2102.

Figure 7. Histograms of C70 coverage as a function of distance from surface step defects, evaluated on the (A) upper and (B) lower terraces.
Statistics are accumulated from multiple STM images of eight distinct areas covering 0.4 µm2. Black traces are calculated on a per-pixel
basis, while blue points count molecular features. Error bars show 68% confidence levels.

Figure 8. Cartoon showing a proposed mechanism for the C70
structural rearrangement during the formation of a sequentially
adsorbed fullerene/alkanethiol monolayer (based on Figure 4 of ref
23). Partial monolayers of C70 (panel A) has small, ordered fullerene
islands that show binding affinity near the bottom of surface step
defects. Initially, octanethiol molecules are mobile on the surface
at low coverage (panel B). Nucleation of alkanethiol striped
phases is enhanced on the lower terrace near surface step defects,
excluding fullerenes from these regions (panelC).No further fullerene
motion occurs during formation of higher density alkanethiol phases
(panel D).
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areas.Theaveragefullerenecoverageintheseareasis1.93%.
Inthesefigures,thesolidblacktraceagainshowsapixel-by-
pixelcoveragehistogram.Thebluepointsanderrorbarsalso
showfullerenecoveragebutarecalculatedbycountingindividual
fullerenefeatures.Theerrorbarsshow“exact”68%confidence
levelsassumingPoissonstatistics.68ThehistograminFigure7B
showsthedistributionoffullereneswithrespecttoupward-
goingterracesteps.Theverysmallterracesthatconstitutevacancy
islandswereexcludedfromthiscalculation,asitseemedpossible
thatdifferentmechanismsforalkanethiolmonolayergrowthmight
applyinthesehighlyconstrainedareas.Figure7Bthustabulates
distributionstatisticsforfullerenesonmoderate-to-largeterraces
withrespecttoterracestepsandisdirectlycomparabletoFigure
7A.

Figure7Aindicatesthedistanceofthefullerenefromthe
lowerterracesandshowsthepreferenceoftheC70tobenear
thedownwardstepdefectedge.Alternatively,Figure7Billustrates
thepreferenceofC70tobeaslightdistanceawayfromupward
stepdefects.Thesetrendsareoutsideoftheerrorbarsfroma
randomdistributionofC70onthesurface,forwhichboth
histogramswouldbehorizontallinesattheaveragecoverage
(1.93%).Otherstatisticallysignificantaspectsofthesehistograms
include(1)densityisenhancedadjacenttoadownward-going
stepdefect,butcoveragedropssubstantiallyby∼100Åand
doesnotreturntotheaveragevalueof1.93%foranyofthe
distancesforwhichwecanacquireaccuratestatistics,upto400
Å;(2)densityisdecreasedadjacenttoanupward-goingstep
defectbutincreasesabove1.93%at130-200Å;and(3)with
respecttothedownward-goingstepedge,therearesmall
oscillationsat125Åand270Å,justoutsideofmutual68%
confidencelimitsfromneighboringpoints.Theavailablestatistics
arenotsufficienttoperformananalysisofhigher-order
correlationsinthefullerenespatialdistribution,thoughthese
correlationsareundoubtedlypresentbecausethelocationsof
vacancy-islanddefectsarealsocorrelatedtostepdefectsandto
oneanother.

4.2.Discussion.Insummary,wehavefoundthatsequential
adsorptionofC70andoctanethiolonAu(111)produceswell-
orderedoctanethiolmonolayerswithsingleC70moleculesor
smallmolecularclustersresidentatdomainboundariesand
disorderedareasofthefilm.Theadditionofoctanethioltoa
partialC70monolayersubstantiallydecreasesboththeapparent
fullerenecoverageinmonolayerregionsandthesizeofmolecular

clustersonthesurface.Finally,thesequentialadsorptionprocess
resultsinadistributionofC70thatiscorrelatedtosurfacestep
defects:fullerenesarelocatedpreferentiallyontheupperterrace
adjacenttoastepdefectandarerarelyfoundonthelowerterrace
nearstepdefects.Enhancementsanddepletionscontinuetobe
observedatfurtherdistancesfromstepdefects,andarandom
(flat)spatialdistributionisnotachievedforhundredsofangstroms.

Weincorporatetheseobservationsintoamodelofthesequential
adsorptionprocess,whichisillustratedschematicallyinFigure
8;thisismodifiedfromawell-establishedsimplemodelfor
alkanethiolformation.23Initially,thefullerenesaretheonly
componentphysisorbedontothegoldsubstrate(Figure8A).As
thealkanethiolmonolayerbeginstoform(Figure8B),molecules
nucleatealongstepdefectedgespreferentiallyonthelowerAu-
(111)terrace.Thealkanethiolsareinalattice-gasphaseand
haveverylowsurfacecoverage.Asthesurfacecoverageincreases,
thealkanethiolmoleculesbegintoformstripephases(Figure
8C).Fittsetal.havereportedthatalkanethiolstripephases
(particularlythe!phase)arestabilizednearstepdefects,69and

(68)ThesearecalculatedusingthepoissfitprocedureinMatlab.ForlargeN
counts,confidencelimitsbecomesymmetric1σerrorbarsofmagnitude"N;for
smallN,thelimitsareasymmetricandtendtooverestimatetheamountoferror.(69)Fitts,W.P.;White,J.M.;Poirier,G.E.Langmuir2002,18,2096-2102.

Figure7.HistogramsofC70coverageasafunctionofdistancefromsurfacestepdefects,evaluatedonthe(A)upperand(B)lowerterraces.
StatisticsareaccumulatedfrommultipleSTMimagesofeightdistinctareascovering0.4µm2.Blacktracesarecalculatedonaper-pixel
basis,whilebluepointscountmolecularfeatures.Errorbarsshow68%confidencelevels.

Figure8.CartoonshowingaproposedmechanismfortheC70
structuralrearrangementduringtheformationofasequentially
adsorbedfullerene/alkanethiolmonolayer(basedonFigure4ofref
23).PartialmonolayersofC70(panelA)hassmall,orderedfullerene
islandsthatshowbindingaffinitynearthebottomofsurfacestep
defects.Initially,octanethiolmoleculesaremobileonthesurface
atlowcoverage(panelB).Nucleationofalkanethiolstriped
phasesisenhancedonthelowerterracenearsurfacestepdefects,
excludingfullerenesfromtheseregions(panelC).Nofurtherfullerene
motionoccursduringformationofhigherdensityalkanethiolphases
(panelD).
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. T
he
er
ro
r b
ar
s s
ho
w
“e
xa
ct
”
68
%
co
nf
id
en
ce

le
ve
ls
as
su
m
in
g
Po
is
so
n
st
at
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tic
s.
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Th
e h
is
to
gr
am
in
Fi
gu
re
7B

sh
ow
s
th
e
di
st
rib
ut
io
n
of
fu
lle
re
ne
s
w
ith
re
sp
ec
t
to
up
w
ar
d-

go
in
g
te
rr
ac
e s
te
ps
. T
he
ve
ry
sm
al
l t
er
ra
ce
s t
ha
t c
on
st
itu
te
va
ca
nc
y
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nd
sw
er
e e
xc
lu
de
d
fr
om
th
is
ca
lc
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at
io
n,
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it
se
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ed
po
ss
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le

th
at
di
ffe
re
nt
m
ec
ha
ni
sm
s f
or
al
ka
ne
th
io
lm
on
ol
ay
er
gr
ow
th
m
ig
ht

ap
pl
y
in
th
es
e h
ig
hl
y
co
ns
tra
in
ed
ar
ea
s.
Fi
gu
re
7B
th
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la
te
s

di
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rib
ut
io
n
st
at
is
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s f
or
fu
lle
re
ne
s o
n
m
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er
at
e-
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-la
rg
e t
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ra
ce
s

w
ith
re
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ec
t t
o
te
rr
ac
e s
te
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an
d
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di
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ct
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m
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ra
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o
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re
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.
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s
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e
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th
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fr
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th
e
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w
er
te
rr
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an
d
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ow
s
th
e
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er
en
ce
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e
C 7
0
to
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ne
ar

th
ed
ow
nw
ar
d s
te
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ef
ec
t e
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e.
A
lte
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at
iv
el
y,
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gu
re
7B
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s

th
e
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to
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ht
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st
an
ce
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ar
d

st
ep
de
fe
ct
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e
tre
nd
s
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e
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e
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r
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fr
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ra
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n
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C 7
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th
e
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r
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th

hi
st
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ra
m
s
w
ou
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ta
l l
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es
at
th
e
av
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e
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ve
ra
ge

(1
.9
3%
).
O
th
er
st
at
is
tic
al
ly
si
gn
ifi
ca
nt
as
pe
ct
s o
f t
he
se
hi
st
og
ra
m
s
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cl
ud
e
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) d
en
si
ty
is
en
ha
nc
ed
ad
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ce
nt
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do
w
nw
ar
d-
go
in
g

st
ep
de
fe
ct
, b
ut
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ve
ra
ge
dr
op
s
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nt
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lly
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00
Å
an
d

do
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no
t
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tu
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to
th
e
av
er
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e
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lu
e
of
1.
93
%
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r
an
y
of
th
e

di
st
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ce
s f
or
w
hi
ch
w
e
ca
n
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ire
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ra
te
st
at
is
tic
s,
up
to
40
0

Å
;
(2
)
de
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is
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cr
ea
se
d
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ce
nt
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an
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w
ar
d-
go
in
g
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ep

de
fe
ct
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t i
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re
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e
1.
93
%
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20
0
Å
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nd
(3
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re
sp
ec
t
to
th
e
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w
nw
ar
d-
go
in
g
st
ep
ed
ge
,
th
er
e
ar
e
sm
al
l

os
ci
lla
tio
ns
at
12
5
Å
an
d
27
0
Å
, j
us
t
ou
ts
id
e
of
m
ut
ua
l
68
%

co
nf
id
en
ce
lim
its
fr
om
ne
ig
hb
or
in
g
po
in
ts
. T
he
av
ai
la
bl
e s
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tis
tic
s

ar
e
no
t
su
ff
ic
ie
nt
to
pe
rf
or
m
an
an
al
ys
is
of
hi
gh
er
-o
rd
er

co
rr
el
at
io
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in
th
e
fu
lle
re
ne
sp
at
ia
l
di
st
rib
ut
io
n,
th
ou
gh
th
es
e

co
rr
el
at
io
ns
ar
e
un
do
ub
te
dl
y
pr
es
en
t
be
ca
us
e
th
e
lo
ca
tio
ns
of

va
ca
nc
y-
is
la
nd
de
fe
ct
s a
re
al
so
co
rr
el
at
ed
to
st
ep
de
fe
ct
s a
nd
to

on
e
an
ot
he
r.
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D
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In
su
m
m
ar
y,
w
e
ha
ve
fo
un
d
th
at
se
qu
en
tia
l

ad
so
rp
tio
n
of
C 7
0
an
d
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ta
ne
th
io
l o
n
A
u(
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1)
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od
uc
es
w
el
l-

or
de
re
d
oc
ta
ne
th
io
l
m
on
ol
ay
er
s
w
ith
si
ng
le
C 7
0
m
ol
ec
ul
es
or

sm
al
l
m
ol
ec
ul
ar
cl
us
te
rs
re
si
de
nt
at
do
m
ai
n
bo
un
da
rie
s
an
d

di
so
rd
er
ed
ar
ea
s
of
th
e
fil
m
. T
he
ad
di
tio
n
of
oc
ta
ne
th
io
l
to
a

pa
rti
al
C 7
0
m
on
ol
ay
er
su
bs
ta
nt
ia
lly
de
cr
ea
se
s b
ot
h
th
e
ap
pa
re
nt

fu
lle
re
ne
co
ve
ra
ge
in
m
on
ol
ay
er
re
gi
on
s a
nd
th
e s
iz
e o
fm
ol
ec
ul
ar

cl
us
te
rs
on
th
e s
ur
fa
ce
. F
in
al
ly
, t
he
se
qu
en
tia
l a
ds
or
pt
io
n
pr
oc
es
s

re
su
lts
in
a
di
st
rib
ut
io
n
of
C 7
0
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rr
el
at
ed
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su
rf
ac
e
st
ep

de
fe
ct
s:
fu
lle
re
ne
s a
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ca
te
d
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en
tia
lly
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pp
er
te
rr
ac
e
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ce
nt
to
a s
te
p
de
fe
ct
an
d
ar
e r
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el
y
fo
un
d
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th
e l
ow
er
te
rr
ac
e

ne
ar
st
ep
de
fe
ct
s.
En
ha
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em
en
ts
an
d
de
pl
et
io
ns
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nt
in
ue
to
be

ob
se
rv
ed
at
fu
rth
er
di
st
an
ce
s
fr
om
st
ep
de
fe
ct
s,
an
d
a
ra
nd
om

(fl
at
) s
pa
tia
l d
ist
rib
ut
io
n i
s n
ot
ac
hi
ev
ed
fo
r h
un
dr
ed
so
f a
ng
str
om
s.

W
e i
nc
or
po
ra
te
th
es
eo
bs
er
va
tio
ns
in
to
am
od
el
of
th
e s
eq
ue
nt
ia
l

ad
so
rp
tio
n
pr
oc
es
s,
w
hi
ch
is
ill
us
tra
te
d
sc
he
m
at
ic
al
ly
in
Fi
gu
re

8;
th
is
is
m
od
ifi
ed
fr
om

a
w
el
l-e
st
ab
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he
d
si
m
pl
e
m
od
el
fo
r

al
ka
ne
th
io
l
fo
rm
at
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In
iti
al
ly
,
th
e
fu
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re
ne
s
ar
e
th
e
on
ly

co
m
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ne
nt
ph
ys
is
or
be
d
on
to
th
e
go
ld
su
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tra
te
(F
ig
ur
e
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).
A
s

th
e a
lk
an
et
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ol
m
on
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ay
er
be
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ns
to
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rm
(F
ig
ur
e 8
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m
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ul
es
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ea
te
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g
st
ep
de
fe
ct
ed
ge
s p
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nt
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th
e
lo
w
er
A
u-
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)
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rr
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e.
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e
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ne
th
io
ls
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e
in
a
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e
an
d
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ry
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w
su
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ce
co
ve
ra
ge
.A
s t
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su
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ce
co
ve
ra
ge
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ea
se
s,

th
e
al
ka
ne
th
io
l m
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be
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n
to
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rm
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rip
e
ph
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es
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ig
ur
e
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).
Fi
tts
et
al
.
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ve
re
po
rte
d
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at
al
ka
ne
th
io
l
st
rip
e
ph
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es

(p
ar
tic
ul
ar
ly
th
e

!
ph
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e)
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e
st
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ili
ze
d
ne
ar
st
ep
de
fe
ct
s,
69
an
d
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8)
Th
es
e
ar
e
ca
lc
ul
at
ed
us
in
g
th
e
po
is
sf
it
pr
oc
ed
ur
e
in
M
at
la
b.
Fo
r l
ar
ge
N

co
un
ts
, c
on
fid
en
ce
lim
its
be
co
m
e
sy
m
m
et
ric
1σ
er
ro
r b
ar
s o
f m
ag
ni
tu
de

"
N
; f
or

sm
al
l N
, t
he
lim
its
ar
e
as
ym
m
et
ric
an
d
te
nd
to
ov
er
es
tim
at
e
th
e
am
ou
nt
of
er
ro
r.

(6
9)
Fi
tts
, W
. P
.;
W
hi
te
, J
. M
.;
Po
iri
er
, G
. E
. L
an
gm
ui
r
20
02
, 1
8,
20
96
-
21
02
.

F
ig
u
re
7.
H
is
to
gr
am
s o
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70
co
ve
ra
ge
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a
fu
nc
tio
n
of
di
st
an
ce
fr
om
su
rf
ac
e
st
ep
de
fe
ct
s,
ev
al
ua
te
d
on
th
e
(A
) u
pp
er
an
d
(B
) l
ow
er
te
rr
ac
es
.

St
at
is
tic
s
ar
e
ac
cu
m
ul
at
ed
fr
om
m
ul
tip
le
ST
M
im
ag
es
of
ei
gh
t d
is
tin
ct
ar
ea
s
co
ve
rin
g
0.
4

µm
2 .
B
la
ck
tra
ce
s
ar
e
ca
lc
ul
at
ed
on
a
pe
r-
pi
xe
l

ba
si
s,
w
hi
le
bl
ue
po
in
ts
co
un
t m
ol
ec
ul
ar
fe
at
ur
es
. E
rr
or
ba
rs
sh
ow
68
%
co
nf
id
en
ce
le
ve
ls
.

F
ig
u
re
8.
C
ar
to
on
sh
ow
in
g
a
pr
op
os
ed
m
ec
ha
ni
sm
fo
r
th
e
C 7
0

st
ru
ct
ur
al
re
ar
ra
ng
em
en
t
du
rin
g
th
e
fo
rm
at
io
n
of
a
se
qu
en
tia
lly

ad
so
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ed
fu
lle
re
ne
/a
lk
an
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hi
ol
m
on
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ay
er
(b
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ed
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Fi
gu
re
4
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f
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Pa
rti
al
m
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er
s o
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an
el
A
) h
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sm
al
l,
or
de
re
d
fu
lle
re
ne

is
la
nd
s
th
at
sh
ow
bi
nd
in
g
af
fin
ity
ne
ar
th
e
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tto
m
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su
rf
ac
e
st
ep

de
fe
ct
s.
In
iti
al
ly
, o
ct
an
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hi
ol
m
ol
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es
ar
e
m
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th
e
su
rf
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e
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lo
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co
ve
ra
ge
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el
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N
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le
at
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n
of
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ne
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io
l
st
rip
ed
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es
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en
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th
e
lo
w
er
te
rr
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e
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su
rf
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e
st
ep
de
fe
ct
s,

ex
cl
ud
in
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ul
le
re
ne
s f
ro
m
th
es
e r
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an
el
C
).
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o f
ur
th
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fu
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ne

m
ot
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n
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rs
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rin
g
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rm
at
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n
of
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gh
er
de
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ne
th
io
l p
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se
s
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an
el
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D
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s.
Th
e
av
er
ag
e
fu
lle
re
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ve
ra
ge
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lid
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l-b
y-

pi
xe
l c
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ra
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he
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r b
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”
68
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m
in
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n
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at
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of
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ne
s
w
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t
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up
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ar
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g
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s t
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t c
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nd
sw
er
e e
xc
lu
de
d
fr
om
th
is
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at
io
n,
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ed
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th
at
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nt
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s f
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al
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ne
th
io
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ay
er
gr
ow
th
m
ig
ht
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th
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e h
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y
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s.
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at
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s f
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ra
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d
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ra
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e
C 7
0
to
be
ne
ar

th
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ow
nw
ar
d s
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ef
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A
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s

th
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of
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to
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w
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s.
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e
tre
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e
ou
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e
of
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e
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fr
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ra
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om
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io
n
of
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e
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r
w
hi
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th
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og
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m
s
w
ou
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be
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l l
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at
th
e
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er
ag
e
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ve
ra
ge
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).
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th
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st
at
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al
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gn
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nt
as
pe
ct
s o
f t
he
se
hi
st
og
ra
m
s

in
cl
ud
e
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) d
en
si
ty
is
en
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nc
ed
ad
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nt
to
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w
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ar
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go
in
g
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ep
de
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, b
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ra
ge
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d
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to
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e
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e
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e
of
1.
93
%
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s f
or
w
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ch
w
e
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n
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ra
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st
at
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tic
s,
up
to
40
0

Å
;
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)
de
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is
de
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d
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ce
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an
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w
ar
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go
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g
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ep

de
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t i
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re
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e
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93
%
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0
Å
; a
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(3
) w
ith

re
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ec
t
to
th
e
do
w
nw
ar
d-
go
in
g
st
ep
ed
ge
,
th
er
e
ar
e
sm
al
l

os
ci
lla
tio
ns
at
12
5
Å
an
d
27
0
Å
, j
us
t
ou
ts
id
e
of
m
ut
ua
l
68
%

co
nf
id
en
ce
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fr
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or
in
g
po
in
ts
. T
he
av
ai
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bl
e s
ta
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tic
s

ar
e
no
t
su
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ie
nt
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or
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is
of
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at
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l
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e
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va
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is
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de
fe
ct
s a
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al
so
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at
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to
st
ep
de
fe
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to
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e
an
ot
he
r.
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In
su
m
m
ar
y,
w
e
ha
ve
fo
un
d
th
at
se
qu
en
tia
l

ad
so
rp
tio
n
of
C 7
0
an
d
oc
ta
ne
th
io
l o
n
A
u(
11
1)
pr
od
uc
es
w
el
l-

or
de
re
d
oc
ta
ne
th
io
l
m
on
ol
ay
er
s
w
ith
si
ng
le
C 7
0
m
ol
ec
ul
es
or

sm
al
l
m
ol
ec
ul
ar
cl
us
te
rs
re
si
de
nt
at
do
m
ai
n
bo
un
da
rie
s
an
d

di
so
rd
er
ed
ar
ea
s
of
th
e
fil
m
. T
he
ad
di
tio
n
of
oc
ta
ne
th
io
l
to
a

pa
rti
al
C 7
0
m
on
ol
ay
er
su
bs
ta
nt
ia
lly
de
cr
ea
se
s b
ot
h
th
e
ap
pa
re
nt

fu
lle
re
ne
co
ve
ra
ge
in
m
on
ol
ay
er
re
gi
on
s a
nd
th
e s
iz
e o
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ol
ec
ul
ar

cl
us
te
rs
on
th
e s
ur
fa
ce
. F
in
al
ly
, t
he
se
qu
en
tia
l a
ds
or
pt
io
n
pr
oc
es
s

re
su
lts
in
a
di
st
rib
ut
io
n
of
C 7
0
th
at
is
co
rr
el
at
ed
to
su
rf
ac
e
st
ep

de
fe
ct
s:
fu
lle
re
ne
s a
re
lo
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te
d
pr
ef
er
en
tia
lly
on
th
e u
pp
er
te
rr
ac
e

ad
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ce
nt
to
a s
te
p
de
fe
ct
an
d
ar
e r
ar
el
y
fo
un
d
on
th
e l
ow
er
te
rr
ac
e

ne
ar
st
ep
de
fe
ct
s.
En
ha
nc
em
en
ts
an
d
de
pl
et
io
ns
co
nt
in
ue
to
be

ob
se
rv
ed
at
fu
rth
er
di
st
an
ce
s
fr
om
st
ep
de
fe
ct
s,
an
d
a
ra
nd
om

(fl
at
) s
pa
tia
l d
ist
rib
ut
io
n i
s n
ot
ac
hi
ev
ed
fo
r h
un
dr
ed
so
f a
ng
str
om
s.

W
e i
nc
or
po
ra
te
th
es
eo
bs
er
va
tio
ns
in
to
am
od
el
of
th
e s
eq
ue
nt
ia
l

ad
so
rp
tio
n
pr
oc
es
s,
w
hi
ch
is
ill
us
tra
te
d
sc
he
m
at
ic
al
ly
in
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gu
re

8;
th
is
is
m
od
ifi
ed
fr
om

a
w
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l-e
st
ab
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d
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m
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e
m
od
el
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r
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ka
ne
th
io
l
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rm
at
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In
iti
al
ly
,
th
e
fu
lle
re
ne
s
ar
e
th
e
on
ly

co
m
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be
d
on
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th
e
go
ld
su
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te
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ig
ur
e
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).
A
s
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ep
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s p
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e.
Th
e
al
ka
ne
th
io
ls
ar
e
in
a
la
tti
ce
-g
as
ph
as
e
an
d

ha
ve
ve
ry
lo
w
su
rfa
ce
co
ve
ra
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l m
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at
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(p
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st
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ep
de
fe
ct
s,
69
an
d

(6
8)
Th
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e
ar
e
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at
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e
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ur
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M
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, c
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r b
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; f
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at
e
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, W
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Po
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er
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r
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, 1
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.
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s o
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ra
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ep
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rr
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t d
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at
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t m
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ve
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.
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re
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ra
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at
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d
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ra
ge
(p
an
el
B
).
N
uc
le
at
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e r
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o f
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at
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l p
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l c
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ra
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r b
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at
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t c
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at
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s f
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at
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s f
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ra
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ra
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e
di
st
an
ce
of
th
e
fu
lle
re
ne
fr
om

th
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d s
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ra
nd
om

di
st
rib
ut
io
n
of
C 7
0
on
th
e
su
rf
ac
e,
fo
r
w
hi
ch
bo
th

hi
st
og
ra
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l l
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ra
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at
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ca
nt
as
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) d
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ty
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ra
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e
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s f
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w
hi
ch
w
e
ca
n
ac
qu
ire
ac
cu
ra
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at
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g
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e
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e
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e s
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at
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at
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is
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at
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.
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m
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e
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at
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l
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rp
tio
n
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an
d
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l o
n
A
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w
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d
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ne
th
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l
m
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le
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m
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or

sm
al
l
m
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us
te
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at
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n
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s
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e
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di
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n
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l
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0
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ol
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s b
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h
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ra
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m
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ol
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gi
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s a
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n
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lts
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a
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n
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0
th
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at
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tia
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e
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p
de
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an
d
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e r
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el
y
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d
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e l
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ep
de
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d
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l d
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ra
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at
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l-e
st
ab
lis
he
d
si
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at
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d
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e
8A
).
A
s

th
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s p
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a
la
tti
ce
-g
as
ph
as
e
an
d

ha
ve
ve
ry
lo
w
su
rfa
ce
co
ve
ra
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l m
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at
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(p
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e
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, c
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be
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er
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r b
ar
s o
f m
ag
ni
tu
de
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; f
or

sm
al
l N
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at
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r
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.
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s o
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ra
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de
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d
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) l
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te
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at
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t m
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.
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re
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ra
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at
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d
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ra
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at
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