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3.1 Apperetus for Messurement of T, and T2

(Bruker B.,E. 25C8)

(Tektronix type 549)

(Tc<ktronix type C12)

(Tektronix typc 160)

(Tektronix type 162)

(Tektronix tyne. 161, 163)

(Lebold type 532 01)

(Philips PM 5158)

(General Hadin Companv type 1434-X)
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D.C. Fower Supplicr (for hesater used)
Pulse Seguence trigger (for 1807 pulsc scquences used)
Sample Cell
A1l of these imstruments »re illustreted in Fig.3.1
end Fig.3.2 end some of them will be shown in detail description

in the next section.

3.2 Semple #nd Construction of Ssmple Ccll

3.2.1 Sample

The nenatic liquid crystzl, perc-szoxyenisole (Pik)
used in this experiment wos vurchased from the Kodak Chemical
Co., RBochester, N:Y., end wes paticlly zone refined., Its

chemics#1l structure is "

6]
Ny <0 o
e g '  §

of chemlcol formule (CH3006H4N20C6HHOCH3) and the molecular
welsht 1is 258.,3. The sanisotropic-isntropic transition nccurs

ot approximetely 13500 ond the nematic ronge is ot temperature
11900 to 13500. Schenck'’s measurement5 give ¢ density of 1.153
g/cm3 iamediately above the transition, corresponding to & molar

3. Liccording to Kreutzer and KastZI, the

volume of 225 cm
enisotropic~isotropic heat of trensition is 410 cal/mole, and

the specifie hecet at constant volume, which is 0,488 cal/goc

21K. Kreutzer and K. Kest, Naturwiss, 25(1937)233.
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anisotropic phase, The viscosity of 1lsotropic Pi/iy, near the
tronsition, is 3.08 cp, while the viscosity »f the snisotropic
liquid mey be comsiderably greeter in the presence of sultably

nriented megnetic field,

3.2.2 gonstruction of samnle ccll

Thc paxtially zone refined pars nzoxysnisole was sealcd
in & previously clesned 6-mm-o.d. Pyrex tube, The insulator
coated copper wire wes wound 28 @ smell rf coil about 2 cm,
in length, tuned st resonant frequecncy 10 MHz, =nd esch terminsls
was connceted to o UHF connector fastened on » 1 m.m, thick
copper shielding box, dinecnsion 3x8x8 cm. ¢8 shown in Fig.3.3.
twd heater-wire plates were placed between the rf coil., The
heat that generated by these two heater nlates is controlable
by edjustinzg =« suitable d.c., current from the d.c. power
supplier. / smell thermistor wes attached neaxr the sample tube
for the tempereture calibretion., This ssmple chember was also
surrounded by thermel insulating neterial preventing the heot

radisting from the systen,

3.3 Experimental Procedur:

3.3.1 T, Mcesuremncnt

The @pparsatus in the block disgrom as shown in Fig.3.4
was sct up for the mesosurement of Tl' h stetic megnetic field,
Ho’ weas gcnerated by & Bruker B,E., 25C8 megnet. The signel
pulse generaters for the rf pulscs, the ng were Tektromix types

162, 163 s»nd the out nut wes connceted vie o home-made pulse
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amplifief feed through a gated transmitter of the type described
by Blum€18(1961). The gete wes opersted by o pulse of amplitude
+60V., with the appropricte delays to provide the desired pulse
sequence., The output rf nulse wos fed by o coexisl ceble to &
tuned rf-conil vie ¢ UHF connector on the ssmplc cell. The nar
signal was detected on the rf coil «nd fed to & preemplifier,
rf-omplificr and phase scnsitive detector, The reference rf
signel for the phese scnsitive detector was token directly
from the rf crystsl oscillator. The caplified induccd signol
was displaved on Tektronix type 549, o storage oscilloscbpe.
Wit! eBooopropriste pulsc durstion t‘q, producing & 90D
pulse, & meximum induced signal is performed on the oscilloscope
2s illustrete in Fig.3.5. Likewlse | by @djusting &« proper

t for 180° pulse, & minimum induced signel cen be performed

W
a8 shown in RFig.3.6

Usine the measuremcnt method as described in Scetinn 2.5,
rtnull can bc Obteined ot verious differcnt temperatures from
450°K down to 380°K. The experimental dute erc listed in

Sppendix II.A.

3.3.2 T, Mcasurement

In order to measure TZ’ the opparetus woas also set up.
a8 described by the block diegrem shown in Fiz.3.7. A pulse
sequence trigger wes conneccted via the gate trigzer of the wove
form generstor 162, providing o sequence of 180° pulsc. at the
sume time, the pulse sequence trigger woes connected with the

pulse generstor 161 for providing o inltial 90°pulse, The spin
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€choes were performed by these 900-180°pulse sequenes:. , Hdny
photogrephs of this spin echoes were token ss shown in Fig.3.8
at various tempereture. The decay time constent of the echoes
emplitude con be calculsted to nbtain Tzu In the nematic range,
the €choes smplitude con not be observed becsuse the signesls

arc very wesk (1i.e, Tf“d%ﬂ)° Therefore the mcasurement of T,

1s modified by measuring the half width of the induced signel

of the 90°pulse &8 shown in Fig.3.9. That is the decay tinme
co»ns:tantll,,,:I T% which is used for calculsting T2 by the relation

i
of T, =iE§ - The experimental dats are listed in Appendix II.B.

Somc of the electronic units used for messuring T,and T

T 2
are of the home-built type. They will be de cribed briefly in
o™ e,
the following section 3.4, 'ff 5 ‘*
. A
3.% Deteils of Elcctronics Umits \ ’
e e— ( . ; /

3.4.1 Pre-simplifier This home <mande pre»aibli eY is similerx

to the one published by Clerk+{1964), but with some modification

sultable for the purnose. It wos designed with sn aamplification
gain of 20 and the band width of about 3 MHz. The circuit
dizgram is shown in Aopendix I.A. Its function is to work: as: an

amplifier of the small nmr induced slgnal which is genersted

by the proton spin of the semple vie the rf somple coil, aswwll as

limiting very large rf siznel from the transmitter,

3.4.2 RF-/mplifier This rf-emplifier circuit is exactly the

seme as the one of Senghophan (1968), The circuit diagrom hes

been illustrated in sAppendix I.B. The rf-amplier is work for
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re-2nplifying the induced =ignal which wes @mplified by the
preamplifier. It is designed with 2 bend width of 3 MHz and

the amplificotion gein of 1000,

3.4.3 Pulse smplifier The home-made pulse zmplifier is

designed with a low output impedence #s the circuilt dlegrem
shown in Appendix I.C. Its function is to amplify the pulse
signal which 1s genereted by the Tektronix pulse generator type
163, The emplified pulse of smplitude +60 volts is used for

operating the gated xf transmitter}o

3.4.4 Phase_Scusitive Detector . home-made e¢lectronics

instrument with bhigh sensitivity is used to extracting the sharp
resonant condition. By using the rf reference signal from the

rf oscillator superimposed with the rf induced signal at the

same resonsnce frequency, & large /AF induced signal envelope

will be foxgeCl as ‘an output. This output depends on relative
phase of the signal and the refference rf signal. They become
beats if these two signals heve a s8lightly different frequency.
This phase sensitive detector is molnteined to hoeve & high
amplification goin so that a very weak signhel can be well

detected, The circuit disgrem is i1llustreted in ippendix I.D.

3.3.5 Pulse Sequence Trigper Unit 4 positive pulse is nrovided

by a 9V, drycell battexry end czn be controlled by a button-pushing
switch. This pulse 1s used for triggering the pulse gote on
Tektronix type 161, 162 to providing » pulse Sequence * using

for the measuring of TZ“ The circuit diagram of the pulse

sequence making system is showms in Fig,.3.10
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Fig.3.10 ©Pulse sequence trigger unit

3.5 Tempersture Control  and Measurement

3.5.1 Temperature Control

In this experiment, T1 and Tz are measured in the
temperature ronge 380°- 450°K. It is importent to control the
temperature of the scmplc to stay constently et esch selected
temperature, so that T1 and T2 will be measured properly. The
temperature of the somple cell were controlled by vearying d.c,
currcmt whiich supplies for the two heater pletes. The d.c current
is genmomatted from o home=made powér supplier, The power supplier
used in this szmple heating system is designed to be &
regulated type that can provide a maximum direct current 1.5

ampere, 12 watt. The eircuit dilagram is illustrated in AppendixI,F,

3.5.2 Temperature Measurement

Sincc we have to know the temperature of the sample as
WE measure T1 and T2, the method of tempersture calibration is
importance t> be used. The teuperature of the szmple can be
obteined by reading an ordinery thermister resistsance which 1is
strongly temperature dependence. The thermistor resistance ie
colibrated with on ordinery mercury thermometer., We cen obtoin
s relation between the sample temnerature and the thermistor

resistonce osplotted grephicelly in Fig.3.11. The thermistor
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resistance csan be obtoined directly by resding from o standard
decade resistence tnx.in the resistance bridge., The d.c, bridge
circuit for the tempersture messurement ﬁﬁs set up as in the
block diagrem shown in Fig.3.12 b,

4 bridge meter unit is one pert of the Wheastone Bridge
designed in 2 compgct form for convenient use., The circuit
diagram 18 shown in Fig.3.12a, There are two identical 100 ohm
resistance znd & 1lK-potentiometer is used for seunsitivity
controlling. The meesuring =mplifier is used for omplifying
the d.c. current which peasses throuzh o gelvenometer when the
bridge is not in bslance condition. The sensitivity of the
bridge balancing can be observed from the galvenometer scale,

Then a2t esch temperature which is contrnlled by verying
the d.c. current of the heater, we just only recad the resistonce
from the stendard resistance box., Hence the resistesnce can be
celibrated back to obtain the temperature of the sample as we

measuring Tl or Tz.
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