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1. Instruments

1.1 Solid state NMR

Solid state NMR (SSNMR) was performed on a Bruker AVANCE III HD 700Wb. The
results were obtained through cross polarisation of *C with 'H. The MAS frequency was

16 kHz and the D1 was 3s.
1.2 Gas sorption

Polymer surface areas and pore size distributions were measured by nitrogen adsorption and
desorption at 77.4 K using a Micrometrics 3-Flex adsorption analyser over a relative pressure
range (P / Py) 0of 0.01 to 0.25. Before the analysis, the materials were outgassed under a primary

vacuum at 100 °C for 24 hours.

1.3 SEM and EDX

SEM was performed on a Field-free UHR-SEM BrightBeam of the TESCAN AMBER model.
Electron backscatter diffraction was performed with an Oxford Instruments Symmetry S3. EDS
was performed on an Oxford Instruments Ultim Max 40 using a 40 mm? large area EDS
detector. Images were captured at between 100x and 30000% magnification at 2.00 kV
acceleration. Powders were dropped onto carbon tabs ((G3348N, Agar Scientific) for this

measurement.
1.4 UV—vis

All absorption spectra were recorded in a UV—vis absorption spectrometer (Cary 60, Agilent)
in the spectral range 200—800 nm using a solid sample holder. Reference spectra were obtained

in an identical sample holder with a PTFE 200-800 reference sample.
1.5 Conductivity

The electrical conductivity was measured as a function of pressure from 0 to 700 MPa using a

powder impedance measurement system (Hioki E.E Corporation). Conductivity was



measured in a 2-probe configuration using an AC impedance analyser (IM3570, Hioki E.E

Corporation), with a fixed bias modulation frequency of 4 Hz and amplitude of 0.5 V.
1.6 CHNS analysis
CHNS analysis was performed on a Vario MICRO cube using 2 mg samples.

1.7 TGA

Thermogravimetric analysis was performed on a NETZSCH STA 449F3 thermal analyser
using alumina crucibles. The sample mass was 12.67 mg, and it was heated from 50 °C to

900 °C at a rate of 10 °C/min

2. Materials

1,3,6,8-Tetrabromopyrene was obtained from TCI, Copper lodide, Cesium Floride, and
diphenylsulfone were obtained from Alfa Aesar. Tetrakis(triphenylphosphine) palladium(0),
triethylamine, and triethylsilyl acetylene were obtained from Fluorochem. Carbon
tetrabromide was obtained from Sigma Aldrich. All solvents (including anhydrous toluene
Acroseal) were obtained from Fisher Scientific.

Thin layer chromatography was performed on aluminium sheets coated with Merck
silica gel 60 F254 with visualisation using potassium permanganate solution, phosphomolybdic
acid, and/or scrutinised under 254 nm UV light. Column chromatography was performed using
Silica 60 (40—63 microns) supplied by Sigma-Aldrich or Fluorochem unless otherwise stated.
Microwave vials (crimp cap seal) were purchased from Biotage.

Nuclear magnetic resonance (NMR) spectroscopy was performed on a Bruker Avance
400 NMR spectrometer ('H NMR at 400 MHz, '3C NMR at 100 MHz) with the appropriate
deuterated solvent. Chemical shifts in 'H NMR and 3C NMR spectra are relative to the
deuterated solvent peak and reported as singlet (s), doublet (d), triplet (t), quartet (q) and
combinations thereof, or multiplet (m). Coupling constants (J) are quoted in Hz and are
averaged between coupling partners and rounded to the nearest 0.1 Hz. FT-IR data was
acquired using Agilent Technologies Cary 630 FTIR instrument with wavenumbers being
reported in cm!. Melting points were determined using a Gallenkamp melting point apparatus

with in with a mercury thermometer.



3. Synthetic procedures

3.1 Synthesis of 1,3,6,8-Tetra(triethylsilylethynyl) pyrene

TES TES
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Br Br N 4
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Br Br

Z X
According to the method of Lotsch and co-workers.!2 To a solution of 1,3,6,8-

TES TES

tetrabromopyrene (518 mg, 1 mmol 1 e.q.) in dry toluene (4 mL) and dry triethylamine (12
mL, 9 mmol) was added Pd(PPh), (173 mg, 0.15 mmol 0.15 e.q.) and Cul (60 mg 0.3 mmol
0.3 e.q.) under anhydrous conditions. The resulting mixture was heated to 50 °C, where TES
acetylene (1 mL 9 mmol 9 e.q.) was added dropwise, and then to 80 °C where it was left under
reflux overnight. The reaction mixture was diluted with dichloromethane (48 mL) and filtered
through celite. The crude product was washed with sat. NH4CI, 0.1 M HCI, and brine (50 mL
each) and evaporated under reduced pressure. The product was purified through flash column
chromatography with cyclohexane/toluene 20:1 and isolated as a bright orange solid
(582.5 mg, 89% yield). Melting point 274 °C. TH-NMR (CDCl; 400 MHz): 6 = (8.56 (s 4H),
8.33 (s 2H), 1.18 (s 24 H) 0.6 (s 36H) ppm. The data obtained matches data previously
reported.'®
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Figure S1: IR spectrum for 1,3,6,8-Tetra(triethylsilylethynyl) pyrene.



3.2 Synthesis of OSPC-Py

TES TES

‘ CsF
Sl
DPS

1,3,6,8-Tetra(triethylsilylethynyl) pyrene (0.295 g, 0.39 mmol), carbon tetrabromide

(0.165 g, 0.5 mmol), CsF (0.375 g, 2.5 mmol) and DPS (2.5 g, solvent) were added to a
sealed microwave vial under nitrogen. The mixture was heated at 200 °C overnight. Then the
reactor was cooled to 150 °C and dichlorobenzene (5 mL) was added. The black precipitate
was filtered out under reduced pressure and was suspended in NaOH solution overnight. The
resultant solids underwent further purification using Soxhlet extraction with methanol. The
products were dried under vacuum overnight to give a black powder of mass 168 mg.
Assuming no residual end groups were present this would be a yield of 126%. Adjusting the
yield using the EDX abundance data, as was done for OSPC-1 provides a lower bounded
yield of 49%.?

Table S1: CHNS analysis of OSPC-Py. As the total is well below 100%, it is likely that the
sample did not fully combust in the CHNS analyser. According to the TGA results shown in
figure S1, over 60 % of the sample’s mass remained at 900 °C. Another component of the
remaining unassigned percentage may also be due to undetected bromine or silicon from
unreacted end groups consistent with EDX analysis (Figure S6), which shows high relative
abundance of both.

Sample Mass (mg) | C (%) H (%) N (%) S (%) Total (%)
OSPC-Py  |1.02 41.89 2.68 0.00 0.98 45.54
OSPC-Py [1.44 31.90 1.88 0.00 0.65 34.43
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Figure S1: TGA results for OSPC-Py
3.2 Naming of OSPC-Py

Organically synthesised porous carbons (OSPCs) are a new class of materials that are a
subset of conjugated microporous polymers (CMPs) that belong to the microporous organic
polymer family of materials.?

We define an OSPC family member as their core polymeric repeat structure containing only
carbon and that it is synthesised using an organic synthetic approach utilising monomeric
units. This distinguishes it from other polymer materials, including CMPs and porous
aromatic frameworks (PAFs) that contain hydrogen and other elements within their polymer
repeat unit, and from other porous carbon materials, including hard carbons or amorphous

carbons, that are not synthesised using an organic approach.
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Reproduced from reference 2. 2

In general, CMP materials are synthesised using the Sonogashira Hagihara carbon-carbon
coupling approach, while PAFs are synthesised using the Yamamoto carbon-carbon coupling
approach. Although other approaches are used, including Suzuki, Schiff-base, or
cyclotrimerization approaches, these tend to produce materials that fit better into other
categories such as hyper cross linked polymers. Whereas OSPC materials are synthesised
using either a CsF catalyst, as we have done here, or via Eglington homo coupling, as

undertaken in the first reported discovery of OSPC-1.?

Here we have incorporated pyrene units within the OSPC polymer structure demonstrating
the flexibility of the synthetic approach. Incorporating this functionality means that by
definition this material fits into the CMP family similarly to other pyrene based CMPs
including YPy, YDBPy reported by 2011 by Jiang et al,* and the extension to this set
incorporating phenyl linkers as o-phenyl-Py-CMP, p-phenyl-Py-CMP and
m-phenyl-Py-CMP.>

There is no set rule for naming of CMP materials, with names being set by those that discover
them to best suit their requirements. For OSPC materials, to-date these have been numbered
to reflect the number of alkyne groups that link the tetrahedral sp3 carbons starting with
OSPC-0, which has one linking alkyne unit and up to OSPC-3 that has four linking alkyne

units.



As such, we name this material OSPC-Py to reflect the OSPC synthetic approach used,
incorporate the pyrene functionality, distinguish it from OSPC materials (these are numbered)

and from other pyrene containing CMP materials.

4. Computational generation of OSPC-Py cluster models

Ambuild is an in-house, GPU-based software specifically designed to model amorphous
porous polymers such as CMPs, covalent triazine frameworks, porous aromatic frameworks
and hypercrosslinked polymers.®!0 It is written in Python and able to integrate with
HOOMD-blue,!!- 12 used as the geometry optimisation and molecular dynamics (MD) engine
throughout. As in our previous studies employing Ambuild, we utilised the polymer
consistent (PCFF) forcefield to describe bonding and non-bonding interactions in the
Ambuild models as this was deemed the most appropriate for our systems.'? For further
details on the Ambuild code, please see our previous publications (Reference set 3), where it
is described in-depth, with full details and a validation of the approach, or its Github site
(https://github.com/linucks/ambuild/wiki).

For the clusters, a tetrabromomethane (TBM) building block with all four end groups
available for bonding is seeded into the centre of a cubic cell of size (50 A, 50 A, 50 A) and
the remaining cell volume filled with DPS solvent molecules to closely mimic the synthetic
protocol. Then, a geometry optimisation is performed with a van der Waals cutoff of 10 A
and an integration timestep of 0.01 for 1000 cycles, followed by an NVT MD (constant
number of molecules, cell volume and temperature) with a van der Waals cutoff of 10 A, an
integration timestep of 0.001 and a temperature factor of 55 for 100,000 cycles. The DPS is
removed from the cell and a growBlocks step is performed to add a tetraethynylpyrene (TEP)
building block to the original block via any of the available end groups, replacing a bromine
cap atom.

The DPS is added back to the cell and a zipBlocks step is performed increasing the
defined bond length and angle margins to 5 A and 70° respectively, and determining whether
the existing blocks in the system are close enough together to form additional bonds at the
specified margins, and if so, these bonds are formed. Only bonds between a TEP and TBM
are allowed to follow the synthetic chemistry. Another geometry optimisation and MD step is
performed if the zipBlocks step was successful. This process is repeated, randomly growing a
TEP or TBM onto available and allowed sites, until a 20-unit cluster is formed. This

procedure was repeated 100 times, generating 100 independent clusters.


https://github.com/linucks/ambuild/wiki

For the computational analysis, any unreacted bromine atoms present in the chains and
clusters were replaced with hydrogen atoms to more realistically represent the small
(approximate 4 wt.%) proportion of bromine atoms remaining after experimental synthesis.

CMPs are amorphous kinetic products and therefore not minimum-energy
thermodynamic structures. Calculations on large chemical systems require careful
consideration due to potentially significant computational expense. We have chosen
computationally tractable characterisation techniques that provide information with a
reasonable balance of accuracy and computational expense. The GFN2-xTB!4 semi-empirical
tight binding approach, presented by Grimme and co-workers as an efficient electronic
structure-based geometry optimiser for large chemical systems provides structures of an
accuracy approaching those from conventional density-functional theory (DFT) calculations,
was used within the XTB'> program to optimise the geometry of the generated chains and
clusters. This is considered a “relaxation” of the structure to obtain more sensible bond
lengths, conjugation and intermolecular interactions than those provided by the basic rigid-
body forcefield approach without imposing the inherent restrictions present in a molecular
mechanics approach. Each of the relaxed structures were found to be minima on their
respective potential energy surfaces. The harmonic vibrational normal modes are also
calculated using this same model chemistry. We recently justified the applicability of the
XTB-derived geometries for subsequent *C NMR and UV-vis spectroscopic analysis by
considering the impact on several test systems and found that the difference between 3C
NMR and UV-vis data calculated from GFN2-xTB and B3LYP/cc-pVDZ geometries is
minimal compared to using Ambuild structures.'®

Single point energy calculations of the XTB-derived structures were undertaken using
Gaussian 09 and the CAM-B3LYP/def2SVP model chemistry.!”-!® From this, molecular

orbitals were generated.



5. Solid state NMR of OSPC-Py
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Figure S2: Solid state NMR spectra of OSPC-Py obtained using a MAS frequency of 16 kHz
and the D1 was 3s. Pertinent peaks are labelled. Spinning side bands are labelled SSB.



6. UV/vis
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: UV/vis spectra of OSPC-Py.



7. PSD analysis
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Figure S4: Pore size distribution analysis.



6. SEM
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Figure S5: High resolution SEM with (top) and without (bottom) back scattering.



7. EDX
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Figure S6: EDX data for the highlighted region. Site 3 is representative of the
diffuse morphology whereas Site 4 is representative of the denser morphology. Site
2 was investigated as its prominence on the backscattered image gave the



appearance of an impurity, but it does not appear to have a different composition to
the bulk structure. It may therefore be a particularly prominent example of the
diffuse morphology.

8. Cluster Models

Table SI.1 The 100 unique 20-unit cluster models, their number of MCRs, the
number of TEP units, and the number of TBM units

Number of
Model MCRs Number of TBM | Number of TEP
61 0 14 6
67 1 7 13
82 1 8 12
41 1 9 11
53 1 9 11
62 1 9 11
22 1 10 10
98 1 10 10
47 1 11 9
9 1 12 8
68 1 12 8
17 2 7 13
18 2 7 13
26 2 7 13
93 2 7 13
6 2 8 12
40 2 8 12
78 2 8 12
79 2 8 12
19 2 9 11
71 2 9 11
73 2 9 11
75 2 9 11
7 2 10 10
1 2 10 10
50 2 10 10
54 2 10 10
60 2 10 10
69 2 10 10
56 2 11 9




95 2 11 o
100 2 11 2
37 2 12 8
10 2 13 7
36 2 13 7
43 2 13 7
30 2 14 6
39 3 7 13
59 3 7 13
89 3 7 13
23 3 8 12
24 3 8 12
25 3 8 12
87 3 8 12
16 3 g 11
28 3 9 11
42 3 9 11
45 3 9 11
66 3 g 11
84 3 9 11
27 3 10 10
31 3 10 10
51 3 10 10
58 3 10 10
85 3 10 10
1 3 11 2
8 3 11 S
14 3 11 S
48 3 11 9
77 3 12 8
81 3 12 8
44 3 13 7
49 3 13 7
76 3 13 7
88 3 13 7
2 4 8 12
13 4 8 12
20 4 8 12
34 4 8 12
90 4 8 12
5 4 9 11
32 4 9 11




63 4 9 11
70 4 9 11
92 4 g 11
94 4 9 11
99 4 9 11
12 4 10 10
29 4 10 10
80 4 10 10
52 4 11 9
55 4 11 2
72 4 11 S
74 4 11 S
83 4 11 9
33 4 12 8
38 4 12 8
65 4 14 6
15 5 8 12
57 5 9 11
96 5 g 11
3 5 10 10
4 5 10 10
35 5 10 10
64 5 10 10
46 5 11 S
91 5 11 o
86 6 8 12
21 6 12 8

Table SI.2 The four structural types identified.

Structure ID Number
Branched 1
Single 10
Webbed 81
Disjoint 8
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Figure S7: Model 22, an example of a model from the Single structural group
visualised using iRASPA?? and showing the HOMO, LUMO, and LUMO-1
molecular orbitals.



Figure S8: Model 2, an example of a model from the Webbed structural group
visualised using iRASPA? and showing the HOMO, LUMO, and LUMO-1
molecular orbitals.



Figure S9: Model 31, an example of a model from the Disjoint structural group
visualised using iRASPA? and showing the HOMO, LUMO, and LUMO-1
molecular orbitals.
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