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Table S1. Databank of abbreviations of ILs, full name of HBDs, molar ratios of HBD to IL, temperature (in K), partial pressure (in kPa), and CO2

absorption capacity (in g/kg) for DESs.

Entry Type IL HBD E‘E(}?:IL molar ¢ (K) P (kPa) CO; capacity (g/kg) Ref.
1 ammonium [ACh][C]] 1,2,4-Triazole 1 303~333 56.3~593.2 0.6~9.6

2 ammonium [ACh][C]] Guaiacol 3~5 293~323 48.6~558.6 0.5~8.6

3 ammonium [ACh][C]] Imidazole 1.5~3 303~333 26.3~594 0.3~12.9

4 ammonium [ACh][C]] Levulinic acid 3 303~333 65.7~576.4 1.1~13.2

5 ammonium [BHDE][CI]] Acetic acid 2 298 210~2026 2.8~37.1

6 ammonium [BHDE][CI]] Lactic acid 2 298 283~2086 0.7~21.9

7 ammonium [BTEA][C]] 2-Ethylaminoethanol 4 303~323 103.832~1829.42 40.3~123.1
8 ammonium [BTEA][C]] 2-Methylaminoethanol 4 303~323 377.537~1337.62 64.3~106.7
9 ammonium [BTEA][CI] Acetic acid 2 298 325~2054 5.6~42.9

10 ammonium [BTMA][CI]] Acetic acid 2 298 219~2037 3.4~64.0

11 ammonium [BTMA][CI]] Glycerol 2 298 394~2026 1.6~11.4

12 ammonium [Ch][CT] Diethanolamine 4 303 100 147.5

13 ammonium [Ch][CT] Ethanolamine 2~6 303 100 137.1~252.5
14 ammonium [Ch][CT] Methyldiethanolamine 4~5 303 100 38.4~42.9
15 ammonium [Ch][CT] Triethanolamine 4~5 303 100 39.9~59.5
16 ammonium [Ch][CT] 1,2-Butanediol 4 303~333 371.3~3443.3 3.8~47.3
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Figure S1. Typical structures of cations.
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Models

RBF kernel

Support Vector Machine (SVM) is a supervised ML algorithm primarily used for classification, which finds an optimal hyperplane to maximize the
margin between different classes and can handle non-linear data through kernel functions. Support Vector Regression (SVR) is a kind of SVM used in
regression.

RBF kernel (hyperparameters: C, y) is often the default and most popular choice for SVR, as described by the following equation:

K (x,x) = exp(=y - llx—x;1?)

The regularization parameter C is a universal hyperparameter, which controls the overall tolerance for errors, and y defines the local influence of data
points, which monitors the amplitude of the kernel function.*! These parameters profoundly impact the model performance. Besides, the coefficients ¥

and b can be obtained through minimizing the following equation:

N
i I +C Y 6+
i=1
& and & are slack variables for each point, representing positive error and negative error, respectively. That is, slack variables allow regression errors to
exist up to the value of & and &". The relationship among them is:
yi—(Wx)—b<e+§

(W,x;)+ b=y, <e+&
§=0¢>=0i=1,..,N
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Least Squares Support Vector Machine (LSSVM) Model
Least Squares Support Vector Machine (LSSVM) for regression (LSSVR) is building directly upon SVR by replacing the inequality constraints and

the e-insensitive loss with equality constraints and a least squares cost function. Its optimization problem is:

N
1 14
T 2 14 2
min 5 W=+ ZZ &
i=1
yi=(W,x))+b+e
where ei represents the direct error for each sample, and the regularization parameter y plays a role analogous to C in SVR, controlling the trade-off

between model smoothness and fitting error. Thus, a faster and more straightforward training is obtained, making LSSVR efficient for regression tasks

like predicting COz absorption capacity of DESs.

Graph Neural Networks (GNNs) Model
Graph Neural Networks (GNNs) offer a paradigm shift by directly operating on molecular graphs, where atoms are represented as nodes and
chemical bonds as edges. In graph theory, a graph G is defined as:
G=(V,E)
where V' is a set of nodes and E is a set of edges. Each node can have a feature vector (e.g. atom type, charge, hybridization), and each edge can have
features (e.g. bond type, length). Nodes and edges are computed by RDKit. The core operation of GNNs is message passing, which allows each node to

iteratively gather and combine information from its neighboring nodes to refine its own feature representation.
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