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Introduction & Background Tonic Liquids: [Pgge14] [ ben

Net zero carbon emissions are required by 2050 in order to limit the global The phosphonium-based super-
temperature increase to 1.5°C.[11 Amine-based solvents such as monoethanolamine | 2 basic ionic liquids [Pyeg:][124Triz]
(MEA) are currently used for CO, capture but large temperatures are required for
regeneration, increasing energy production costs. Alongside CO,, industrial flue gas
contains H,0, which can inhibit CO, absorption. Current promising green
alternatives are ionic liquids (ILs), which boast high CO, capacities and lower
regeneration temperatures than MEA, making them more cost effective.2!

and  [Pgge1al[benzim]  chemically
absorb CO, via the formation of
carbamate on the anion,! shown
in Figure 1.

o v Both CO, and H,0 absorption
Here we present an in situ near-edge X-ray absorption fine structure (NEXAFS) and 5 &

£ occur at the same reaction sites
near-ambient pressure X-ray photoelectron spectroscopy (NAP-XPS) study of the on NI
competitive absorption of CO,and H,0 in multilayer and electrosprayed thin films {Eﬂ":]‘—l?‘”‘“"""“";““"[""‘"] Gpmitis "‘""‘“"m""] ‘M"'" .
of the ILs [Pggeiqllbenzim] and [Pggq14][124Triz] on a rutile TiO, (110) crystal
Measurements were carried out at Diamond Light Source (Oxford) and MAXIV

(Sweden) synchrotron facilities.

Angle-Resolved NEXAFS Simulated NEXAFS

= Isolated  [benzim]- i ith
Reordering of the IL upon Absorption of CO, :;:;natelf;?:::]at :,?l(?:g 1‘;:))

Before exposure to CO, [benzim]- + CO, has 8 inequivalent

r
ﬁK edge chemical environments of Carbon
[be"zim] 1t* peak is more intense relative to atoms.

the o* peak when incoming X-rays

T v =
are at larger incident angles (70°). Pre-edge feature assigned to C%. 285 200 205 300
Photon Energy (eV)

» [benzim] anion orients towards Gl
the substrate surface normal. LUMO LUMO+2 Unoccupied
Antibonding Orbitals

Normalised Intensity (arbitrary units)

Upon exposure to CO,

) . i No density of states on C®

1t* peak is more intense relative to in the lowest unoccupied

the o* peak when incoming X-rays molecular orbital (LUMO).

; are at smaller incident angles (30°).

280 285 295 W . LUMO = 1rt* orbital
Photon Energy (eV) > - anion orients closer to

Flgure 2: CK edge NEXAFS of [Pygssa]lbenzim] before and while exposed to 1 mbar the substrate surface. -
of €Oy, for the X-ray beam incident at angles of 30° and 70 from the IL surface. T R R T LUMO+2 = 1¢* orbital

,-§
i
z
H
i
5

Depth Profiling Study

CYHB o Protonated N1s More CO, absorption

i e - [Posel124Triz] { L_*_J“'ﬂ"“‘z‘““’ occurs in the bulk

The main C 1s peak at 285.0 eV is attributed IL+CO; i indicated by the
to the C atoms in the [Pg4414] cation (Fig. 5). IL+CO;, + H;0 L o

Ponc 0 stronger  carbamate

N |Lzo o Solid Line: 4.0 nm feature at 288.3 eV in

2 Do L= igom the C 1s peak for a

CO, pump out >
40 nm sampling

— IL + CO,
o +CO0; depth in Figure 6(a).

When the IL is exposed to 1 mbar of CO,
(Stage 2) a carbamate feature appears at
288.3 eV. This reduces in intensity when the
CO, gas is removed and would suggest that
reversible CO, absorption occurs. However,
the presence of a residual carbamate peak
after removal of CO, indicates that the CO,
absorption process is irreversible.

When the IL is
exposed to H,0, the
residual  carbamate
peak is more intense
at the surface. CO,
absorption at the
surface is irr ibl

Normalised Intensity (arbitrary units)

Carbamate

Normalised Intensity (arbitrary units)

Normalised Intensity (arbitrary units)

When the IL is exposed to both CO, and H,0, 200 288 286 284 4
the carbamate peak returns to the original y (@ Binding Energy (eV) Binding Energy (eV)
intensity from Stage 2. The presence of H,0 U Figure 6: C 15 (2} and N 15 b) depth profiling XPS spectra at sampling depths of 1.6 nm and 4.0 .
has no effect on the absorption of CO, and
formation of carbamate.

200 288 286 284 282 Absorption of H,0 results in the protonation of the [124Triz]- anion (Fig. 1(b)),
Binding Energy (eV) manifesting as a peak at 402.4 eV in the N 1s region in Figure 6(b).! The
ion of pr d anions is greater at the surface than in the bulk.

‘exposure to CO;, H;0 and a CO/Hz0 mixture,
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> Higher concentrations of CO, absorption occur in the bulk layers of the [Pggs,,][124Triz] thin film than
Relerances at the surface, while more H,0 absorption occurs at the surface.

1] Jewell, )., etal., (2019). Nature Climate Change. 9(8): p. 592-597. » CO, absorption occurring at the surface is irreversible.
Guo, F, et al., {2015). Current Organic Chemistry 19(5): p. 455-468. » Thin films of [Pggs14][benzim] reorder upon absorption of CO,, with the anion orienting towards the
N. etal, (2015). 183: p. 389-400. 8 2
Henderson, Z, et al,, (2019). Journal of Physical Chemistry C 123(12): p. 7134-7141. substrate surface.
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