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Table 1. X Magnetic Shielding Constants and Chemical Shifts (X=F, Cl, Br and I) (ppm)
calculated by Generalized UHF (GUHF), RHF, and MP2 methods with Non-Relativistic
(NR) and Relativistic Second-order Douglas-Kroll-Hess (DKH2) Hamiltonians.

NR-RHF DKH2-GUHF NR-MP2 DKH2-MP2 Exptl.b
F 484.5 492.6 484.0 492.2
CI 1150.3 1201.6 1150.3 1201.5
Br 3128.5 3535.2 3127.6 3534.1
I 5507.4 6856.8 5507.1 6855.0
FO4” - - - -
ClOs 183.2 256.8 -538.3 -
(967.1)° (94487  (1688.6) (1003 + 100)
BrO4” 537.8 921.7 149.5 530.6
104 1614.6 2961.7 1289.6 2559.7
(380287  (3895.1)F (421750 (429537 (4100 + 100)

2 Values in parentheses are chemical shifts 8 (= 6(X") - 6(X0y) ).

b Experimental values are taken from ref[12].
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Figure 1. Relativistic Effects in agnetic Shielding Constants of X~ (left-hand side) and XO4 (right-
hand side)(X=F, ClI, Br, 1) without and with Electron Correlation (EC).

Table 2a. Relativistic Effects of I- Magnetic Shielding Constants without and with Electron Correlation(EC)(ppm)

Without EC ol oPard o°P o'¢ Total | With EC o oPara o°P orc Total
6(DKH2-GUHF) 5501.8 123.6 2.8 1228.7 6856.8 | o(DKH2-MP2) 55015 1234 2.7 1227.4 6855.0
6(NR-RHF) 5507.4 0.0 0.0 0.0 5507.4 | o(NR-MP2) 5507.1 0.0 0.0 0.0 5507.1

Relativistic Effect -5.6 123.6 28 12287 13494

Relativistic Effect -5.6 123.4 2.7 1227.4  1347.9

Table 2b. Relativistic Effects of 10,4~ Magnetic Shielding Constants without and with Electron Correlation(EC)(ppm)

Without EC Pecld oPard P o v Total

With EC cdia oPara o°P o C Total

o(DKH2-GUHF)  5479.9 -3929.4 -456 1456.7 2961.7
6(NR-RHF) 5485.4  -3870.8 0.0 0.0 1614.6

o(DKH2-MP2) 54795
o(NR-MP2) 5485.2

-4369.5 -75.8 15255  2559.7
-4195.7 0.0 0.0 1289.5

Relativistic Effect -5.5 -58.6 -45.6  1456.7 1347.1

Relativistic Effect -5.7 -173.8  -758 15255 1270.2
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Figure 2. Electronic Correlation Effect of X (left) and XO4 (right) (X=F, Cl, Br, 1) with Non-

Relativistic(NR) and Relativistic(Rel.) Hamiltonians

Table 3. Electronic Correlation(EC) Effects of BrO,~ Magnetic Shielding Constants with Non-Relativistic(NR)

and Relativistic(Rel.) Hamiltonians

NR ol o 50 5T Total

paiE} oPara oD o' C Total

6(NR-MP2) 3093.1 -29436 0.0 0.0 1495
o(NR-RHF) 30923 -25545 00 0.0 5378

6(DKH2-MP2) 3082.4 -3026.0 -23.8 498.0 530.6
o(DKH2-GUHF) 30817 -2590.2 -12.3 4424 9217

EC Effect 0.8 -389.1 00 0.0 -3883

EC Effect 0.7 -4358 -115 556 -391.0

Table 4. Coupling Effects between Relativistic Theory and Electron Correlation(ppm)

F CI Br

FO4,~ ClOs BrOy4” 104

Coupling Effect 0.0 -0.1 -0.3

- - =27 -77.0
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Nuclear Magnetic Shielding Constants of Halogens
in X" and XO4 (X =F, CI, Br, I)
— Relativistic and Electron-Correlation Effects —

Hirotaka TANIMURA* and Masahiko HADA

Department of Chemistry, Graduate School of Science, Tokyo metropolitan University
1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, JAPAN
*e-mail: tanimura-hirotaka@c.metro-u.ac.jp

A series of calculations of halogen nuclear magnetic shielding constants and chemical shifts in X" and
XOy4 (X = F, Cl, Br, I) were carried out to discuss the relativistic and electron-correlation effects and, es-
pecially, the non-additivity of both effects. The second-order Douglas-Kroll-Hess method was used as a
relativistic method, and the Mgller-Plesset method was applied to the generalized UHF wave function. The
calculated chemical shifts in ClO4™ and 104™ agree reasonably well with the observed ones, though there are
no experimental values in FO,™ and BrO,4™. The relativistic effect was quite large especially in 104 as reported
previously, while the electron-correlation effect is significant in both FO4™ and 104°. The non-additivity of
the relativistic and the electron-correlation effects in magnetic shielding constants is unexpectedly large in
1047, and therefore a relativistic electron-correlated method is crucial for describing accurate heavy-element

nuclear magnetic shielding constants and chemical shifts.

Keywords: Nuclear magnetic shielding,, Chemical shift, NMR, Relativistic effect, Electron-correlation ef-

fect
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