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a b s t r a c t

Density functional theory (DFT) was performed to systematically study the adsorption and dissociation

of N2 on Ir(100) and Ir(110) surfaces. By analyzing the properties, including adsorption energies, reaction

barriers, and optimal adsorption sites, the hollow (H) sites were finally identified as favorable dissociation

sites for N2. The dissociation barriers of N2 are 0.87 eV on Ir(100) and 1.12 eV on Ir(110), which can be

overcome at around 348 and 448K, respectively. Therefore, Ir(100) is screened as a promising catalyst for

N2 dissociation compared to Ir(110). This can be attributed to the significantly higher adsorption energy

of N2 on the H site of Ir(100) (−0.48 eV) compared to that on Ir(110) (−0.22 eV), leading to different

dissociation mechanisms on Ir(100) and Ir(110). Ir(100) can dissociate N2 directly on H site and Ir(110)

should firstly capture N2 via bridge site and further transfer the adsorbed N2 to the H site, which will

dramatically deteriorate the reactivity of N2 dissociation. In addition, the following protonation processes

of dissociated ∗N atoms are all exothermal at 348K on Ir(100), indicating that the ammonia synthesis

can occur spontaneously as the temperature higher than 348K. These results have provided a reasonable

materials design scheme for subsequent ammonia synthesis.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Due to the rapid growth of the world economy, the emer-

gence of problems such as energy shortage and severe environ-

mental pollution are threatening the survival of mankind, so there

is an urgent need to develop a clean, renewable and environmen-

tally friendly way to develop energy sources [1–4]. Ammonia is a

very important chemical product in industrial production, which

is widely used in the chemical industry, fertilizers, synthetic fibers

and other fields [5–9]. In addition, ammonia is also considered to

be a highly promising alternative energy fuel to hydrogen, not only

due to its high hydrogen content density (17.6 wt%), but also be-

cause it is a zero-carbon energy storage product [10–12]. In partic-

ular, ammonia is more easily stored and transported as liquid fuel

compared to gaseous hydrogen [13–15]. Nitrogen reduction reac-

tion (NRR) is a promising way for ammonia synthesis and electro-

chemical method has attracted a lot of attention due to its clean

and sustainable characters [16–19]. Many pioneering studies have

successfully designed NRR catalysts with high reactivity and se-

lectivity. Zheng et al. have predicted Ni3–NG, Ru3–NG, and Ir3–NG

as promising electrocatalysts for NRR with very low limiting po-
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tentials of −0.31V to −0.33V [20]. Moreover, Meng et al. identi-

fied W@MoSSe and Os@MoSSe as effective candidate catalysts for

NRR on the basis of estimated stability, high catalytic activity and

unchallengeable selectivity, where W@MoSSe was screened as the

best NRR catalyst with a limiting potential of −0.15V [21]. Over-

all, high performance of N2 activation and ammonia synthesis has

been achieved in pioneering works. Moreover, the mechanisms of

NRR have also been comprehensively summarized, including re-

mote, alternating, and enzymatic mechanisms, on various kinds

of catalysts. However, there are currently very few NRR catalysts

that can dissociate N2 directly (denoted as dissociation mecha-

nism). This is because that the cleavage of the N≡N triple bond

requires an ultrahigh energy consumption of 410kJ/mol [22–25].

The prerequisite of the dissociation mechanism is the strong in-

teraction between N2 and the catalyst, which can lead to effective

N2 activation. However, the direct dissociation of N2 is still chal-

lenged, even if N2 is successfully activated. Therefore, it is urgently

needed to search for high performance catalysts for N2 dissociation

[5,10,20,26].

Noble metal catalysts, such as Pd, Ru, Ir, always possess high

reactivity for activation of inert gases due to the unoccupied d-

orbitals [7,19,27,28]. In addition, these catalysts have excellent

binding properties and electrical conductivity, resulting in excel-
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lent catalytic performance and are widely used in electrochemical

reactions. Taking Ru as an example, Du et al. [29] have performed

NRR on Ru(0001) with V doped on it. The results have shown a

low negative limiting potential of −0.15V for NRR to NH3. Mainly,

the alloying of Ru with transition metals can modulate the binding

strength of NRR intermediates and eventually improve its catalytic

activity. Au as one of the most effective catalysts for NRR is also

a noble metal that has been widely studied due to its high affin-

ity and ability to activate N2 for electrochemical reduction as well

as its generally low tendency of hydrogen formation [30]. Among

numerous noble metals, Ir is also a promising catalyst, which has

been widely used in recent years. Many pioneering works have fo-

cused on improving the utilization rate of Ir atom, which can ef-

fectively realize high reactivity [31–34]. For example, Strickler et al.

[35] have performed DFT calculations on bimetallic Ir-based films

and demonstrated the tendency between activity and stability of

oxygen evolution reaction (OER) at 1.65V vs. RHE. in acidic media.

He et al. [34,36] have systematically studied the adsorption and

dissociation of NO on Ir(100) for the formation of N2. The results

have shown that the dissociation of NO into N and O only needs

to overcome an energy of 0.46 eV. The dissociated N atoms can

also combine into N2 with high selectivity. Song et al. [37,38] have

performed NRR on Ir(100) doped with 3d transition metal atoms.

Through regulation of electronic structure, an ultralow limiting po-

tential of −0.36V has been achieved, making it a potential NRR

electrocatalyst. Although many studies on Ir have been successfully

performed, the mechanism of N2 activation and dissociation on Ir

still remains elusive.

Inspired by the pioneering studies, we herein study the dis-

sociation mechanism of N2 molecules on Ir(100) and Ir(110) and

analyze the relevant properties of N2 activation based on den-

sity functional theory (DFT). Through the analysis of adsorption

energy, reaction barrier and optimal adsorption site, the hollow

(H) site was finally determined to be a favorable dissociation site

for N2. The N2 dissociation should overcome an energy barrier of

1.12 eV on Ir(110), while it is only 0.87 eV for Ir(100). Thus, Ir(100)

was screened as a promising catalyst for N2 dissociation compared

to Ir(110). This can be attributed to the fact that the adsorption

energy of N2 at the H site of Ir(100) (−0.48 eV) is significantly

higher than that of Ir(110) (−0.22 eV), resulting in different dissoci-

ation mechanisms for Ir(100) and Ir(110). Our results have not only

pointed out the essential reason for choosing the NRR reaction on

the crystal surface of Ir(100), but also provide a good idea for the

laboratory workers to choose the precious metal Ir catalyst with

high activity.

All the calculations were performed in Vienna Ab into Simula-

tion Package (VASP) by using spin-polarized density functional the-

ory (DFT) [39–42]. The electronic exchange-correlation interactions

were described by the Perdew and Wang (PW91) functional within

generalized gradient approximation (GGA) [43,44]. The electron-

ion interactions were described by the projector augmented wave

(PAW) method [45–49]. A cutoff energy of 400 eV was adopted for

the planewave basis set. The convergence criteria for energy and

force were set to be 10−5 eV and 0.05 eV/Å, respectively. The pa-

rameters of Ir unit-cell were set according to the experimental re-

sults (3.88 Å vs. 3.84 Å) [50]. The 2× 2× 1 supercell of the Ir(100)

and Ir(110) facet with five layers was taken as the substrate model.

Brillouin zones were sampled by a Monkhorst-Pack k-point mesh

with a 7× 7× 1 k-points grid for Ir(100) and 3× 5× 1 k-points

grid for Ir(110). To avoid the interaction between two neighbor-

ing surfaces, a vacuum space over 20 Å was used. The bottom two

atomic layers were fixed in their bulk positions whereas the re-

maining top layers and the adsorbates were allowed to relax. In

the calculations of gas adsorption, 15 Å vacuum layer was used

to avoid interactions between the neighboring images. Consider-

ing the interaction between layers, a layer spacing of over 15 Å is

sufficient to overcome the interaction between layers. The climb-

ing nudged elastic band(CI-NEB) method was used to search the

saddle points and minimum energy pathways [51]. The transition

states were also verified by its one imaginary vibrational frequency

[52].

Adsorption energy is defined as the change of system energy

before and after adsorption, which can be calculated as follows:

Eads = Etot − Esub − EN2
(1)

where Etot denotes the total energy of the N2-supported Ir atom.

Esub and EN2
denote the optimized atomic surface and the energy

of isolated nitrogen molecules, respectively.

We start our study from the characters of catalyst configura-

tions. To investigate the N2 dissociation, we have constructed dif-

ferent Ir surfaces, including Ir(100) and Ir(110), and the optimized

structures are shown in Figs. S1a and b (Supporting information).

The Ir(100) and Ir(110) exhibit different characters: The Ir(100) sur-

face is flat compared to Ir(110), which has some ridges and grooves

on the surface. The different characters can directly lead to vari-

ous bond length of Ir-Ir, which is 2.714 Å on Ir(100) and 2.694 Å on

Ir(110). These results are in agreement with the pioneering studies

[34].

In order to confirm the adsorption behavior of N2, we have con-

sidered many adsorption sites, including bridge (B), top (T) and

hollow (H) positions, on Ir(100) and Ir(110), as labeled in Fig. S1

(Supporting information). In addition, the bridge positions can be

divided into long bridge (LB) sites and short bridge (SB) sites. Af-

ter calculation of adsorption energies, the optimal adsorption site

are confirmed as T site (LB site) on Ir(100) (Ir(110)) with an ad-

sorption energy of −0.87 eV (−1.12 eV). The adsorption strength has

indicated that there is a strong interaction between N2 molecules

and substrates via chemisorption, which is beneficial for the acti-

vation of N2 molecules. This can also be reflected from the dis-

tance between Ir surface and adsorbed N2 (the dN-Ir in Table S1

in Supporting information). The bond lengths of N–Ir (dN-Ir) bonds

are generally less than 2.0 Å, which is much smaller than the sum

of the radii of the N and Ir atoms (2.63 Å). In order to quantita-

tively reveal the interaction between N2 and Ir, we focus on the

bond lengths of N≡N (dN–N) of N2 adsorbed on Ir. Compared to

the N2 molecule in the free state, the N≡N bond lengths of the

adsorbed N2 on Ir are all somewhat elongated. Among them, the

N2 adsorbed on the H site of Ir(100) via horizontal manner can be

activated most effectively with the longest N≡N bond of 1.294 Å,

which has significantly elongated compared to the situation in gas

phase (1.12 Å). This phenomenon can be interpreted from the co-

ordination environment of active sites: N2 binds with Ir with only

one Ir atom at the T-site and four Ir atoms at the H-site. The four-

atom-coordination interaction can lead to more charge transfer be-

tween Ir and N2, which is assumed to be a beneficial factor for N2

activation. In fact, the calculated charge transfer (QCT) is consis-

tence with our consumption: The QCT is increased with increasing

coordination number between N2 and Ir, which can be described

as QCT[T] (−0.26 e) < QCT[SB] (−0.41 e) < QCT[LB] (−0.43 e) <

QCT[H] (−0.8 e), where the QCT[T] (QCT[SB], QCT[LB] QCT[H]) denotes

the charge transfer between Ir and N2 adsorbed on the T (SB, LB,

H) site.

To reveal the intrinsic mechanism of N2 activation on Ir, we

have performed some calculations on electronic properties, includ-

ing charge density difference (CDD), density of states (DOS), and

crystal orbital Hamiltonian group (COHP).

For CDD analysis, we have considered the charge distribution

between Ir and N2, adsorbed on various positions (Fig. 1). The

cyan part in CDD denotes the depletion of electrons and the yel-

low part denotes the accumulation of electrons. Obviously, a sig-

nificant charge transfer is observed between Ir and N2, denoting

effective activation of adsorbed N2. Clearly, the charge density dis-
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Fig. 1. The geometric configurations and the charge density difference of Ir with N2 adsorbed on various sites, including (a, b) Ir(100)–H, (c, d) Ir(100)–T, (e, f) Ir(110)–LB,

(g, h) Ir(110)–H, (i, j) Ir(110)–T, and (k, l) Ir(110)–SB. The yellow (cyan) part denotes the area, where the electron density has been enriched (depleted) with respect to the

fragments.

tribution around the N2 molecule is cylindrical, the charge distri-

bution outside the column shows depleted trend and it is accu-

mulated inside the column. In addition, both charge accumulation

and reduction can be observed around the adsorbed N2 and the Ir

atom connected to it. These characters perfectly accord with the

“acceptance-donation” mechanism proposed in pioneering works.

Ir manifests the valence electrons of 5d76s2 and the Ir-d orbitals

are half occupied. The empty Ir-d orbitals can accept lone-pair

electrons of N2 and the separated Ir-d electrons can also be do-

nated into the anti-binding orbitals of N2, which can effectively

weaken the N≡N triple bonds and facilitate the N2 dissociation

[39]. Overall, the N2 is negatively charged on both Ir(100) and

Ir(110), which is in accordance with the bader charge analysis (Ta-

ble S1). Due to the larger electronegativity of N compared to Ir

atoms, the charge will transfer from Ir to N2 with a large amount

of −0.79 e (−0.80 e) for Ir(100) (Ir(110)), which is beneficial for

the dissociation of N≡N bond. The figures in Fig. 1 are all periodic

in the planar directions and it is vacuum in the vertical directions.

This is a common slab model to simulate the surface of bulk met-

als.

To further reveal the potential activation mechanism of N2

molecules, we have calculated the projected crystal orbital Hamil-

tonian group (COHP) and partial density of states (PDOS) to reveal

the bond properties between N2 and Ir from the aspect of elec-

tronic configuration (Fig. 2). COHP analysis is widely used to char-

acterize bonding character with positive and negative values de-

noting bonding and anti-bonding contribution, respectively.

From the COHP analysis, we can see that the bonding states

for the adsorbed N≡N bonds mainly contributed by the 2σ ∗, 2π
and 3σ orbitals, corresponding to the σ 2s∗ , σ 2px, π2py and π2pz

orbitals, respectively. In addition, the adsorbed N2 is negatively

charged with −0.21 ∼ −0.80 e and large amounts of 2π ∗ states

of the adsorbed N2 locate below the Fermi level. This can indi-

cate that the electrons from Ir have dramatically filled the 2π ∗ or-

Fig. 2. Partial density of states (PDOS) and crystal orbital Hamiltonian population (COHP) of N2 molecule adsorbed on Ir at various sites, including (a) Ir(100)–H, (b) Ir(100)–T,

(c) Ir(110)–LB, (d) Ir(110)–H, (e) Ir(110)–T, and (f) Ir110–SB. The COHP above and below the 0 value denote the anti-bonding state and bonding state, respectively.
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bitals of N2 as N2 adsorbed on Ir. These phenomena illustrate that

the bonding level of the N≡N triple bond is weakened and N2 has

been activated effectively. The bond length of N2 adsorbed on the

hollow/top site of Ir(100) has elongated to 1.294/1.127 Å compared

to 1.10 Å in the free state. More interestingly, the 2π , 2π ∗ and 3σ
orbitals of N2 adsorbed at the hollow site of Ir(100) undergo a sig-

nificant energy level splitting compared to the top site, indicating

an increased spin density. The unpaired electrons induced by the

spin state are beneficial for the protonation of N2. We have also

integrated the crystal orbital Hamilton population (ICOHP) up to

Fermi level, to quantitatively depict the N2 activation. The ICOHP

values can reflect how much this bond contributes to the band-

structure energy. ICOHP refers to the numerical integral from the

lowest energy peak to 0 eV on the COHP. In general, the bond-

ing (anti-bonding) state is defined as negative (positive) in COHP.

Therefore, ICOHP can quantitatively indicate the occupation degree

of anti-bonding states: The less negative ICOHP of N2 denotes a

higher occupation of antibonding orbitals, corresponding to a more

activated degree of N2. We have measured the activation degree of

N2 from the aspect of N–N bond length in the above discussions.

However, the change of N–N bond length is not the only factor

to decide the activation ability. We have therefore further demon-

strated the activation of N2 quantitatively from ICOHP. The ICOHP

of N≡N bond for N2 adsorbed at hollow site (−8.47) is significantly

less negative than the situation for top site (−12.07), which fur-

ther indicates that the hollow site is more favorable for N2 activa-

tion compared to the top site. Similar conclusions can also be ob-

tained for other sites: The ICOHP of N≡N bonds for N2 adsorbed

on LB (−10.30) and SB (−10.44) sites all possess more negative

value than that for H site. From the partial density of states, we

can also see that the filled 2π ∗ orbitals of N2 adsorbed on Ir(110)

(Ir(100)) are mainly contributed by the states of N-π2py∗ and N-

π2pz∗ (N-π2py∗ ). Shortly, the Ir atoms can contribute large amount

of electrons to the p-orbitals of N2, leading to the full activation of

N2 at the hollow position of the Ir(100) crystal plane. In addition,

the vacancy position of the Ir(100) crystal plane with an ICOHP

value of −8.47 eV is more conducive to the activation of N2 than

the hollow position of Ir(110) with an ICOHP value of −8.62 eV.

To further demonstrate the correlation between ICOHP and N–N

bond length, we eventually comprehensively compare the numeric

values on various active sites. For Ir(100), the N–N bond length of

adsorbed N2 is 1.13 Å (1.29 Å) on T (H) site, corresponding to a N–N

ICOHP of −12.09 (−8.47). For Ir(110), the N–N bond length of N2,

adsorbed on T, (B and H) site, is 1.13 Å (∼1.19 Å and 1.30 Å), with

an N–N ICOHP of −11.53 (∼−10.40 and −8.62). Therefore, a more

enlonged N–N bond corresponds to a higher occupation degree of

antibonding states, which is beneficial for N2 activation. Therefore,

the change of N–N bond length is eventually proved as a valid cri-

terion to decide the activation ability of catalysts for N2.

These phenomena can be treated as the origin of elongated

N≡N bond length and shortened N–Ir bond (Table S1). Overall, the

hollow site can be treated as the most favorable adsorption sites

for N2 activation compared to other sites.

To explore the activation ability of N2 on Ir quantitatively, we

have calculated the reaction pathway of N2 dissociation, includ-

ing the initial states, transition states (TS), and final states (Fig. 3).

The adsorption free energy of N2 on the hollow site of Ir(100)

is −0.48 eV and the reaction barrier of N2 dissociation is 0.87 eV,

which can be easily overcome at ∼50 °C. The N≡N bond length of

adsorbed N2 has been elongated to 1.94 Å compared to 1.29 Å for

the initial state.

We have also considered the dissociation of N2 molecules on

Ir(110) (Fig. 4). Unlike the situation on Ir(100), the adsorption en-

ergy of N2 is only −0.22 eV on the H site, indicating an ultralow

capture property of N2. Therefore, the N2 prefers to be adsorbed at

LB site, with an adsorption energy of −1.07 eV, and further experi-

Fig. 3. The free-energy profile of N2 dissociation on Ir(100). The Optimized configu-

rations, including the initial state, transition state, and final state, have been labeled

in the inset.

Fig. 4. The free energy profile of N2 dissociation on Ir(110). The optimized configu-

rations, including the initial state, transition state, and final state, have been labeled

in the insets.

ences a movement from LB to H site with a barrier of 1.12 eV The

transition state (TS1) has an imaginary frequency of −199.95 cm−1

and the corresponding N≡N bond of adsorbed N2 has extended

from 1.179 Å (initial state) to 1.231 Å (final state). The following

step is the dissociation of N2 at the hollow site with a reaction

barrier of 0.66 eV. The N≡N bond length of adsorbed N2 in tran-

sition state (TS2) is further elongated to 1.826 Å with a virtual fre-

quency of 459.7 cm−1. Finally, the N2 has successfully dissociated

into two N atoms in the last step. This can reflect a synergistic

effect between LB and H sites: The LB (H) site is superior in the

capture (activation) ability of N2, compared to the situation of H

(LB) site. There indeed exists some correlations between the cap-

ture and activation capacities of molecules: An increased activa-

tion property can lead to a decreased capture ability. This can be

treated as a common rule for the activation of small molecules,

such as N2, CO2, and O2. In our previous work, we have also dis-

cussed the activation of CO2 on Pt atom loaded on substrates, in-

cluding BC3N2 and graphene. The results have shown that the N2

adsorbed on BC3N2 system manifests a higher occupation degree

of antibonding orbitals, corresponding to a higher activation prop-

erty. However, the BC3N2 system cannot effectively capture N2 due

to the dramatic filled antibonding states, compared to the situation

of graphene system [53].

Finally, we comprehensively compared the situations on Ir(100)

and Ir(110). N2 molecule can be dissociated with an energy bar-

rier of 0.87 eV (1.12 eV) on Ir(100) (Ir(110)). Based on rough rule-of-

thumb, the energy barrier can be overcome at about 348K (448K)

for Ir(100) (Ir(110)). Clearly, the temperature required for N2 dis-

sociation on Ir(100) is significantly lower compared to the situa-

tion on Ir(110). This can be interpreted from the different reaction

mechanism between Ir(100) and Ir(110): The N2 can be directly

dissociated into N atoms on Ir(100) surface; In comparison, the dis-
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Fig. 5. Free-energy profile of ∗N reduction at various conditions, including (a) 298.15K on Ir(100), (b) 298.15K on Ir(110), (c) 348K on Ir(100), and (d) 348K on Ir(110).

sociation of N2 on Ir(110) need to experience two steps, including

migration and dissociation processes (Fig. 4), with two transition

states. This may originate from the different capture ability of H

site between Ir(100) and Ir(110). The adsorption energy of N2 is

−0.48 eV on H site of Ir(100), indicating a favorable capture ability

for N2. Therefore, the N2 prefers to be directly adsorbed and dis-

sociated on the hollow site of Ir(100). In comparison, the adsorp-

tion energy of N2 is only −0.22 eV on the hollow site of Ir(110),

which is unfavorable for N2 capture. Therefore, N2 prefers to be

adsorbed on the bridge site of Ir(110) and further transfers to the

hollow site. Finally, the N2 will dissociate into separated N atoms

on the hollow site. About the adsorption process of N2, the N2 in

free state can adsorb on the surfaces of Ir(100) and Ir(110) with an

energy release of 0.48 eV and 1.07 eV, respectively. Therefore, there

is no transition state for the process of N2 adsorption (Fig. S4 in

Supporting information).

To better demonstrate that the most critical factor of ammonia

synthesis is N2 dissociation, we have calculated the entire reaction

pathway of N2 electroreduction to NH3. It can be seen from Fig. 5

that once N2 has dissociated, the subsequent hydrogenation steps

can generally proceed spontaneously with negative reaction ener-

gies. Thus, the N2 dissociation process can be treated as the rate

controlling step of ammonia synthesis, which is accordance with

the key point of our research. As mentioned above, the barrier of

N2 dissociation can be overcome at 348K. We therefore performed

the corresponding correction of free energy with temperature of

348K, and the reaction pathway is displayed in Figs. 5c and d. The

protonation steps of dissociated N atoms have also demonstrated

negative reaction energies, similar to the situation at room temper-

ature. Therefore, we can assume that the N2 dissociation and the

following ammonia synthesis processes can occur spontaneously

once the temperature higher than 348K on Ir(100). In addition to

the reaction pathway, we can also demonstrate the factors for am-

monia synthesis from the aspect of charge transfer. The Ir atom has

unpaired electrons, which can accept lone-pair electrons from N2.

This can reflect that the N≡N bond can be weakened via the well-

known “accept-donate” mechanism. Therefore, we can also attempt

to increase the charge density of Ir to promote the occupation of

antibonding orbitals to activate N2.

Considering the realistic condition, some ambient adsorbate

such as ∗N2 may induce catalysts’ dynamics or reconstructions. We

thus adsorb ∗N2 on Ir(100) (denoted as N2/Ir(100)) and test the

stability (Fig. S2 in Supporting information). The N2/Ir (100) struc-

ture has shown negligible deformation after 10ps dynamic calcu-

lation at 300K. In addition, the structural integrity was maintained

with no bond breaking, indicating a strong chemical bonds charac-

ter between N2 molecule and Ir (100). Moreover, the energy of the

system is nearly constant throughout the dynamic simulation, fur-

ther indicating the good stability of N2/Ir (100) complex. In addi-

tion, in the real electrochemical condition, the high-index surfaces

of Ir can also anticipate in the reaction. We have therefore calcu-

lated the free energy profile of N2 dissociation on Ir(211) surface

to demonstrate the superiority of Ir(100) and Ir(110). As shown in

Fig. S3 (Supporting information), the dissociation barrier of N2 on

Ir(211) is 2.63 eV, which is significantly higher than that on Ir(100)

and Ir(110) (0.87 eV and 1.12 eV). Therefore, the low-index surfaces

of Ir can be treated as the main active centers for N2 dissociation

in the realistic condition.

In conclusion, in this paper, the adsorption and dissociation of

N2 on Ir(100) and Ir(110) were investigated using density func-

tional theory. The results can be listed as follows: Ir(100) can in-

teract with N2 effectively with an adsorption energy of −0.48 eV,

leading to an ultralow N2 dissociation-barrier of 0.87 eV; In con-

trast, the Ir(110) can effectively capture N2 with a large adsorption

energy of −1.07 eV, but the dissociation of N2 is a little difficult

with a barrier of 1.12 eV. Therefore, the Ir(100) can be treated as

a promising catalyst for N2 dissociation compared to Ir(110). This

can be attributed to the significantly higher adsorption energy of

N2 on the H site of Ir(100) (−0.48 eV) compared to the H site of

Ir(110) (−0.22 eV), leading to different dissociation mechanisms on

Ir(100) and Ir(110). Ir(100) can dissociate N2 directly on H site and

Ir(110) should firstly capture N2 via LB site and further transfer the

adsorbed N2 to the H site, which will dramatically deteriorate the

reactivity of N2 dissociation. In addition, the barrier of N2 disso-

ciation can be easily overcome at a low temperature of 348K, at

which the reaction energies of the following protonation steps of

dissociated ∗N atoms are all negative. Therefore, as the tempera-

ture higher than 348K, the N2 dissociation and ammonia synthesis

can occur spontaneously on Ir(100) surface. Our calculations have

provided clues for further catalyst design of N2 dissociation and

ammonia synthesis in both theory and experiments.
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