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K| DSD-PBE86 XUtz ok Fl T AU 22 B e i K55, W73k W] DSD-PBES6 W7k 1k
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PR H AR EZ R xOPBE, #F713K ] XOPBE iz B K K327+ T OPBE iZ BKTE *C-NMR
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FESHARMIL TR T4 25 18 T IR B 062 5 W U R (R F R IEAovin), RIMEFETHEE
R TR AN FE AR AL AR IE, Wi HA 7 VE WA R 2R A 1E . 3R 1L A LA H, X8y
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PAE, TIZEETVENS T 13C Bk BT EORS FEE R AE 2 ppm DANDB1, FPA-M J7ik 2
¥ HAh T, FH MAD Al MAX 43528 5.4 #110.1 ppm; CCSD(T)/pz3d2f k2., F MAD
AT MAX 43524 7.2 F1 19.8 ppm; XOPBE 1 DSD-PBES6 Il AH 2, —# 1 MAD 454 11.8
A111.4 ppm. {EZFIXLETVER MAX JLF#ORE T R0 70 7, X2 H T RO 70 FHAIEH
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Tab. 1 The shielding constants of CO, H20, F20, NNO, CHsCOCHSs and C4H4O calculated at various level of

theory ppm
S
i Acvin  XOPBE DSD-PBE86 CCSD(T)/pz3d2f FPA-M "
CO -3.8 -68.2 -66.4 -60.1 -60.7 -62.7
H.0 -9.6 329.4 327.1 328.6 327.2 3235
F0 -34.0 -5321 -524.9 -473.8 -487.1 -493.6
NNO -8.2 179.8 190.3 190 191.1 181
CH3:COCH; -3.8 -317.0 -302.4 -305.4 -300.1 -309.1
C4H4O -11.6 38.7 36.4 53.1 51.7 50.3

MAD 11.8 114 7.2 54
38.5 31.3 19.8 10.1
MAX
(F20) (F20) (F20) (NNO)

VE: Bk xOPBE 4MHAh 7 vE3 25 /8 T IR IE ;s IR IE (A ovin) Al CCSD(T)/pz3d2f i WL 3 ifik 12; DSD-PBES6
THEAE W SCHR 135 S48 B SRR AL 22 B 0 BOR IR T 3Tk 27 #1129 (F20), H R H o(lig.H20,300K)=287.4 ppm
H.o0(CO,300K)=-62.7 ppm; F20 [SAH B i 200 7 244 5 KUK 293K, HAth4rF347E 333K il s MAD

Lo P4 mZE, MAX ZoRmKAXT IR Z,
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Tab. 2 The gas-phase 17O shielding constants of 19 molecules calculated at various level of theory ppm
ST MP2-VQZ CCSD(T)/VTZ  CCSD(T)/VQZ  FPA-M B3LYP PBEO MO6-L OPBE XOPBE  CCSD(T)/pz3d2f  S#HSLIR{A
Cco -45.2 -53.6 -55.7 -60.7 -80.0 -80.7 -47.9 -65.1 -68.2 -60.1 -62.7
H20 349.1 334.7 3314 327.2 316.9 3194 314.1 318.9 329.4 328.6 323.5
F20 -451.6 -436.8 -464.3 -487.1 -616.8 -590.9 -525.2 -615.6 -532.1 -473.8 -493.6
CO2 242.9 228.1 227.8 225.7 208.9 209.8 214.5 2119 217.6 227.2 222.5
NNO 2174 188.8 191.7 191.1 168.6 170.5 169.7 173.7 179.8 190 181
0oCs 111.8 92.8 92.8 90.3 71.9 73.6 86.7 79.5 84.7 89.8 87.3
CHsOH 355.0 3383 337.9 334.3 3137 3204 310.0 3135 3295 335.6 330.1
CHsCHO -282.5 -324.2 -324.7 -325.2 -372.0 -372.8 -266.9 -333.6 -336.7 -331.2 -340
CHsCOCHs -272.7 -298.5 -298.9 -300.1 -342.3 -342.8 -243.6 -309.6 -317.0 -305.4 -309.1
HCOOCH;3 -51.1 -81.7 -82.4 -84.2 -111.3 9.4 -62.0 -90.4 -85.9 -86.6 -87.8
HCOOCH;3 171.6 165.0 161.3 155.5 495 125.2 130.8 1185 139.8 157.5 153.2
CH2(OCHs)2 306.5 294.1 - 288.3 263.0 270.7 262.0 262.2 283.8 297.8 282.3
HCOOC:H3 -455 -79.0 -81.1 -84.7 -114.0 -110.1 -58.6 -85.9 -79.9 -86.1 -94.8
HCOOC:H3 106.3 102.3 97.8 91.4 46.9 53.9 67.2 47.2 73.6 935 88
(CzHs)O 295.4 280.0 - 273.7 245.8 255.7 252.4 250.0 276.3 275.6 273.7
HCOOC:Hs -52.3 -83.2 - -86.3 -119.4 -115.4 -64.1 -92.4 -86.8 -88.7 -88
HCOOC:Hs 140.1 134.2 - 123.1 84.5 92.5 103.7 86.9 111.7 125.3 119.8
C4H40 51.3 60.8 57.3 51.7 135 18.0 35.9 23.0 38.7 53.1 50.3
ppo-C3HsO 338.0 314.8 315.6 312.8 287.7 294.3 2844 285.2 3133 3135 307.9
oxt-C3HsO 341.8 318.7 319.8 316.6 292.1 301.6 289.8 2925 318.0 317 302.6
C4HsO 239.1 232.2 - 226.3 190.5 197.0 195.4 188.4 210.4 227.7 222.1
C4HsO 230.9 221.2 - 215.8 181.6 188.2 185.2 176.2 203.6 217.6 212.6

T B xOPBE A HAM VAR EIE T RFAARIE

CCSD(T)/pz3d2f {2 WLICHK 12; SEIGAERIFEF STk 27 Al 29 (F20), HHKHo(lig.H20,300 K)=287.4 ppm H.c0(C0O,300 K)=-62.7 ppm.



NEE AT FT FPA-M Rl XOPBE J7i%, o> T4 R’ 1 P 19 v, itH 4
WL 2. [AIHBT L T MP2. 45 & R [FIE LK) CCSD(T) 7 i LA K& FH A% 52 ¥R, i MO6-L
PBEO. OPBE 1 B3LYP. K 2 %5t 1 ANFEIVHHE AR 7O 02 5w Bot S T
LI MAD. ME 2 RIEHXT 19 Dor 74 FPA-M 5SRRESS th SOk i A T, 3
MAD 4 5.2 ppm; 55CE{EAHEL, CCSD(T) /7 ik It RAF ISR H U S, BEAE JR2H 138 K
CCSD(T) J7 i iR 22 1B W BEAR(VTZ, VQZ A pz3d2f ) MAD 4351y 12.2, 10.5 £ 6.3 ppm).
XA R L FT A BRI e 28 R — 50, BT A AR AT A R T 3% FPA-M [T HB0R B 4eil
CCSD(T)/CBS [HHRFRIEN, MP2 J5vk A1 FH 1% B2 bR 7V AR RE 45 t & NI 45 4,
HAFE Y0 (L2 B R B0 MAD ¥k T 21 ppm. A HR2ERE 5] A\ HF %2 #, xOPBE &
FHHurkt T OPBE X T Y70 A2 B i v # ik, H MAD M OPBE H 21.7 ppm [#(K % 8.2
ppm, FKILEZEALT CCSD(T)/VQZ (10.5 ppm), it CCSD(T)/pz3d2f 114# % (6.3 ppm).
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Fig. 2 MADs from the gas-phase 'O experimental shielding constants of various methods
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Tab. 3 The gas-phase 17O chemical shifts of 19 molecules calculated at various level of theory ppm
ST MP2-VQZ  CCSD(T)/VTZ  CCSD(T)/VQZ FPA-M B3LYP PBEO MO6-L OPBE XOPBE CCSD(T)/pz3d2f S AH S
H20 -394.3 -388.3 -387.0 -387.9 -396.9 -400.1 -362.0 -384.1 -397.6 -388.7 -386.2
F20 406.5 383.2 408.6 426.4 536.8 510.2 477.3 550.5 463.9 413.7 430.9
CO2 -288.1 -281.7 -283.4 -286.4 -288.9 -290.5 -262.4 -277.1 -285.8 -287.3 -285.2
NNO -262.6 -242.4 -247.4 -251.8 -248.6 -251.2 -217.6 -238.9 -248.0 -250.1 -243.7
OCSs -157.0 -146.4 -148.5 -151.0 -151.9 -154.3 -134.6 -144.7 -152.9 -149.9 -150
CH3OH -400.2 -391.9 -393.6 -395.0 -393.7 -401.0 -357.9 -378.6 -397.7 -395.7 -392.8
CHsCHO 237.3 2705 269.0 264.5 292.0 292.2 219.0 268.5 268.5 2711 277.3
CH3sCOCH3 2275 244.8 243.2 239.4 262.3 262.2 195.7 244.5 248.8 245.3 246.4
HCOOCHs3 6.0 28.1 26.7 235 31.3 -90.0 14.1 253 17.7 26.5 25.1
HCOOCHs3 -216.8 -218.6 -217.0 -216.2 -129.5 -205.9 -178.7 -183.7 -208.0 -217.6 -215.9
CH2(OCHs)2 -351.7 -347.7 - -349.0 -343.0 -351.4 -309.9 -327.3 -352.0 -357.9 -345
HCOOC:2H3 0.4 25.3 254 240 34.0 295 10.8 20.8 11.7 26 32.1
HCOOC:2H3 -151.5 -155.9 -153.4 -152.1 -126.9 -134.5 -115.1 -112.4 -141.8 -153.6 -150.7
(C2Hs)O -340.5 -333.7 - -334.4 -325.8 -336.3 -300.3 -315.1 -344.5 -335.7 -336.4
HCOOC:2Hs 7.2 295 - 25.6 394 34.7 16.2 27.3 18.6 28.6 25.3
HCOOC:Hs -185.2 -187.8 - -183.8 -164.5 -173.1 -151.6 -152.0 -179.9 -185.4 -182.5
C4H40 -96.5 -114.4 -113.0 -112.4 -93.5 -98.7 -83.8 -88.1 -107.0 -113.2 -113
ppo-C3HsO -383.1 -368.5 -371.2 -373.5 -367.8 -375.0 -332.3 -350.4 -381.5 -373.6 -370.6
oxt-CsHsO -387.0 -372.3 -375.4 -377.3 -372.1 -382.2 -337.7 -357.6 -386.2 -377.1 -365.3
C4HsO -284.3 -285.8 - -287.0 -270.5 -277.7 -243.2 -253.5 -278.6 -287.8 -284.8
C4HeO -276.0 -274.8 - -276.5 -261.6 -268.8 -233.0 -241.3 -271.9 -271.7 -275.3
MAD 12.6 5.3 43 3.6 18.0 175 321 20.8 8.8 43

VE: CCSD(T)/pz3d2f i1 5H1H W ICHR 12; Sexp=0(CO)-Gexp, H:HSAH 170 12 B H £ 5] B STk 27 A1 29( L3R 2); MAD R P-4t i 2
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Hrho(CO)YNNFRZ Y CO MM BRI E, o M6 73 3 NI AL & P A4 27 o i 5 50RI A,
P

W3R 3R, ST IR AU 5 5(FPA-M. CCSD(T) A1 MP2)5i fk 2211 % (1 TR 155 BA &
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Theoretical investigation of gas-phase 1O NMR

shielding constants and chemical shifts

CHEN Ruting, WU An’an*

(Fujian Provincial Key Laboratory of Theoretical and Computational Chemistry, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)
Abstract: In this work, we present a systematical evaluation of various methods used in the
calculation of gas-phase 'O shielding constants and chemical shifts over a set of 19
oxygen-containing molecules. Our results demonstrate that the focal-point analysis of magnetic
parameter (FPA-M) method is clearly superior to the standard CCSD(T) method with a large basis
set, providing the best performance in calculating both the shielding constants and chemical shifts.
Among all the density functionals studied in this work, xOPBE, although designed with a specific
aim of providing accurate *C chemical shifts, performs the best, surpassing the commonly used
functionals in all aspects. Thus, we would like to recommend the use of XOPBE in routine

calculations of both 3C and 'O chemical shifts.

Keywords: 1’O-NMR; focal-point analysis; density functional theory



