NMR spectroscopy

http://physchem.ox.ac.uk/~hill/tutorials/nm3_tutorial/nucspin/index.html

http://www.cis.rit.edu/htbooks/nmr/inside.htm



Calculation of NMR spectra

1. (Optimize) the geometry of your molecule (complex)

2. Calculate the NMR spectrum of the molecule
#P NMR(Giao) lop33(10=1) B3LYP/6-31G(d)

3. Extract the isotropic part of the magnetic shielding tensors found under the heading:
SCF GIAO Magnetic shielding tensor (ppm):
in the output file

TMS, B3LYP/6-31G(d)

1 C Isotropic = 45.3289 Anisotropy = 156.8247 ¥ H Isotropic = 23.4596  Anisotropy = 6.50872
Na= 25.5811 Yi= 23.6827 2= -8.06232 bt 277156 Y= 11221 2X= -8.3373
XY= L3.3878 Y= -20.8688 2¥= L7 .2719 i¥= a.8997 Yy= 22 _6856 2Y¥= -8.6154
X2= -14._.4223 V2= L7 .3422 22= 130.5545 xZ= -8.8278 Ye= -B8.7572 22= 199774
Eigenvalues: -C4 6746 4O.7828 149 8787 Eigenvalues: 19.8133 227677 277977
Eigenvectors: Eigenvectors:

(1) -8.480111 B.868398 -8.292911 {1} 8.884579 8231465 8.972832

(2) B.916467 B.379244 -B8.127525% (2) -8.127599 8.9650825% -08.2729007

{3) -0.888343 B.319467 B.947507 (3) 8.991815 8.123884 -08.0833954

4. Calculate the NMR spectrum of the reference (TMS) using the same

method and basis set as for the molecule of interest

5. Extract the isotropic part of the magnetic shielding tensors of the reference molecule

2 C Isotropic = 189%2.7881 Anisotropy = 7.878@2
X§= 1891129 Y= a.0898a 28= -3.8921

XY= a.08899 Y= 187.3612 2¥= -8.1613

RZ= -3.8517 ¥YZ= -8.1773 22= 192 6262
Eigenvalues: 187 .33082 1873565 194 _4135

3 H Isotropic = 32.1867 Anisotropy = 0.3933
XK= 207975 Yi= 2.763h  Z2¥= -2.1686

XY= 265466 Y= 35 . L4870 2¥= -2.92663

XZ= -2.18646 ¥yZ2= -3.1550 22= M.2747
Eigenvalues: 28.1938 29_.9183 384489



6. Obtain the chemical sifts of your nuclei by subtracting their isotropic part of the magnetic
shielding tensors from the calculated value for the corresponding nucleus

in the reference molecule
0(C1)=189.7-45.33=144.4 ppm
0(C1)=82.18-23.46=8.72 ppm

7. If you want the spin-spin splittings, use the following keyword:
NMR(spinspin)
and find the spin-spin splittings in the output file under the heading:

Total nuclear spin-spin coupling J {Hz):
2
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8. If you want to model solvent effects by using discrete models, construct the molecular
complex by adding solvent molecule(s) in the vicinity of your molecule of interest.
Repeat steps 1-6.

Calculate the NMR spectrum for different tautomers of uracil.
Simulate the solvent effects on chemical shifts by using a discrete model.



ESR spectroscopy

http://www.chemistry.nmsu.edu/studntres/chem435/Lab7/intro.html



Calculation of ESR spectra

1. (Optimize) the geometry of your molecule (complex)

2. Calculate the ESR spectrum of the molecule

#P B3LYP/6-31G(d) Prop=EPR

by default, for open-shell systems, isotropic hyperfine coupling constants
(hfcc’s of the non-zero spin nuclei (isotopes) will be calculated
If you need the hyperfine coupling tensors, you must add in the route section Prop=EPR

3. Find the isotropic coupling constants in the output file under the heading:

Isotropic Fermi Contact Couplings

Atom a.u. MegaHertz Gauss 18{-4) cm-1
1 C{13) -8.81373 -15._.430892 -L.5A61Y -L 14728
2 C{13) -8.88581 -6.53089 -2.33839 -2 17847
3 C{13) -8.81373 -15._.43892 -L.50614 -L 14728
4 C({13) 885577 62.69558 22.37132 28.91297
5 C{13) -8.83232 -36.33054 -12.96364 -12.11854
6 C{13) 885577 6269558 22.37132 28.91297
¥ 0{17) B.82363 -14_32257 -5 .11865 -4 _FITH0
8 H a.88812 a.5372a 8.191469 a.17919
9 0{17) B.82363 -14_32257 -5 .11865 -4 _FTTL0
18 H -a.8872a -35.32797 -12.608598 -11.78414
11 H a.882a87 0.23798 3.29631 3.088143
12 H -8.88728 -35.32797 -12.608598 -11.78414



3. Find the dipolar part of the hyperfine coupling tensors (principal values) in the
output file under the heading:

Atom a.u. MegaHertz Gauss 18{-4) cm-1 Axes
Baa -8.19846 -26.652 -0.518 -8.898 8.2421 6.96569 0.6884
1 C{(13) Bbb -a.1858 -24_.939 -8.899 -8.319 B8.9897 -8.2558 A.3277
Bcc a_3845 51.598 18409 17.209 -8.3374 B.68862 8.9413
Baa -08.8826 -1.488 -8.583 -8.47¥8 8.2548 6.8962 8.3782
14 H Bbh -a.ae1% -8.813 -8.298 -8.271 -8.1998 -08_3345 @8.9211
Bcc 8.084y2 2.2M1 8.793 8.741 0.946% -0.30892 0_.8922
Baa -a.aas2 -2.8008 -8.999 -08.934 -8_.36088 B6.8321 8.9321
15 H Bbh -a8.8e13 -a.789 -8.253 -8.237 -Q.2752 B.9513 -8.1393
Bcco A_0866 3.589 1.252 1178 8.8911 08.3867 0.3344

4. Simulate the solvent effects by using discrete or continuum solvation models

Calculate the ESR spectrum for the glycine *CH2COO" free radical



