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2 2 Acetic acid?} SO0 AT Agof o3 Y= T EIAE Lot r] Y3 MP2, BILYP WH O E 6-311++G(d,p),
aug-cc-pVDZ, aug-cc-pVTZ basis setS ARRSIo] AALSISITE Syn-acetic acid®} SO»= Al 279 ¢HY3 & Ag] EAE §
‘gatglom anti-acetic acid= SO A BPAE HPoLt oF F B2 WA HIAAR syn-acetic acid] B3} ebggo] E
oAtk 7 ebgst B3l S0, S9F syn-acetic acid®] C=07} A& 2F8-35t0] S--0=C AgT} SO,2] 02} acetic acid®] O-H7}
Foagste] O-H-0 23S Z+= &+ A8 E3A|, Cl, C3o|t}. o]F Clo] 7P & AdoHA| —7.38 keal/mokE ZH=t}. o]
B3] g2 02t O-H A2]7t van der Waals ¥1A]5-2] 3t A Zivhs A 02 % o 4= §lt}. Vibrational frequencies?]
Hlo A& o] AAES] A548E B 4 Ut

ZHI0]: Acetic acid—SO; &34, SO,—syn-acetic acid =3}F4|, SO,—anti-acetic acid &3}

ABSTRACT. The formation of complexes between SO, and acetic acid was studied theoretically. The ab initio and DFT cal-
culations were performed with MP2 and B3LYP methods using 6-311++G(d,p), aug-cc-pVDZ and aug-cc-pVTZ basis sets.
Six stable complexes were identified, and three stable bidentate complexes, C1, C2 and C3, were formed between SO, and
syn-acetic acid, which is more stable form of acetic acid. Anti-acetic acid also form three complexes, C4, C5 and C6, with SO,. C4 is
bidentate and C5, C6 are monodentate complexes, which are less stable. The most stable complex, C1 has S--O=C and O-+-H-
O interactions, and the S--O and O--H distances are less than the sum of van der Waals radii. The vibrational frequencies of
complexes were calculated and were compared with those of monomers. The frequency shifts after formation of complex were
found, and the overall pattern of frequency shifts relative to monomers is similar among the six complexes.
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Figure 1. Calculated minimum energy structures of SO,-syn-
acetic acid complexes.
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Table 1. The optimized structures of SO,—syn-Acetic Acid complexes
at MP2/6-311++G(d,p) level of theory

complex

C1? C2 C3
Bond length (A)
C1-02 1.216 1.215 1.216
C1-03 1.349 1.353 1.349
O3-H4 0.973 0.969 0.973
09-S10 1.472 1.468 1.468
H4-09 1.970 - 1.968
02-S10 3.020 2.904 3.102
H6-09 - 2.499 -
02-011 3.300 - 4234
Bond angle(deg)
02-C1-03 1233 122.2 123.2
C1-03-H4 107.4 106.1 107.1
C1-C5-H6 109.6 109.7 109.6
09-S10-011 1184 118.5 117.6
C1-02-S10 121.8 126.8 121.2
03-H4-09 164.8 - 167.6
C5-H6-09 - 1452 -
H4-09-S10 122.3 - 123.6
H6-09-S10 - 111.3 -
Dihedral angle(deg)®
02-C1-03-H4 -0.2 1.2 0.7
C5-C1-03-H4 179.7 -177.6 1223
C1-03-H4-09 8.9 - 10.1
C1-C5-H6-09 - -26.0 -
03-H4-09-S10 -29.0 - -21.9
C5-H6-09-S10 - 9.2
H4-09-S10-011 -63.8 - 140.0

*Atom numbering as given in Fig. 1.
°Clock-wise orientation of dihedral angle is defined to be positive.
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Figure 2. Calculated minimum energy structures of SO,—anti-
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Table 3. Binding energies of SO,—acetic acid complexes
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Table 2. The optimized structures of SO,—anti-Acetic Acid com-
plexes at MP2/6-311++G(d,p) level of theory

Complex

c4 C5 C6
Bond length (A)
C1-02 1.207 1.206 1.205
C1-C5 1.512 1.516 1.515
C5-H6 1.089 1.089 1.089
09-S10 1.470 1.473 1.474
H6-09 2.493 - -
H4-09 - 1.958 1.964
S10-02 2.890 - -
Bond angle(deg)
02-C1-C5 124.7 124.5 124.7
03-C1-C5 115.8 115.0 114.9
C1-C5-Hé6 109.5 109.2 109.3
C1-03-H4 109.1 109.2 109.3
09-S10-011 118.3 118.4 118.3
C5-H6-09 146.5 - -
03-H4-09 - 1742 1717
C1-02-S10 126.9 - -
Dihedral angle(deg)
02-C1-C5-H6 16.1 -9.8 0.0
C1-C5-H6-09 -19.5 - -
C1-03-H4-09 - -177.6 0.0
03-H4-09-S10 - —78.8 0.0
C5-H6-09-S10 -21.1 - -
C5-C1-03-H4 33 -32 0.0
C1-02-S10-011 76.5 - -

?Atom numbering as given in Fig. 2.

7H QbARE dhAbe] B3] -9 formic acid-SO.2] A
3ol ] 7} —4.36 kcal mol '] I acetic acid(syn)-S0,<] 2
ghol | A= —6.33 keal mol ' 2 LrERTE o] Z 2. 2 formic
acid® o} acetic acid7} SO, E A ¢3S EIHAE A

51O 2~
e o 5 qek

Vibrational Frequencies
ol BYAIZ9 vibratinal frequencyE AlAFsto] E31A]| &

Complex MP2/6-311++G(d,p) MP2/aug-cc-pVTZ B3LYP/6-311++G(d,p) B3LYP/aug-cc-pVTZ
—AE(kcal/mol)
C1 7.382 7.186 6.760 5.710
C2 5.639 5.931 4.767 3.940
C3 7.246 7.187 6.760 5.710
C4 6.135 6.330 5218 4321
C5 6.060 5.346 4.722 3.238
Co6 5.868 5.007 4.667 3435
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Figure 3. Binding energy of SO,—acetic acid complexes calculated
at MP2/6-311++G(d,p) level of theory.
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6-311++(dp) FH-S o]-gate] AAlsHATt. syn-acetic acid2t
S0,9) A% % Ahe] B C1,C2, C37h QP Bl
e AL o] Cl, C3&= S0,9] S&} syn-acetic acid®] C=0
AztAto)of S:--0=C A3 2-8-3} S0,2] 02} syn-acetic acid2)
O-H AgAtolo] O--H-0 AFazh-go] EAstm 71 &
Aol 712 ZH=r}. Q2 gmacetc acide] O-H Al C-H7E
A Agte] 0-HCol ojg g WS 8ol Clo]
H]3} 1.7 kcal/mol Z+2 Ao U X & Zr=t}. Adnri-acetic
acidi= SO,9t = 2] HHA| C4¢} 3t 2he] EF3H4| C5, Co=
HAglct. o] 71AF oFA B Ch+= anti-acetic acid 2] G320
w2} S--0=C 42283 O--H-C A2 2-g-of ofsf + =
2] B3 2 o] 2] o] Hr} o1 2] 7} 0.1-0.3 keal/mol =
& C5, Co= O--H-O A2 2-g-of o5t 3 AHe] BEgA&
FATE o B SO A EAEE Uehhs E shitol
HEL 4EAEE QRS Abol9 AR ClIt 3]
A% S0 Aglet O---H Ag]7} van der Waals ¥F2] S 2]
grch 02-0.6 Aojif ZA Yeb o C2oA4 %= S0

Table 4. Harmonic vibrational frequencies of monomers and SO»—acetic acid complexes at MP2/6-311++G(d,p) level of theory

mode monomers (SO, syn-AA) C1 C2 C3
O-H str. 3807 3718(-89) 3799(-8) 3719(-88)
C=O str. 1824 1806(-18) 1810(-14) 1806(-18)
SO, symmetric str. 1073 1089(+16) 1087(+14) 1083(+10)
SO, unsymmetric str. 1286 1289(+3) 1291(+5) 1277(-9)
OH oop. bending 639 716(+77) 663(+24) 726(+87)
OH ip. bending 1347 1375(+28) 1359(+12) 1375(+28)
SO, bending 489 495(+6) 496(+7) 501(+12)
mode monomers (SO, anti-AA) C4 C5 C6
O-H str. 3870 3869(-1) 3816(-54) 3822(-48)
C=0 str. 1848 1837(-11) 1840(-8) 1841(-7)
SO, symmetric str. 1073 1088(+15) 1079(+6) 1076(+3)
SO, unsymmetric str. 1286 1290(+4) 1280(-6) 1277(-9)
OH oop. bending 385 438(+53) 491(+106) 496(+111)
OH ip. bending 1312 1326(+14) 1351(+39) 1354(+42)
SO, bending 489 496(+7) 491(+2) 502(+13)
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