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A& Ik o2 §15te] UARBFIZANO) ¥4} Cucll Zaste] BAT 4= Gl CuNO B3] 7Rsdt 3744 FxolAfe] of
Aok 2gel, IR W ehyl 2HEg o] WMkE opi] $lako] Gaussian 09 T4 MPWIPWOI & o] §5te] 714
B4 6311(+)G(dp) FENA] AR SASHAT. T A3k, CuNO B3] A ksl 4%, Fod, thely o] distel
ZFzF AH=104.89, 91.98, -127.48 kJ/mol2] ZHS A9l11, NO Adtzlo|i= 2alx|7} £91S uw oF 0.03~0.10 A A= NO Hx}HTh
ZojA A Bl CuNO ZFORHE 07 Bk 47 B 5 &2 RelZeh E3 NO% CuNO 284|9] IR 3 aht
e 7} 4% o] that w)=e] 9)xIek 7|7k 18] Sebd Cu el A CuNO BEAIe] A ol F= Ao wi
ehih Baioz 407 BelE 4 e & 4 gtk
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ABSTRACT. The purpose of this study is to show the possibility of using Cu catalyst in removal of NO from automobile
exhaust which is regarded as the primary source of fine dust PM2.5. The energy and the bond lengths of the three possible
structures of Cu-NO complex, which is formed by binding NO molecule to Cu, and the changes in IR and Raman spectra are
calculated using MPWI1PW91 method on the level of 6-311(+)G(d,p) of basis sets with Gaussian 09 program. As a result, the
enthalpy of formation of the Cu-NO complexes are obtained as AH = 104.89, 91.98, -127.48 kJ/mol for the linear, bent, and
bridging forms of them, respectively. And the bond lengths between N and O in NO complexes, which becomes longer than
NO molecule, indicates that O is easily reduced from Cu-NO. In addition, the Cu-NO complexes using Cu catalyst can be eas-
ily measured by infrared or Raman spectroscopy because in the IR and Raman spectra of the NO and Cu-NO complexes the
positon and the intensity of bands are definitely different in each vibration mode.
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Figure 1. Production process of atmospheric secondary pollutants.’
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Table 1. PM2.5 Atmospheric environment standards
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Figure 2. Global satellite-derived map of PM2.5 averaged over
2001-2006. Credit: Dalhousie University, Aaron van Donkelaar.®
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Figure 3. Composition ratio of air pollutants in Seoul metropol-
itan area (2013).
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Figure 4. The variation trends of fine dust in Seoul (2014~2016).
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Figure 5. Possible structures of Cu-NO complexes.'® Reds stand
for O, blues for N, and oranges for Cu.
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Table 2. Structural parameters, zero-point corrected energies, and enthalpy differencies of Cu, NO and Cu-NO complexes*
Bond Length of Bond Length of Bond Angle of

Parameter Zero-point Corrected

NO CuN CuNO Energy (BSSE) Al
Cu - - - -1640.54592 -
NO 1.1417 - -129.88810 -
NO + Cu -1770.43402 0
Linear form 1.1905 1.7696 180.00 -1770.39408 104.89
Bent form 1.1697 1.9373 118.76 -1770.44755 91.98
NO +2Cu -3411.21513 0
Bridging form 1.2405 1.8854 118.03 -3411.02850 -127.48

*Bond lengths are in A, bond angles in degree, zero-point corrected energies in hartree, and AH in kJ/mol.

Table 3. Vibrational modes, vibrational frequencies, IR intensities, and Raman scattering activities of NO molecule and Cu-NO complexes*

Cu-NO
Linear Form Bent Form
Species  No. Vib. mode Freq. IR int. Ramanact. | Species No. Vib.mode Freq. IRint. Raman act.
AT vi NO stretch 1762 400 21710 vi  NOstretch 1742 1320 220
v>  CuN stretch 474 24 2384 A' v2  CuN stretch 464 21 1
E/[I1] vz CuNO bend, in-plane 241 11 0 vs  CuNObend 278 4 17
v4 CuNO bend, out-of-plane 742 1961 109706
Cu-NO
— NO
Bridging Form
Species  No. Vib. mode Freq. IR int. Ramanact. | Species No. Vib.mode Freq. IRint. Raman act.
vi  NO stretch 1420 375 0 Al[Z1] vi  NOstretch 2037 50 12
Al v2  Cu,NCug sym. stretch 315 7 4272600
vi  Cu,NCug bend 110 8 1035926
B, vs  Cu,NCug asym. stretch 807 16037 9895947
vs  NO bend 250 141 610865
Bi Ve Imaginary -26 3 9
*Frequencies are in cm™, IR intensities in KM/mol, Raman scattering activities in A¥/AMU.
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Figure 6. Calculated (@) IR and (b) Raman spectra of NO and Cu-NO Complexes.
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