
1

“E
q
u
il
ib
ri
u
m
 a
n
d
 T
ra
n
s
p
o
rt
 P
ro
p
e
rt
ie
s
 o
f 

S
m
a
ll
 A
lk
a
n
e
s
 a
n
d
 A
lk
e
n
e
s
 C
o
n
fi
n
e
d
 i
n
 

S
in
g
le
-W

a
ll
e
d
 C
a
rb
o
n
 N
a
n
o
tu
b
e
s
.”

F
e
rn
a
n
d
o
 J
. 
A
. 
L
. 
C
ru
z,
 E
ri
c
h
A
. 
M
ü
ll
e
r

Im
p
e
ri
a
l 
C
o
ll
e
g
e
 L
o
n
d
o
n

f.
c
ru
z@

im
p
e
ri
a
l.
a
c
.u
k



2

1
 –
In
tr
o
d
u
c
ti
o
n

1
.1
 -
M
o
ti
v
a
ti
o
n

●
S
e
p
a
ra
tio
n
 
o
f 
cl
o
se
 
b
o
ili
n
g
 
p
o
in
t 
m
ix
tu
re
s 
(o
le
fin
/p
a
ra
ff
in
) 
b
y
d
is
til
la
tio
n
 
a
re
 
e
n
e
rg
y 

in
te
n
si
ve
 o
p
e
ra
tio
n
s.
 

●
A
d
so
rp
tio
n
 c
a
n
 p
la
y 
a
 
ro
le
 i
n
 i
m
p
ro
vi
n
g
 t
h
is
 
sc
e
n
a
ri
o
 (
m
o
le
cu
la
r-
le
ve
l 
kn
o
w
le
d
g
e
 o
f 

a
d
so
rp
tio
n
 in
 c
o
n
fin
e
d
 n
a
n
o
sp
a
ce
s 
sp
a
ce
s 
is
 r
e
q
u
ir
e
d
).

●
F
o
r 
sm
a
ll 
sc
a
le
 
se
p
a
ra
tio
n
s 
(p
h
a
rm
a
ce
u
tic
a
ls
, 
h
ig
h
e
r 
a
d
d
e
d
 
va
lu
e
),
 
n
a
n
o
tu
b
e
-b
a
se
d
 

m
e
m
b
ra
n
e
s 
co
u
ld
 b
e
 g
o
o
d
 f
u
tu
re
 c
a
n
d
id
a
te
s.

●
E
xt
e
n
d
o
u
r
e
xp
e
rt
is
e
fr
o
m
fla
t
su
rf
a
ce
s
(c
a
rb
o
n
sl
itp
o
re
s)
 t
o
 c
ili
n
d
ri
ca
lg
e
o
m
m
e
tr
ie
s.

1
.2
 –
A
d
s
o
rb
e
n
ts
 &
 M
e
th
o
d
o
lo
g
y

●
C
a
rb
o
n
n
a
n
o
tu
b
e
s 
fir
st
id
e
n
tif
ie
d
in
th
e
e
a
rl
y
9
0
’s
 [
Iij
im
a
1
9
9
1
]:
 p
o
ss
ib
le
a
p
p
lic
a
tio
n
s

ra
n
g
e
 f
ro
m
st
o
ra
g
e
n
a
n
o
m
a
te
ri
a
ls
 (
H
2
,C
H
4
) 
a
n
d
co
m
p
o
si
te
s
fo
r 
e
le
ct
ro
n
ic
s,
 t
o
 s
e
p
a
ra
tin
g

a
g
e
n
ts
o
f
o
rg
a
n
ic
va
p
o
rs
a
n
d
ch
e
m
ic
a
ls
e
n
so
rs
.

●
S
tu
d
y
th
e
a
d
so
rp
tio
n
a
n
d
d
iff
u
si
o
n
b
e
h
a
vi
o
u
r
o
f
flu
id
s,
 w
h
e
n
a
 b
u
lk
p
h
a
se
is
e
xp
o
se
d
to
 

d
ir
e
ct

co
n
ta
ct

w
ith

si
n
g
le
-w
a
lle
d
ca
rb
o
n
n
a
n
o
tu
b
e
s:
 
C
la
ss
ic
a
l
M
o
le
cu
la
r 
D
yn
a
m
ic
s 

(N
e
w
to
n
’s
3
rd
la
w
) 
a
n
d
G
ra
n
d
C
a
n
o
n
ic
a
l M
o
n
te
 C
a
rl
o
si
m
u
la
tio
n
s.



3

2
 –
S
in
g
le
-w
a
ll
e
d
c
a
rb
o
n
n
a
n
o
tu
b
e
s
 (
S
W
C
N
T
)

Z
ig
-z
a
g
(8
,0
)

a
rm

c
h
a
ir
(5
,5
)

c
h
ir
a
l 
(8
,4
)

g
ra
p
h
e
n
e
 s
h
e
e
t

h
e
xa
g
o
n
a
l s
im
m
e
tr
y

s
p
2
ca
rb
o
n
s,
 1
.4
1
 Å



4

3
 –
F
o
rc
e
 F
ie
ld
s
a
n
d
M
o
le
c
u
la
r 
M
o
d
e
ls

3
.1
 –
A
ll
-a
to
m
p
o
te
n
ti
a
l
(A
A
-O
P
L
S
)

●
n
o
n
b
o
n
d
e
d
in
te
ra
ct
io
n
s
: 
A
ll-
a
to
m
L
e
n
n
a
rd
-J
o
n
e
s
(1
2
,6
) 
w
ith
e
xp
lic
it
C
o
u
lo
m
b
ic
ch
a
rg
e
s

●
b
o
n
d
s
a
n
d
a
n
g
le
s
: 
h
a
rm
o
n
ic

●
d
ih
e
d
ra
ls
: 
tr
ip
le
 c
o
si
n
e

●
n
a
n
o
tu
b
e
s 
: 
A
ll-
a
to
m
g
ra
p
h
iti
c
ca
rb
o
n
s
[S
te
e
le
1
9
7
3
]

 
(

)
∑
∑

  

  

 

 

 
 

−
 

 
+

=
i

j

ij

ijij

ijij

ij

ijj
i

ij
f

r
r

r

e
q

q
r

U

6
1
2

2

4
σ

σ
ε

(
)

[
]

[
]

[
] )

co
s(

)
co
s(

)
co
s(

i

i

i

i

i

i

i

i

V
V

V
U

φ
φ

φ
φ

3
1

2
2

1
2

1
2

3
2

1
+

+
−

+
+

=
∑

3
.2
 –
U
n
it
e
d
-a
to
m
p
o
te
n
ti
a
l
(2
C
L
J
Q
)

●
n
o
n
b
o
n
d
e
d
in
te
ra
ct
io
n
s
: 
L
e
n
n
a
rd
-J
o
n
e
s
(1
2
,6
) 
b
e
a
d
s
(C
H
2
, 
C
H
3
) 
w
ith

a
 q
u
a
d
ru
p
o
le
 m
o
m
e
n
t
a
t
th
e
ce
n
te
r
o
f
m
a
ss

(
)

(
)

(
)

(
)

[
]

2
2

2
2

2

5

02
6

1
2

5
2

1
5

5
1

4
43

4
j

i
j

i
j

i

a
b

i
j

ijij

ijij

ij
a
b

ij
c

c
c

c
c

c
c

r

Q

r
r

r
r

U
−

+
−

+
−

+
 

 

 
 

−
 

 
=
∑
∑

πε

σ
σ

ε
,

3
 –
F
o
rc
e
 F
ie
ld
s

δ δδδ+ +++

δ δδδ+ +++

δ δδδ− −−−
δ δδδ− −−−

δ δδδ− −−−

δ δδδ− −−− δ δδδ− −−−

δ δδδ− −−−

Q



5

4
 –
M
D
 S
im
u
la
ti
o
n
s

3
.3
 –
S
in
g
le
-w
a
ll
e
d
c
a
rb
o
n
n
a
n
o
tu
b
e
s

●
fr
o
ze
n
g
ra
p
h
iti
c
ca
rb
o
n
a
to
m
s

d
 (
C
-C
 )
 =
 1
.4
2
 Å

sq
u
e
e
zi
n
g
o
u
t
o
f
th
e
π
o
rb
ita
ls

●
e
xp
lic
it
ca
rb
o
n
a
to
m
s:
 c
o
rr
u
g
a
te
d
n
a
n
o
tu
b
e
s

●
e
ff
e
ct
iv
e
d
ia
m
e
te
r:
 f
ro
m
su
rf
a
ce
to
 s
u
rf
a
ce
(a
cc
e
ss
ib
le
vo
lu
m
e
)

C
R
T

ef
f

D
D

σ
−

=



6

4
 –
S
im
u
la
ti
o
n
s
D
e
ta
il
s

4
.1
 –
C
la
s
s
ic
a
l
M
o
le
c
u
la
r 
D
y
n
a
m
ic
s

●
N
V
T
e
n
s
e
m
b
le
(N
o
sé
-H
o
o
ve
r 
th
e
rm
o
st
a
t
)

●
T
=
 3
0
0
 K

●
tim
e
st
e
p
 =
 1
 f
s
(V
e
rl
e
t
le
a
p
fr
o
g
a
lg
o
ri
th
m
)

●
tim
e
sc
a
le
0
.5
 –
3
n
s

●
P
o
te
n
tia
lc
u
to
ff
=
 1
5
 Å

●
E
w
a
ld
su
m
m
a
tio
n
 (
flu
id
s)

M
D
 b
o
x 
: 
3
0
 ×

3
0
 ×
3
0
2
Å
(6
0
 ×
6
0
 ×
3
0
2
Å
) 
; 
S
W
C
N
T
 b
o
x 
: 
3
0
×
3
0
 ×

5
2
Å
(6
0
 ×
6
0
 ×

5
2
Å
)

N
C
R
T
≈
8
0
0
 a
to
m
s
(L

z
=
5
2
 Å
),
 N

fl
u
id
=
 1
5
0
-1
2
0
0
 a
to
m
s
(d
e
n
si
ty
)

4
.2
 –
G
ra
n
d
C
a
n
o
n
ic
a
l 
M
o
n
te
 C
a
rl
o

●
µ
V
T
e
n
s
e
m
b
le

●
T
p
u
re
=
 3
0
0
 K
, 
2
6
0
 K
 ≤
T
m
ix
≤
4
5
0
 K

●
cy
cl
e
s t
o
ta
l
=
 3
0
 ×
1
0
6
, 
cy
cl
e
s p
ro
d
u
ct
io
n
=
 5
 ×
1
0
6

●
P
o
te
n
tia
lc
u
to
ff
=
 2
0
 Å

●
G
C
M
C
 b
o
x 
: 
2
5
 ×
2
5
 ×

5
3
 Å



7

5
 –
E
q
u
il
ib
ri
u
m
a
n
d
a
d
s
o
rp
ti
o
n
re
s
u
lt
s

5
.1
 -
A
d
s
o
rp
ti
o
n
o
f
p
u
re

fl
u
id
s

B
u
lk
flu
id
e
q
u
ili
b
ra
tio
n
@
3
0
0
K
 (
t
>
 0
.1
n
s)
 

B
u
lk
 e
th
yl
e
n
e
 b
e
in
g
 a
d
s
o
rb
e
d
 o
n
to
 a
 z
ig
-z
a
g
S
W
C
N
T
 (
1
6
,0
)

●
flu
id
s:
 4
 ×
1
0
-4
≤
p
b
u
lk
≤
5
3
.6
 b
a
r



8

5
 –
R
e
s
u
lt
s

●
ty
p
e
I 
is
o
th
e
rm
s
(I
U
P
A
C
)

●
si
m
ila
r 
b
e
h
a
vi
o
u
r
w
ith
S
ip
s
a
n
d
T
o
th
is
o
th
e
rm
s

●
o
ve
re
st
im
a
tio
n
w
ith
th
e
2
C
L
JQ
 (
in
a
cc
u
ra
te
ri
g
id
b
e
h
a
vi
o
u
r
a
n
d
st
a
tic
ch
a
rg
e
d
is
tr
ib
u
tio
n
fo
r 

fle
xi
b
le
m
o
le
cu
le
s
lik
e
C
2
H
6
);
 c
o
n
ve
rg
e
n
ce
a
ft
e
r
p
 ≈
1
0
 b
a
r 
[C
ru
z 
2
0
0
8
]

●
C
2
H
6
is
p
re
fe
re
n
tia
b
ly
 a
d
so
rb
e
d
a
t
lo
w
p
(d
is
p
e
rs
iv
e
e
n
e
rg
y)
; 
cr
o
ss
-o
ve
r
a
ro
u
n
d
3
 −
6
 b
a
r 

(a
ct
iv
a
te
d
ca
rb
o
n
s,
 s
lit
p
o
re
s,
 h
ig
h
e
r
D
S
W
C
N
T
s)
; 
a
t
m
e
d
iu
m
-h
ig
h
p
re
ss
u
re
C
2
H
4
is
th
e

d
o
m
in
a
n
t
sp
e
ci
e
s
(e
n
tr
o
p
ic
fa
ct
o
r 
/ 
p
a
ck
in
g
e
ff
ic
ie
n
cy
) 
; 
is
o
st
e
ri
c 
h
e
a
ts
o
f
a
d
so
rp
tio
n
(q

is
o
=
 

−
∆
H
)

(
)

[
]t

t
s

b
P

b
P

C
C

T
o
th

1

1
+

=
µ

µ
:

(
)

(
)nn

s

b
P

b
P

C
C

S
ip
s

1

1

1
+

=
µ

µ
:

0

5
0

10
0

15
0

20
0

25
0

30
0

35
0

40
0

 A
A
-O
P
L
S

 2
C
L
JQ

 

 

0.
01

1E
-3

0.
1

1
10

C
2
H
4

Surface Coverage (µµµµmol/m
2
)

p
 /
 b
a
r

05010
0

15
0

20
0

25
0

30
0

35
0

40
0

 A
A
-O
P
L
S

 2
C
L
JQ

 

 

C
2H

6

Surface Coverage (µµµµmol/m
2
)

p
 /
 b
ar

0.
01

1
E
-3

0.
1

1
10



9

5
 –
R
e
s
u
lt
s

1
1
.7
 b
a
r

1
.4
5
 b
a
r

0
.2
8
 b
a
r

p
b
u
lk

2
5
 b
a
r



1
0

5
 –
R
e
s
u
lt
s

●
a
rm
ch
a
ir
(9
,9
) 
a
n
d
ch
ir
a
l (
1
2
,6
) 
n
a
n
o
tu
b
e
s 
p
re
se
n
t
si
m
ila
r 
lo
w
p
re
ss
u
re
(p
<
 1
 b
a
r)
 

a
d
so
rp
tio
n
ca
p
a
ci
tie
s
(−
3
.4
 %
 t
o
 7
 %
)

●
n
a
n
o
tu
b
e
s 
lo
a
d
in
g
ca
p
a
ci
ty
se
e
m
s
to
 b
e
a
 q
u
a
d
ra
tic
fu
n
ct
io
n
o
f
th
e
tu
b
e
s’
d
ia
m
e
te
r

(4
.4
6
 Å
, 
6
.8
0
 Å
, 
9
.1
5
 Å
, 
1
1
.4
9
 Å
, 
1
3
.8
3
 Å
)

0
5

10
15

20

02040608010
0

12
0

14
0

C
2H

4 
(9
.5
 Å
)

C
2H

6 
(1
0 
Å
)

 

 
Surface Coverage (µµµµmol/m

2
)

D
 /
 Å



1
1

5
 –
R
e
s
u
lt
s

5
.2
 -
S
e
p
a
ra
ti
o
n
o
f
b
in
a
ry

m
ix
tu
re
s
(C

2
H
4
/C

2
H
6
)

i 
)
re
fin
e
ry
 m
ix
tu
re
 (
9
0
 m
o
l %
 C

2
H
4
),
 p
=
 1
 b
a
r

●
S
d
e
cr
e
a
se
s
w
ith

T
(h
ig
h
 t
e
m
p
e
ra
tu
re
s 
re
d
u
ce
 

th
e
 
e
n
e
rg
e
tic
 
d
iff
e
re
n
ce
s 
b
e
tw
e
e
n
 
m
o
le
cu
le
s)
; 

S
e
le
ct
iv
ity
’s

va
lu
e
s

a
re
 
si
m
ila
r 

to
 
la
rg
e
r

n
a
n
o
tu
b
e
s 
a
n
d
o
th
e
r
p
o
re
g
e
o
m
m
e
tr
ie
s

ii 
)
e
q
u
im
o
la
r 
m
ix
tu
re
, 
0
.1
 ≤

p
≤
3
0
 b
a
r

●
S
d
e
cr
e
a
se
s
ra
p
id
ly
u
p
to
 p
≈
1
0
b
a
r,
 a
n
d
fr
o
m

th
e
n
o
n
w
a
rd
s
g
a
in
s
a
 m
o
n
o
to
n
ic
a
l b
e
h
a
vi
o
u
r.

●
th
e
 h
ig
h
e
r 
se
le
ct
iv
ity
 v
a
lu
e
s 
co
in
ci
d
e
 w
ith
 t
h
e
 

lo
w
 p
re
ss
u
re
 r
e
g
io
n
s,
 w
h
e
re
 e
th
a
n
e
 is
 t
h
e
 

p
re
fe
re
n
tia
lly
 a
d
so
rb
e
d
 s
p
e
ci
e
s

b
u
lk

et
h
yl
en
e

et
h
a
n
e

n
a
n
o
tu
b
e

et
h
yl
en
e

et
h
a
n
e

x
x

x
x

S
)

/
(

)
/

(
=

 

2
5
0

3
00

3
50

4
0
0

45
0

1234
 

 

1
 b
ar

Selectivity

T
 /
 K

 

0
5

10
15

20
25

30
01234

 

 

 2
00
K

 3
00
K

 4
00
K

Selectivity

p
 /
 b
a
r



1
2

6
.1
 -
M
e
th
o
d
o
lo
g
y

●
O
n
ce
 
th
e
 
a
d
so
rp
tio
n
 
ru
n
s 
w
e
re
 
fin
is
h
e
d
, 
th
e
 
u
p
p
e
r 
vo
lu
m
e
 
o
f 
th
e
 
si
m
u
la
tio
n
 
ce
ll,
 

co
n
ta
in
in
g
 t
h
e
 n
a
n
o
tu
b
e
 a
n
d
 t
h
e
 a
d
so
rb
e
d
 m
o
le
cu
le
s,
 w
a
s 
se
p
a
ra
te
d
 f
ro
m
 t
h
e
 b
u
lk
 f
lu
id
 

a
n
d
 r
e
p
lic
a
te
d
 f
o
u
r 
tim
e
s 
a
lo
n
g
 t
h
e
 
z
-a
xi
s 
to
 p
ro
d
u
ce
 a
 3
0
 ×

3
0
 
×
2
0
6
Å
su
p
e
rc
e
ll

co
n
ta
in
in
g
 c
a
.
3
0
0
0
 g
ra
p
h
iti
c 
ca
rb
o
n
 a
to
m
s.

●
M
o
le
cu
la
r 
d
is
p
la
ce
m
e
n
t
h
a
s
b
e
e
n
m
o
n
ito
re
d
fo
r 
0
.5
 n
s:
 b
u
lk
a
n
d
co
n
fin
e
d
flu
id
s.

●
0
.0
2
6
 ≤
ρ
/
m
o
l�
L
–
1
≤
1
5
.7
5
1
 (
C
2
H
4
)

●
0
.0
1
1
 ≤
ρ
/
m
o
l�
L
–
1
≤
1
4
.0
5
5
 (
C
2
H
6
)

6
 –
D
y
n
a
m
ic
a
l
p
ro
p
e
rt
ie
s



1
3

6
.2
 -
P
o
re
c
o
n
ta
c
t

●
A
 p
re
vi
o
u
sl
y
re
p
o
rt
e
d
h
e
lic
a
ld
iff
u
si
ve
p
a
th
fo
r 
p
u
re
C
2
’s
 in
zi
g
-z
a
g
S
W
C
N
T
’s
[M
a
o
2
0
0
0
],
 

h
a
s
a
ls
o
b
e
e
n
o
b
se
rv
e
d
h
e
re
fo
r 
d
e
n
se
co
n
fin
e
d
flu
id
s
a
n
d
co
rr
e
sp
o
n
d
in
g
b
in
a
ry

m
ix
tu
re
s
(w
a
ll
si
m
m
e
tr
y
a
n
d
C
 –
C
 b
o
n
d
s)
 .

e
th
a
n
e
S
W
C
N
T

●
N
o
t
su
rp
ri
si
n
g
ly
, 
ch
ir
a
l t
u
b
e
s
e
xh
ib
it
a
 m
o
re
 p
ro
n
o
u
n
ce
d
sp
ir
a
lli
n
g
e
ff
e
ct
!

●
N
o
 c
o
h
e
re
n
t
d
is
p
la
ce
m
e
n
t
fo
r 
a
rm
ch
a
ir
tu
b
e
s.



1
4

5
 –
R
e
s
u
lt
s

D
d
t

d
r

F
ic
ki
a
n

∝
2

:

2
2

B
d
t

d
r

B
a
ll
is
ti
c

∝
:

6
.3
 -
E
ff
e
c
ti
v
e
d
if
fu
s
io
n

●
L
in
e
a
r 
b
e
h
a
vi
o
u
r
=
>
 F
ic
ki
a
n
-t
yp
e
d
iff
u
si
o
n
=
>
 s
e
lf-
d
iff
u
si
o
n
(e
ff
e
ct
iv
e
),
 D
(1
0
-8
m
2
/s
,)

()
(
)

[
]2

0
61

r
t

r
d
td

D
−

=

()
(
)

[
]2

2
0

r
t

r
r

M
S
D

−
=

=

 

50
10
0

15
0

20
0

25
0

30
0

1

2,
5x
10

3

5,
0x
10

3

7,
5x
10

3

1,
0x
10

4

 

 

C
2H

4 
@
 (
1
6
,0
)S
W
C
N
T

MSD / 
ÅÅÅÅ2

t 
/ 
p
s

   

 

B
a
ll
is
ti
c

F
ic
k
ia
n



1
5

5
 –
R
e
s
u
lt
s

6
.3
 -
E
ff
e
c
ti
v
e
d
if
fu
s
io
n

●
in
cr
e
a
se
o
f
D
, 
w
ith
d
e
cr
e
a
se
o
f
m
o
le
cu
le
s
in
si
d
e
th
e
tu
b
e
, 
u
n
til
lt
ra
n
si
tio
n
to
 o
u
ts
id
e
th
e

F
ic
ki
a
n
 r
e
g
im
e
: 
ρ
<
 5
.5
 m
o
l�
L
–
1
(@
S
W
C
N
T
) 
[C
ru
z 
2
0
0
8
]

●
lo
w
d
e
n
si
ty
sy
st
e
m
s
: 
b
a
lli
st
ic
a
n
d
m
ix
e
d
ty
p
e
re
g
im
e
s 
(f
re
e
sp
a
ce
a
va
ila
b
le
fo
r 
m
o
le
cu
la
r 

ju
m
p
s)

●
n
o
 s
ig
n
ifi
ca
tiv
e
 in
flu
e
n
ce
o
f
th
e
S
W
C
N
T
’s
si
m
m
e
tr
y
o
n
th
e
F
ic
ki
a
n
 d
iff
u
si
vi
tie
s
(Z
ig
-z
a
g
, 

a
rm
ch
a
ir
a
n
d
ch
ir
a
l n
a
n
o
tu
b
e
s)

1
10

10
0

10
00

1

10
1

10
2

10
3

10
4

10
5

10
6

 

 

 

C
2
H
4
 @
 b
u
lk

MSD / 
ÅÅÅÅ2

t 
/ 
p
s

ρρ
ρρρρ

1
10

10
0

10
00

1

10
1

10
2

10
3

10
4

10
5

10
6

 

 

C
2
H
6 
@
 b
u
lk

 
MSD / 

ÅÅÅÅ2

t 
/ 
p
s

ρ
ρ

1
10

10
0

10
00

1

10
1

10
2

10
3

10
4

10
5

10
6

 

 

 

C
2
H
4
 @
 b
u
lk

MSD / 
ÅÅÅÅ2

t 
/ 
p
s

ρ



1
6

5
 –
R
e
s
u
lt
s

6
.3
 -
S
c
a
li
n
g
la
w
s

●
co
n
fin
e
d
 p
h
a
se
 d
iff
u
si
o
n
 d
a
ta
 c
a
n
 b
e
 e
st
im
a
te
d
 b
y 
th
e
 k
n
o
w
le
d
g
e
o
f 
th
e
 c
o
rr
e
sp
o
n
d
in
g
 

b
u
lk
 f
lu
id
 s
tr
u
ct
u
ra
l 
p
ro
p
e
rt
ie
s,
 a
n
d
 t
h
is
 i
d
e
a
 c
a
n
 b
e
co
m
e
 i
m
m
e
d
ia
te
ly
 a
p
p
e
a
lin
g
 w
h
e
n
 

o
n
e
 k
e
e
p
s 
in
 m
in
d
 p
ra
ct
ic
a
l a
n
d
 in
d
u
st
ri
a
l a
p
p
lic
a
tio
n
s 
(e
.g
.
n
a
n
o
flu
id
ic
s)
.

●
D
b
u
lk
=
 A
 �
ρ
–
B
 : 
e
m
p
ir
ic
a
lc
o
rr
e
la
tio
n
ve
ri
fie
d
fo
r 
e
th
yl
e
n
e
, 
a
g
a
in
st
e
xp
e
ri
m
e
n
ta
l d
a
ta
 u
p
to
 

ρ
≈
9
.9
 m
o
l�
L
–
1
(d
is
cr
e
p
a
n
ci
e
s
le
ss
th
a
n
5
 %
).

0
0,
01

0,
1

1
10

10
0

10
-8

10
-7

10
-6

10
-5

10
-4

 S
W
C
N
T

 b
u
lk

 

 

C
2
H
4

D / 
mmmm2
s
-1

ρ ρρρ 
/ 
m
o
l�
L
-1

0
0,
01

0,
1

1
10

10
0

10
-8

10
-7

10
-6

10
-5

10
-4

 S
W
C
N
T

 b
u
lk

 

 

C
2
H
6

D / 
mmmm2
s
-1

ρ ρρρ 
/ 
m
o
l�
L
-1



1
7

7
 –
C
o
n
c
lu
s
io
n
s
&
 F
u
tu
re
w
o
rk

7
.1
 -
C
o
n
c
lu
s
io
n
s

●
R
e
su
lts
se
e
m
 t
o
 s
h
o
w
 t
h
a
t 
th
e
 a
d
so
rp
tio
n
 a
n
d
 t
ra
n
sp
o
rt
 b
e
h
a
vi
o
u
r
o
f 
th
e
 p
u
re
 f
lu
id
s 
is
 

re
la
tiv
e
ly
 in
d
e
p
e
n
d
e
n
t 
o
f 
h
o
st
 s
im
m
e
tr
y.

●
R
e
la
tiv
e
ly
 s
m
a
ll 
ch
a
n
g
e
s 
in
 t
h
e
 n
a
n
o
tu
b
e
 d
ia
m
e
te
r 
ca
n
 h
a
ve
 a
 m
a
rk
e
d
 e
ff
e
ct
 o
n
 t
h
e
 

tr
a
n
sp
o
rt
 
a
n
d
 
a
d
so
rp
tio
n
 
p
ro
p
e
rt
ie
s.
 
F
u
rt
h
e
r 
w
o
rk
 
w
o
u
ld
 
b
e
 
re
q
u
ir
e
d
 
to
 
co
n
fir
m
 
th
e
 

p
re
se
n
t 
fin
d
in
g
s 
in
 a
 la
rg
e
r 
p
o
re
 w
ith
/t
e
m
p
e
ra
tu
re
 r
a
n
g
e
.

●
E
th
a
n
e
 i
s 
th
e
 p
re
fe
rr
e
d
 a
d
so
rb
e
d
 s
p
e
ci
e
s 
(l
o
w
 p
),
 e
th
yl
e
n
e
 d
iff
u
si
vi
tie
s 
a
re
 l
a
rg
e
r 
th
a
n
 

th
o
se
 o
f 
e
th
a
n
e
, 
a
lth
o
u
g
h
 t
h
e
 d
iff
e
re
n
ce
 is
 r
e
la
tiv
e
ly
 m
in
o
r.
 

●
C
o
n
fin
e
d
flu
id
s’
d
iff
u
si
o
n
d
a
ta
 c
a
n
b
e
e
st
im
a
te
d
fr
o
m
th
e
co
rr
e
sp
o
n
d
in
g
b
u
lk
p
h
a
se
s

(s
ca
lin
g
la
w
).

7
.2
 -
P
e
rs
p
e
c
ti
v
e
s

●
C
3
flu
id
s
a
n
d
th
e
ir
b
in
a
ry
m
ix
tu
re
s
(D
-
ρ
sc
a
lin
g
la
w
).



1
8

A
c
k
n
o
w
le
d
g
e
m
e
n
ts

E
P
S
R
C
G
ra
n
t
E
P
/D
0
3
5
1
7
1
/1
, 
U
K


