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S1  Number of isomers of each pore topology arising from
different functional group arrangements

Pore topology Number of Isomers
Tri2Di3 10

Tri*Dib 176

Tri3Dib 568

Tri®Di® 21856

Tri®Dit? 351976

Tri?0 D30 9607679214180672
Tet?>Di* 31

Tet3 Di3 366

Tet}Di® 4244

Tetd Dit0 52740

Tet®Dil? 354024

Tet® D416 268439588

Tet' D32 17592195482624
Tet?*Di*® 1.650586719047232e27

Table S1: Number of isomers arising from different arrangement of
functional group position of pore cage structure, functionalisation
is based on one functional group per linker.



S2 Example of Unique Isomer Calculation Using Group

Theory

we consider Tet?> Di#, the pore has point group Dy, with 16 symmetry elements:

G:E72'C4502a2'0572'057
1,2-84,01,2-04,2-0¢g

and the number of possible structures is:
H = 4Minkers — 44 — 956

Then the total number, n of unique structures is calculated as:

0= () + 2 0 X(Ch) + x(Ca) +2 0 X(C)

~16
+ 20 x(CY) + x(i) + 2 @ x(S1) + x(on)
+2 e x(0y) +2ex(04)] =31

with each term of x(z) of the symmetry elements equal to:

X(E) =256 x(C4) =4

x(C2) =16 x(C3) =16
x(Cy) =4 x(i) =16
x(S4) =16  x(op) =0
x(oy) = 0 x(0q) = 64



S3 Algorithm of Isomer Enumeration

Step 1: Preparation

Step la: Labelling each functional group slot with an index.

In this step, the pore structures are installed with full functionalisation, which means all hydrogen atoms in the
benzene linker are replaced by a functional group (FG). Then each functional group slot is labelled by an index
named as FG_id. FG_id in the same linker need to be in a sequence of 4 consecutive numbers, as shown in

Figure [ST].

Figure S1: Pore Tet?Di* with assigned index for each functional group, functional group
slot is shown in blue circles.

Step 1b: Generating a transformation library.

After indexing each FG slot, symmetry operations are applied to the pore. Again, T'et?> Di* is used as an example,
Tet? Di* has point group of Dy, with 16 symmetry elements. Therefore, the pore is transformed 16 times. After
every transformation, the new structure is compared to the original pore structure to list the FG_id position
of the new structure, this information is stored in a table which we refer to as the transformation library (will
be used in the next step). In the transformation library, the first column represents the initial position of FG.
The columns after are the transformed (and projected) FG_id for each symmetry operation. For the Tet2Di4
pore, the transformation library will be a table of dimension 16x16 (Figure . The 16 rows correspond to the
16 possible FG position, and the 16 columns correspond to the 16 symmetry elements.

E [C 1C 1C ! ¢ o,

C2¢ 0 14510;1 | 15 11
1 1 1 1 1

C4 1 |15 111 10 ! ‘4 1o
; 1 1 1 ;

2 |1218 13 1713
1 1 1 1 1

3 |13 59 52 l E6 iz
1 1 1 1 1

4 |0 112 115 | '1T05
1 1 1 1 1

8 |6 12 19 11319
i i i i |

12 |8 :6 :7 ' :9 :13

15 [11 15 14 110 114

Figure S2: (right) Symmetry elements of pore Tet?Di* (only 5 from the 16 are shown)
(left) Transformation library, library of each functional group index and the transformed
index, the first column represents the initial position, each subsequent column represent
a specified symmetry operation, double lines represent hidden rows.



Generating a transformation library beforehand is useful for tracking the possible symmetry transformations of
the pore, specifically in cutting down repetitive transformations (of the pore) each of which involve multipli-
cation of the xyz coordinate matrices and transformation matrices which can became highly computationally
costly.

Step 2: Enumeration of all possible functional group arrangement.

Using the example of Tet? Di* pore, as each linker is installed with one functional group, the pore isomers will
have 4 functional groups. The isomers are encoded to a string of 4 FG__id and also encoded to an equivalent
single integer isomer_ id, defined by Equation All possible combinations of FG__id are listed (an example is
shown in . Along with that, a unique flag list is prepared to mark the unique isomers Figure 5.10.

. FG_id
isomer_id = Y (FG_id%4) e 4(*7) (S2)
FG_id
Isomer_Id FG_id Unique?
0 014,812 yes/no
1 11418112 yes/no
1 1 1
2 214, 8 112 yes/no
3 374,812 yes/no
4 0 i 5 E 8 512 yes/no
1 1 1
5 11518 112 yes/no
6 2,5,8 ;12 yes/no
R
1 1 1
1 1 1
1 1 1
255 307011115 yes/no

Figure S3: Example of functional group enumeration unique list

Step 2a: Finding equivalent symmetry related isomers.

For each isomer, equivalent symmetry related isomers are determined by looking at the transformation library
generated in step 2. For example, as illustrated in Figure in the first isomer (isomer_id=0), functionalisation
is located at FG_id 0-4-8-12, so the FG_id rows are highlighted in green. Then, the highlighted green rows
are copied into a new matrix and transposed. Each of the rows from the transpose matrix are the equivalent
isomers.

E |C !C !C .. 'C,” oy,
o |14 %10 F1 15 a1
=l I 1 1 1
o ] [ [ ]
1 15 5:11 1o ! 14 10 Equivalent isomers:
2 |12 88 f3 | '7 13 14 0 6 8
3 (13 39 r—2—— 10 12 2 6
:: E : : : ..............................
4 0 5:12 E15 0 :1 :5 1 15 9 7
8 |6 22 o ! 113 19
12 |8 fe6 t7 | 9 113 5 1 13 9
AEssmns of 1 1 1
1 1 1 1 [
15 11 :5 :4 ! :10 :14 1 5 9 13

Figure S4: Illustration of equivalent isomers determined from transformation list



Step 2b: Marking the unique flag list.

As illustrated in Figure Isomer_id 0 will be marked as unique in the unique flag list, while the equivalent
isomers are marked as a duplicate. To search for the Ids of the equivalent isomers, the string of 4 FG_ids is
converted back to its isomer_Id by Equation Steps 2a and 2b are repeated for the next unsigned unique
flag list isomer until all isomer_id in the unique flag list are marked.

Isomer_Id FG_id Unique?

0lo ' 4 ' 8 ' 12 yes

T E 4 i 8 E 12

212 E 4 i 8 i 12

331418112

410 E 5 i 8 i 12

511 : 5 : 8 512

Equivalent isomers: Isomer_id 6| 2 E 5 i 8 i 12
14 0 6 8 136 22161101 12 no
0 12 2 6 42 851§559;13 no
1 5 9 7 221 13601618 ! 14 no
2111719 s no

5 1 13 9 85 : : :
1 5 9 13 85 2550317111115

Figure S5: Example of functional group enumeration unique list

In huge pores with more than 12 ditopic linkers, the number of isomers exceeds the maximum size of a python
list. Encoding and decoding the isomers has significantly reduced the computational load. The encoding also
cuts the computational time that would be required to search for string containing npe numbers in a list of
grbinker jsomers.



S4 Enumeration and analysis of 2D Dy, cage



S5 Histograms of the functional group - functional group
distances of every pore topology.
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Figure S6: Histogram of FG-FG distances in pore Tri?Di3, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S7: Histogram of FG-FG distances in pore Tri*Di% constructed from a
node with radius 5A and two different linker size, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S8: Histogram of FG-FG distances in pore Tri3Di% constructed from a
node with radius 5A and two different linker size, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S9: Histogram of FG-FG distances in pore T7i®Di” constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S10: Histogram of FG-FG distances in pore Tri®Di'?, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S11: Histogram of FG-FG distances in pore Tri?°Di®°, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S12: Histogram of FG-FG distances in pore Tet?Di*, constructed from a

node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S13: Histogram of FG-FG distances in pore TetiDi®, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S14: Histogram of FG-FG distances in pore Tet;Di®, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S15: Histogram of FG-FG distances in pore Tet®Di'0, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S16: Histogram of FG-FG distances in pore Tet®Di'?, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.



TetéDil®

w w
(=} 6]

N
(]

=
(6]

Count (*268435456)
= N
() (]

5}

1

(=]
o

5

|

15 20
FG-FG distance(A)

5

(a) Benzene-1,4-dicarboxylic acid linker

TetéDil®

35

w w
(=} 6]

N
(]

=
(6]

Count (*268435456)
= N
() (]

wu

5

(=]
o

10 15 20 25

FG-FG distance(A)

30

35

(b) Outer poly(1,4-benzenedicarboxylic acid) linker

TetéDil®

w w
(=} 6]

N
(]

=
(6]

Count (*268435456)
= N
() (]

wu

(=]

o

(c) Inner poly(1,4-benzenedicarboxylic acid) linker

FG- FG dlstance(A)

30 35

Figure S17: Histogram of FG-FG distances in pore Tet®Di'®, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.



Tet!®Di3?

e )
u N
o [6,}

(=]
N
(8]

(4 N
o [6,}

Count (*17592186044416)
N )
[ =)

T

2 30
FG-FG distance(A)

(=]
(=]

40

(a) Benzene-1,4-dicarboxylic acid linker

Tet!®Di3?

I
N U N
a o wu

Count (*17592186044416)
=
o
o

75 |
50 | | { |
N g b
Y AN O 1P L ||M||}||/uh L
0 10 20 30 40

FG-FG distance(A)

(b) Outer poly(1,4-benzenedicarboxylic acid) linker
Tet!6Di32

P )
u N
o [0,

(=]
N
v

(4 N
o [}

Count (*17592186044416)
N o
(] =)

b i, o

|li
20 30 40
FG-FG distance(A)

it
10

o
o

(c) Inner poly(1,4-benzenedicarboxylic acid) linker

Figure S18: Histogram of FG-FG distances in pore Tet'®Di®?, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.



Tet?4Di*®

w
o
o

N
(4]
o

N
[=]
o

nt (*495176015714152000008486
[
o
o

FG-FG distance(A)

100

I 1 111 I

0 10 20 0 50

FG-FG distance(A)
(a) Benzene-1,4-dicarboxylic acid linker

Q Tet?*Di*®
g300
(=]
: |
°250
o
N
n 200
—
S W
3150
: L LT
© 100
: )1
- I HH L
g 1] RN
~ 0 10 20 30 40 50
€

(b) Outer poly(1,4-benzenedicarboxylic acid) linker

Tet?4Di*®

N
[0
o

N
[=]
o

nt (*495176015714152000008486
=
u
o

(I

FG-FG distance(A)

40

(c) Inner poly(1,4-benzenedicarboxylic acid) linker

Figure S19: Histogram of FG-FG distances in pore Tet?*Di*®, constructed from a
node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic acid,
(b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c¢) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.



S6 Functional Group - Functional Group distance His-
togram of Tet’Di* Isomers.



S7 The effect of linker rotation on the functional group
- functional group distances

FG-FG dis- Shortest Dis- Maximum

tance(A) tance(A) distance(A)
3.68 2.44 5.82
4.70 3.81 6.52
5.20 5.20 6.31
5.96 5.96 6.96
791 6.18 9.32
8.43 6.82 9.76
10.07 9.80 10.48
10.48 10.22 10.88
10.57 8.34 11.85
10.95 8.83 12.19
14.94 14.28 14.94
15.22 14.57 15.22

Table S2: Distances found in Tet?Di* pore. The linker rotation deviates the
distances from its symmetric position, the maximum and minimum distance is
tabulated. Colour code blue represents In-In distances, violet In-out distances,
red out-out distances.

FG-FG dis- Shortest Dis- Maximum

tance(A) tance(A) distance(A)
3.14 2.39 4.79
5.26 4.63 6.75
6.08 5.33 7.73
6.84 6.75 8.09
7.41 6.13 8.39
8.51 7.27 9.63
9.63 8.40 10.49
10.02 8.33 10.78
10.09 8.80 11.13
11.54 11.11 12.09
11.73 10.08 12.47
12.90 11.21 13.66
16.33 15.55 16.35

Table S3: Distances found in Tri*Di% pore. The linker rotation deviates the
distances from its symmetric position, the maximum and minimum distance is
tabulated. Distances are colour-coded: blue represents In-In distances, violet
In-out distances, red out-out distances.



FG-FG dis- Shortest Dis- Maximum

tance(A) tance(A) distance(A)
3.43 2.01 4.15
4.85 4.85 5.86
5.46 4.24 5.59
6.3 4.88 8.38
7.17 7.17 8.01
7.29 5.57 8.5
7.95 7.22 9.92
8.37 6.29 9.79
8.44 6.71 9.81
8.54 8.24 9.003
8.91 8.91 9.7
9.05 8.82 9.26
9.24 7.57 10.6
9.54 9.54 10.87
9.73 9.73 10.68
9.76 7.94 11.15
10.12 8.12 11.5
10.14 10.14 11.06
10.48 10.28 10.71
11.24 9.16 12.66
11.75 11.75 13.11
11.84 11.37 11.84
12.35 11.11 13.6
12.75 11.8 13.81
12.89 12.66 13.11
13.29 12.31 14.28
13.95 13.25 14.72
14.02 13.55 14.02
14.67 14.39 14.87
14.95 14.68 15.15
15.9 15.43 15.9
16.33 14.6 16.69
17.05 15.5 17.4
17.97 18.27 16.66
19.61 18.95 19.61
19.82 19.33 19.82

Table S4: Distances found in TetSDi'? pore. The linker rotation deviates the
distances from its symmetric position, the maximum and minimum distance is
tabulated. Colour code blue represents In-In distances, violet In-out distances,
red out-out distances.



S8 Kernel Density Estimation on the Histograms
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Figure S20: KDE applied on FG-FG distance histograms of pore Tri2Di3, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S21: KDE applied on FG-FG distance histograms of pore Tri*Di®, constructed
from a node with radius 5A and two different linker size, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S22: KDE applied on FG-FG distance histograms of pore Tri3Di®, constructed
from a node with radius 5A and two different linker size, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S23: KDE applied on FG-FG distance histograms of pore T7i®Di?, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S24: KDE applied on FG-FG distance histograms of pore Tri®Di'2, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.



= Tri2°Di3°

+

@

N 2501

N

(=]

iy 2001

(=]

3

n 1501

N

n

© 1001

N

N

X 5o / l

. |

c

3 O

o V] 10 20 30 40 50 60

o FG-FG distance(A)

(a) Benzene-1,4-dicarboxylic acid linker

- Tri2°Di3°

+

@

N 2501

N

R

iy 2001

(=]

>

n 1501

N

n

© 1001

N

N

" l ‘ ‘

)

c

s O

o 0 10 20 30 40 50 60

o FG-FG distance(A)
(b) Outer poly(1,4-benzenedicarboxylic acid) linker

- Tri2°Di3°

+

@

N 2501

N

R

iy 2001

(=]

>

n 1501

N

n

© 1001

N

N

X 501

)

c

s O

o 0 10 20 30 40 50 60

o FG-FG distance(A)

(c) Inner poly(1,4-benzenedicarboxylic acid) linker

Figure S25: KDE applied on FG-FG distance histograms of pore T7i2°Di?°, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S26: KDE applied on FG-FG distance histograms of pore Tet>Di*, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S27: KDE applied on FG-FG distance histograms of pore Tet3Di?, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S28: KDE applied on FG-FG distance histograms of pore Tet}Di®, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S29: KDE applied on FG-FG distance histograms of pore Tet>Di'0, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S30: KDE applied on FG-FG distance histograms of pore Tet%Di'2, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S31: KDE applied on FG-FG distance histograms of pore Tet®Di'6, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S32: KDE applied on FG-FG distance histograms of pore Tet'® Di3?, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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Figure S33: KDE applied on FG-FG distance histograms of pore Tet?*Di*®, constructed
from a node with radius 5A and two different linker sizes, (a) benzene-1,4-dicarboxylic
acid, (b) poly(1,4-benzenedicarboxylic acid) outer functional group positions (c) poly(1,4-
benzenedicarboxylic acid) inner functional group positions.
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