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Scheme S1 — Synthesis of phosphine-borane monomers and polymers
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Figure S1 - HexylIPCl, (2a) NMR Spectra
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Figure S2 - HexylPH,.BH; (3a) NMR spectra

H

comoomﬁwr-:rmmwmr-oom‘:rw
mmmmmmmmmmmmmmm

79
756
739

0 721
484
241

SERSN e )

' R R
95 5.0 45 4.0 35

W

13C{1H}

29.964
29.861

_~31.138
~30.246

~

e
3.0 2.5

26.503
26.450

e

22.375

o o
@M N
WM o
ww T m
o

45 40 35 30

25

20 15 10

———
5 ppm




31P

-50.024
-52.247
-54.442

-50.024
—-52.247
-54.442

-47 -48 -4% -50 -51 -52 -53 -54 -55 -56 ppm

ST I L L B
200 150 100 50 0 -50 -100 -150  ppm

3priy oo
w O WO W
tH B I 2332
@ i M Ly — ooy
= o o o it
b b < i NV

51.5 -52 52.5 ppm

ST L
200 150 100 50 0 -50 -100 ppm



1lB

osL”
SLE

€h-
TEV-
eV

So00
<69

BZZ®
916"
(A3

kT

Ev-

-
1=
¥
‘TE-

08L EP—
SLPTER—

GO0 EF—
769 CF~-

82T Zk—
9T6e " TF—

[4°) N A
TPT TE—

40  -41  -42  -43  -44  -45 ppm

-39

pPpm

-40 -60

-20

60 40 20

80



Figure S3 - Hexyl phosphine-borane polymer (PHPB) NMR spectra
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Figure S4 - ButylPCI, (2b) NMR spectra
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Figure S5 - ButylPH,.BH; (3b) NMR spectra
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Figure S6 - Butyl phosphine-borane polymer (PBPB) NMR spectra

'H
I [ NN NS
j |' TR
55 50 45 40 35 30 25 20 .0
13C{1H}

28.233
_—24.056
T~23.952
—20.3486
_—13.712
T—13.446

45 40 35 30 25 20 15 10 5 ppm

16



31P{1H}

f Pl Vi
L R ST T T T ol T
200 150 100 50 0 -50 -100 -150 ppm
llB
| | | | | | [ | !
80 60 40 20 0 -20 -40 -60 opm

17



Figure S7 - 2-(Ethylhexyl)PCI, (2¢) NMR spectra
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Figure S8 - 2-(Ethylhexyl)PH,.BH; (3c) NMR spectra
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Figure S9 - 2-(Ethylhexyl) phosphine-borane polymer (PEHPB) NMR spectra
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Figure S10 - Rotational rheology of PHPB formed with 2 mol% catalyst loading at 25 °C
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Figure S11 - DSC showing T4 curves for PHPB (solid line), PBPB (dashed line), and PEHPB
(dotted line) samples from polymerisations using 2 mol% catalyst loading.
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Figure S12 — GPC chromatogram (MV vs min) of sample PHPB from polymerisations using 0.5
mol% catalyst loading.

240,00

220,00

200,00

180.00

160.00-]

33149

140.00

120,007

100.00

MV

80.007

60007

40007

20007

-20.00

-40.00

-60.00

e B L B B e s By e e B . B ey oy B B S By B B By
1300 1350 1400 1450 1500 1550 1600 1650 17.00 1750 1800 1850 1900 1950 2000
Minutes

Figure S13 — GPC chromatogram (MV vs min) of sample PHPB from polymerisations using 2
mol% catalyst loading.
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Figure S14 — GPC chromatogram (MV vs min) of sample PHPB from polymerisations using 5
mol% catalyst loading.
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Figure S15 - GPC chromatogram (MV vs min) of sample PBPB from polymerisations using 2
mol% catalyst loading.
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Figure S16 — GPC chromatogram (MV vs min) of sample PEHPB from polymerisations using 2
mol% catalyst loading.
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Figure S17 — GPC chromatograms (MV vs min) of PHPB sample before (top) and after heating
(bottom) at 100 °C for 24 hours.
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Group Interaction modelling (GIM)

GIM defines the glass transition temperature, Tg, as the temperature at 1Hz measurement rate and zero
pressure of the peak in the loss tangent associated with the specific interaction. For a homopolymer
this corresponds to the only alpha peak measured in a Dynamic Mechanical Analysis test. The peak
appears because the number of skeletal degrees of freedom for the polymer increases by a factor 3/2
as the chains gain extra mobility through the glass transition; as well as being able to vibrate normal
to the chain axis the polymer chains can start to move translationally relative to each other. The glass
transition temperature is predicted using the following equation:

T, = 0.224 6, + 0.0513 221 1
N

where 6, is the 1-D Debye temperature of skeletal chain vibrations, E, is the cohesive energy of the
polymer and N is the number of skeletal chain vibrations.

The 1-D Debye temperature is a measure of the characteristic timescale for vibrations in the polymer

backbone. For —C-C- chains this is well established and, for trans conformers, is well predicted based
upon the mass of the mer unit relative to polymethylene. If M,, is taken to be the mass of the mer unit,
M, divided by the number of backbone atoms then:

14 Kelvin 2

6, = 550

av

Such arelation is not available for phosphine-borane chains but it will be presumed to follow equation
2 with the 14 Daltons for polymethylene being replaced with 42 Daltons for P+B and M,, being
replaced by M (the mers of the current compounds are all two chain units long). Actual values could
be calculated by molecular mechanics methods or measured experimentally and this is recommended.

Cohesive energy is calculated by group contribution methods.

Group contribution values used in predictions of cohesive energy

Group Econ (J/mol)
-CH,- 4500

P 9500

B 14000

The number of skeletal degrees of freedom for a mer unit in GIM is also calculated by a group
contribution method but following selection rules:

e Main chain atoms have N=2

0 Unless they are phenyl groups which have N=5 for para-rings and N=6 for meta-rings
e Side chain atoms have N=1

0 Unless it is a phenyl group which acts as a unit with N=2

0 The group at the end of the side chain has N=2
e Hatoms do not contribute to degrees of freedom

These are simple rules and do not take into account the complex interactions that are found in some
polymers where hindrance or pinning by other groups can reduce the available degrees of freedom or
where extra degrees of freedom due to crankshaft modes become available.
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