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Chapter II

EXPERIMENTAL METHODS

II.17 The Instruments for the ileasurement of Muclear lelazation

Times
The clectromagnet (Bruker B.Ji. 25¢8 ) has been used to
provide the d.c. magnetic field., he various parts of the
instrument used for obtaining the nuclear relaxation times T1,
T? by the spin echo umethod are as follows,
“ektronix type 1604 power supply ,
Tektronix type 162 wave fornm generatcor,
¢ units of Tektrouix type 163 pulse gencrator,
pulse amplifier ,
rf oscillator and gated »f transmitter16’16a ’
rf pronmplifief ¢ amplifier ,
rf phase sensitive detector ,
saunle celi '
Tektronix type 549 storage oscilloscope ,
Tektronix trpe C12 scope camera .
The description of the pulse amplifier, rf preamplifier, amplifier

-

P % A 1
and phase sensitive detector could be found elsewhere e

16 .,

dede Blume,-rf Gate with 109

Carrier Suppression,’

The Revievw of Scientific Instruments +52(1961), 554,

16a = A : . , ;
e Senghapan,’An Investigation of Spin-Lattice Relaxition
Time of bec Jolid ilelium-3,7, Ph.i. ‘hesis, Boston Universitv,196C ,
17

Poirivi jitkasem,” Spin Relaxation in PAA Liquid Crystal,’”

I.5¢. Thesis, Chulalongkorn University,1972.
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IT.2 Samnle Cell
Each of the commercial PCDAV and DADB was sealed in a cleane:d
0.64 mm outside diameter and 0.14 mm wall thickness, pyrex tube.
Since the sample was in the smectic phase in a range of temperatnre
higher than room temperature,heating process was necessary.The hot
0il with low viscosity from a thermostatic bath was used for this
purposes Thus the cylindrical copper chamber was designed in order
that the sample in the pyrex tube had the minimum temperature
gradient.
The cylindrical copper chamber consicsted of the following varts.,

(1) A eylindrical bar (which will later on be referred to as " the
copper base') was 2.5 ¢m in diameter.It had a shallow hole centrally
located zt one end., The depth of the hole was sbhout Ds5 cen . The conper
base was wound around by a cobper pipe 6 mm in diameter. Since the
6 mm copper pipe was the path of the oil used for heating the sample,
the contact between the nipe and the copper base was very important,
The 6 mm copper pipe was therefore connected with a 10 mm copper
pipe which led to the thermostatic bath. The thermocouple was
attached to this part for measuring the temperature of the sample.

(2) A 2.5 cn copper pipe, 1.5 cm wall thickness, was connected to
the copper base. This pipe was 5.5 cm long. The rf coil zbout 2 cn
long was placed in this part just above the copper base, The rf
coll was at 0.5 cm above the copper base. The end of the wire of
this end of rf coil was grounded. The other end of »f coil led
to a preamplifier. This wire vas supported by plastic along the

brass pive 1 cm in dizmeter. The brass pipe was surrounded by
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insulating material to prevent hest loss .
(3) The copper lid.

The chamber was.in the bo: made of insulating material,

II.> Temperaturc Control and iMeasurement

The following apparatus was: used for temperature control
and measurement,

Techne model CTD thermostatic bath,

ballistic galvanometor,

standard cell,

chromel/alunel thecmocouple,

vernier potentiometer,

I1.3.17 Tewmperature control

The sample in the scaled 2yrei tube was heated by means of
" s

hot 0il circulated in the copper pipe wound arcund the copper
base. The part touching the copper base was only the bottom of the
pyrex tube ,and  rease wac used to improve the contact. Since the
pyrex tube was slightly touching the copper base, any specific
temperature should be held for a lonz time to emsure that the whole
sample was at exactly the same temperature as the copper base.

The o0il vas supplied from the thermostatic bath (To-4/CTB) ,
the temperature of which was controlled by means of an electronic

unit. The desired temperature could be set through the dial.

Although the heating system used in this experiment contained
hot oil which was hydrocarbons,it was experimentally verified that
the protons in hot o0il did not interfere with the resonance in

the sample since hot o0il vas completely shielded in the tube.
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Shell Risela 17 ¥ was used as the thermostatic fluid in thisg
experiment because of its high boiling point and low viscosity.
The advantage of low viscosity is for preventing heat loss in tle

flew of the fluid along the pipe,

IT.3.2 Temperature measurement

The temperature of the sample was measured by using the
chromel/alumel thernocouple. One of the junction, grounded
Junction, was attached to Lhe copper base, the other junction was
held at firxed temperature OOC. The tliermal electromotive force
corresponding to the specific temperature wvas measured by using
a vernier potentiometer, The measured temperature in the range

of this experiment had possible errors within about 0. 3%,

II.4 The Principle of ieasurement

An intense radiofrequency energy in the form of pulses wvas
used instead of a continuous radiofrequency field. Dach pulse lasted
for a time which was short compared with the time in which the
macresconic magnetic moment could decay. After applying the
Ffollowing sequence of rf pulses,

o
(a) at t=0 , a 90% pulse
o
(b) at t=, a 180° pulse ,

r . - - 18 UL
the spontanecous nuclear induction signals were observed ~, These
echoes were due to a constructive interference of precessing
macroscopic moment vectors after more than one ri pulse had been

applied.

feL. Hahn , " Spin Echoes , " Physical Review ,30(1950),570.




15

The occurrence of the gpin echo can be descrilbed as follows , The
static field has an inhomogeneity of AH = Hy = Hpo where Hy, is
considered as 2 cciter o With an increment dHy, , there is a
corresponding incremental dH(HZ) which is the vector sum of the
moments of all nuclei within the regions where the field strength
is between Hy and H, + dH, , The equation of mo’cion’19 of the
incremental magnetic moment vector is

"

4 fdig) f

L “ ¥E x dl(H,) . (2.1)
at

Thus the incremental vector precesses with an angular freguency
w=-yH about the direction of 1.
By transforming to a rotating coordinate system which rotates

with an angular frequencyiﬁ =-3‘HZOE s Bg. (2.1) can be written as

D] {dﬁ(Hz)j = - bﬂ(‘ﬁ- + J-}) X dH(Hz) ° (2.2)

——

ot

As a result, dM(Hy) precesses about H with small angular frequency

T GRORE UiV Hyo' )R (2.3)

00483

[ LY

in the rotating coordinate systen,
The radiofrequency magnetic field is applied perpendicular
to the direction of the strong static field. The frequency of the

r{ field satisfies the resonance condition i, = Tﬁzo . Breaking
4+ 1 .

19 Charles Kittel , Introduction to Solid State Physics

(John Yiley & Sons, Inc. New York , 1967).

117417417
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the rf magnetic field into two rotating components, H, and HT
£ S

i, = H, [cosogti - sincutj} 4 (2.4)

H, = H, [coswti ~ sin r_otj] . (2.5)
Only one of the two components plays a part in nutating the
net magnetic momentau. “he phase of the rotating system will be

2 2 . 3 L o =
chosen such that the ma;nitude H,T is along the x“anis. With the

rf field , the equation of incremental nagaetic moments is

o) Edﬁ(H7)§ - -{(gA +£§)E] pi- dﬁ(HZ) A (2.6)
Bt &

Thus the increment-~l marnetic noment vectors precess about the net
magnetic field H ,

—_— ch [ ek
'z

B o= AN A HRT (247)

" ; N e ] .
In a special approximation <3 the net incremental moments
= . .
precess about H11 during the prescnce of rf field, Consequently
all incremental moments will rotate together as a single magnetic
moment vector. After applying the rf pulse for = time ts the
magnetic moment will rotate through an angle

) = yH, to . (2.5)

/I

Charles P, Slichter ,Princinles of Hagnetic Nesonance
) & G

(Harper and Rowu, ,New Yorlk: Lvanston and London, 1963),p 13

21 = —— e
© H.Y. Carr and E.H, Purcell y ' Effects of Diffusion on

Free Precession in Muclear Magnetic ltesonance iixperiments,
Physical Review ,94(1954), §30.




7

The 90° pulse and 150°

pulse are the pulses which have been applied

. s . o 0 Josn EE
in time such that the angles of nutation are 90 and 180" , respectivaly.
i ¥ o i B . . 0 A0 o

'he spin-echo occurs after applying 90 pulse and 140" pulse., The
formation of an echo can be shown in = simple diagram (Fig. 2.2 ).

II.5 Method for the Determination of T1

The instruments were set as shoun in the block diagram
in Fig. 2.3. A 180° pulsc was first applied. The total magnetic
menent vector was inverted frowm the nositive z-—direction to the
negative z-direction. According to the spin-lattice relaxation
process, the total magnetic moment would return to the initial
nosition after the removal of the 160° pulse, A 900 pulse wvas
then applied at timeqg after the 180% pulse, such that there would
be no induction tail. The time 7 that produced no induction tail
is called T null. The value of T1 can be calculated directly from
T null by using the relation.
T pull = T,Iln = .
There is another aspect we would like to comment on here,
In a smectic licuid crystal, the direction of the long axis of
‘the molecule cannot be specified by the low external magnetic field
as in a nematic liquid crystal. It has been suggested that the

external megnetic field of about 20000 gauss should have enough

. “1a . . : i e
nower for alignuent « In this experiment, the #roton-spin lattice

relazation time of a smectic liguid crystal was studied at about
10.25 liHz. , which corresponded to the external magnctic field of

about 2400 gauss. Since the magnetic field used in this experiment



(a) (8)

{C) | {D)
Fig. 22 The formation of an echo in the rotating frame
(A) The total magnetic moment is in its equilibrium position.
(B) After applying a 90 pulse, the fotal magnetic moment is in

the xy plane,

(C} The incremental magnetic moments begin to fan out dus fo the
inhomogensaity -of the static field.

(D) After applying a 180° pulse, the incremental magnetic
moments are inverted.
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could not align the smectic molecules , the substance should be
heated up to the temperature that was slightly higher than the
smactic~isotrnnic transition temzerature. In this way the smectic
molecule could be aligned warallel to the nagnetic field. Maintenance
of a slow repetitive rate prevented heating the sample by the

rotation field nulse.

II.6 Method for the Determiuation of T,
z

The instrumeants were set as indicated in the bloc!: diagran
: ; o + ; A
in Fig. 2.4 . A 90" pulse was first applieds The total nagnetic
. ; 5A0
moment was tipped into the xy plane , and a 130" pulse was then
o ] .} f I} ' -5 * O
arnlied at time t=7 ., The ¢cho anpeared at t= 27 . thea o 1080
. o g r-.a
pulse vas opnlied at t= 39, the second echo was formed at t = 47T .
. y e et y
In this wcthod a seguence of 150" pulses were applicd after the
0 - - - > . o & my
907 »pulsge until there was no further echoes observed, The envelone

£

of these cchous indicates the decay of the nagnetic moment in the
zy »nlanc.

This spin-spin relaxation time “, of the substanccs used in
the present investigations was generally so short that an echo

experiment could not bhe performed. So T. was deduced from the

line width by using the relation.

=
~
o~

rii —

.!.2

!_l
=
T

where T,, = the half width of the induced signal of the 900 ulse .

1
P £

£ia DoeLs Uhrich , J.l. VWilson and W.A, Resch,'" MNdssbaucr

Investigation of the Smectic Liquid Crystalline State ,'* Physical
Review Jetters , 24(1970),355.
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