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CHAPTER 5

CONCLUSIONS

The primary objectives of this thesis research were to address the following
three questions: (i) Will Kr adlayers form on g-C; (ii) What will their structures be; and
(iii) How will the structures of the adlayers of Kr on g-C differ from structure of
corresponding adlayers on graphite? We conclude this- thesis by considering the
answers. for these three questions.

Let us consider the first question. The average minimum and maximum binding
energies of Kr on g-C were determined to be 93% and 78% of those on graphite,
respectively. In addition, a significant density of sites with much larger binding
energies was identified on g-C. So, Kr adlayers will definitely form on g-C.

- As we looked into the predicted structure of Kr adlayers on g-C in Section B of
chapter 4, we found that the wrinkling of the g-C surface governs the structure of a Kr
adlayer on g-C when the number of Kr atoms in the Kr adlayer is small. In this limiting
case, Kr atoms will preferentially physisorb on the large binding energy sites of the
dented parts of g-C only. As the number of Kr atoms in the Kr adlayer is increased, Kr
atoms physisorbed on the dented parts of g-C will shift because the effect of the Kr-Kr
interactions increases as the density of Kr adatoms increases. If the criteria, discussed
in Section B of chapter 4, are satisfied, then Kr at higher coverage adlayers will develop
into a 2D triangular lattice structure.

Finally, let us consider the last question. On g-C substrate, the topology of g-C
(e.g., its wrinkling) is a more important factor iﬁ determining the structure of the Kr
adlayer than the position of C-.atoms within a ring. On the basal plane of graphite,
corrugation is determined by the relative position of the C-atoms of a ring to the central
Kr atom. On a g-C substrate, wrinkling dominates the relative position difference of C-

atoms. Therefore, we can say that there is no direct relation between Kr adlayers on the
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basal plane of graphite and those on a g-C substrate because the wrinkling of substrates

is a property specific to g-C. In addition, the corrugation of g-C is much larger than that
of the basal plane of graphite. '

In conclusion, the study of the physisorption of inert gas adsorbates on g-C is
not simply an extension of the physisorption of the inert gases on the basal plane of
graphite, but can be expected (based on this research) to exhibit novel and intriguing

properties driven by the structural properties of the amorphous carbon substrate.
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The correlation between two variables p and q is defined by Ref.[66]

3(p; -7)(%i-3)

1

correlation(p,q) = 5 >
{367 3(0,-3)

i

In this correlation function, we can get the linearity between p and q. If their relation is

perfectly linear, then the absolute value of their correlation will be one. If they do not have
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any relation, then their correlation will be zero.
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APPENDIX 1: CALCULATION OF INTERACTION ENERGY BETWEEN Kr
AND GRAPHITE ALONG THE SYMMETRIC LINE OF A
HEXAGON
ORIGIN=1 A=10"10m
Lattice constants of a unit cell of graphite: 2,:=2463A c,:=6714A
: a
Intraplanar sp? bond length: a= To A a=1422 A
3
a -co (E) 0
Basis vectors of ' a0 083 a3:=] 0
representing the positions al ={ ¢ a2:= . (= ~
graphite unit cells: 0 2osm (3‘) “©o
0
2.463 1.232 0
al={¢ A a2={2133 A a3 = A
. 0 0 -6.714
Coordinates of the 0 ) 1 2 2 1
C-atoms in a unit cell el =]0 €2 := §-a1 + §-a2 e3:= 5-23 e4 = -3—-a1 + §-a2 + i-a’a‘
of graphite: 0
0 1.232 4] 2.463
el={0] A e=|0711]A e=|0 A ed={1422}A
0 0o | -3.357 -3.357

Indices indicating range of
graphite unit cells which

= - . = -2 . = -
participate in the interaction r=-20..20 s 0..20 t=0.4
energy calculation:
Indices indicating positions p=1.13 q=1..6

of the central Kr atom:

Basis vectors representing

the position of Kr atoms: bl =

o Oip ©



0
bl=}{0237] A b2
0

]
o o o
)

\!A b0
/

I
w o

1

Coefficients in Lennard-Jones

- 67.6-10° 12 -
6-12 potential: A = 67.6-10" Yerg ro=392A

Interaction energy between the central Kr atom and C-atom's equivalent to el:
o= (-A)- ZZZ (|(p 1)bl+qb2+b0 (ral +522 +ta3 +e1)]) ... }
r s t
+--— -(|(p - 1)-bl + q-b2 + b0 - (r-al +s-a2 + t-a3 +el)|) 12" 1
Jd

Interaction energy between the central Kr atom and C-atom's equivalent to €2:

r s t

=AY ZZZ (](p—l)b1+qb2+b0 (r-al +sa2 + t-a3 +€2)]) 6 .. ';
+{-—— |-(J(p - 1)-b1 + q-b2 + b0 - (r-al +s-a2 + t-a3 + €2) () 12 i

Interaction energy between the central Kr atom and C-atom's equivalent to €3:

= (A ZZZ (](p—l)b1+qb2+b0 (ral +sa2 +ta3 +e3)[) 6 .. I

r s t

L +|-—=]-(J(p - 1)-b1 +¢-b2 + b0 - (ral +s-a2 + ta3 + €3)|) 12 E

Interaction energy between the central Kr atom and C-atom's equivalent to e4:
"(A) ZZZ (I(P 1)b1+qb2+b0 (l'31+532+t23+e4)1)6 “]
r s t |
+'_' (I(P'l)bl+qb2+b0 (1'31+Sa2+ta3+e4)|)12 !
L -

Total interaction energy between the central Kr atom and graphite in erg:

Uq‘p = Ulq,p + UZqJ; + U3q’p +U4q’p

117
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[-96.46 -98.42 -104.6 -113.9 -123.9 -131.5 -134.4 -131.5 -123.9 ~113.9 -104.6 -98.42 96.46]
“145.4 -146.6 -1502 -155.7 ~161.7 -1662 -167.9 -1662 -161.7 -155.7 -150.2 -146.6 -145.4
U _|-1714 -172.1 -1743 -177.6 -181.1 -183.8 -184.9 -183.8 -181.1 -177.6 -174.3 -172.1 “171.4
W - -183  -183.4 -184.7 -186.6 ~188.8 -190.4 -191 -190.4 -188.8 -186.6 -184.7 -183.4 -183
~185.4 -185.7 ~186.4 -187.6 ~188.9 -189.9 -190.3 -189.9 -188.9 -187.6 -186.4 -185.7 -185.4
|7182.3 -182.4 ~182.9 -183.6 ~184.4 185 -185.2 -185 -184.4 -183.6 -182.9 -182.4 -182.3 |

U
WRITEPRN(GRP_UG6) := o
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APPENDIX 2: CALCULATION OF RING STATISTICS AND THREE RING
CLUSTER PROBABILITY DISTRIBUTION

A-2-1 Probability Distribution of n-membered Rings (Ring Statistics)
Let Ni be the number of i-membered rings in a sample, where i = 5, 6, or 7.

The definition of probability of each i-membered ring is

N,
p; = _2_'_ (A2.1)
N; ,
The definition of rings per C-atom of each i-membered ring, 6;, is
o =2t (A22)
M.

where M, is the total number of C-atoms in the sample. Then, from the equation

(A.2.2),
b = —fz\r ;. (A.2.3)
Therefore,
7 n 7
Yp; = ~ Y. 5. (A.2.4)
j=5 i =5
7 1
From the definition of p;, it is evident that z p; =1. Thus,
v a1
n
~ Yo, =1 (A.2.5)
Generally, it is true that
n
2 =7 A.2.6)
SN (
for any 2D 3-fold bonded CRN, which implies that
; .
Y 0, =0.5. (A.2.7)
j=5

The number of rings per C-atom as given by Beeman[29] for C1120 satisfies this

requirement. The o;’s for C1120 are given by os= 0.106, 66 = 0.294, and 67 =
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0.100.  Then form the equations (A.2.4) and (A.2.6), the probability distribution of i-

membered rings (ring statistics) is given by

ps=0.212, pe=0.588, and p7=0.200. (A.2.8)

A-2-2 Calculation of Combined Probabilities of Three Ring Clusters
The combined probability of a three ring cluster is equal to the number of ways
to make the three ring cluster with the three compdnent rings (the multiplicity) times the
probability (ring statistics) of each of the three component rings. In other words, the
combined probability pimn Of the three ring cluster composed of 1-, m-, and n-membered
rings is given by
Pimn = Dymn X Py X P X Pas (A.2.7)
where njmp is the Imn-three ring cluster multiplicity and p; is the probability of 1-
membered ring. The probability of each ring is given in the equation (A.2.8). The three
ring cluster multiplicity and the resultant combined probabilities of the three-ring clusters

are shown in Table XV1L

A-2-3 The Probability for the Central Kr Atom to be Adsorbed on an n-
membered Ring of an Imn-three Ring Cluster
The probability for the central Kr atom to adsorb on an n-membered ring of an

Imn-three ring cluster, Rimn-n is given by

A
R = =2 X , A28
Imn-n ZA plmn ( )

where A, and ZA are the area of the n-membered ring and the total area of the Imn-three
ring cluster, respectively. The resultant probability of the number of physisorption sites
on a given ring of a three ring cluster is listed in Table XVII.

This probability of number of physisorption sites on given rings of a three ring

cluster will be used as weighting factors for the calculations of the weighted average
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minimum and maximum energies and corrugations.

TABLE XVIL Probability distribution of three ring clusters.

Three Ring Cluster Ring Cluster Multiplicity Combined Probability of
Three Ring Clusters
555 1 0.010
556 3 0.079
557 3 0.027
566 3 0.220
567 6 0.150
577 3 0.025
666 1 0.203
667 3 0.207
677 3 0.071
777 1 0.008

Total 27 , 1.000
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TABLE XVIII. The probability of physisorption on a given ring of a three ring cluster.

Probability of

Ring Ring Probability of
physisorption on a given physisorption on a given
ring of a three ring cluster ring of a three ring

cluster

555-5 0.010 567-7 0.060

556-5 0.049 577-5 0.006

556-6 0.031 577-7 0.019

557-5 0.015 666-6 0.203

557-7 0.012 667-6 0.130

566-5 0.063 667-7 0.078

566-6 0.157 677-6 0.021

567-5 0.040 677-7 0.050

567-6 0.050 777 0.008
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APPENDIX 3: DETERMINATION OF THE COORDINATES OF CARBON
ATOMS OF DISCRETE MEDIUM MODEL

To determine the C-atom coordinates, let us examine the DMM separately for

two cases, 6, + 6, + 6, < 2x and 6, + 6, + 0, > 27, where the angles 01, 6,, and 63
are defined in Fig. 2-15. First, let us consider the case that '61 +0,+906,<2n. For
this case, regular polygons will be used as the representative shapes for the
corresponding rings. Then the three ring clusters will form either convex clusters or
~concave clusters. We will subsequently assume that a convex three ring cluster has the
same likelihood of occurrence as 1ts corresponding concave three ring cluster. In
reality, the convex and concave configurations will mostly likely not be equally
probable, but rather will depend on their configuration energies of the clusters. As
mentioned, however, we can not calculate the exact configuration energies of three ring
clusters and as a result, we can not calculate relaﬁve probability of each type of three
ring cluster.

Now, let us consider the plane defined by the positions of the three nearest
neighbor C-atoms from the central C-atom (C-atom nearest to the origin). Further,
consider the triangle in this plané whose vertices consist of the nearest neighbor C-
atoms. | The z-axis is perpendicular to this plane and passes through the central C-atom,
with the x-y plane at the level of the average height of the RDM and the CMM. The x-
axis is determined by the position of the central Kr atom without loss of generality.
Since we have uniquely determined the origin, z-axis and x-axis, we have specified a
complete coordinate system. |

Note, the central C-atom is not at the origin. Rather, for convex ring clusters the
central C-atom is along the positive z-axis and for concave ring clusters it is along the

negative z-axis. This violates the condition that there should be a C-atom at the origin to
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use the RDF to determine the density for the RDM. However, the average position of

the central C-atoin is still at the origin, since we assume that the convex three ring
clusters and the concave three ring clusters are equally probable. Since our calculations
are for statistically averaged structure of g-C, we can still use J(r) of the C1120 model to
determine the density for the RDM.

Let us now consider the case that 6, + 62‘+ 8, > 2x. For this case, we distort
the angles 81, 62, and 63 in such é way as the maintain the three rings in a plane while
leaving the bond lengths unchanged. The distorted angles of 81, 8, and 63 are 6/,
8,', and 05', respectively. To determine these distorted angles, we assume that

8, o6, (A3.1)
where i =1, 2, or 3. This relation means that the amount of distortion A6, = |6] — 9i|

is proportional to the magnitude of the initial angle ©; before distortion. For the

8, + 90, + 8, > 2 case, all 6; > —232 (except for the angle of the pentagon in the three

ring cluster composed of one pentagon and two heptagons), where %Eis the bond angle

for a 2D hexagonal lattice. Since we are considering small distortions (< 9°) compared
to 8; (= 108°), it is reasonable to assume that A8; is linearly proportional to 0;, that is
A8, =< 6,. In other words, we can use a “small angle approximation” or “harmonic
approximation”. To keep the three rings in a plane, we further require that
| 0, +0, +0, =2x. (A32)
| The equations (A.3.1) and (A.3.2) uniquely determine the distorted angles.
Let us further assume that the polygons are symmetric about the lines (x-axes)
shown in Figs. 31, 32, and 33 and that the central C-atom is at the origin. We now
consider how to determine the relative coordinates of the other C-atom; for pentagons,

hexagons, and heptagons, respectively.
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A-3-1 Pentagon (see Fig. 31)

Let 65' be the distorted angle determined by equations (A.3.1) and (A.3.2) fbr a

pentagon. The angles o, B of Fig. 2-16 are determined by

1/2

’ ’ ’ 72
41 0 )
o = cos™ 2 2 cos? —25- + sm%- + {2 cos> 675 + sin 6—25—} -1 (A.3.3)
and
e 7
B = 75 —a. (A.3.4)

If we consider only the region with x>0 and y=0 region, then the relative coordinates of

the first nearest neighbor to the central C-atom at R’ = (0, 0, 0) are

R’ = acos-e-i-,asin9—5-,0 , (A.3.5)
2 2 ‘
where a is the average intraplanar sp? bonding length of C1120, 1.42 A. The relative

coordinates of the second nearest neighbor are given by
RS = (Za C0S 0.COS B,%,o). (A.3.6)

A-3-2 Hexagon (see Fig. 32)

Let the distorted angle for a hexagon determined by equations (A.3.1) and
(A.3.2) be 6¢'. Unlike the pentagon case, knowing 6¢' and the bond length a does not
uniquely determine the relative coordinates of all the other C-atoms for a hexagon. One
more constraint is needed; we assume that the opposite angles of the hexagon along the
symmetry axis are equal, that is that the distortion ié symmetric. Again, we consider
only x>0 and y=0. Then, the relative coordinates of the first, second, and third nearest

neighbors are given respectively by;
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R,
/ =
/
QL t
. 6
/B
/ v ' /
/ ﬁs = 95_ 1 6_5
/ . [acos 5 »asin 2 ,OJ
/
/
/
/
/
R, = (2acosoccosﬁ,§,())
Y
X

FIG. 31. Coordinates of a 5-membered ring C-atom.
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=y

= ¢ 8 . 0
' RS = (acos%,asm?,O]

1+cosg6—:i,asine—6,0]
| 2 2

R, = [a[l + 2 cos 9;—:!,0,0]
Y

X

FIG. 32. Coordinates of a 6-membered ring C-atom.



FIG. 33. Coordinates of a 7-membered ring C-atom.

’

128

2asin 9l-sin 6,.-2a sin—e—7—cosE)7 ,0}
2 2



129

_ ( 9 4 e 7
R =|acos—%-,asin—=-,0 |. (A.3.7)
2 2
\ :
[ ’ ’
RS = a{l + 00367"}, asin%,O], (A.3.8)

and ’ . , '
_ o,
R, =]a 1+2003—§— ,0,0 . (A.3.9)

A-3-3 Heptagon (see Fig. 33)

' is the distorted angle for a heptagon determined by equations (A.3.1) and

(A.3.2). As with the hexagon case, we need one more constraint. We assume that the

angle adjacent to 67 is equal to 67. Again, we consider only the x20 and y=0 region.

Then, the relative coordinates of the other C-atoms are given as:

R, = (a cos%—,asin%—,()} (A.3.10)

R = (Zasine—75in 97',—2asin9-7—cose7',o} (A3.11)
2 2

and
R/ = (-;—cot B',-;-,o), (A3.12)
where
1 1/2
_§+q2 —\F4 _qz(p_*_zj
B = 2+ 3) , (A3.13)
p= 4 sin* 977 -1+ Zsin%—-cos 67', . (A73.14)

and
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q = 2sin % sin®, . (A.3.15)

Table A-3-1 lists the coordinates of C-atoms for each three ring cluster based on

the assumptions of the DMM. In the notation of the first column of Table XIX, the first
three digits denote the type of rings in the three ring cluster. The last digit indicates the
ring which the central Kr atom is above. For example, the notation 566-6 indicates that
the corresponding three ring cluster consists of one 5-membered ring and two 6-
membered rings, and the Kr physi_sorption site is above one of the 6-mefnbered rings.
This notation will be used throughout this thesis. In the coordinates of C-atoms listed in
Table XIX, the symmetric line of the polygon indicated by the last digit is in the xz-
plane. The C-atom coordinates of arbitrary orientations of a three ring cluster are

obtained by the rotation of the three ring cluster by an appropriate angle about z-axis.
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TABLE XIX. (a) Coordinates of the C-atoms of convex DMM three ring clusters, (b)

Coordinates of the C-atoms of concave DMM three ring clusters, and (¢) Coordinates of

the C-atoms of flat DMM three ring clusters.

(a) Coordinates of the C-atoms of convex DMM three ring clusters.

Convex Ring
Cluster Coordinates of C-atoms of DMM (A)
3355 (0,0,1.325),(1.328,0,0.819),(-0.665,-1.15,0.819),
(1.487,-1.153,0),(0.255,-1.864,0),(-0.665,1.15,0.819),
(0.255,1.864,0),(1.487,1.153,0),(-1.742,-0.711,0),
| (-1.742,0.711,0)
556-5

(0,0,1.632),(0.728,1.15,1.224),(0.728,-1.15,1.224),
(1.91,0.711,0.564),(1.91,-0.711,0.564),(-1.351,0.167,1.224),
(-1.459,1.423,0.564),(-1.247,-1.967,0),
(-0.173,2.031,0.564),(0.105,-2.135,0.408),
(-1.975,-0.816,0.408)

5566 (0,0,1.632),(-1.361,0,1.224),(0.582,1.231,1.224),
(-1.623,1.233,0.564),(-0.422,1.994,0.564),
(0.582,-1.231,1.224),(-0.422,-1.994,0.564),
(-1.623,-1.233,0.564),(1.747,1.231,0.408),
(1.747,-1.231,0.408),(2.329,0,0)
(-2.07,-1.811,0,(0,0,1.626),(0.77,1.15,1.304),
(2.019,0.711,0.783),(2.019,-0.711,0.783),
(-1.357,0.275,1.304),(-1.425,1.598,0.783),
(-0.11,2.138,0.783),(0.376,-2.309,0.58),(-2.279,-0.53,0.58),
(-0.889,-2.603,0)

STT (2.657,-0.711,0),(0,0,1.626),(-1.384,0,1.304), |
(0.527,1.28,1.304),(-1.715,1.282,0.783),(-0.534,2.073,0.783),
(0.527,-1.28,1.304),(-0.534,2.073,0.783),(0.527,-1.28,1.304),
(-0.534,-2.073,0.783),(-1.715,-1.282,0.783),
(1.709,1.598,0.58),(1.709,-1.598,0.58),(2.657,0.711,0)

557-5



566-5

566-6

567-5

567-6

567-7

(0,0,1.144),(0.783,1.15,0.858),(0.783,-1.15,0.858),

| (-1.393,0,0.858),(2.056,0.711,0.395),(2.056,-0.711,0.395),

(-2.001,1.151,0.286),(0.176,2.302,0.286),(-1.217,2.302,0),
(0.176,-2.302,0.286),(-2.001,-1.151,0.286),(-1.217,-2.302,0)
(0,0,1.144),(0.651,-1.23,0.858),(-1.383,-0.155,0.858),
(0.65,1.231,0.858),(-0.332,-2.15,0.395),
(-1.589,-1.486,0.395),(1.953,1.231,0.286),
(-1.466,2.152,0),(1.953,-1.231,0.286),(2.604,0,0),
(-2.117,0.92,0.286),

(-0.082,2.307,0.286)
(0.235,2.41,0.309),(-2.103,-2.281,0),(0,0,0.762),
(-0.865,-2.98,0),(0.821,1.15,0.611),(0.821,-1.15,0.611),
(2.152,0.711,0.367),(2.152,-0.711,0.367),
(-1.409,0.108,0.611),(-1.997,1.368,0.309),

~ (-1.175,2.518,0.158),(0.437,-2.477,0.272),

(-2.346,-0.907,0.272)
(2.779,0,0.158),(-1.178,2.871,0),(0,0,0.762),
(0.695,-1.23,0.611),(-1.39,-0.257,0.611),
(-0.266,-2.251,0.367),(-1.554,-1.65,0.367),
(0.694,1.231,0.611),(2.084,1.231,0.309),
(2.084,-1.231,0.309),(-2.429,0.651,0.272),
(0.17,2.509,0.272),(-2.335,2.044,0)
(3.02,0.711,0),(3.02,-0.711,0),(0,0,0.762),
(-1.405,0.15,0.611),(-1.616,-2.261,0.153),
(0.599,1.28,0.611),(-1.677,1.525,0.367),
(-0.438,2.224,0.367),(0.599,-1.281,0.611),
(-0.21,-2.412,0.309),(-2.214,-0.98,0.309),
(1.942,1.598,0.272),(1.942,-1.598,0.272)
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(b) Coordinates of the C-atoms of concave DMM three ring clusters.

Concave Ring
Cluster

Coordinates of C-atoms of DMM (A)

555-5

556-5

556-6

557-5

557-7

566-5

(0,0,-1.325),(1.328,0,-0.819),(0.665,-1.15,-0.819),
(1.487,-1.153,0),(0.255,-1.864,0),(0.665,1.15,-0.819),
(0.255,1.864,0),(1.487,1.153,0),(-1.742,-0.711,0),
(-1.742,0.711,0)
(0,0,-1.632),(0.728,1.15,-1.224),(0.728,-1.15,-1.224),
(1.91,0.711,-0.564),(1.91,-0.711,-0.564),
(-1.351,0.167,-1.224),(-1.459,1.423,-0.564),
(-0.173,2.031,-0.564),(0.105,-2.031,-0.408),
(-1,975,-0.816,-0.408),(-1.247,-1.967,0)
(-1.361,0,-1.224),(0.582,1.231,-1.224),(-1.623,1.233,-0.564),
(2.329,0,0),(-0.422,1.994,-0.564),(0.582,-1.231,-1.224),
(-0.422,-1.994,-0.564),(-1.623,-1.233,-0.564),(0,0,-1.632),
(1.747,-1.231,-0.408),(1.747,1.231,-0.408)
(-2.07,-1.811,0), (0,0,-1.626),(0.77,1.15,-1.304),

(0.77,-1. 15,-1.304),(2.019,0.711,-0.783),
(2.019,-0.711,-0.783),(-1.357,0.275,-1.304),
(-1.425,1.598,-0.783),(0.376,-2.309,-0.58),
(-2.279,-0.53,-0.58),(-0.889,-2.603,0)

(2.657,-0.71 1,0),(0,0,—1.626),(-1.384,0,-1.304), ‘

(0.527,1.28,-1.304),(-1.715,1.282,-0.783),
(-0.534,2.073,-0:783),(0.527,-1.28,-1.304),
(0.527,-1.28,-1.304),(-0.534,2.073,-0.783),
(-0.534,-2.073,-0.783),(-1.715,-1.282,-0.783),
(2.657,0.711,0),(1.709,-1.598,-0.58),(1.709,1.598,-0.58)
(0,0,-1.144),(0.783,1.15,-0.858),(0.783,-1.15,-0.858),
(-1.393,0,-0.858),(2.056,0.71 1,-0.395),
(2.056,-0.711,-0.395),(-2.001,1.151,-0.286),
(-1.217,-2.302,0),(0.176,2.302,-0.286),(-1.217,2.302,0),
(0.176,-2.302,-0.286),(-2.001,-1.151,-0.286) |



566-6

567-5

567-6

567-7
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(0,0,-1.144),(-0.783,-1.15,-0.858),(-0.783,1.15,-0.858),
(1.393,0,-0.858),(-2.056,-0.711,-0.395),
(-2.056,0.711,-0.395),(2.001,-1.151,-0.286),
(2.001,1.151,-0.286),(1.217,-2.302,0),(1.217,2.302,0),
(-0.176,-2.302,-0.286) '
(-1.175,2.518,-0.158),(-2.103,-2.281,0),(0,0,-0.762),
(0.821,1.15,-0.611),(0.821,-1.15,-0.611),
(2.152,0.711,-0.367),(2.152,-0.711,-0.367),
(-1.409,0.108,-0:611),(-1.997,1.368,-0.309),
(0.235,2.41,-0.309),(0.437,-2.477,-0.272),
(-0.865,-2.98,0),(-2.346,-0.907,-0.272)
(2.799,0,-0.158),(-1.178,2.871,0),(0,0,-0.611),
(0.695,-1.23,-0.611),(-1.39,-0.257,-0.611),
(-0.266,-2.251,-0.367),(-1.554,-1.65,-0.367),
(0.694,1.231,-0.611),(2.084,1.231,-0.309),
(2.084,-1.231 ,40.309),(-2.249,0.65 1,-0.272),
(0.17,2.509,-0.272),(-2.335,2.044,0)
(3.02,0.711,0),(3.02,-0.711,0),(0,0,-0.762),
(-1.405,0.15,-0.611),(-1.616,-2.261,-0.158),
(0.599,1.28,-0.611),(-1.677,1.525,-0.367),

- (-0.438,2.224,-0.367),(0.599,-1.281,-0.611),

(1.942,-1.598,-0.272),(-0.21,-2.412,-0.309),

(-2.214,-0.98,-0.309),(1.942,1.598,-0.272)



(c) Coordinates of the C-atoms of flat DMM three ring clusters.

Flat Ring
Cluster

Coordinates of C-atoms of DMM (A)

577-5

577-7

666-6

667-6

667-7

677-6

677-7

(0,0,0),(0.851,-1.139,0),(0.851,1.139,0),(2.207,-0.711,0),
(2.207,0.711,0),(-1.422,0,0),(-2.273,1.139,0),
(-2.273,1.139,0),(0.0449,2.503,0),(-2.071,2.547,0),
(-2.071,-2.547,0),(-0.8,3.183,0),(-0.8,-3.183,0)
(0,0,0),(0.637,-1.271,0),(0.637,1.271,0),(-1.4,-0.251,0),
(-0.353,-2.292,0),(-1.624,-1.655,0),(2.307,-1.522,0),
(2.307,1.522,0),(3.204,-0.711,0),(3.204,0.711,0),
(-2.439,0.72,0),(0,2.543,0),(-2.488,2.141,0),(-1.349,2.992,0)
(0,0,0),(0.637,-1.271,0),(0.637,1.271,0),(-1.4,-0.251,0),
(-0.353,-2.292,0),(-1.624,-1.655,0),(2.307,-1.522,0),
(2.307,1.522,0),(3.204,-0.711,0),(3.204,0.711,0),
(-2.439,0.72,0),(0,2.543,0),(-2.488,2.141,0),(-1.349,2.992,0)
(0,0,0),(0.741,-1.214,0),(0.741,1.214,0),(2.163,-1.214,0),
(2.163,1.214,0),(-1.418,0.103,0),(-2.069,1.368,0),
(0.09,2.478,0),(-1.328,2.582,0),(2.903,0,0),(0.183,-2.522,0),
(-2.327,-0.991,0),(-1.091,-3.153,0),(-2.305,-2.413,0)
(0,0,0),(-1.421,0,0),(0.651,1.264,0),(-2.163,1.214,0),
(-0.09,2.478,0),(0.651,-1.264,0),(-0.09,-2.478,0),
(-2.163,-1.214,0),(-1.512,-2.478,0),(-1.512,2.478,0),
(2.058,1.47,0),(2.058,-1.47,0),(3.26,0.711,0),(3.26,-0.71,0)
(-0.992,3.299,0),(0,0,0),(0.768,1.196,0),(0.768,-1.196,0),
(2.19,1.196,0),(2.19,-1.196,0),(2.959,0,0),(-2.19,1.196,0),
(0.177,2.49,0),(-2.24,2.618,0),(-1.421,0,0),(0.177,-2.49,0),
(-2.19,-1.196,0),(-0.992,-3.299,0),(-2.24,-2.618,0)
(3.371,-0.711,0),(0,0,0),(0.682,-1.248,0),(-1.418,-0.101,0),
(0,-2.496,0),(-2.1,-1.349,0),(-1.418,-2.597,0),
(2.1,1.349,0),(2.1,-1.349,0),(3.371,0.711,0),
(0.682,1.248,0),(-2.27,1.038,0),(0,2.496,0),(-2.42,2.452,0),
(-1.223,3.221,0)
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777-7.
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(-1.421,0,0),(3.456,-0.711,0),(0,0,0),(0.711,1.231,0),
(0.711,-1.231,0),(2.133,1.231,0),(2.133,-1.231,0),
(3.456,0.711,0),(-2.133,1.231,0),(0,2.463,0),(-2.344,2.638,0),
(-1.112,3.349,0),(0,-2.463,0),(-2.133,-1.231,0),
(-1.112,-3.349,0),(-2.344,-2.638,0)
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APPENDIX 4: CALCULATION OF INTERACTION ENERGY BETWEEN
A Kr ATOM AND A SEMI-INFINITE GRAPHITE WITH
CMM

The parameters of the Kr - C-atom interaction potential:

£=932-10 Berg o =34924

The bulk density of graphite: p  := 0.11284 atoms/A3

The typical form of the Lennard-Jones 6-12 potential is given by
12 6
(o] o

In cylindrical coordinate system, the interaction energy between a Kr atom and
a semi-infinite graphite CMM is given by

0 oo

) _. 1 a? o 3Idrdz
Uh) = p g2 - J r“_(h—l)z-f-xl} _[(h—z)zﬂl] J

Ulh) = 750 (20 - 15) o5

To find the minimum interaction energy, we take the derivative and set it equal to zero.

The derivative is

6 6
dh4spox(20 —lShG)s— = —4-90--{17%&06 Spox(ZG -15h6)€-———

We set the result of the derivative equal to zero, then

6
4p0h4 -o® —gpon(ZG —15h6)e—-o



The roots of the equation are

We will take the first solution since it is the only real and positive solution.

hggE3 (3} (5)

LA

The interaction energy between a Kr atom and CMM graphite at the height is given by

- L1aol4
Uch eq) =-9886-10

138



139

APPENDIX 5: INTERACTION ENERGY OF A SINGLE Kr ATOM WITH A
2D TRIANGULAR LATTICE OF Kr ATOMS

ORIGIN=1

Basis vectors of representing the positions 2D triangular lattice of Kr atoms:

)
)

0 -

W A

1 cos(
ag=1{0 aq =
1 2 sin(
0

K

W

Indices indicating range of 2D triangular lattice unit cells which participate in the interaction energy
calculation:
m=1.10 n:=1.10

Radial distance functions for the interaction energy calculation:

Ty = 1m-a jrma 2' : radial distance function for the first quadiant

m,n

i

r2

jmaq-naj| :radial distance function for the forth quadrant
m,n
The parameters for the Kr-Kr interaction potential:

£=2361-10"%erg 6:=36 &

The Kr-Kr interaction potential is given by

(o) = 44(%)12 ) <%)6-

4

The interaction energy between a Kr atom at the origin and the Kr atoms on the x and y axes.
[Note] The angle between the positive x and y axes is 60°.

10 .
ug(b) =4 > ¢xlkb)
k=1



140

The interaction energy between a Kr atom at the origin and the Kr atoms of the 2D triangular lattice
except the Kr atoms on the x and y axes. ’ '

10 10

u(b) =2 Z I Z (¢‘ Kr(l~ lm,n'b) té Kr(er

-b\
m=1{n=1 )

|
)

The total interaction energy of a single Kr atom with a 2D triangular lattice of Kr atom is the sum of u,
and u
2-

.1

U gotal(b) = u o(b) + u 1 (b)

Numerical calculation of the total interaction energy of a single Kr atom with a 2D trianguiar lattice of
Kr atom: '

Range of the nearest neighbor distance of a 2D triangular lattice:

bl =3.1,3.2..5.0 b2:=5.1,52..7.0 b3 = 7.1,72..9.0
U total(b1) U total(b2) U otal(b3)
—— 7 (erg) ——— 57— (erg) — 7 (erg)
1014 1014 101
b1 (A) = b2(A) - b3 (A)
— 193.7 — -6.58 — -1.007
3.1 5.1 71
: TIT.19% 5941 : -0
W) 19 ) 394 73] 0.927
e 59,754 i T33%6 s “03%54
o 27.849 et 4849 Khed T0.78%
: 8285 >4 4334 i 0728
33] 33 73
3456 3967 0873
10231 3393 0623
ENi 37 777
13866 3237 0377
135338 7958 0335
15969 7636 -0.49%
S 1 B
Il R e v 7 7443 0461
71 1] ERY
14952 2774 04
47 6.2 1871 -
~14.004 2028 0398
T12.953 : 1353 0371
14 4] 64 Ex
11889 3 03
73| 33 83
10838 1345 0322
9843 1416 0301
r%i G 1371
B ) 2 1298 0281
8066 TI91 0783
5 7287 69 1053 89 0248
El T K
| L L
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APPENDIX 6: CALCULATION OF POTENTIAL ENERGY SUMMATION
FOR A Kr ATOM ABOVE A CARBON RING
Calkeulations for Kr adsorbed oa g-C
Main carbon ring size: S

Adjacent carboa rings: 6,7

Ring cluster structure: Convex

Enter parameters for adsorbed gas and substrate:

Adatom-substrate scparation [Al: § o -—1.00 C atom radius (A} =091
Interaction constant [ag—Aﬁlamm]: A =67610 12 Kr stom radius {A]: r g -=1.03
Ak ro:=392
. — =1
Average substrate deasity [stoms/A}: P o :=1.058-10
. . : 225

Deasity ratio betweea graphite and C1120: Pmﬁo'“m
Number indicating the combinatioa: N oom =54-64-7
Index represeating the C atoms in the e
ring cluster: x.—l..(Nm-S)
Set the coordinates for carbon atoms in the ring cluster:  ORIGIN=I TOL=LO
sp* bond leagth [A}: 1:=1.422 cIT6714

Y T —y T S
Angles for pentagouns, hexagons, 051=3— 86 =4— 94.=5—
and beptagoas {radian]: 5 6 7

1 1 1
Radii of circles circumscribing the pentagon, —_ 2 — 2 _ 2
the hexagon, and the heptagon: rS"——e 'ej_e r7-~——e
cosf— ©cos{— Ccos|—
2 2 2
Ring cluster height h 2nd bond keagth
d arc given by the ring
uster goometry (A): d:=1412 h 1=0.151
Asgles for projected peatagons g . :=108.898 g =120134 o =129.968
#ad the hexagoa {radian]: 180 6 180 180
Aangles of the peatagoas, the - b : — h
@ 5 :=acos @ 4 ‘Sacos,

fexagon, and sp? boad 6 @
branch from z-axis [radian}: koos Y l-cos Y



Gencral focmulac for carbon atom coordinates in a peatagon:
(2 ] [}
5 . 5 . S
=4 — lesml—— =1 — e}
xsi -cos(z) ¥ s1 sxn(z) z5]1 -cos(z)ms( 5)
52 2 s ) S, 52 >
Geacral formulac for carbon atom ooordinates in a hexagon:
¢ 6 8
— 6 . {6 — 6
. lesim|— lcos{— ]
X 61 —doos(z ) | Y6l m(z) zZ61 oos(z)-oos( 6)
(¢} ] 9
« 6 . et . |76 o— 6

X 63 :=|~(2ms(¥) +1) -sin(q; P ¥63°=0 263 ::1-(2«;5(%) -]-l)-cos(d) 9

) el enmrelnte)
rmlelpelioer  mflihoe(e)
R S
ol el ol e e
sl el el 09
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oos(6) -sin(6) 0
Define a rotation matrix: R(8) :=|sn(6) <os(8) 0
0 o 1
Xs| X5] X532 X52 X6l X61 X62 X62 X63
Defincimitial 1 gi=|8 Y51 -¥51 Y52 -¥s52 We={0 Y61 Y61 Y62 Y62 Y63
nate 0 zs51 251 Z52 Zs2f- 0 z61 Z61 262 262 263
matrices of
carbon atom
positions in
individual X1 X71 X72 X72 X73 XT3
rings:

NS0 Y7L YN Y12 -2 Y73 -Y 13
0271 Z71 272 272 273 273

Matrices represeating the coordinates of carbon atoms in the peatagon and the hexagons in three-fing chuster:

. af¥s5.%6 | (€5 .87
Ms-=Ns 716~:RT+-2— RN ﬂy-'-'R-Ti—-;- ' 7

Marrix represeating the coordinates of carboa atoms in the three-ring cluster before carrection:
0 ne '
M6 6 N73,7 0 sy 5 NSy 3 sy 4 sy s 6y 5 M6 4 6 s M7 4 M s V6

= 0 1
N6y ¢ N7y 7 0 s, 5 Us, 3 s, U5, 5 M6y 5 N6y 4 M6y s M1 4 M5 M6

0
M6y 6 N73 7 0 Msy 5 sy 5 sy 0 53 5 6y 5 65 4 N6y s N3 4 135 N3 6

1175 —2.163 0 0821 0821 2152 2.152 —1409 —1.997 0235 0437 —2.346 —0.865
q=12518 —2281 0 115 —L1S 0711 —0711 0.108 1368 241 2477 70.907 —2.98
604 —0.762 0 —0.151 —0.151 —0.395 —0.395 —0.151 —0.453 —0.453 049 —049 “07

Cylindrical radii of C __{ 2 2
intbcﬁngc!ustﬂ'o[A]:ms 017y () + ("2')

Maximum of the cylindrical radii . o (p<1>) A

Ak P ““max f max =3-103
- : 3>

Minimum of the z-componeat of . !( ; ]

c 3t bef Z ymin * ‘q]} Zmm =—0.762

comection (Al



Correcting matrix raising the C atom coordinates by amount of -Cp; -

Z cor “X-1)-

Mamxmprmsamng the actual coordinates of C atoms in the threering cluster:

1.175 —2.163 O

CA4+Z corr
C=|2518 —2281 ¢
0.158 O

Q [t}
Qo [t}

min Zmin Zmin Zmm Zmin ?min Zmin Zmin Zmin Zmic 2min Zmin Zmin

Set up integration parameters and functions:
Set number of equally spaced values along
Z-axis to cvaluate:

Minimum hard core separation {Ak

Sctx-axis index forKr:  k:=1..13

X-, ¥-, Z-coordinate components of Kr:

L3 ::{(mmin'*'l-s,G) +§-s 0}

ZKT min =T C+TKr

Krp o [
= e] [l

Actual height:

5) t2 Kep, 2 mm)

1 2 Kry+Zmin

Radial scgment:

YK 0

xKIm,l':o

0.821 0821 2152 2.152 —1409 —1.997 0235 0A437 —2346 —0.865
“LIS 0711 —0.711 0.108 1368 241 —2477 —0.907 —298
0762 0611 0611 0367 0367 0611 0309 0309 0272 0272 O

m=1. M

2K i =194

%

0.204
0.403
0.605
0.806
1.008]

121
1A11
1.613
1.814]
2014

[221
2419




Enter data for radial distribution function (See Beeman, et.al. Phys. Rev. B30, 870 (1984) ):

Set number of data points in RDF:
Set limits in RDF [AL:
Radii in RDF (A]:
Enter RDF data:
al L a1+~
1| {0953 0
2 | ]1.009] {0.091
3| {1.065] 10.909
4] [L121] {1636
s 1 1177 {2727
6 | {1233] {4.091
7 | {1289 [S364
8 | {1345 {6364
9 | |1401] {7.000
19 {1.457] {7.182
11} {1513 {6364
12| {1569 [5:273
13 1.625] {3.636
14] [1681) {2273 *
15} 11.737] {1.091
16] {1.793] [0.727
17] {1.849] [0.091
18] {1.905] (]
19 {1961} }0.091
2017 {0.727
21| |2.073] |1818
2.12: 3.455
23} {2.185] }5.091
2241y {7273
2297 {9818
23531 {11727
271 [2409] {12818
2465 [13273
2.521 12.545
300 {25774 }10818

N:1=g89
nl :=1..30
T in -=0953
_( —(n—-1) (r

4 V3
26331 ]9.091
2689 |7.818
2.745] 16.90%9
2.801] |6455
2.857| 16455
2.913] ]6.364
2969 {6.364
3.0251 16.182
3.081] 15.636
3.137] {5.455
3.193] |S.455
3.249 5727
3.305] (6545
3.361 7455
3417] 110.182
3473 12818
3.529] 15545
3.585] |17.636
3641 119.091
3.697] {19818
3.753] 20.000
3.809] 119.636
3.865] 119273
3.921 19.091
39771 19818
4.033] [R0.727
4.089 [22.000
4.145] [23.818
4201 [SA4SS
42571 R7273

o =1_N
o2 :=31..60 3 (=61.N
£ may 35881
~ i) +T min
o3 43 a3+~
61| }4.313 .091
4369] [30.909
631 {44250 132.727
4481 [B3.636
65] {4.537] 134.727
4593 35818
4.649f [36.364
68] {4.705] 37273
gg 4.761} |37.636
708 {4.817] 38.000
71 |4.873] [38.182
72 14.929] |38.182
[73; 14.985] {38.182
174 |5.041 38.182
75) {5.097| [38.182
76 {5.153] {38.182
77 {s209 [38.152
78 |5:265] 38.364
1791 {5324 38.727
801 {5377 39.091
81} |5.433] 39545
82 {5489 {40.000
83] |554s] 140.727
84] 15601 41273
8_5 5.657 142.000
86 15.713] 43273
87 5769 }44.000
5.825] {44.545
89] {5881 p4.727
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Define radial distribution fuactions using . 2 i .
lincar interpolation between available data Q1) “FH O ay AT1 P, linterp(q, . r)
20d using the average substrate deasity:

Radial distribution function for the first fayer: X(r) =if(3.65<r,Q(r),0)
Radial distribution function for other layers: J(r) Z:i:f(r<r mjn,O,Q(r))
Testing of X(r) and J'(r): R =10 ni=1_100 P, =2 r

s ]Surfaoe Layer Radial 'DisuibuﬁonIFlmction
1

2
T

Radlal Distribution Function
|
e

s0t—
0 I
0 2
radius (A)
Bulk Radial Distribution Function
150 T T | T

Radlal Dlstrlb:tlon Function
e




Define RDF potential function:

Contribution from the first layer: [Note: The weighting factor ¢/2 comes from
<hanging the votume deasity to the surface deasity.

VORDE, | %%l [(X—XKI k)2+y2+(z!<r.,,)2]-3~— ) 10" dy ax
| +(;) {Er e ]

“Tmax & Tmax
P Cmax  [50 P
Vi RDFkaZZ;Lp o [(x_thm’k)2+y2+(z K"m)Z] - ~1015dydx
~6
( ';’6)'[("* K )+ ()]
«-50 -50
£t max T max ) =
2 [P - o
L oo
2 m,
J-Tmax -50
f T max S50
V3RDFm k 2 P Y : [(x—xxxm k) +y +'(ZK'm) ] -lOldedx
-6
N I s
JdTmax <Tmax
50 50
V4RDF ok 2p [(x—xmmk) +y +(ZKrm) ] 10" gy ax
+(—) e x e ) 7+ () ]
Cmax *-50

V RDF*=VO RDF+ V1 RDF+ V2 RDF1 V3 RDF+ V4 RDF
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is located at the center of the second layer:

New z-coordinates for Kr atom caused by the

c

transformation of the origin of the coord inates: ZKry 2 Krpy ©3

~30 =30 =0 . .

i ' i J: ”/xz y2 zz\’f 1

A i ; Nty -2

V'RDFp g S R Y

i

i

i f2 2 .
H i 4-7(-()( -y :—z)w-‘

Contribution from the C atom located at the center of the second layer:

[ , 6 6 -121

. . o I
V081 || [ Kim i | 5] ) ()

URDFp, ¢ *(A>(VRDFy = V'RDF i V" RDF i

~

X-X ‘2-y2—/z-z' N
i Krm,k) \ Krm/z

"-54.95 -57.74 ~59.52 61.72 64.32 -67.27 -70.53 74.03 -77.7. -81.46 8522 -88.9

-52.18 -54.86 -56.53 ~58.58 -61 -63.75 +66.8 -70.1 736 -77.21
$-49.54 -52.1 -53.66 -55.56 ~57.81 -60.36 -63.2 -66.29 -69.57 ~73

-47.02 -49.47 5091 -52.68 ~54.76 -57.12 ~59.75 ~62.61 -65.67 -68.88
~44.62 -46.95 -48.3 -49.93 -51.84 -34.02 -56.45 -59.09 ~61.92 -64.89

~38.12 -40.12 -41.18 -42.46 ~43.93 -45.62 -47.48 -49.52 -51.69 -53.99

5—34.33 ~36.11 -37.01 -38.09 -39.33 -40.74 -42.29 4397 -45.77 -47.68

-8.775 -8.809 -8.831 -8.857 ~8.889 -8.925 -8.966 -9.011 -9.06 -9.112
~8.455 ~8.488 -8.508 ~8.533 -8.563 -8.596 -8.634 ~8.676 -8.721 -8.769
[-8.15 -8.181 -82 -8.224 -8.251 -8.283 -8.318 ~8.356 8.398 -8.443
\~1.858 -7.888 ~7.906 -7.928 ~7.954 -7.983 -8.015 8051 -8.09 -8.131
17579 ~1.608 ~7.625 ~1.645 ~7.669 7696 ~1.727 -1.76 ~7.796 ~1.834
CAYV'RDF=!_7312 734 -7.356 ~7375 ~7.398 ~7.423 7451 7482 ~1.515 ~7.551
[-7.057 -7.084 ~7.099 -7.117 ~7.138 ~7.161 -7.187 ~7.216 -7.247 ~7.28
F-6.813 -6.839 -6.853 6.87 —6.889 -6.911 6.936 -6.962 6.991 ~7.021

-80.89

-8.54

1

75.56
~71.13
-66.85
-62.74
-58.84
-55.16
-49.66 -51.69

-9.168 -9.226
-8.821 -8.874

-8.175 -8.221
-1.875 <1917
-7.588 -7.628
1315 -7.351 :
~7.054 -7.087 -7.122,

5dzdydx

9243

-84.56 ~88.17
~76.52 -80.07 -83.61
-72.19 -
-67.98
CAYVRDF= 4234 -44.57 -45.8 -4731 -49.07 -51.08 -53.3 -5573 -58.33 -61.07 .-63.92
~40.18 -42.29 -43.44 -44.82 ~46.44 -4827 -50.31 -52.54 -54.92 -57.44 -60.05

] -56.38
~36.18 -38.06 -39.04 -40.21 ~41.58 -43.1 -44.81 -46.66 -48.65 -50.74 ~52.92

-78.95
-74.32
-69.81
-65.47
-61.34
-57.43
~53.76

-9.287
~-8.93
~8.591
-8.269 |
-7.961
-7.668
-7.389°

16579 6.604 -6.618 6.633 -6.651 —6.672 ~6.695 6.719 —6.746 —6.774 —6.804 —6.836 -6.868 ‘
;-6.355 .38 —6.392 6.407 -6.424 —6.443 6.464 -6.487 —6.512 —6.538 -6.566 —6.595 -6.625_?
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70587 -0.568 -0.557 ~0.543
{-0.539 -0.522 -0511 ~0.499
1-0.496 048 047 -0459
i-0.457 -0.442 -0.433 0.422
{-0.421 -0.407 -0.399 -0.389
CAYV'ROF =i 0389 -0.375 -0368 0359 -0.349 -0338 -0.326 0313 03 0286 0272 -0.258 —0.244 |
[-0.359 0347 -034 —0.332
[-0332 -032 0314 0307
1-0.308 0296 0291 -0.284
|-0.285 -0.275 -0.269 -0.263

-0.527 -0.509 -0.489 -0.468 -0.447 --0.424 -0.402 ~0.379 -0.356
-0.484 -0.468 -045 -0.431 -0412 -0.392 -0.371 -0.35 -0.33

—0.446 -0.431 -0.415 -0.398 -0.38 -0.361 -0.343 —-0.324 -0.305
-0.41 -0.397 -0.382 -0.367 0351 -0.334 -0.317 -0.3  -0.283 ¢
-0.378 -0.366 -0.353 -0.339 -0.324 -0.309 -0.294 -0.278 —0.263 !

-0.323 -0.313 -0.302 029 -0278 -0.265 -0.253 -0.24 —0.227%
-0.298 -0.289 -0.279 -0.269 -0.258 -0.246 -0.234 —0.223 -0.211 u
—0.276 —0.268 -0.259 -0.249 0239 -0.229 -0.218 -0.207 —0.196%
-0.256 0.248 -0.24 -0.231 -0.222 -0.212 -0.203 -0.193 —0.183 ;

[-64.31 —67.11 6891 -71.12 -73.73 -76.7 -79.98 -83.51 -87.21 -91 9479 -985 =102.11-
[-61.17 —63.87 65.55 67.61 ~70.04 ~72.81 ~75.88 =79.21 -82.73 -86.38 —90.08 -93.79 —97.43 l
-58.18 -60.76 62.33 -64.25 -66.5 -69.08 -71.94 -75.04 -78.35 -81.8 -85.35 -88.93 —92.51 l
-59.25 -61.03 -63.12 655 -68.15 -71.03 -74.11 -77.34 -80.68 -84.08 -87.5 i
|-52.62 -54.97 ~56.32 ~57.96 -59.89 -62.09 -64.53 —67.19 -70.04 -73.03 -76.15 -79.33 -82.55:

-55.33 -57.8

URDF =;-50.04 -52.28
1-47.59 -49.72
i-4527 -47.28
'-43.06 -44.96
-40.97 ~42.76

-53.52
-50.88
-48.35
-45.95
-43.67

-55.04 -56.82
-5226 -53.9
~49.64_-51.12
-47.13 -48.5
-44.76 -46.01

-58.84 —61.08 -63.52 -66.15 6891 -71.78 ~74.73 <~77.72§
-55.75 578 -60.04 -62.45 -64.98 ~67.62 -70.33 -73.08 '
-52.82 -54.7 -56.75 -58.94 —61.26 -63.67 -66.15 -68.67
-50.04 -51.76 ~53.63 -55.63 ~-57.74 -59.94 -622 "  -64.5

-47.43 49  -50.69 -52.51 ~54.43 -36.43 -58.48 —60.57‘:
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Define the
distances
between
C-atoms in the
ring cluster
and the Kr
atom:

Dly k ::«/(Cx,l"* K’m.k)z-’- a1y Kr)2*(C3.1‘zKrm)2

D20 x ::«\](Cl,z—" Krm‘k)z'*‘ (.2 Kr)z“"(%,z—zlﬁm)z

D3

m,kzzf\](cl.S—x xrm',‘)2+(C2‘3—-y Kr)zi—(c_u—zxxm)z

D“m.k’z«RclA‘"Krm,k)z‘P (Y K) +(Cs 47k

D5, 5 (O 5= Ko )+ (2,57 1) (s 5k’

D,k :=«] (C1r6-x Krm,k)z‘*' (Co.6-Y Kr)z*'(Cs.G“ Keg)

D7

m.k ;;J (C1.7-= Krm,k)z'*‘ (G- Kx)z'*‘(%.v— z Kr,,,)2

m,k:'—‘»\[ (€1.8-% Krm,k)z'*' (S 5-v Kr)z‘l‘(c_s,s"- Krm)2

ng.k::'\l (Cl.s“"Krm,Qz“” (©2.9=y Kf)z“’(%,s-zKrnDZ

Dlom.k;zJ (C1.10-% me,k)z‘l' (G107 Kr)2+(%, 10— 2 K:.,)z

D“m,k::«](cl,u"‘Krm,k)zi‘ G-y Kr)z“‘(Ct;,u—‘Kr:,.)2

D12, ¢ zzo\Rcl. 12-x Krﬂ,k)z'*' S, 127y Kr)z‘*‘ (G2 sz)2

D3, ¢ :=»\] (CL3—= MQ2+ G-y Kr)z"‘(cs, 13~% Kr,,,)2
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Define the nearest neighbor interaction potential:

151

T ‘6 6
_ 151 6 To 12 6 To 12
Unng o ©"A10 (Dlm,k/\ ~ Pl ‘(D2m,k’; vy {Dzm,@ '
?‘I_ ."r.6‘12 .....— r6 *
. ;6 ifo L 12 .6 o 12
[, 6 [ i 6i : ;
-6 {To | 12; ¢ 6 ,fo . S12! :
+] (D5 ~ (DS _ N i1 /D6 PR S} 5 T3 i i
(i) Az (Pmg o P (PO ’
l‘ 6 i ; II’ 6\i i
-6 -12f 4 -6 ifo -12]
+ -l - Voo —— e
(Tt = {2 i) ok 2 (o)
fred o fr ) )
-6 iTo | -12§ -6 ifTo } 12
+| /D9 —{—i-/D9 ' i /D10 V- i——-(DI0
( m,k) \/2 é\( m,k) i _;_‘\_ m,k, 2 }6\ m,k)
.6 %o | 2 | 6 ‘To i xz]
+ i1 N - =D\ T e DI2_ Y - (D12
(PHm,k > 2\ mi) [T PPm) 2 (PPm)
\ !
Ao v gy 12 i
{(PPmk) 1T PPmk f
“311.1 2251 1804 1371 99 6772 4325 2438 949 -2913 -13.77 -23.37 -31.55°
1493 9774 71.34 4581 234 5161 8853 ~19.3 27.12 332  -38.12 -42.1 4509
51.04 2045 5096 -9.616 -22.34 -3242 398 -44.84 48.12 50.17 -51.36 -51.86 -51.69
-7.761 -25.45 -34.08 -42.16 ~4891 -53.9 57.09 -58.73 -59.14 5867 -57.58 -55.99 53.97 -
4192 -51.6 ~56.12 ~60.14 ~63.2 -65.04 -65.65 -65.16 ~63.82 ~61.85 --59.42 -56.65 ~53.59 :
Unn= .60.65 -65.33 67.34 68.89 -69.7 69.62 -68.66 ~66.92 ~64.56 ~61.74 -58.59 ~552 -51.64
69.74 -71.31 -71.8 -71.86 -71.32 ~70.11 ~68.25 ~65.81 ~62.91 -59.67 -36.19 —52.55 -48.82
-72.87 -72.51 -72.1 -71.28 ~69.96 -68.12 -65.78 63  -59.87 -56.48 --52.93 -49.27 -45.57"
-72.37 <7083 -69.9 -68.59 -66.86 ~64.71 6216 --59.26 ~56.1 5274 -4926 -45.72 -42.17°
69.72 6749 6629 ~64.73 6282 60.55 -57.95 -55.09 -52.01 -48.79 -45.48 -42.13 -38.79 :
Total potential is given by: U‘Otalm,k =U RDFp, U Ak
©246.79 15799 11149 6598 2527 898 3673 5913 77.72 93.913 -108.56 -121.87 133.65
88.13 3387 579 218 -46.64 -67.649 ~84.733 -98.51 -109.85 ~119.58 -1282 -135.89 ~142.52
“27.14 -4031 -57.234 -73.866 -88.84 -101.5 -111.74 -119.88 ~126.47 -131.97 ~136.71 -140.79 ~1442
-63.091 -8325 -93.33 -103.19 -112.03 -119.4 -12524 -129.76 -133.25 -136.01 -138.26 -140.07 -141.47"
9454 -106.57 -112.44 -118.1 ~123.09 ~127.13 -130.18 -132.35 -133.86 -134.88 -135.57 ~135.98 -136.14
Utotal ®i-110.69 -117.61 -120.86 -123.93 -126.52 ~128.46 -129.74 ~130.44 -130.71 -130.65 -130.37 -129.93 -129.36
i-117.33 -121.03 -122.68 -124.12 -125.22 -125.86 -126.05 -125.85 -125.36 -124.65 ~123.81 ~122.88 -121.9
{-118.14 -119.79 -120.45 ~120.92 ~121.08 -120.94 -120.48 -119.75 -118.81 ~117.74 -116.6 -11542 -114.24:
(~115.43 -115.79 ~115.85 ~115.72 ~115.36 ~114.75 -113.92 -112.89 -111.73 -110.48 -1092 -107.92 ~106.67:
-110.69 -110.25 -109.96 -109.49 —108.83 -107.98 —106.95 -105.78 -104.52 -103.22 -101.91 -100.61 -99.36



List results: -«
’ 5. “=m¥ >) =) i = -
U guiny - m(uml Index, : Zsf(ut%'k"u inge- - 0)
m
FILE: J567530
Index AH(Inda:k) k  Umin *Kr(lader) ¥ Kr(inder) .k
T 118.14 — ' rk

E 353 121,031 431 0 0

3532 4.2} 0.836} 0.202]
-122.68 nes

7] 3.569 4.2] 1.041 0.403
-124.129 e

7] 3.606 4.2 1246 0.605]

: . | 126.517 =

EE 3.5421 ~128.458 4.1} 1433 0.806

E 3579 130173 4.1 1638} 1.008]

% 3.514 132,352 [ 4| 1.825 121

E 3.551 133358 4| 2.03 1411

E 3.588} T136.01 [ 4] 2235} 1.613

4 3.523 138258 3.9 Z.gl 1.814

4 3.56 " 140,798 39 2014

13 3.496 T 38 2813 221

a 3533 3.8 3.018) 2.419,

1.175 —2.103 0 0821 0821 2152 2.152 —1.409 —1.957 0235 0437 —2.346 ~0.865

C=12518 —2281 O

0.15s8 O 0762 0.611

1.1s —115 0711 0711 0.108 1368 241 ~—2.477 —0.907 —2.98

0611 0367 0367 0611 0309 0309 0272 0272 0

Kr atom positions where Up;n's are located

5 T T T T
45t -
<
& o
£ 000
Qz Lo gt o
‘:-Kflndcxlbdp— IR —
;,;o( 0o
I RS
=
2
= 3s5h- _
3 1 1 i i
-1 0 1 2 3 4

X Kr, Inda:k),k
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Positions of C atoms on the x-z plane

153

3 T 1 T 1 1 T
2 —
<
g
b
O
e 3>
2 [(Cl) ]i 1= 7
¥ € o
g < ~ o
z o © ° Co
o © < -
i | 1 { 1 { |
-4 . -2 -1 1] 1 2 3 4
<1>
[(CD ]i
x-coordinates of C-atoms (A)
Print data files WRITEPRN(JURS6730) =U gpp
" for 1567530:

WRITEPRN(JUNS6730) :=U o
WRITEPRN(JUS6730) :=U yeat
WRITEPRN(JR156730) :=-A-V gDF
WRITEPRN(IR256730) :=-A-V' gpF
WRITEPRN(JR356730) =-A-V" gDF

WRITEPRN(IVOS6730) :=-A-V0 RDF
WRITEPRN(JVIS6730) :=-A-V1 RpE
WRITEPRN(JV256730) :=-A-V2 RDE
WRITEPRN(JV356730) :=_A-V3 gpF

WRITEPRN(JV456730) =A-V4 gpF



