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ABSTRACT. The adsorption of various atmospheric harmful gases (COx, NOy, SOy) on graphene-like boron nitride(BN) and
aluminum nitride(AIN) sheets was theoretically investigated using density functional theory (DFT) and MP2 methods. The
structures were fully optimized at the B3LYP/6-31G™" and CAM-B3LYP/ 6-31G"" levels of theory and confirmed to be a local
minimum by the calculation of the harmonic vibrational frequencies. The MP2 single-point binding energies were computed
at the CAM-B3LYP/6-31G"" optimized geometries. Also the zero-point vibrational energy (ZPVE) and 50%-basis set super-
position error (BSSE) corrections were included. The adsorptions of gases on the BN sheet were predicted to be a physisorp-
tion process and the adsorptions of gases on the AIN sheet were predicted to be a physisorption process for COx and NOx but
to be a chemisorption process for SOx.

Key words: BN sheet, AIN sheet, DFT, Atmospheric harmful gases (COx, NOx, SOx)
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Figure 1. Various adsorptlon sites of gas molecule on the BN (or
AIN) sheet.
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Figure 2. The structures of CO adsorption on the BN (a, b) and
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level of theory.

() Apolo] Azl §3 A 289 A02 et e
o= Uhebgeh, gh AIN A E04 CO 29 49
210 QT FLE A4S0 T o2 F
25l ()2} A} ot 2 2 @) 5 74 F3 T2k
FAT Aoz AL YT AN A Ee4 CO 7IHIe &
e BN AZolqel A M o G2l ol
Ao2 dFar.
A0 A4keol

_IZ{ po

=e]FEko] dojd ﬁﬁi Oﬂé%‘:}.

Fig. 3°]i= BN 2} AIN A E¢] CO, 7] A &] 2ol tfst
o AZ@PH T25 e SAth BN A Eof 4 CO, &2k

(@), (D)} Zol () +2(L) F HFe s
—o}n:] B Z2ko] A9 AkAl A E 9] hollow
Hi]EHEi 3.22, 328A 83 BAL A EZRE 326A
Ao A =2 F2Fo] dojuh= A0 2 A SE U 4
F2+o] A9 BN A E 9] hollow ¢ ]| 427} 3.06 A )

2ol F2to] Fglom, ZFEE 160.002 oF7F 7]-&0] A A]

Journal of the Korean Chemical Society



The adsorption of various gases on the BN and AIN sheets 19

Table 1. Geometrical parameters of various gases on BN and AIN sheets at the B3LYP/6-31G** and CAM-B3LYP/6-31G** levels of the-

ory. Bond lengths (R) are in A and bond angles (£) are in deg (°)

Gases only Gases on BN Sheet Gases on AIN Sheet
B3LYP CAM B3LYP CAM B3LYP CAM
R(X0) Z(°) RXO) Z(° RXO) Z(° RX0) Z(° RX0) Z() RX0) Z(°
CO 1.14 1.13 I 1.14 1.13 1 1.13 1.13
1 1.14 1.13 1 1.14 1.13
CO, 1.17 180.0 1.16 180.0 I 1.17  179.6 1.16 1795 I 1.17 178.8 1.16,1.17 1784
1 1.17 1799 1.16  180.0 Z 1.16,1.17 179.3 1.16,1.17 179.2
NO 1.16 1.15 I 1.16 1.15 Z 1.15 1.15
1 1.16 1.15
NO> 120 1339 1.19 134.0 AN 120 1340 1.19  134.1 A 1.26 117.7 1.25 117.2
| 120 1337 1.19 1339 Vvoo121,131 1171 120,130 117.2
SO 1.52 1.50 a”) 152 1.51 a)  1.64 1.63
b(L) 152 1.51 b() 159 1.58
SO, 146 119.1 145 119.0 | 147 1185 145 1184 I 1.57 110.2 1.56 109.8
A 147,148 117.2 145,146 117.8
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Figure 3. The structures of CO, adsorption on the BN (a, b) and &

AIN (c, d) sheets at the CAM-B3LYP/6-31G** (B3LYP/6-31G**)
level of theory.
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Figure 4. The structures of NO adsorption on the BN (a, b) and
AIN (c) sheets at the CAM-B3LYP/6-31G** (B3LYP/6-31G**)
level of theory.
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Figure 5. The structures of adsorption NO, on the BN (a, b) and
AIN (c, d) sheets at the CAM-B3LYP/6-31G** (B3LYP/6-31G**)
level of theory.
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Figure 6. The structures of SO adsorption on the BN (a, b) and
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level of theory.
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B3LYP level of theory.
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Adsorption energies
Table 29 %= COy, NO,, SOy 7] #| £2H5 3} BN} AIN A]
E 9] o1 A (AE)S B3LYP/6-31G** o] 25=Z20] 4] 7|

Abste] T ATVE 423k e o] F2bo Y x|} v ast
Stk wo AT ALLE SsIAl oFet ATHE Teelod
2ot 7EhE] CAM-B3LYP/6-31G** o] 2 o A Bx}
25 HAgstdlon, of A shd EAFx)A MP2/
6-31G** o] 2 4=29] 31 A o X & HAHMP2/CAM-B3LYP)
sto] FatuAE Atste: Be olE oA 93
& AHA(ZPVE)YE 1123}3 S ™ (AE), CAM-B3LYP2}
MP2 o] & ol A= Bl A T3 L/ (BSSE)E 11¢
StoleHABY™. vhe A 5 250 49 55 %7t
He Aoz dHA Qo] 50%yt _’itlé}oc‘ﬁ}” BN A E
(BiNigHi)oll A o] 7k S22 B o] S22 UEtdy
ALY BE Ao FH()eE %3 = A7t
(L))o= F2E = 5ol vlsiA o A3t =2 33
Bl it} COLF NO2] 79 MP2//CAM-B3LYP o] & <=
of| Al ZPVEQ} BSSEE 1283t & 2.1 keal/mol o] &2 2F3t
22 HAS YEY o, CO.2 NO2| A% 3 Fakol A
3.2-3.5 keal/mol A= 9] E&] S22 YEFU It} SO2] 3
o= B A& F25H7] o] 291 5.20 keal/mol 2
ARt 714 7kl 71 e Eel S 2te] dojd Ao
A =E o SO,9 o= 4.71 kcal/molZ H| LA 7F
o =5 et A H o s T =2 MP2/
CAM-B3LYP o] 2 =l A 2t 74| 9] 744 A3t =2 &2t
ZAE v|wdtchd CO Eth= NO7F 18]l CO, k=
NOwt 242} et Be) H2-2 ey glen], COLt NO,
HrRe SO/t At H o e BeEAS Yea .
oo} 2o AL waa 1ajue) 714 FAAE NO
Jhe) e AYstas SAR 238 wolR ot
Al E(AligNigHis)ol A 2] CO9J 7hA F2he i o=

Table 2. Adsorption energies (AE, in kcal/mol) of various gases on the BN and AIN sheet at various levels of theory. Values in paren-
theses are adsorption energies corrected ZPVE (AEo, in kcal/mol) and 50%-BSSE corrected ((AEo)®, in kcal/mol)

BN(BisNisH1a) AIN(AligN1gH14) graphene(Cs2Hus)

B3LYP CAM-B3LYP MP2//CAM-B3LYP B3LYP CAM-B3LYP MP2//CAM-B3LYP MP2//CAM-B3LYP

AE(AEg))  AE(AEo) (AEg)™ AE(AEg) (AEg)” AE(AE))  AE(AEo) (AEo)® AE(AE)) (AE))®  AE(AEo) (AEo)®

co I 0.93(0.68) 1.61(1.29) 031 3.21(3.000 182 | 4.823.71) 5.57(440) 2.17 6.80(5.63) 2.70 | 2.84(2.65) 2.00
0.740.58) 131(109) 022 272240) 137 | 151(130) 229201) 074 3323.03) 152 | 2.53234) 1.79

o, | 1450127) 2420200 097 503481 319 | 33IG04) S03@57) 325 TI4649) 343 | 435417 36
061(0.54) 122(1.11) 0.14 292281) 187 < 270223) 4163.51) 121 5.13(467) 288 | 268255 1.9

No | 095071 171(140) 033 380349 200 £ 416334 422043 L6l 657583 318 | 238215 150
L 0.57(043) 1.12(0.94) 025 2.71(2.53) 1.69 1 2.172.01) 135
o, A LOI34) 2609234 076 604S569) 357 A 2124(1996) 25952444 2087 1647(1495) 896 A 530495) 364
I 1.28(1.08) 2.29(2.01) 0.71 5.36(5.07) 334 v 15.87(14.18) 20.45(18.51) 14.86 13.68(11.73) 5.66 | 4.09(3.88) 2.86

o @ 48IA39) 509461 250 980032) 520 a ST3ESTY C2ISC038) 5848 COTHE00N) 4936 £ 996050 684
b 4644.19) 4834.37) 237 886(839) 462 b 4442(42.13) 4832(4582) 4391 48.80(46.29) 37.09 £ 7.89(7.59) 5.44

s, | 240195 302(.15) 125 783736) 471 || 39653749 47.604537) 3899 43174055 2878 || 675648 501

A 620(5.59)

827(750) 447 12.67(1191) 7.18 | 525(4.83) 3.55

The basis set for all levels is 6-31G** and ZPVE corrections at the MP2//CAM-B3LYP level of theory are used the CAM-B3LYP/6-31G**

results.
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= FE B ol W2 A9 Sl
MP2//CAM-B3LYP o]& &0 4] ZPVE®} BSSEE
3 270 kecal/mol=2 74]/@1301 AA7) ol 2 Y3
52 kcal/mol Ho} 73 E8152H2 ety 9
St 22 PR oo SH()el
e ga FHE UERE 29 SR A 343 keal
= B(£)9] 2.88
Aoz o=

keal/mol Xt} ZFstA &2 F2&Fst= = ik
NO&J 522 A =3 45 FLE5H7] o] 291 Noj
A EZ O 7 gFetal H|AES] 2 o8 oS5 F2F
of ] A& 3.18 keal/mol 2 AlAHE| i}, o] 2} Zro] AIN A]
Eof A CO, COy, NO 7|4 F2H-2 BN A EL} =231 1
Aol A o] Ee] F2H} %A}o}ﬂur ORI AT =Y &

Z 23 LYY QI TR NO 2| &-2Hof 4 #] &= CAM-B3LYP ©]
2o A ZPVEL} BSSEE J_E% 3t 5 20.87 kcal/mol2 3}5}
T2k =20 YA S Ho| Ak A E Q] AlZF NO,2] O A
o]o] A7} 1.92A0 7 AAA Ao F Ko o
2]2-0] Qlt} QA MP2 3F A oy &| A4 A1} 896 keal/mol

2 o Zo] Eo] AtfA oz 5t Be|gzto] Yojd Ao
ol Z= ) SOQ S0, Ao 3}3F T zlo] Aol %]\

=2

O & o =1 MP2//CAM-B3LYP o] & 2:20] A] ZPVES}
BSSEZ 113t 3 52} o] x| = z+z} 49361} 28.78 keal/
mol2 Z}Z} ALFE it 80,9 f-oll= &2 F&4d 7=
E3F 2 A3} gglon 52 o 2= 7.18 keal/mol 2 7
AbE|Qith dulA 0 & AIN A|E7} 2833 BN A EL
=g 2 A E B A9 FZ YA E Kol
AIN A E= 808} SO, 7] Aol thsto] 233t ahehg2t
SO R A MARZAY BE e B AOR ¥

T =2 A

e to i ]
)

NFE - %

N

=, NO2| 7o =
S0 A& AR o

HOMO-LUMO energy gab

Table 30 = &]2] 0] 2 4220 4| BNz} AIN A| £ 747}
& 24%]7) A7} 3-©) HOMO(Ex), LUMO(EL) o] 2] 2} HOMO-
LUMO o4 2] ZFO|(AEy)E eV T¢| 2 B| a3} 3t BN A
Eo]| A COc8 &M o= &-2F 2% 2] HOMO, LUMO A}

olo] W7l 712] §l.om, NO©| H2A|0]= HOMOE
7)9] W37} glott LUMOS] o U A= &2 3o 4]
v} © 2 4] HOMO-LUMO of| U 7] 2jo7} Abs] Zhaai

A0 & LT S0,.2] F2HA]ofli= HOMOS] oy 7= 5
7}k LUMO | =] 9] FF4= B& 484 A HOMO-
LUMO |1 2] 2}o]7} o] Z4dk= A 0 &2 o S5 ¢} o] 2}
2o o o] 2] 9] H3h= Fig. 9,100 ol & o] LE}
Wule}l 7Ho] SO &2k HOMOS} LUMO 183l SO, &
ZEA] LUMOS] A3 7F 7EA(SO )0l F 5= o qlof &2t
Ae eulg oz o] Wyt & Ao R Mg 4= QlAlch
AIN A E o] CO2ENOx 71A] F2+2] 7-9-= BN A Eof 4] 9]
F&I FARHA &2 A$29] HOMO, LUMO Atole] |
3t7F 27 ¢k o, SOk 714 9] F&A] HOMO+= oA 1L
LUMO2] o4 R Yotz © & 4 HOMO-LUMO o] 4 %]
Zpo) 7} Frash= A0 &2 VERS T ohak SOa(|))2] S2HA|
o= HOMO+= A 9] §igk7} ¢l o4 LUMO of| | 2] €] 747}
o9~ 4122 4] HOMO-LUMO ol =] 2oz} As] 3F
23k Ao @ dZE QT SOAA)2 F2 A o= LUMO
o 2] 2] kA7t B3] 4%t o]i= BN A|Eo| A2} A}
57| LUMOS] AR 3E(Fig. 10 F2)7F 7FA(SO2)of H

Table 3. HOMO (Ey, in eV), LUMO (Ei, in eV) energies and HOMO-LUMO energy gap (AE,, in eV) of BN, AIN sheets at various levels

of theory
BN sheet AIN sheet

B3LYP CAM-B3LYP MP2/CAM-B3LYP B3LYP CAM-B3LYP MP2//CAM-B3LYP
E. En AE;, E. En AE, E. Eu AE, E. Eu AE, E. Eu AE, EvL En AE,
BN 0.01 -6.57 6.58 1.38 -8.08 945 430 -9.81 14.11 AIN -1.26 -6.45 5.19 -0.08 -8.03 795 192 -9.71 11.63
co I -0.56 -6.58 6.02 1.09 -8.09 9.18 425 -9.82 14.07 L -194 -6.41 447 -043 -798 7.54 209 -9.67 11.75
1L -0.60 -6.55 595 1.03 -8.07 9.10 4.14 -9.82 13.96 1L -1.21-643 522 -0.01 -8.00 800 2.03 -9.65 11.69
co, | 0.01 -6.58 6.58 1.37 -8.09 9.47 430 -9.83 14.13 | -125-645 521 -0.04 -8.02 799 199 -9.69 11.68
© 1 0.00 -6.54 6.54 1.39 -8.05 9.44 431 -9.77 1408 ~/ -1.20-641 521 -0.00 -798 797 2.01 -9.67 11.68
NO | -2.34 -6.56 422 -0.57 -8.08 7.51 2.61 -9.82 1243 « -3.03 -6.46 343 -1.56 -8.01 645 197 -9.70 11.67

1 -2.37-6554.19 -0.61-8.07 746 2.59 -9.82 12.41
NO, N 243 -654 412 -0.77 -8.05 725 2.16 -9.76 11.92 A -251 -649 398 -093 -8.06 7.13 176 -9.74 11.50
I -2.35-6.58 422 -0.70 -8.09 7.39 224 -9.82 12.06 V -2.65-643 379 -1.06 -8.01 695 1.89 -9.64 11.54
a(£)-3.33 -5.05 1.72 -1.98 -6.77 479 0.57 -9.07 9.63 a(||) -1.67 -5.90 423 -037 -7.40 7.03 1.72 -9.13 10.85
b(/)-3.38 -5.09 1.71 -2.03 -6.80 4.77 0.56 -9.08 9.64 b(||) -2.10 -6.18 4.09 -0.62 -7.72 7.10 1.57 -9.29 10.86
SO, || -3.30-6.61 3.31 -1.79 -8.12 6.33 0.62 -9.85 1047 | -1.46 -642 496 -021 -8.00 7.79 1.79 -9.65 11.44
N -487 -630 142 -348 -7.85 437 -1.13 -947 834
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Figure 9. Highest occupied molecular orbitals (HOMOs) of gas
adsorption on the BN and AIN sheets at the CAM-B3LYP/6-
31G** level of theory.
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Figure 10. Lowest unoccupied molecular orbitals (LUMOs) of
gas adsorption on the BN and AIN sheets at the CAM-B3LYP/
6-31G** level of theory.
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A EQ} 71 M BA} Alo] o] &2 5 H]al HA] }011:} BN
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o} ol A 2 7RIS 7P A el F3 Aakg )
3} o CO Bt} NO7} 18] 3 CO, E. b= NO,7F 2zt
et =2 S2HE YE 9l e, COt NOk K th= SOt
2o g 74t BelEAE Uetlle AR S H
AIN A|Eof CO, CO,, NO 714 &2 MP2/CAM-B3LYP
O|2 oA ZPVEL} BSSEE 1183F & 1.52-3.43 keal/
mol kcal/mol2 AALE] Sl o, 7} A Bxlo)| A A| EZFA] Q]
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