


Fig. S35.

Our custom-built setup for CO; capture at high temperatures and in the presence of water vapor. The
set up includes constant flow of premixed gas (15% CO; + 85% N»); humidifier, flow meter 1, stainless steel
chamber 1 with temperature control, stainless steel chamber 2 (including BAETA filter) with temperature
control, flow meter 2, CO» sensor and humidity sensor.
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Fig. S36.

CO; capture at 150 °C and in the presence of water vapour and desorption under steam conditions.
The experiment was conducted using a custom set-up in Fig. S35. CO; concentration (in ppm)— magenta;
humidity levels (in RH%)— blue by the function of time (min). The experiment was performed using a pe-
mixed 15% CO; + 85% N, gas mixture at 150 °C with 5 mL/min gas flow, up to 15 wt% capture based on
the weight of BAETA used. Desorption was conducted using humidified air, which was passed through
heating jacket (120-130 °C) at a flow rate of 50 mL/min showing up to 35% of desorption.



4. CO; sorption/desorption mechanistic studies

4.1. NMR spectroscopy analysis on CO; capture in solution (D>O and DMSO-dj)

We conducted experiments on the interaction between BAETA and CO,, employing NMR spectroscopy in
two different solvents: D,O and DMSO-ds. Two separate solutions of 0.0125 mol/L of BAETA were
prepared by dissolving 0.0375 g of BAETA in 6 mL of D,O or DMSO-ds. D>O was chosen to investigate
structural changes in BAETA during CO; capture in an aqueous medium, while DMSO-ds was selected to
explore alterations in the amide bond. We compared four different sets of 'H-NMR and *C-NMR spectra,
representing: i) BAETA under Ny, ii) BAETA with 1 equivalent of COs, iii)) BAETA with 2 equivalents of
CO,, and iv) BAETA with an excess of CO.. In D,O, we observed the appearance of new proton peaks when
adding 1 or 2 equivalents of CO,. Simultaneously, in the carbon spectra, a carbamate peak emerged at 164
ppm, accompanied by a shift and splitting of BAETA's aliphatic region peaks. However, with the addition
of an excess of CO,, the peaks reverted to a symmetrical pattern, and the carbamate peak transformed into
bicarbonate at 160 ppm. These findings indicated that, with 1 equivalent of CO,, multiple BAETA molecules
interact with CO,, forming carbamates and engaging in hydrogen bonding, leading to the formation of
unsymmetric moieties. These observations were consistently replicated in DMSO-ds. Here, we observed the
splitting of BAETA's carboxy amide bond into two peaks, signifying the formation of unsymmetrical
molecules, along with the emergence of new amide bond peaks, providing evidence of the chemical
interaction between BAETA and CO,. Additionally, we noticed the transformation of allylic -CH, bond
triplet peaks into a quartet, indicating the protonation of the amino group during CO; capture.
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Fig. S37.

CO: sorption mechanistic studies performed using NMR spectroscopy to analyze structural changes
during CO; capture in solution. A) Structural changes of BAETA during CO, capture in solution
depending on the amount of CO,. B) '"H-NMR data of BAETA CO; titration in D,O. A solution of 0.0125
mol/L of BAETA in D,O was prepared by dissolving 0.0375 g of BAETA in 6 mL of DO and different
amounts of CO, were added: i) BAETA under N», ii) BAETA with 1 equivalent of CO,, iii) BAETA with 2
equivalents of CO,, and iv) BAETA with an excess of CO..
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Fig. S38.
BC-NMR data of BAETA CO: titration in D;O by adding different amounts of CO,: i) BAETA under

Ny, i) BAETA with 1 equivalent of CO,, iii) BAETA with 2 equivalents of CO,, and iv) BAETA with an
excess of COx.
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Fig. S39.
'"H-NMR data of BAETA CO; titration in DMSO-d; by adding different amounts of CO,: i) BAETA

under N, ii) BAETA with 1 equivalent of COs, iii) BAETA with 2 equivalents of CO,, and iv) BAETA with
an excess of COs..
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Fig. S40.

BC-NMR data of BAETA CO; titration in DMSO-ds. A solution of 0.0125 mol/L of BAETA in D,O was
prepared by dissolving 0.0375 g of BAETA in 6 mL of D,O and different amounts of CO, was added: 1)
BAETA under Ny, ii) BAETA with 1 equivalent of CO,, iii) BAETA with 2 equivalents of CO», and iv)
BAETA with an excess of COs.



4.2. Crystal structure determination of BAETA-CO; adduct with 3D electron diffraction (3D ED)

The dry powder of BAETA-CO, was deposited on a 300-mesh copper TEM grid coated with a continuous
film of ultrathin amorphous carbon (from EMS). The sample was mounted on a Gatan Elsa cryoholder and
cooled to 102 K.

Series of diffraction patterns were collected on 5 crystals with a Rigaku HyPix-ED detector during
continuous rotation of the specimen over ca. 120 °, with a frame width of 0.25 ° and an exposure time of 0.5
s per frame. A selected area aperture with an apparent diameter of 2 pm was used to select the region of
crystals or aggregates for which diffraction data was collected. The program CrysAlisPro (67) was used to
control the data collection and to process the diffraction data, for indexing, data reduction and space group
determination.

The crystals appear as very thin (estimated < 100 nm) flakes, of 1-2 um in size, which tend to agglomerate
and bend (Fig. S41), and consequently most of them gave complex diffraction patterns. Moreover, the quality
and resolution of the diffraction seemed to deteriorate over the course of the experiment (ca. 2 hours). This
suggests that, even at cryogenic conditions, the adduct is not stable for a prolonged time in the high vacuum
inside the electron diffractometer (10 Pa) and/or suffers from radiation damage from the electron beam.
The examined crystals could be indexed with consistent unit cell parameters and space group Pc. Only one
dataset, with 75% completeness and ca. 1 A resolution, was of sufficient quality for ab initio structure
solution with SHELXT (62). The common practice of merging different datasets in pursuit of higher
completeness did not prove beneficial in this case, due to decreasing crystal quality, probably due to vacuum-
sensitivity of the CO, adduct. Least-squares refinement in kinematic approximation was performed with
SHELXL (63), within the programs Shelxle (64) and Olex2 (65), using scattering factors for electrons (66).
An extinction parameter was refined to mitigate the effects of multiple diffraction.

Due to the limited data quality and unresolved structural disorder, it was necessary to apply some distance
restraints to maintain the molecular geometry and symmetry, whereas torsion angles were refined freely.
The geometry of the terephthalamide fragment was taken from CSD entry JODRIEOS (67, 68) and fitted
with DSR (69). Anisotropic displacement parameters were refined for non-hydrogen atoms, and rigid bond
restraints were applied to achieve stable convergence of the refinement. H-atoms were placed in
geometrically idealized position and refined with a riding model, using tabulated distances from neutron
diffraction and isotropic thermal parameters derived from their parent atom.

CCDC 2406592 contains the supplementary crystallographic data for this paper. This data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures.

Fig. S41.

BAETA microcrystals for 3D ED analysis. 7op: typical appearance of the microcrystals of BAETA-CO»
dispersed on the amorphous carbon support film for 3D ED experiments. Botfom: the crystal used for
structure determination. The yellow ring (2 pm diameter) indicates the region from which diffraction data
were collected.
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Table S8.

Crystal data and structure refinement for BAETA-CO,.

CSD deposition number 2406592
Empirical formula Ci13Hi1sN4O4
Formula weight 294.31
Temperature/K 102
Crystal system monoclinic
Space group Pc
a/A 15.016(10)
b/A 4.9287(7)
c/A 8.794(2)
a/° 90
/e 93.27(3)
v/° 90
Volume/A® 649.8(5)
Z 2
pcalcg/Cm3 1.504
F(000) 118.0
Approx. crystal size/um’ 3 x2x0.05
Radiation electron (L =0.0251 A)
20 range for data collection/® | 0.292 to 1.796
Index ranges -16<h<16,-6<k<6,-10<1<10
Reflections collected 2559
Independent reflections 1976 [Rint = 0.0559, Rsigma = 0.1033]
Data/restraints/parameters 1976/415/175
Goodness-of-fit on F* 1.109
Final R indexes [[>=2c ()] R; =0.1802, wR, = 0.4662
Final R indexes [all data] R =0.2187, wR, =0.5059
Largest diff. peak/hole / A2 | 0.31/-0.26
Table S9.
Main H-bonds for BAETA-CO..
D H A d(D-H)/A | d(H--A)/A | d(D-~-A)/A | D-H--A/°
Amide groups N1 | HI o1' 1.03 1.91 2.889(14) | 158.5
Amide groups N2 | H2A | 02* |1.03 1.89 2.826(14) | 150.7
Carbamate groups N3 | H3A |03 1.03 1.85 2.88(2) 177.7
Ammonium.-- N4 |H4A |04 | 1.04 1.73 2.75(2) 166.5
carbamate
Ammonium-- N4 |H4B | 04' |1.04 1.85 2842) | 1593
carbamate
Ammonium-- N4 |H4C |03 |1.04 1.74 2.74(3) 159.8
carbamate

Symmetry codes: (1) x, 14y, z; (2) x, -1+y, z; (3) -1+x, y, 1+z; (4) -1+x, -1+y, 1+z; (5) -1+x, 1-p, 1/2+z.




Fig. S42. Structure and hydrogen bonding of BAETA-CO; obtained by 3D ED.



4.3. Solid-state NMR analysis of BAETA and BAETA-CO, adduct
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Fig. S43.

3C CP/MAS spectra of BAETA (blue) and BAETA with CO; under thermal (sorption performed at
150 °C) conditions (magenta) recorded at 16.4T (700 MHz for 'H) using 12 kHz sample spinning;
*spinning side bands. The observed new C=0 peak at 164 ppm following CO, capture confirms carbamate
formation. Additionally, the original C=0 peak from the BAETA amide bond (prior to CO> capture) splits
into two distinct peaks after binding CO,, indicating the formation of an asymmetrical molecule, where one
amine group binds CO, as a carbamate, while the other gets protonated. Furthermore, alterations in the
aliphatic region are consistent with findings from solution NMR, as detailed in Supplementary Material
Section 4.1.
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Fig. S44.

SN CP/MAS spectra of BAETA (blue) and BAETA with CO; (magenta) recorded at 16.4T (700 MHz
for 'H) using 12 kHz sample spinning. The presence of carbamate species is confirmed by signals at 32
ppm (R-NH3") and 85 ppm (R-NHCO:"). Additionally, a new amide peak from the original BAETA
structure appears at 110 ppm, indicating the formation of an asymmetrical structure upon CO> capture, where
one amine group forms a carbamate, while the other is protonated. Furthermore, the complete disappearance
of the original amine peak (22 ppm) from BAETA after CO; sorption confirms that all BAETA molecules
are converted into BAETA—CO..
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Fig. S45.

3C CP/MAS spectra of BAETA (blue) and BAETA after DAC (magenta) recorded at 16.4T (700 MHz
for 'H) using 12 kHz sample spinning; *spinning side bands. In this *C ss-NMR spectrum, the same
peak differentiation is observed before and after CO; capture, as seen in Fig. S35. The C=0 carbamate peak
at 164 ppm appears after CO; sorption, confirming the formation of carbamate species. Moreover, all peak
differentiation before and after CO, capture follows the same pattern regardless of the sorption conditions,
whether thermally induced or humidity-driven, indicating a uniform structural transformation upon CO;
capture.
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Fig. S46.

3C CP/MAS spectra of BAETA-CO; adduct enriched with *C-CO; recorded at 16.4 T (700 MHz for
'H) using 60 kHz sample spinning. The *C ss-NMR spectrum exhibits an intense C=0 peak at 164 ppm
after CO, sorption, confirming the formation of carbamate species through chemisorption of *C-labeled
COa,. This peak differentiation before and after CO, capture, as observed in Fig. S35, further supports the
structural transformation upon sorption.

4.4. Comparison with benchmark systems via calorimetry

Measurements for BAETA, EDA, and MEA were taken consecutively under identical conditions to
eliminate experimental variability (25 mM aqueous sorbent solution at 25 °C). For BAETA, the heat of
absorption for the first equivalent of CO, was recorded to be -37.2 kJ/mol, and the second equivalent -33.6
kJ/mol. This data, when compared with the standard references in CO, capture, such as MEA (-37.4 kJ/mol)
and EDA (-39.7 kJ/mol) in aqueous solutions, shows that BAETA's heat of absorption aligns closely with
that of MEA. In the kinetics experiments, CO, was injected in its aqueous form, prepared by saturating water
with gaseous CO; at 25 °C, Fig. S48. A 25 mM aqueous solution of BAETA was prepared to ensure uniform
interaction with the aqueous CO» and to facilitate the calorimetric analysis.

The calibration curve was constructed by applying electric power pulses ranging from 50 to 3000 pW, with
slopes (AQ/At, mJ/s) derived from the heat flow data, Fig. S49. This calibration enabled the conversion of
experimental slopes into corresponding power values, Fig. S50. The mean slope obtained for CO, absorption
by the BAETA solution corresponded to a power output of 2908 uW, confirming the accuracy of the method
and the consistency of the measurements, Fig. S51.

From the obtained power output (P = 2908 pW), the average reaction rate (r) was calculated using the
enthalpy of CO, absorption (AH = -37.2 kJ/mol), yielding r = 6.06:10"® mol/s. These results highlight the
efficiency of dissolved BAETA as a sorbent for CO, capture, demonstrating a high reaction rate and
consistent thermal response. This calorimetric approach provides a robust and reliable method for assessing
the kinetics and performance of carbon capture systems under controlled experimental conditions.



Table S10.

Calorimetric data measured using a TAM calorimeter show the enthalpy (kJ/mol) of CO, absorption for
BAETA, EDA, and MEA samples under distinct experimental conditions. Samples were prepared in
aqueous solutions of varying concentrations or as dry samples. CO» injection was performed in either liquid
(aq) or gaseous (g) form, with all measurements conducted at 25 °C. The enthalpy values reflect the heat
exchange during CO, absorption.

Sample Sample condition CO; injection Temperature | Enthalpy (kJ/mol)
BAETA 25 mM in H,O 20 pL (aq) 25°C -37.2
BAETA-CO; 25 mM in H,O 20 pL (aq) 25°C -33.6
MEA 25 mM in H,O 20 pL (aq) 25°C -37.4
EDA 25 mM in H,O 20 pL (aq) 25°C -39.7
BAETA dry sample 20 pL (aq) 25°C -42.5
BAETA 100 mM in H»0 50 uL (g) 25°C -30.2
BAETA dry sample 20 puL (g) 25°C -28.9
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Fig. S47.

The calorimetric peak representing the interaction between CO; and the sorbent, initiated at time T,
is shown along with a linear fit applied to the data. The peak reflects the heat flow from the CO,
adsorption process, and the linear fit provides an estimate of the initial reaction rate. This methodology was
applied to subsequent pulses, offering valuable insights into the reaction kinetics and thermodynamics of the
sorbent-CO; interaction.
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Fig. S48.

Calorimetric data for multiple pulses illustrating the interaction of BAETA in aqueous solution with
CO;, which was also injected in aqueous form. The curve shows the calorimetric peaks from each pulse,
demonstrating the heat flow associated with the CO, adsorption process across different experimental
conditions. Subsequent injections of 20 puL of CO, in aqueous solution further validate the repeatability of
the method.
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Fig. S49.

Calorimetric peak signals were recorded from various electric pulses sent through the BAETA sorbent
to generate a calibration curve. This data allowed us to measure the initial reaction rate slope, providing
insights into the interaction dynamics between the sorbent and CO,. This methodology is essential for
understanding the calorimetric response and optimizing the conditions for CO, sorption.
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Fig. S50.

The calorimetric standard curve was generated by plotting the slopes of different pulses against pulse
size in pW. From this standard curve, the initial reaction slope at the peaks was calculated and expressed in
J/s?, allowing for the assessment of reaction kinetics.
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Fig. S51.

The calorimetric standard curve for various pulse sizes, including data from the BAETA interaction
with CO; in aqueous solution, was plotted against pulse size. This figure illustrates the calorimetric peaks
from multiple pulses, demonstrating the heat flow associated with CO, adsorption and confirming the
repeatability of the method.



4.5. TGA — CO; absorption kinetics and activation Energy analysis

To better understand the process of CO, absorption by BAETA absorbent, we use the diffusion model,
expressed as
D=A-(1—-e®Y")  Eq.SI

where A is the maximum CO, sorption, k is the rate constant associated with the efficiency of the CO»
absorption process, and n is order. This model provides a more comprehensive and accurate description of
the absorption behavior compared to the first-order model, given by

F=A-(1-e®Y)  Eqs2

The first-order model assumes a constant absorption rate, which makes it a useful simplification for
processes with uniform kinetics. However, the diffusion model, with the exponential parameter n,
generalizes this approach and captures the additional complexity and dynamic of chemisorption processes.
When n = 1, the diffusion model reduces to the first-order model, showing that the latter is a special case
within a more flexible and adjusted description that the diffusion model provides. Thus, the diffusion model
provides a more detailed analysis of the experimental data of the CO, absorption process.
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Fig. S52.

TGA curves showing CO; absorption as a function of temperature at 130 °C, 135 °C, 140 °C, 145 °C,
150 °C, 155 °C, and 160 °C. Each curve represents the CO, absorption in weight percent (wt%) over time.
The curves are fitted with the Diffusion Model: D = A - (1 - exp(-(k - x)")) to extract the parameters k, A,
and n. The fit demonstrates the temperature-dependent absorption behavior of COs.



Table S11.

Kinetic parameters for CO; absorption in BAETA sample using the diffusion model from the TGA of CO,
absorption by BAETA. The data are fitted using the Diffusion Model: D = A - (1 - exp(-(k - x)")) , where A
represents the maximum capacity for CO, absorption, k is the diffusion rate constant, and n is an exponent
describing the absorption kinetics.

E,%‘i’peramre 1[<1 . ‘?N wg D R E{/TK] mk  In(T) In(A)
130 0.0293 15354 05875 0999 000248 -3.531  -9.530  2.731
135 0.0583 15455 05749 0997  0.00245 -2.842  -8.853  2.738
140 0.1102 15295 05765 0996 000242 -2205  -8229  2.728
145 0.1745 15950 05538 0996 000239 -1.746  -7.782  2.769
150 02736 15484 05691 0997 000236 -1296  -7.344 2740
155 04162 16436 04424 0991 000234 -0877  -6936  2.799

After fitting the data with the diffusion model, we used the Arrhenius plot to determine the activation energy
(Ea) and the constant parameter (k). In the Arrhenius plot (Fig. S53) the linear relationship between In(k)
and 1/T allows for the determination of the E, and the pre-exponential factor (A'), which are critical for
understanding the temperature dependence of the CO, absorption rate. For our system, the activation energy
was found to be E, = 36.06 kcal/mol and A' = 1.16-10"* s'. These values provide insight into the efficiency
and thermal sensitivity of the absorption process. When compared to other CO, absorbents, such as amine-
based materials, which typically exhibit activation energies in the range of 40-80 kcal/mol, our value is
consistent with the known range (42). This Activation Energy E, = 36.06 kcal/mol suggests that BAETA
exhibit a relatively higher energy barrier for CO, uptake under chemisorption conditions compared with
other materials. This results in lower reactivity at lower temperatures but also indicates higher stability and
lower degradation rate. In contrast, the high pre-exponential factor suggests that once the energy barrier is
overcome, the reaction proceeds rapidly, favoring rapid CO, uptake under optimal conditions. Additionally,
we analyzed the data using the Eyring equation, which provides further insights into the thermodynamic
nature of the CO, absorption process (Fig. S54). The activation enthalpy (AH) derived from this analysis
was found to be 35.23 kcal/mol, and the activation entropy (AS) was calculated to be 21.47 cal/(mol-K).
These values reflect the energy panorama, and the disorder associated with the transition state during CO,
absorption.

The Gibbs free energy change (AG) for the process was determined to be -26.26 kcal/mol, indicating that
the reaction is thermodynamically favorable under the conditions studied. When comparing the activation
parameters from the Arrhenius and Eyring models, it is evident that the enthalpy values are closely aligned,
with both methods suggesting a significant energy barrier for the absorption process. However, the lower
activation entropy derived from the Eyring analysis suggests that the transition state for CO, absorption may
involve a more ordered arrangement than previously considered.

In conjunction with the Van 't Hoff plot (Fig. S55 showing the relationships for In(A) and In(k), we also
obtained thermodynamic parameters for the maximum CO, absorption (A), where AH is 4.47 kJ/mol or
(1.0681 kcal/mol) and AS is 33.71 J/(mol-K) or (8.0575 cal/(mol-K)). These results supply additional context
to the activation parameters, demonstrating that while the reaction proceeds with a significant energy barrier,
the maximum absorption capacity itself is less energetically demanding.

Overall, the combination of low activation energy and high pre-exponential factor, along with the insights
gained from the Eyring and Van 't Hoff analyses, highlights the robustness of the diffusion model used and
provides a comprehensive understanding of how temperature influences the CO; absorption kinetics in our
material. These findings demonstrate the significant potential of BAETA for applications in high-efficiency
CO; capture processes.
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Fig. S53.
Arrhenius plot of In(k) versus 1/T for CO; absorption by BAETA, based on TGA data. The activation
energy (Ea) and the pre-exponential factor (A’) were determined through linear fitting of the experimental
data using the Arrhenius model, providing insights into the kinetics of the absorption process.
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Fig. S54.
Eyring plot showing the relationship between the activation enthalpy (AHY), activation entropy (AS}),
and the Gibbs free energy (AG1) for CO; absorption by BAETA. These thermodynamic parameters were
extracted from the Eyring model, offering a comprehensive understanding of the energy landscape
associated with the absorption process.
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Fig. S55.

Van't Hoff plot showing the relationships for (a) In(A) and (b) In (k) in the context of CO; absorption
by the BAETA sample. The thermodynamic parameters obtained for the maximum CO; absorption (A) are:
activation enthalpy (AH) =4.47 J/mol (1.07 kcal/mol) and activation entropy (AS) =33.71 J/(mol-K) (8.0575
cal/(mol-K)). For the rate constant (k), the parameters are: AH = 150.87 kJ/mol (36.06 kcal/mol) and AS =
345.81 J/(mol-K) (82.65 cal/(mol-K)).



4.6. DSC analysis of the BAETA, OL and their CO, adducts.

The results of DSC analysis of the BAETA and BAETA-CO, samples showed significant
differences in thermal behavior and structural transitions, reflecting the impact of CO; incorporation (Fig.
S56, Table S12). The delta enthalpy DH was calculated considering the BAETA — MW = 250.1 g/mol and
BAETA-CO; — MW = 293.3 g/mol. DSC experiments were performed over two heating and cooling cycles
from 30 to 230 °C and then from 230 to 30 °C.

For the BAETA sample, the first heating cycle exhibited two notable endothermic peaks at 104 °C
and 188 °C, indicating significant thermal events (Fig. S56a). The peak at 104 °C, with a high enthalpy of
11.1 kcal/mol, may correspond to a structural rearrangement and local melting, or other substantial thermal
transition. The subsequent peak at 187 °C, with an enthalpy of 3.3 kcal/mol, may be associated with further
melting or other endothermic processes. On cooling, an exothermic peak at 120 °C was observed, which is
indicative of structural rearrangement or recrystallization. These observations deviate somewhat from
previous literature (/7,59), highlighting that the specific crystal packing and its influence on thermal
behavior play a crucial role on these processes.

In contrast, BAETA-CO; exhibited a distinct thermal profile with an endothermic peak at 79 °C and
a major endothermic peak at 185 °C, accompanied by additional peaks at 131 °C and 86 °C during cooling
(Fig. S56b). The lower temperature peak at 79.3 °C, with an enthalpy of 1.1 kcal/mol, suggests the desorption
of CO; is less binding in accordance with TGA-MS results, Fig. S8 The cooling cycle revealed that peaks at
185°C, 131 °C and 87 °C may be related to similar structural adjustments or stabilization processes, possibly
influenced by the CO- release.

In the second heating cycle, BAETA displayed a peak at 145 °C with an enthalpy of 2.5 kcal/mol.
This peak is indicative of a residual thermal transition, possibly related to the residual structural changes or
the recrystallization process observed in the first heating cycle. The subsequent cooling cycle of BAETA
showed peaks at 187 °C, 131 °C, and 100 °C. These peaks, particularly the persistence of the peak at 187 °C,
suggest that the initial thermal transitions are reversible and that the sample undergoes a stable
recrystallization process, but all the enthalpies are small.

On the other hand, BAETA-CO,, after the first heating cycle, displayed 2 endothermic peaks at 123
°C, with a small enthalpy of 0.6 kcal/mol and 156 °C, with a small enthalpy of 0.4 kcal/mol in the second
heating cycle, showing a shift in the thermal behavior compared to the initial cycle. The cooling cycle of
BAETA-CO, also exhibited peaks at 136 °C, 88 °C, and 182 °C. These peaks may indicate a complex
interplay of structural stabilization and phase transitions influenced by the CO; content, but these enthalpies
are also considerably small. The lack of overlap between the endothermic peaks of the second heating cycle
and those observed in the first cycle highlights that CO, incorporation significantly alters the thermal
behavior and induces significant transitions in the solid-state structure of the material. These observations
are in accordance with 3D ED and XRPD data.

Overall, the second cycle analyses reveal that CO; incorporation affects not only the thermal
transitions, but also the thermal stability and structural dynamics of BAETA, leading to altered
recrystallization patterns and thermal responses. This comprehensive understanding of the DSC results,
along with complementary TGA, ED and XRPD data, provides insights into the fundamental changes
induced by CO; in BAETA samples.



Table S12.
Data obtained from DSC analysis of BAETA and BAETA-CO.,. The delta enthalpy DH was calculated
considering the BAETA — MW = 250.1 g/mol and BAETA-CO, - MW = 293.3 g/mol.

BAETA BAETA-CO2
Cyclel  30->230°C- 10 °C/min Cycle 1 30 ->230 °C - 10 °C/min
T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
1 -Peak 104.0 185.48 11.09 1 -Peak 79.3 15.14 1.06
2 -Peak 187.8 54.99 3.29 2 -Peak 185.0 288.22 20.20
Cycle I 230 ->30 °C - 10 °C/min Cycle 230 ->30 °C - 10 °C/min
T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
3 -Peak 120.4 34.38 2.06 3 -Peak 185.5 11.66 0.82
4 -Peak 131.0 5.53 0.39
5 -Peak 86.7 4.79 0.34
CyclelI 30 ->230°C- 10 °C/min Cycle II 30 ->230°C - 10 °C/min
T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
4 -Peak 145.0 41.42 2.48 6 -Peak 123.1 8.48 0.59
7 -Peak 156.2 6.41 0.45
CyclelI 230 ->30°C - 10 °C/min CyclelI 230 ->30°C - 10 °C/min
T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
5 -Peak 187.6 10.87 0.65 8 -Peak 181.9 1.66 0.12
6 -Peak 131.4 4.65 0.28 9 -Peak 136.4 7.08 0.50
7 -Peak 100.1 6.62 0.40 10 -Peak 88.1 2.64 0.19
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Fig. S56.
DSC curves for a) BAETA and b) BAETA-CO». Heating: 30 — 230 °C at 10 °C/min for 2 cycles.



From the DSC results of the OL and OL-CO; samples, Fig. S57, it is important to note that there
were no significant differences in thermal behavior and structural transitions in comparison with BAETA.
This suggests that the oligomers are more thermally stable, as indicated by the lower enthalpies observed,
including those for the CO; sample. In this sense, CO, does not appear to significantly alter the structural
form of Oligomers, in contrast to its effect on BAETA. As detailed in Table S13, DSC experiments were
performed over two heating and cooling cycles from 30 to 230 °C and then from 230 to 30 °C.

For OL, the first heating cycle revealed an endothermic peak at 92.4 °C, with an enthalpy of 9.93
kcal/mol. This peak suggests a thermal transition, possibly related to local melting or structural
rearrangement. During the cooling cycle, smaller peaks at 135.4 °C, 118.6 °C, and 57.0 °C were observed,
with low enthalpies, indicating minor processes of recrystallization or structural rearrangement. In the
second heating cycle, a peak at 121.3 °C was noted, and in the subsequent cooling cycle, peaks like those
observed previously at 135.6 °C, 117.8 °C, and 59.6 °C confirm the partial repetition and stability of these
transitions, albeit with reduced intensity.

In contrast, OL-CO, sample exhibited a distinct thermal profile. The first heating cycle revealed
endothermic peaks at 81.6 °C and 159.1 °C, with enthalpies of 3.91 kcal/mol and 2.84 kcal/mol, respectively.
This indicates more complex thermal transitions, potentially related to CO, desorption and interactions
within the structure. During the cooling cycle, peaks at 134.7 °C, 114.6 °C, and 57.7 °C, with very low
enthalpies, suggest a reduced thermal response. In the second heating cycle, one peak at 120.0 °C reflects
changes in thermal transitions, while the subsequent cooling cycle showed peaks at 135.3 °C, 117.8 °C, and
63.5 °C, comparable to those from the first cycle, indicating a relative stability of thermal transitions with
modulation due to CO; presence. The similarity of the OL-CO; to the OL after the first heating cycle suggests
that the CO; capture process is fully reversible.

Table S13.
Data obtained from DSC analysis of Oligomers and Oligomers-CO,. The delta enthalpy DH was
calculated considering the Oligomers — MW = 440.5 g/mol and Oligomers-CO> — MW = 484.2 g/mol.

Oligomers Oligomers-CO2
CycleI 30->230°C - 10 °C/min CycleI 30->230°C- 10 °C/min

T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
1 -Peak 92.4 94.32 9.93 1 -Peak 81.6 33.79 3.91

2 -Peak 159.1 24.52 2.84

CycleI 230->30°C - 10 °C/min CycleI 230->30°C- 10 °C/min

T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
2 -Peak 135.4 0.53 0.06 3 -Peak 134.7 0.12 0.01
3 -Peak 118.6 1.25 0.13 4 -Peak 114.6 1.38 0.16
4 -Peak 57.0 0.20 0.02 5 -Peak 57.7 0.24 0.03
Cycle II 30 ->230 °C - 10 °C/min Cycle I 30 ->230°C - 10 °C/min

T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
5 -Peak 121.3 1.27 0.13 6 -Peak 120.0 1.13 0.13
Cycle II 230 ->30 °C - 10 °C/min Cycle II 230 ->30°C - 10 °C/min

T-Peak [°C] DH [J/g] DH [kcal/mol] T-Peak [°C] DH [J/g] DH [kcal/mol]
6 -Peak 135.6 0.54 0.06 7 -Peak 135.3 0.15 0.02
7 -Peak 117.8 1.48 0.16 8 -Peak 117.8 1.35 0.16

8 -Peak 59.6 0.86 0.09 9 -Peak 63.5 0.22 0.03
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DSC curves for a) Oligomers and b) Oligomers-CQO». Heating: 30 — 230 °C at 10 °C/min for 2 cycles.



Table 14.
BAETA energy efficiency data.

CO; absorption capacity, mmol/g* 341
Heat of fusion, J/g 240.55
Heat of fusion (CO; adduct), J/g 307.52
Absorption enthalpy, KJ/mol * -37.43
Desorption enthalpy, kJ/mol 19.64
Net energy, GJ/ton of CO» 0.45
Regeneration energy, kJ/mol 90.21
Total energy, GJ/ton of CO, 2.05
Heat capacity, J/g.K 2.67
Heat capacity (CO, adduct), J/g.K 3.42
Energy Efficiency (Based on Regeneration and

Absorption) 41.5%

*COz (1 bar) and *calorimetry data.

BAETA sample exhibits good results in terms of energy efficiency in alternative to MEA-30%, particularly
due to its lower regeneration and desorption enthalpies, resulting in higher energy efficiency (41.5% vs.
35.0%) and lower energy consumption per ton of CO: captured (2.05 GJ vs. 3.5-4.5 GJ) (70,71) While MEA-
30% is widely used, its operational costs are high due to its significant energy demands. BAETA, on the
other hand, demonstrates a more energy-efficient performance, positioning it as a cost-effective solution for
industrial CO: capture systems aiming to reduce both emissions and expenses.



5. Characterization of BAETA and OL

1+
463.455

1+
653,452

1+
843,553

1+
1033.688
533.423
1223.852

1413.990
723.471 .
013,594 1605.083

L L l dlld L.., \ | N ! L mslzm A

A
500 750 1000 1250 1500 1750 2000 2250 2500 mfz

o

Fig. SS8.

Oligomers’ length distribution was studied by MALDI-MS. Analysis showed that oligomers are
prevalently composed by dimers and in minor form by superior analogs (M" 463.455). MALDI-MS (m/z):
[M + Na]" calcd. for C22H2sNgNaOs, 463.494; found, 463.455.




PET

Oligomers -0.738
-0.00
v -0.11
.-0.22
BAETA -0.33

4000 3000 2000 1000
wavenumber, cm™

Fig. S59.
FT-IR of the isolated BAETA (purple), OL (green), and PET flake (grey).
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Fig. S60.

Nitrogen adsorption-desorption isotherm and BET surface area analysis of the sample. The isotherm
exhibits a Type IV profile, characteristic of mesoporous materials, with a BET surface area of 4.36 + 0.04
m?/g. The BET plot yields a slope of 22.18 g/mmol, a y-intercept of 0.174 g/mmol, and an excellent
correlation coefficient (R? = 0.9997), indicating a reliable fit. The low surface area suggests a material with
limited porosity or predominantly macroporous structure.
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Fig. Se1.
X-ray Powder Diffraction (XRPD) patterns of the BAETA before (blue) and after CO; sorption

(magenta). (A) full spectra; (B) zoomed-in spectra. Upon CO- uptake, notable shifts in diffraction peaks
indicate a change in the crystal structure, suggesting structural flexibility in response to sorption. After CO»
desorption, the peaks revert to their original positions, confirming the material's reversible phase transition.



6. Carbon capture testing with N-methylated BATEA.
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N*,N*-bis(2-aminoethyl)-N',N*-dimethylterephthalamide was prepared via acylation of N-Boc protected
diamine and subsequent deprotection with trifluoroacetic acid and basification.
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Fig. S62.

Thermal decomposition profile of Methyl-BAETA. TGA conditions: 90 mL/min N, flow, heating rate 5
°C/min.
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CO; uptake of (A) methylated BAETA (N-Me-BAETA) in comparison with (B) BAETA. CO; capture
was at 150 °C under a 90 mL/min flow of 100% CO, for sorption and 100% N, for desorption. Under these
conditions, methylated BAETA shows significant decrease in CO, capture compared to BAETA
highlighting the importance of hydrogen bonding. NOTE: N-Me-MAETA showed no CO, uptake under

15% CO; (in N») conditions.
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"H NMR spectra of N-Me-BAETA after (top) and before (bottom) CO; exposure (TGA cycling

experiments).



7. NMR spectroscopic assignments and 'H and *C NMR spectra for the isolated compounds.

N'.N*-bis(2-aminoethyl)terephthalamide

H
N
HoN™ >
el

)

N/\/NHZ

H

The reaction was performed at 60 °C for 24 h. The title
compound was purified according to the procedure in SI Section
2.2, thereby obtaining the pure product as white powder (429
mg, 66%). 'H-NMR (500 MHz, D,0) § = 7.89-7.83 (m, 4H),
3.49 (t,J = 6.2 Hz, 4H), 2.87 (t, J = 6.2 Hz, 4H); *C NMR (126
MHz, D;O) & = 170.37, 136.75, 127.41, 42.24, 39.78. HRMS

(m/z): [M + Na]" caled. for C12H14N4O;Na, 273.1327; found, 273.1384.

'H-NMR spectrum (500 MHz, D,0) of N',N*-bis(2-aminoethyl)terephthalamide (BAETA)
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di-tert-butyl ((terephthaloylbis(methylazanediyl))bis(ethane-2,1-diyl))dicarbamate
o) "H NMR (500 MHz, Methanol-d4) § = 7.56 — 7.41 (m,
~_-NHBoc 4H), 3.64 (t,J= 5.8 Hz, 2H), 3.37 (s, 4H), 3.18 (t, /= 6.0
| ’\ll Hz, 2H), 3.11 (s, 3H), 3.01 (s, 3H), 1.44 (d, /=9.3 Hz,
BochN” >N 18H); '*C NMR (126 MHz, Methanol-d4) & = 173.69,
o 173.17, 158.61, 158.17, 138.97, 138.71, 128.21, 128.12,
80.14, 52.33, 49.00, 38.98, 38.84, 33.56, 28.84
(rotamers). HRMS (m/z): [M + H]" calcd. for C4H30N4Os, 479.2864; found, 479.2878.
"H NMR (500 MHz, methanol-d,) of di-tert-butyl ((terephthaloylbis(methylazanediyl))bis(ethane-2,1-
diyl))dicarbamate
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BC NMR (500 MHz, methanol-ds) of di-tert-butyl ((terephthaloylbis(methylazanediyl))bis(ethane-2,1-
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N1.N4-bis(2-aminoethyl)-N1.N4-dimethylterephthalamide (N-Me-BAETA)

o) The compound was obtained after basification affording the
~_NH, pure product as yellow powder (23 mg, 42%). "H-NMR (500
| N MHz, methanol-ds) 6 = 7.93 (s, 4H), 3.55 (t, J= 6.4 Hz, 4H),
A~UN | 2.82 (t,J = 6.4 Hz, 4H), 2.44 (s, 6H); *C NMR (126 MHz,
H2N methanol-ds) 8 = 169.51, 138.35, 128.50, 51.50, 40.20, 35.81.
O HRMS (m/z): [M + H]+ calcd. for C14H23N402, 279.1816;
found, 279.1818.

"H NMR (500 MHz, methanol-ds) of N1,N4-bis(2-aminoethyl)-N1,N4-dimethylterephthalamide (N-Me-
BAETA)
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3C NMR (500 MHz, methanol-ds) of N1,N4-bis(2-aminoethyl)-N1,N4-dimethylterephthalamide (N-Me-
BAETA)
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