Quantum Description of NMR Experiments

* Not all experiments can be described by Bloch
equations — a scalar coupling example

* Hamiltonians and Schrodinger’s equation
* Density matrix and Lioville-VonNeuman eq

* Product operators and transformation rules
* INEPT and HSQC examples



Evolution of Coupled Spins Under a 180° Pulse
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This 1s 1n contrast to two independent spins which totally refocus.
The effects of J are better understood as a QM phenomenon.



Mixing by Scalar Coupling of Directly Bonded

Nuclei: the INEPT and HSQC Experiments
(Z polarization of >N Needs Quantum Explanation)
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Quantum Mechanics Fundamentals (Spin Operations)

Expectation values correspond to observables:
p=<y|lply> = J(\v*u\vdr

W - an operator, - a wave function (spin function)

Examples:
v =a,pB (onespin¥2) v =oaa, af, Ba, BB (two spins ¥2 )
solutions to Schrodinger’s equation: Hy =E y

uw=vyl(h2n) nz = vylz(h/2x) (magnetic moments)
(in terms of spin operators)
Operations:
1z (h/2n) 0> = (h/2n) Y2 @, , 1z (W27) |[B> =-(h/2Rr) Y2 B

H,=-pB, E,=<al- puBy|la> =-% y(h/21) B,<a*|o>
= -Y% y(h/27) B,



Hamiltonian Operator Containing Primary
Observables for High Resolution NMR
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chemical shift scalar coupling dipolar coupling
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In “first order” spectra scalar coupling term can be
approximated as:

Zj>i 2nd 1y, Ijz

Spin functions (v = a, B, af3, Ba ...) are solutions to
Schrodinger’s Equation: Hy = Ey
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Some other spin operators:

IX o> = % B IX|B> = Y%«

ly o> = %21 ly|B> = L ia

11yl B> = %013 12y o B> = - ioa
11y12y ja B> = Y4 PBa 11212y o B > = -Yailoa

Note: a, B, are not eigenfunctions of Hamiltonians (H)
that contain these operators.

Solution: Sets such as aa, Ba, aff, ao are complete
orthonormal sets.

Any spin function can be written in terms of these
Y =claa+c2af+c3Pa+cdBp =2,;Cd;
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More Cperalors'
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Operators in Matrix Notation

If we stay with one basis set, properties vary only because of
changes in the coefficients weighting each basis set function

by = Y(W/2m)<y| IX |y>
\|j:ClOLOC+CZOCB+C3BOC+C4BB = chjd)j
<yl IX|y> = 25 ¢* ¢ <@yl IX | >

We need calculate <¢;| Ix |¢,> only once if we stay
with this basis set — these can be put in a n X n matrix.

Matrix equivalent: <y| Ix |[y> =(c1,¢2, ...)*[ | (c1)
Ix| [c2]
] L)




Special Case: Pauli Spin Matrices

0 1 Note: <o |lIx|a>=%<a|B>=0
|IX| =
72 0 <a|lx|p>=%<ala>=Y%
0 -it 72 0
iyl =1 1Z| =
iv2 0 0 %

How do they work? Try something we know: IX|a> =% f3

0 % ||1 0 1
=1 = 1% B
% 0[]0 Y 0

Operators are a matrix of numbers, Spin functions a vector of numbers
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