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Study on adsorption behavior of the main components of air on Ag surface
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(School of Mechanical and Electrical Engineering?, Yunnan Provincial Key Laboratory of Intensification Metallurgy®,

Kunming University of Science and Technology, Kunming 650500, China)

Abstract: The molten Ag in air is capable of dissolving 22 times its own volume of oxygen, but the amounts
of other gases (N2, CO; etc.) released from silver during the cooling and curing process are almost zero.
Adsorption is known to be the first step of gas dissolution, so the adsorption behavior of N2, O, and CO»,
the main components of air, on the Ag surface was investigated by the method based on quantum chemical
theory and clusters model. The results show that the adsorption energy of O, on Ag (100), Ag (110) and Ag
(111) is the largest, so the surrounding area of Ag in air is mainly adsorbed with O, and almost no direct
contact with other non-oxygen components can be observed. The dissociation of N, O, and CO on the Ag
surface requires certain thermal activation conditions, and the dissociation energy barrier of O, on the Ag
surface is lower than that of N> and CO», As a result, O; is more readily dissociated into O atoms which are
adsorbed on the surface. Therefore, Ag can selectively adsorb O, in air.
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Fig.1 Adsorption sites on the Ag surface
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Fig.2 Top views of the adsorption structure of N2, O2, CO2 on the Ag surfaces
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Tab.1 The bond length of N2, Oz and CO2

M RS TRK/A LR THK/A R eV

N2 1.098 1.09770141 16.038
02 1.188 1.2109 5.511
CO2 1.159 1.1620€ 6.054
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£ 25T Now O COp 73 HIW T Agro
(100). Agia(110). Agia(111)H #% _E AW Bt fE A1 2y
THEKIT1L.

Tab.2 Optimized energies and geometrical parameters of N2, Oz and COz on the Ag surface

EEN Eads/kJ-mol! dnn/A do-o/A de-ol/A h/A
Agi2(100)-N> -7.770 1.098 - - 3.732
Ag12(100)-0 -49.765 - 1.266 - 1.984

Agi2(100)-CO2 -12.942 - - 1.160, 2 0CO=179.196° 3.435
Agi2(110)-N2 -17.277 1.098 - - 3.213
Agia(110)-0 212.645 - 1.363 - 0.96

Agi2(110)-CO2 -10.315 - - 1.160, zO0CO=179.695° 3.333
Agi(111)-N -5.785 1.098 - - 3.805
Agia(111)-02 -38.223 - 1.231 - 2.599

Agi2(111)-CO2 -11.980 - - 1.159, 2 0C0=179.262° 3.484
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Fig.3 Top views of the DC structure of N2, O2, CO:z on the Ag surface
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filt B AL ZEW IS FE A, Ny 2 1 8 Se T AR S M 4R
&, FECH 7.770 kI-mol! fU#, HELES TS
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Tab.3 Reaction energy barrier, and rection heat of DC

/(kJ-mol )

AY AE’ AE AE + Eaas
Agi2(100)-2N 844.870  732.596  724.826
Agi12(100)-20 116.865  45.300 -4.465

Agi2(100)-0+CO 461.011 411.608  398.666
Agi2(110)-2N 947.835  920.681  903.404
Agi2(110)-20 189.699  139.156  -73.489

Agi2(110)-0+CO 286.756 258261  247.946
Agia(111)-2N 910.267 883.563  877.778
Agi2(111)-20 170372 31.706 -6.517

Agi2(111)-0+CO 473.606  436.163  424.183
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Fig.4 The energy profits of dissociating on the Ag surfaces

I EA TS LR Ag-O M1 CO(g), RINAEL N
461.011 kJ'mol', Jx W # 4 411.608 kJ-mol',
Agin(110) b, Ny 4 71k B 52 8 R B 2, i #
17.277 kJ-mol!, Z&iLPE#A TS ¥ Ag-N, X
N fE 22 N 947.835 kI'mol!, [ B # A 920.681
kJ-mol'; Oy 73T T ita e W&, T# 212.645
kI'mol!, &R TS B Ag-O, XNAEL
A 189.669 kImol!, KMNFHA 139.156 kJ-mol';
CO, 7 F It W B, Tl 10.315 kJ-mol,
ZEA TS LR Ag-O M1 CO(g), RINAEL N
286.756 kJ-mol', Jx B # A 258261 klImol'.
Agp(111) .k, Ny 7 F IR e NS, Tl 5.785
kJ-mol!, &R TS EH“# Ag-N, RN AE2
4 910.267 kJ-mol!, N #H 883.563 kJ-mol'; O,
S FIERRE WA, FEE 38.223 kImol!, £
HES TS Y Ag-O, RNAELNy 170372
kJ-mol!, JM#CA 31.706 kI-mol'; CO, 5 F1EH
AR e RS, R 11.980 kT -mol!, ZidiEAS
TS JEAG=Y) Ag-O F1 CO(g), NREZEAN 473.606
kJ-mol!, [N#H 436.163 kI'mol'.

MK 2 F1K 3 7J A1, Nav 02 CO 7E Ag KIHI
FEEYISLARENMEASBRED, RAEME
H T —E PSRRI RE R RS
N, Fll CO 75 Ag R THI b FIfF 25 68 22 L HL A7) BRI B A
fife B AN P I B EW B AR, TR EIRUIR Z e
RER AR, LR Ag X No Al CO, KRB AL
RS OxfE Ag Rl LRI EREL2R/N, T
N, Al CO, #BMi&, KW O, 7E Ag RTHI IR 25 iE PEEL
=, BEGRAERETEECE RN 5 Rk
HEHE Nov 02 COx 77 FHIMEESREAHEL, WP £
Ag I L Nov 020 COx 7 FHIR B RERK, AL
W B+ Ag RTHH Nov O2n CO2 7> THIfRES HE 138

B, Ag X Naw Oo CO, WIS A MAER . fiRE
JEIRTAE Ag I _ER P RAHXESE PR AE+Eaas
g, HER3ME 4754 O 7E Ag Rl ERFHIER
EMR R, HAE Ag(110) LRI B A e i s
Na Fl CO, fift B VR B FOASE PSS, P RE = K AE MG
By, SEANTETRER Ag [N #L.

LR, Ag R Oy FAT BRI EE IR g
71, PERIT Ag R O, JLTH N A1 CO, 5
Ag 7 JT. Rt o fWMIELGE R Ny Al CO,
ik Ag JHH O MAIBRIR I =TS Ag /A B
filt, BT O T Ag RHWIHRERI LN E KT Na
O, MR RELALT Na Fll CO,p, RIS Ag B
F il A= BRSBTS 8 A AL S BT N
FTCOL JU AT LAZBE AT o BT LU AR 25 442 Bt £
JERE, Ag XA i A B A GBS D fE .
W& IR E T E, VBRI T Ag R O, M RE R 1Y
IIFE R HAL =R Re 22, O AR ES N O
RS JEH) O SLRIFE Ag FHITE R A€ AL 2R
Bf, TR Ag VIR TRFRE BN a4, RS
AL 2 BT [ A Ag LT O 3R ANHT i K 2
A Ag 2, AR NHERIERIIEN Ag it
TR HEE .

3 6

1) Nov CO2 02 7 Ag(100). Ag(110)F
Ag(111) LW B F 45 R Bow, BRI FE 4 ik
POt AE, RO EAERT M O 7 Ag K
IR R ST N2 AT CO,e

2) X Nav CO2v Oy fE Ag(100). Ag(110)F1
Ag(111) E B B4 R B FEgEAT W 72, 45 R
N 02 TE Ag RIfRERELRMET No Ml CO, BHHES)



28 5t & A

A4 %

R R O W PHERR T« BRI, Ag X 05
FUA PRI Y A fE

SH R

[1] ZHANG S D, WANG S D, JIN'Y, et al. One stone two birds:
Simultaneous realization of partial oxidation of methane to
syngas and N> purification via robust ceramic oxygen-
permeable membrane reactors[J]. Chemical Engineering
Journal, 2021, 419: 129462.

[2] DEMBOVSKY V. Thermodynamics of dissolution and
liberation of gases in the atomization of molten metals by
plasma-induced Journal of Materials

Processing Technology, 1997, 64(1/3): 65-74.

[3] CHEN Q Z, SWITZER J A. Electrodeposition of nano-

expansion[J].

meter-thick epitaxial films of silver onto single-crystal
silicon wafers[J]. Journal of Materials Chemistry C, 2019,
7(6): 1720-1725.

[4] TANG ZY, CHEN T, LIU K, et al. Atomic, molecular and
hybrid oxygen structures on silver[J]. Langmuir, 2021,
37(39): 11603-11610.

[5] LEE M, KAZUMA E, CHI ZHANG, et al. Dissociation
mechanism of a single O: molecule chemisorbed on
Ag(110)[J]. Journal of Physical Chemistry Letters, 2021,
12(40): 9868-9873.

[6] LEE M, KAZUMAE, JUNG J, et al. Dissociation of single
02 molecules on Ag(110) by electrons, holes, and localized
surface plasmons[J]. Chemical Record, 2022, 22(6):
€202200011.

[7] STEGELMANN C, STOLTZE P. Microkinetic analysis of
the oxygen-silver system[J]. Surface Science, 2004,
522(1/3): 260-272.

[8] T, Fi3ets, BOCH, 48, Ag(11 )T Bt O HIHS — MR

PR T[], B TR (B R B/, 2012, 37(1):
21-24.
YUJ,LUWT, LIW M, et al. Study on the chemisorption
of Ag(111)/O2 surface by first principle[J]. Journal of
Kunming University of Science and Technology (Natural
Science Edition), 2012, 37(1): 21-24.

[9] GUO X C, MADIX R J. CO2+02 on Ag(110): Stoichio-
metry of carbonate formation, reactivity of carbonate with
CO, and reconstruction-stabilized chemisorption of CO2[J].
Journal of Physical Chemistry B, 2001, 105: 3878-3885.

[10] VYSHNEPOLSKY M, MORGENSTERN K. Common
structures of CO:2 on structurally different coin metal

surfaces[J]. Physical Chemistry Chemical Physics, 2020,

22(2): 497-506.

[11] ZHAO S, TIAN X Z, LIU J N, et al. Density functional
study of molecular nitrogen adsorption on gold-copper and
gold-silver binary clusters[J]. Journal of Molecular
Modeling, 2014, 20 (11): 2467.

[12] CHEN B W J, KIRVASSILIS D, BAT Y, et al. Atomic and
molecular adsorption on Ag(111)[J]. The Journal of
Physical Chemistry C, 2019, 123(13): 7551-7566.

[13] ANIS I, DAR M S, BHAT G A, et al. Probing the site-
specific and catalytic activity of Agn(n=15-20) silver
clusters[J]. ACS Omega, 2022, 7(23): 19687-19693.

[14] ZHOU J, YUAN D W, HUANG B W, et al. Highly effective
Ru-based Heusler alloy catalysts for N2 activation: A
theoretical study[J]. Applied Surface Science, 2022, 575:
151658.

[15] G, WEIRH, ), 4. BEERE AL AT X/TiOA(X=Pt,

Pd. Au)#l % 5 & S AHLE[T]. 1k T #E R, 2017, 36(11):
4093-4098.
QIU W, TAO Y, JIANG W, et al. Preparation of wall-loaded
X/TiO2(X=Pt, Pd, Au) catalysts for ammonia oxidation
process and the reaction mechanism[J]. Chemical Industry
and Engineering Progress, 2017, 36(11): 4093-1098.

[16] BERONIO E R A, HIPOLITO A N P, OCON J D, et al.
Cluster size effects on the adsorption of CO, O, and CO2
and the dissociation of CO2 on two-dimensional CuX (X=1,
3 and 7) clusters supported on Cu(111) surface: A density
functional theory study[J]. Journal of Physics: Condensed
Matter, 2020, 32(40): 405201.

[17] HH 77, sk AERLE FRNMR-e a2k

W Bt 5 S AR — R ). R TS T
%, 2022, 39(4): 13-20.
CHANG Q F, ZHANG X L. First-principles research of
oxygen adsorption and dissociation on copper-gold alloy
monolayer supported on tungsten carbide[J]. Journal of
Atomic and Molecular Physics, 2022, 39(4): 13-20.

(18] BABEE, HIMEH, TKRERMR. T A S B COo i 2
PR 73 TRELI]. A7 AR (AN 1), 2021, 37(1): 218.
ZHAO X G, QU Y K, ZHANG R J. Molecular simulation
on CO; disaggregation of methane dry reforming reaction
[J]. Acta Petrolei Sinica (Petroleum Processing Section),
2021, 37(1): 218.

[19] QIAO Y X, XU L L, ZHANG H, et al. O dissociative
adsorption on the Cu-, Ag-, and W-doped Al (111) surfaces
from DFT computation[J]. Surface and Interface Analysis,

2021, 53(1): 46-52.



