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Figure S1. The triangular macroporous structure of a graphyne monolayer and its
nanotubes. Top view of the graphyne monolayer, showing its anisotropic lattice with
the basis vectors a; and az. The chiral vector is defined as C» = ma; + na: for

constructing the nanotubes. The (n, m) nomenclature is applied here, where
Armchair-type nanotubes are represented by (n, 0) and Zigzag-type by (n, n).
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Figure S2. The search process for the minimum energy reaction pathways of the CO»
reduction reactions on Co@GDY-NT. The red arrows denote disallowed reaction
paths, while the green arrows stand for the enabled ones.



Elementary steps in CO2RR and HER. All the hydrogenation reactions (R1~R17)

considered in the search process for the minimum energy reaction pathways of the

CO; reduction reactions can be written as:

CO,(g) + *— COy*

CO,*+ H" + ¢ — OCHO*

CO,*+H" +e — COOHx*

OCHO#+ H" + e — OCHOH=*

OCHO#+ H +e- -HCOOH*

OCHO*+H" + ¢« — OCH, 0%

OCHOHx* + H" + e >CHO*+H»0

OCHOHx* + H" + e — OCH*+H,0

OCHOH=* + H" + ¢ —>OCH,OHx*

CHO+ + H" + ¢ —OCH,*

CHO* + H" + e~ — CHOHx*

OCH,* + H+ ¢~ — OCH;*

OCH,* +H" +e¢ — CH,OHx*

OCH;* + H" + ¢ — CH;OH*

OCH;*+H' +e¢ — O * + CH,

CH;0OH*+ H" + ¢ — OH* + CH,

OHx+H +e — H,O + *
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Table S1 Zero-pint energy correction (Ezpg), entropy contribution (75, 7=298.15 K),

total energy (E), and the Gibbs free energy (G) of small molecules.

Species E (eV) 7§ (eV) Ezpe (eV) G (eV)
0 471.54 0.11 0.59 ~471.06
COz -1034.64 0.09 0.33 -1034.40

CH;0H -659.57 0.21 1.37 -658.41
CH. 221.08 0.00 1.18 219.90




Table S2 Zero-pint energy correction (Ezpg), entropy contribution (7S, 7=298.15 K),
total energy (E), and the Gibbs free energy (G) of adsorbates along the reaction
pathway on Co@GDY-NT, where * represents the adsorption site.

Species E (eV) TS (eV) Ezpe (eV) G (eV)
COx* -13057.03 0.14 0.32 -13056.85
OCHO* -13073.37 0.15 0.62 -13072.90
OCHOH* -13089.33 0.24 0.94 -13088.63
CHO* -12633.48 0.19 0.47 -12633.20
CHO* -12649.63 0.13 0.78 -12648.98
CH3O* -12666.03 0.18 1.07 -12665.14
CH30H* -12682.58 0.19 1.43 -12681.34
OH* -12477.83 0.10 0.35 -12477.58

Therefore, when U =0 V and pH = 0, AG for each elementary step (R1-R17) can be

rewritten as:

AGgr1= Gco,« = Geo, — G. (ES1)
AGro= Gocrios — Geoy — 3G, (ES2)
AGgs= Geooms — Geoys — 3G, (ES3)
AGr4= Gocnons ~ Gocrox — %GHZ (ES4)
AGrs= Gricoon ~ Gocrios — 5 G, (ESS)
AGrs= Gociyo- — Gocrios ~ 3G, (ES6)
AGr7= Genou+ Gino — Gocrons — 3G, (ES7)
AGrs= Goci+ Gio ~ Gocrons — 3G, (ESS)
AGro= Gocryons ~ Gocton ~ 3G, (ES9)
AGri0=Goc — Geros — 5 G, (ES10)
AGru1= Geror— Geror — 3G, (ES11)
AGri2=Gocy — Gocity ~ 3G (ES12)

I
AGri3= Gemyonx — Gocnys ~ 5Gn, (ES13)
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The Gibbs free energy of small molecules and the adsorbates on the Co@GDY-NT
catalysts along the minimum AG reaction pathway for CO2RR is listed in Table S1

and Table S2.



