Principle of NMR
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The theory of Jiliciéad Magn \\& nce can be derived from two
differing viewpoints, duadtin/dnd sén ' these two methods are
developed in more déta LYol 4 \ |

The application i1 _ o0 the case of spin quantum
number I lead to Uhe ;‘iga,-f~' qu e momentum vector can be
represented by K7, whep€ “f_ of 7 is Jitr-1). The associated
magnetic moment § is ggl‘{prkIJv' IA and is related through the
expression g

A
’ (2.1)

where y 1s the mngna:,ngyric ratin or the ratio between the magnetic and
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The ap ied magnetic f 1d B, (1r| the z-diractian) will interact

e "ﬂ‘mﬂﬂ'ﬁm'ﬂw’i'ﬂﬂmﬂﬂ

H--p B, (2.2)
Substituting 7 into Eg.(2.2), we have
H-_yﬁguf’r.

The eigenvalues of Iz are m, where m take the (21+1) values from
+I through +(I-1) to -I, and so the possible energies of the system are




E,.=-yRB,m (2133

These are the Zeeman energies. The energy difference between
adjacent levels 1is ykB. This quantization picture is shown in Fig.2-3
for cases of 1=1/2 and 1=3/2.
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Fig.2-3 Energy lums and space quantization plcturemt nuclel
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magnetic moment vectors in units of vh. Note thn‘l for puitlu .

The transitions between neighbouring energy levels (Am==1] will
be expressed as =

E=Kw=yRB,,

and hence

w=yB;. (2.4)




This equation 1s the so-called Larmor relationship, which state
that angular frequency or Larmor frequency w of the precession i1s the
product of the magnetic field Bo and magnetogyric ratio y. The magnetic
dipoles precess about the direction of the field in a manner which is an
analogous to the wobbling A | p as it spins and tries to orient
itself in the earth’s gra '
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the bulk or cmscnpic magnetic propertias of thq material (Poole,
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moment per unit volume.

M=), - (2.5)

Because of the very large number (~10”] of nuclei in a unit
volume, small irregularities will wusually average out to give a
spatially uniform bulk magnetization.




Resonance

There exists a dynamics balance between the two basic energy
states, determined by magnetic field and temperature (GE: 6). In thermal
equilibrium, the number of tra s from the lower to the upper state
are equal to those from the ’p lower state.

Resonance 1s tiop n@iuns between two different

energy states, it gnal thatwgan be detectable. In NMR,
resonance occurs wh : ientswis. flipped from their lower
to their upper stat ot quency energy at the Larmor
frequency. (GE: T) ;

- In the previoug” , Tl erring te radio frequency at Larmor
frequency that can ca gt ‘ his section will explain how the
: g magnetic field (or radio
frequency) Bxlt]=Bzocoswt-Ge ¢ omponents, each of amplitude
B1, one rotating-tlockwise and the other codnterclockwise. (Slichter

resonance ocCcurs.

Fig.2-5 Decempesition of u loear esclllating Fleld
lnts twe retdting elements. (Slichter 1963: 18)

We denote the rotating fields by B and Bi:

B,= B [icos(wt)+ jsin(wt)], (2.6)
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B,= B, [icos(wt)- Jsin(wt)]= B, [Tcos(-wt)+ Jsin(-wt)].

Assuming we have only the field Br, because the using of a
negative w will convert it to BL. We shall introduce the symbol w., the
t may be positive or negative. We

may, therefore, change Eq.( \ //
; P 7 STt}

E, = ‘ (2.7)
which will gi t 'sense ',’tatiun, depending on the
sign of w,. \ )

d B, (1), the equation of

motion of a spin Bi1(t) and of the static

field B, - kB, become

(2.8)

In rotating "~ that rc oyt the z-direction at

frequency w,, B, Wil be-static: Since-t ““:- of rotation coincides

with the d1raction oe [d . Let us take the x-axis
in the rotating frame along Bi. Then Eq.(2.8) ‘becomes

ﬂwﬁﬁ[mnimﬂ’]ﬂﬁ (2.9)
e SHARINIA NN INYAE

= the time rate of change of u about the coordinate system {, j and £

Notice that we have encountered two effects in making the transformation
of Eq.(2.8) to Eq.(2.9) by using

du

B e
bl P %07 (2.10)
dt 6t ‘
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where @ 1is angular velocity. The first 1is associated with the
derivative of the rotating unit vectors 5, and B, 1in terms of their
components in the rotating system and gives rise to the conversion of B4
from a rotating to a static field. Eq.(2.9) may be rewritten to
emphasize that near resonance w,+yB.=0, by setting w.,=-w, where w 1is
now positive (we assume here

i v
i

where B, = E(Bu-

Physically Eq. at the rotating frame. The
moment acts as throud xper i 9 | tively a static magnetic
field B,,,. The moment ; n a cone of fixed angle about
the direction of B, at. : guency yB,;. The situation is
i1lustrated in Figy2 agnetic mome , at t=0, was oriented
along the z-directis
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Fig.2-& The effective Field and motion of the
mement @ in the retatien cesrdinate system.

(Slichter 1963: 19)
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A1l the energy it takes to tilt i away from B, is returned in a
complete cycle of i around the cone. There is no net absorption of
energy from the alternating field but rather alternately receiving and
rﬂt.urlmng of energy.

If the resonance condit: y fulfilled exactly (w=yB.), the
3 / etic moment that is, it will
ieula™to F,. If we were to turn on
By for a short time ain of duration tw), the
moment would precess are chosen such that é=n,
the pulse would simply et/ the moment. Such a pulse is referred to 1in
the literature as a 180 (90 degree pulse), the
magnetic moment is o the y-direction.

precess but remaining alWays : n

- Relaxation times

This section is & bried -'? ‘ ! spin-spin and spin-lattice
dNaadis - :

A% 4
=T e - T g

relaxation times.

Spin-spin :yi jaxation Y )

These $1mp1ﬂnthnd of observing magnémc resonance, 1llustrated
in’ Fig.2-7 and Fig.2%9=(GE: 8). The.detectable signal can be received
from a cai‘l.ﬁ
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Fig.2-7 Transverse magnetization is
produced by a radio frequency
B. rotating synchronously

//)recﬁssing spins. (GE: 8)
q to turn on B for
1t thal were chosen such

(90 degree

Wwing the RF pulse, the
‘magnetization M grecussea
1 x <
of the external field,
jucing an a.c. signal in the
Il situated in the transverse

The magnetié moment in ( gl fin the receiver coil,
situated in the tﬂnsv g ) (Fi9.2-9)(BE: 9). Since precession
occurs at the Lamnr.fr*equan::y, the voltage induced in the coil circuit

n 0

is of the snmmta: mn ri * Egnehzatinn Mxy does
not persist. s ' aracteristic time constant and
so does the amplitude of the detected ,oltage. Fomy this reason, the
519““%%@@%@%%%?%’%&&“ itself as a
damped dscillation (Fig.2-10). If the field 1s perfectly homogeneous,
this characteristic time is the spin-spin relaxation time (Tz) or the
transverse relaxation time. In practice, it is not quite tl;a spin-spin
relaxation, but it has the another effects, such as 1loose phase
coherence because of the inhomogeneity of the static magnetic field and
the diffusion of the magnetization.
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90 degree pulse

Measurement of times (Morris 1986: 49-50)
can be simply done by sendifg Ises to the sample as illustrated
in Fig.2-11, Fn'|1mr ;_v-.‘_:_ - 90° pulse applied along the

x-direction (Fige2-41(a)), the spins begin %o dephase. This process 1s
allowed continue ?', \J&t which point a 180" is
applied, again als !|' the : ctic aﬁ‘l{c)}. spins continue to

move in their origipa] sense and §o, rephase along the negative y-axis
after a uﬂgmﬂ nﬁdﬂmin be formed at time
TE {Fig.z— echo amplitudes will
depend oﬁm 3‘5 natural Tz, that 4s on those é»cassas which are
not. oA i)




(d)

Fig.2-11 The Hahn spa ‘ nt.
of 90 degree pulsgs(b)Peplitsing \‘ D \ g period
TE/2. (c) Position of #£pif iSgchromats foll

degree pulse. (d) L€y
further period TE/2.
xy-plane of rotatin@
the 180 degree pulse ffas
(Morris 1986: 49)
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This basic axper_, ,ﬂu 1; called the Hahn spin-echo
experiment can b, arr and Purcell. Through
the addition of irther—teo—puises-at ;’; of TE giving a sequence
90°-TE/2-180"-TE-180! -TE - a series of echoes of
alternating sign &t intervals of TE and allow Tz to be determined in a
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Spin lattice relaxation (Morris 1986: 41) is the process by
which the spin population returns to its aquﬂihrmﬁ Boltzmann
distribution following the absorption of rf energy.

The main feature of the spin lattice relaxation process is an
exchange of spin (Zeeman) energy with the thermal motions of the

015979




molecules (the ’'lattice’) of which the nuclear spin are part. Spin
lattice relaxation time (T1) is referred as 16ng11;ud1‘na1 relaxation time
since it depend on the magnetization along z-axis.

Measurements of spin ice relaxation times (T1) can be
determined by conventional pulse Y fmr methods in a number of ways
(Morris 1986: 43-44). . the W*-TI-90° or inversion recovery
sequence is generallywbhe Mofﬁﬂnca it is both simple and
reliable. It is 11M0STE ' onsist of a 180° pulse to
invert the magneti >Teitime delay TI during which
recovery take pla ‘ agual to the spin lattice
relaxation time T1. - ‘_ Y is determined by applying

; ation from the z-axis into
The initial amplitude of

a 90° inspection
the xy-plane, wher

xp(-T1/T,}]

If TI 1is range, the spin Tlattice
relaxation time ca# ““"'—’"i-""-’:‘.\:r itting the exponential
recovery or, mOre s _ y¥. " from the gradient of a
logarithmic plot. ¥#f must wait for a parud T1 between repetitions of
the inversion recovefyssequence to be sure that magnetization returns to

its aqmﬂmumwﬂmwmm
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180 degree pulse 90 degree pulse
- T

‘én increased relative
Morris 1986: 44)

The w1d_th of the r.f. ’19";? 13!
to the interpulse spaciag =i Lor

od for measuring Ty.
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