This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L NN A L= A
SRCGEHOSCO DA
| 3
PTattarc
L4” 1.\.\_ 8

Exbir: Mok C. Mkl

A THEORETICAL INVESTIGATION OF DEPTQ NMR SPECTROSCOPY
FORI._ . SSPIN SYSTEM (I=1/2, S=1/2)

<i>n</i>

Telhat Ozdoan?; Metin Orbay*
* Department of Physics, Amasya Education Faculty, Ondokuz Mayis University, Amasya, Turkey

Online publication date: 07 March 2002

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Ozdoan, Telhat and Orbay, Metin(2002) 'A THEORETICAL INVESTIGATION OF DEPTQ NMR
SPECTROSCOPY FOR I . /i>S SPIN SYSTEM (I=1/2, S=1/2)', Spectroscopy Letters, 35: 3, 447 — 454

To link to this Article: DOI: 10.1081/SL-120005677
URL: http://dx.doi.org/10.1081/SL-120005677

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1081/SL-120005677
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03: 08 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 35(3), 447-454 (2002)

A THEORETICAL INVESTIGATION OF
DEPTQ NMR SPECTROSCOPY FOR [,
SPIN SYSTEM (I =1/2,8 = 1/2)

Telhat Ozdogan* and Metin Orbay
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Ondokuz Mayis University, Amasya, Turkey

ABSTRACT

The product operator technique is used for analytical
description of multipulse NMR experiments. DEPTQ NMR
spectroscopy is the combination of basic DEPT and SEMUT-
90 NMR spectroscopy. This study presents the analytical
description of DEPTQ NMR spectroscopy for a weakly
coupled spin system [,S (I=1/2,S=1/2,n=1,2,3). The
obtained analytical results were found to be in good agree-
ment with the experimental and theoretical ones.
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INTRODUCTION

A large variety of homo- and heteronuclear NMR experiments have
been developed recently for determination of molecular structure. By the use
of simple magnetization vectors and population consideration many of these
experiments can be described qualitatively and quantitatively. Whenever
multiple-quantum coherences are generated in the experiments, the classical
vector descriptions fail. Density matrix formalism has a universal applic-
ability in theoretical description of multipulse NMR experiments and all the
other quantum mechanical formalism are founded on it. The elements of
density matrix become very cumbersome in systems with a large numbers of
spins because the operators are represented by matrices. Alternatively, the
product operator formalism, in which requiring no explicit matrix mani-
pulations but the spin operators and using their direct products, is used in
theoretical investigation of multipulse NMR experiments.' " The product
operator formalism greatly simplifies the description of multipulse NMR
experiments and provides a physical picture of what is going on during the
experiments on weakly coupled spin systems. Therefore, nowadays, it has
become standard practice to describe modern multipulse NMR experiments
by using the product operator technique because the product operator
technique is a short hand method.!' =13

It is well known that with the basic DEPT experiment and a single
scan the signals of all carbon multiplicities-including nonprotonated (qua-
ternary) carbons may be detected. In a single scan '*C responses of proton-
bearing carbons are the superposition of coherences originating from the
initial proton and carbon polarization. Since the acquired carbon coher-
ences of different origin are 90° out of phase to each other, line distortions
for the signals of proton bearing carbons arise in single scan spectra. Phase
cycling is used to get rid of these unwanted line distortions but suppress
unfortunately the signals of quaternary carbons as well. Therefore, to dis-
tinguish all carbon multiplicities-including quaternary carbons from each
other, DEPTQ NMR pulse experiment!'¥ is used. Pulse experiment used in
this article for DEPTQ is the combination of basic DEPT and SEMUT-90
pulse sequences.

The product operator theory for different variant of DEPT experi-
ment, such as 2D DEPT J-Resolved NMR spectroscopy for a weakly
coupled 7,8 spin system (I =1/2,S =1/2,n=1,2,3) has been reported in
our previous articles.[!>1®!

In this study, by the use of product operator formalism, an analytical
description of DEPTQ NMR spectroscopy for a weakly coupled 7,S spin
system (I=1/2,S=1/2,n=1,2,3) is presented. In Sec. 2, the product
operator formalism is briefly introduced. The application of product
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operator formalism to DEPTQ NMR spectroscopy for ,S spin system is
presented in Sec. 3.

THEORY

The time dependency of the density matrix is governed by the well
known Liouville equation,

do i
— =—Jo, H]. 1

= [0 1] (1)
with its formal solution

a(t) = exp(—iHt)o(0) exp(iHt). (2)

Here [0, H] is the commutator of the density matrix, ¢, and the total
Hamiltonian, H which consists of radio frequency (r.f.) pulse, chemical shift
and spin-spin coupling Hamiltonians and ¢(0) is the density matrix at
thermal equilibrium. The general effect of H on ¢ may be evaluated using
the Hausdorff expression!® which has the form

-2
exp(—iHt)Aexp(iHt) = A — (it)[H, 4] +% [H,[H, A]]

O (A 3

By the use of Hausdorff formula, the r.f. pulse, chemical shift and spin-spin
coupling evolution of product operators can easily be obtained™*® as in the
following:

The Effect of The Radio Frequence (r.f.) Pulse Hamiltonian

Ix ﬂ) Ix (4&)
Ht .

I, — I,cos0+I.sin0 (4.b)
Hi .

I. — ILcosO—1,sin0 (4.c)

where H = w;l,,0 = w;t and wy is the radio frequency.
The Effect of The Chemical Shift Hamiltonian, H = QI
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I, R I.cosQt + I, sin Qt, (5.a)
Hi )

I, — I,cosQt — I, sinQt, (5.b)

L (5.¢)

The Effect of The Spin-spin Coupling Hamiltonian

1.2 cy1, 4+ 28,1,8., (6.a)
Ht
I, 2 o1, - 28,18, (6.b)
Ht 1
Ls. 2 oyn,s. —1s)1,, (6.c)
IXSZ ﬂ CJIsz + %SJI);- (6d)

where, H = 2nJ1.S. is the weak coupling Hamiltonian, S; = sin2nJt and
C; = cos2nJt.

The product operators used above are the direct products of spin
angular momentum operators, e.g. .S, = I, ® S.. At any time during the
experiment, the ensemble averaged expectation value of the spin angular
momentum, e.g. for /, is

(S,) = Tr(S,0(1)), (7)

where o(¢) is the density matrix operator calculated from Eq. (2) at any time.
As (1) is proportional to the magnitude of the y magnetization, it represents
the signal detected on y axis. In the following section, the product operator
technique is applied to the DEPTQ NMR spectroscopy for 7,,S spin system
(I=1/2,S=1/2,n=1,2,3).

APPLICATION TO DEPTQ NMR

In description of the multipulse NMR experiments by product operator
formalism, it is necessary to obtain the 7;(S,O) values of observable product
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operators indicated by O. In this study, 7;(S,0) values of observable pro-
duct operators for 1,S spin system (I =1/2,S =1/2,n=1,2,3) are calcu-
lated by a computer program developed and the results are given in Table 1.

In the following, the pulse sequence illustrated in Fig. 1, is used for an
analytical description of DEPTQ NMR spectroscopy for 7,S spin system
(I=1/2,S=1/2). As seen in Fig. 1, the density matrix operator at each
stage of the experiment is labeled with numbers. ¢ is the density matrix
operator at thermal equilibrium.

The density matrix evolution for quaternary carbons is as

0y = S27 0] = SXa 03 = _SX7 05 = _S,n 07 = _Sx = 0g.
Here we assumed that during 7, for the evolution density matrix of qua-

ternary carbons, chemical shift and spin-spin coupling do not take place.
During detection time, chemical shift take place and than

Table 1. The Results of 7r(S,0) for Some of the Observable Product Operators in
1,S Spin System (I =1/2,S=1/2,n=1,2,3)

Spin System Product Operator Tr(S,0)
IS S, 1
LS S y

LS S, 4

2 o,
1('H)
T=1/2J T=1/2J T=1/2J Decouple
(z), (m), (5), (7),

13
SCC) =1/2J T=1/2J T=1/2J T=1/2J
Acquire

0 1 2 3 4 5 6 7 8 9

t—>

Figure 1. Pulse sequence for DEPTQ NMR spectroscopy.
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09 = —(Sy cos wyt + S, sin ;1)

and in the case of detection on the y axis, magnetization along the y axis is
proportional to (S,) and

M, (t)a(S,) = Trace(S,09).
Then we obtained
(Sy) = =S, sinwyt.

For IS spin system oy = I, + S.. The pulse sequence obviously leads to
the following density matrix operator evolution

o =1+ S,.

During 7, chemical shift does not exist but spin-spin coupling does.
Therefore

oy =1I. +2L.S,,

o3y =—1I, - 21,S,,

04 = 21,8, — 21,S,,

o5 = —21.S, + 21, 5.,

o = —2I.S, — I,

o7 =28,(Coly — Sol.) — (Col:Spl.),
o5 = —Sp(21,S, — Sy — 21,S. — L.)

and during 7, chemical shift exist then
o9 = sin 0(Sy cos wyt + S, sin wgt).

If trace in final stage of the density matrix operator is taken into account, for
detection of the magnetization is found as

M, (t)a(S,) = sin 0sin w;t.

The density matrix operator evolution for IS spin system is as
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oo = (I + 1) + S,

oy =(l:+ D)+ Sy,

o= L:+15:)+2S,(Ii: + Ir.)

o3 = —(liy+ by) = 28,(11y + by),

)
04 = _(Ily + 12}?) + ZSZ(II.\‘ + 12x) - 2Sy(11y + 12y) + 4Sx(11y]22 + 11212}’)a
g5 = _(Ilz + Iz;) — 2Sy(11x + sz) —+ ZSZ(IU, =+ Izy) + 4Sx(11y122 + 11312},),
06 = *(112 +122) - 2Sy(11x + IZx) + 4Sx(]lx122 + IlzIZX)

- (le + IZx) + 2Sz(11y + Izy)
07 =4sin20(1i Lo — I1-1>-) Sy +4c0s20(11 Lr- + 11-rx) Sy
gy = 4Si1’120(11X12xSX —|—%S\)

If we take the traces of the product operators, we found that
og = S, sin 20

and during detection time the magnetization is found as
o9 = 8in 20(Sy cos w,t + S, sin wyt)

M,(t)a(S,) = 2sin 20 sin wyt.

By using similar procedure, the magnetization for 135 spin system, is
briefly found as

M, (1)a(Sy) = 3(sin 0 + sin 30) sin o,

In this study, IS, S and I3S can be considered as CH, CH, and CH3,
respectively. As a conclusion, the product operator description of DEPTQ
NMR spectroscopy for 1,S (I=1/2,S=1/2,n=0,1,2,3) spin system is
presented. By the use of DEPTQ NMR pulse sequence, the density matrix
evolution for quaternary carbons are found theoretically. In addition,
the subspectra of CH, CH, and CHj3 are found as in the DEPT experiment.
The obtained analytical results are found to be in good agreement with the
experimental and theoretical ones.!'¢!7)
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