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Chapter IV

DISCUSSION

IV.1 Dipolar Relaxation

The hamiltonian for dipole *-dipole intcraction betweeh spin

I and S can be written as
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where ju = magnetic moment ,

r = distance bctueen the tuo spins
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Assuming an isotropic random motion, then the autocorrelation

function can be expressed as
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In the case of like“spins , the cquation of motion of the

longitudinal magnetizations is
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The time deveandence of magnetization in the plane

perpendicular to the magnetic field Ho is described by the equation

a (1413 PSR ,

o
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where %a = E“n?1(1+1){§‘3(2)(:1a}) + l; (1)() 4 5 J(O)(O)J?.(L%.”‘.".)

IV.2 S»in lattice Qelaxatlon in Liguid Crystels

:incu511 has [propesed a sodel for IR in lzquld C““SuulSQ
in which the elongated molacule has two didentical nuclear spins
located on the exis separated by a distance a. The aean intermolecular
b is coasidered to he much larger than the nuclear separation a .

Accordingly, the intcraction betwcen the svins on the neighboring

55
o Xt ’ | . o~ i & ’ a 5
A.Abragam , The ‘rinciples of tluclear Magnetism (O:zford

University Press London , 1261).

.

indicates ths interaction representation .
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molecules can be neglected. In a smectic liquid crystal the moleculawx
axes tend to be aligned parallel to one another along a direction
labellel by the unit vector'ﬁae However, there exist thermal
fluctuations of tha vnit vector n(r) about n_» Thesc fluctuations
may cause nuclear relaxation through the modulation of the dipole~
dipole interaction of a pair of protons located on one molecules

The principnl mechanisms contributing to the nuclear

relaxation are

and 2e the diffvasi—-a mniion of the molecules.

By using IEq. (4,10) and assmming that the orientational
fluctuations and diffusive motion are uncoupled, it follows that
Tm due to a dipolar interaction between nuclei on the same molecule,
for the case with an external magnetic field H parallel to the

molecular axis . oy is given by
2

1 EJD kB ST 1
51 K (WD + k/,,l)] *
where VL = the nuclear resonance frequency ,
D = a constant depending upon the strength of
the spin~spin interaction ,
kB = the Boltzmann constant |,
K = the elastic deformation constant |,
D = the diffusion constant , .

= the viscosity ,

Ca

= the order parameter ,
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LubcnskyA’ has calculated the longitudinal nuclear relaxation
rate ‘I/T1 by assuming the same model for licuid crystal as that
of Pincus, and also by introducing the density corrclation functioa.
By usinyg the liqge (4.10), the longitudinal nvclear relaxation rate

is given by
e 08T
B

1
K [w(D+ !:AfL)]?’Lé ’

’._ :.13) .

F3l

The longitudinal nuclear relaxation rate obtaincd by
e
Lubensky contains the factor 67/ #hile that obtaincd by incus
T . T3 25 : .
contains the factor S, Ilinc et alk has calculated thue swuclear

relaxation ;;ate1/’f1 andAound that it is sinilar to that of Pinens.

The theoretical salue for 1/7, has I'mot been predicted yet.
2 = o

IV.% Chemical llature of/the damples

IVe3.1 p-({(p-Pentyloxycarbonyloxybenz¥lidene)anino)valerophenone

(PCBAV) 0 ©
H ]
G » He=il . D-C-C
25l 10-CE D-CH=it L H-C-C) He
The solid-siicctic Transition teénmeratiure is 50%C ond the

e ; g ; . o] :
siectic~isotropic transition temperature is110: C. The texture of

-1,
25

" T¢C. Lubensizy, "lioleculur Description of Hematic Liquid
Crvstals,” Physical Review A,2(1970),2497 .
25

NeBlinc (D.L.Hogenboom, D.5 O'Reilly and L.M. Perterson,
Spin lQelaxation and Self Diffusion in Liguid Crystals,’ Physical

Revieu Letters ,23(1969),969.
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the smectic phase, as observed optically from a polarizing microscon®
26
is found te be fan-~shaped.According to Saclmann and Demus™ , this
substance is classified as smectic A.
Tzeluding the CH group at the center of the molecule, this
molecule consist#® of three different proton grouns. They are the
benzene protoans and the proton froups at the alliyl end chains,

(% } £

viz.,peatyl protoms and butyl protoans.

IV.%.2 Diethyl b,b-Azoxydibenzoate’ (DADD
EtO

t

. »
\ R ~
o ~FN \_4

O/f ‘&=>—“:;_<_/ ({OE

; ; 4 o : A0 A
The solid-smeetlie transition temperaturce is 171+ C. The

foas g T i o P ]
smectic—~isotropic transitieon témperatures is 123 C. This substance

shows the fan-shapcd fexture first when it is heated from the solid

]

state and shows theppolygonm Teitture at the temperaturc near the
smectic-isotropic transition.lt is clagsified os smectic Al

The wolecule consists of two different »roton grouns,benzenc
protons and the ethyl protons at The two end chains. The end chain
protons are of the samc kind,

2

A theorcectical model ™' for the smectic A phase, based on an

J

26

H.S5ackmann and D.Demus, Liquid Crystals , edited by

.

Glenn H.Brown , C.J. Dienes ond H.M. Labes (Gordon and Breach ,

3cience Publishers , ilev York. London . Yaris, 1967), »p. 341,
2? YT PE_ AES [ et % - 1 i o L2
Vele lelillan , ““Simple iolecular lModel for the Smectic

A Phasc of Liguid Crystals ¥ Physical Review A , 1(1971),1230 .
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extension of the Haier-Saupe model™ , has been nroposed by lekillan,

This simple model exhibits three phases,viz,, an isotropic licuid,
nematic , end a swectic A phase . This theoretical uodel leads

to a satisfactory agreewent with the existing cixperiuicntal results.

The calculated order parameter for the nmodel which exhibits both

the suwectic /i znd thec nematic phases shows no discontinuity at the
LS

smectic-ncmctic transition . This »noint is pacticularly interesting

in connection with the present investigation.

IV.% Concluding Remarks

The essenticl fecatures of the chrves of ‘1‘,| plotted versus
temperature of PCBAV (Pige/2el ) and of DADD (Fige 3.7) are similer.
Thesc curves do not simultancously increase or decrease as the
teniperature increases. ‘Howevery the slope changes its sizgn at the
solid-smectic and smecctic-isotropic transitions. On the other hand ,
the uagnitudes of T1 of—2CBAVand of BDAVL are slightly different.

This is not surprising in view of the Tact that the formmla structires

of the molecules of both organic conpounds, not exactly

identical , are indeed very similar. The proton groups are located
at the central rijid poert of the nolecule, at the benzene rinzs,
and at the alkyl end chaians which are presunably flexible® 7.

It should also be noted that the pentyl and butyl chains of PCDAV

are longer , and hence have inore protons , than the ethyl chains

20 - , sorcllm e
G.liaier znd A.S8aupe , in Liquid Crystals , edited by

Glenn H. Brown, G.J. Dienes , and il.ll, Labes (Gordon and Breach |,

-
i

Science Publisheds-~ , lew York . London . Paris ,19G87 Y, Do 1950



of DADB. The difference between PCBAV and DADB is that the nolecule

of PCBAV is asymmetric while that of DADB is symmetric -

Smectic phase

Starting with the theoretical value of 'I‘,l

2 2
i CUD kBTS 1

(ko137
: % 2
; Kk {@( + KM )] 2

1
T

The viscositywtin this phase has been found to be related to the
molecular order and to increase with decreasing temperaturezg.
The viscosity is highly anisotropicjo, being low in the direction
parallel to the layers. The elastic constant is known to depend
upon the degree of molecular order . This dependence has been

measured and found to vary as 32. Thus the temperature and the

frequency dependence of T1 is of the form

EESE/Mr b)) *
T

27

The variation of S with temperature is found to be small
in the smectic phase . Consequently , for the case where the

diffusion effects are small or when D {{KM

29 .G. Kartha and i.%.K.L. Padmini ," Ultrasonic and
Viscous Behaviour of Polymesomorphic Liquid Crystals ," Journal
of the FPhysical Society of Japan, 31(1971) ,904

30 $.V. Letcher and ..J. Barlow,' Dynamic Shear
Properties of Some “mectic Liquid Crystals ,"" Physical Review
Letters , 26(1971),172 .

31 p. Saupe , Z. Naturforsh. , 15a(1960),815 .




T1 is pronortional to

(e )}é/T v

11

be neglccted since it is expected to be much

=ty

11,5

The intermolecular dipole-—dinole interaction may reasonkly

reduced by the randon

. P J . . . s ox Lo fige
thermal notion of the molecules” . The main significant contributions

arc thoerefore the intramolccular dipole-dinole interactions . The

characters of the temporature

are gsimilar to that of the

priacipal” difforence is thst
loitger than those of PUBDAV a

the molecular relaxation is//domincted at

dependence of T

1

for PCBAV and fop DiOw

; o s i NP2
nematic liguid crystal PAA el + The

dh

LEE/ B asuit ol

Ve

1luc of 'I‘,I

Thus , if in this phasc

all fre:uenciecs by the

elastic fluctuations of the local anisotropy”~, then the temperaturs

and the fregquency doepeadeénce of T

discussed above.

Tempecrature dencndence of T1

The temperature depcadence of %
the thcoretical nrediction. It
cannot satisfactorily cccount for the

It is thus necessary to consider the positions of

in the molecule , viz.,; the

or butyl protons . Trom the »Hrevious study
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that the end chain groups correspond to the temperature morec than
the henzene protons . Thus the tomperature denendence of T1 might

have an important contribution from short-ranze phenomena involved

e

n the motions of ethyl protons in DADD or pentyl and butyl protous
in PCDAV . Since ethyl ,pentyl and butyl protons are in a situation
incompntible with the assumption used in dcriving the expression
for T1 y they must be considered seperately and the foregoing
theoretical results should apply to henzene protons only. Dut the
motion of the alkyl groups at theo end chain of each molecule
might be too fast to cause the nuclear relaxation in the snmectic

"z
phase. These motions dowinate in the solid phase as Dong et el "~
has suggested for PAN ./ Uf/ we consider these motions in view of
the collective notion of /cach eluster ofi molecules , the moticns
will be slow cnough to copnfribute to the nuclear relaxation .

As the bhehavior of i with varying) temperature in the region
of the top of the peali~(lig. 5.3 ) efldages rather nerledly , the
reasonable interpretation is that the mechanisms contributiag to
T1 are of several different iinds and it does not take a long tine
to change one mechanism to another as the tenperature increasns
However , this does not necessarily mean that the diffcrent
nmechanisis always come from the differcent grouns of protons .
Trequency dependcnce of T1
The theoretical idea proposed by ?incu511 s that the long-zivige

.

order fluctuationse cause the nuclear relaxation through the:

medulation of the divole-dinole interaction , as has been discusser.
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1
previously , predicts the sguare root frequencytgé dependence for
T1 « The experimental results measured.at 7.55 , 10425 and 11.65 lilz
support this prediction. Ve have obtained a straight line on

plotting T, versu-stca:'}é (Fige 348 )

Isotropic

The interpretation of the results of the NMR measurenents
on protons in the isotropic liquid is not quite straightforward,
since there are possibly many different contributions to the
relaxation rate 1/T1 sthere are many inequivalent protons in
molecule , vizZe, the benzene protons and the protons of two end
chains of the molecule. Also it is not clear whether the motion
of these molecules can reasonably be deSeribed by a model in
which they are considered to be " rigid bodies " .

The modulation through self diffusion of the intermolecular
nuclear interactions is expected to give rise to a frequency
independent contribution to 1/T1. Futhermore , the experimental
results show that in the region of the smectic~isotropic transition,
T1 does not depend linearly on the temperature. Presumably , this
demonstrates the presence of the smectic short range order clusters.
At high temperature the diffusion process is expected to provide

the relaxation mechanism as in ordinary liquids.

Final conclusion
In view of the lack of experimental data on the diffusion
constant D and viscosity M it is not possible to state at the

moment whether the theory and experiment agree quantitatively.
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Oa the assumptions that the cffect of diffusion is small and that

the behaviors of the viscositquis similar to thosc observed by

26
sartha and Padmini™ as discussed above , we cannot conclude that |
in the smectic phase , the thermal fluctuation of the simectic order
is the only mechanisn contributing to '3_",i « A correct prediection of

the temperature devendence alone cannot totally account feor the

experimental resulis . Also it is known that the rate of the slou
=1 2 3 o 1 L.t : L 3 -1 34 1
mode for orientation fluctuation is about 10° sgec 3 the

reciprocal of which is longer “‘than the magnitude of the period cf
the resevanee. rf field ¢ On the other hand , we cannot conclude
that the ovientational fluctuations are not contributing to 1/T1
at all , because the frequehcy dependence nrediction fits® the
experimental results.”THus it is clear that these orientational
fluctuations provide relazation iechanisms contributing to 1/T o
Since the magnitude of 31 decreases-as the temverature increases

in the region before The siectic-isotropic transition occurs , we

can conclude that in that region the orientational fluctuations

are dominated.

n

7

The molecules of liquid crystals are comvaratively loag ™',
The molecule can have complicated internal degrees of Tfreedom sucl
as twisting of the plate aboutsa:givenidieobidon, stretching nnd

bending . From Raman spectral evidence , there is present the

b ey _-.J_Eu. I S 5 L_""_j__;__‘_;_; =21

A
““Group d'Ttude des Cristaux Iicuides (Orsay) , "Dynamic

of Fluctuations in Hematic Liquid Crystals,” The Journal of

Chemical Physics , 51(1969) ,616 ,
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accordianlike longtudinal mocde of molecules in the liquid

35

crystals” . Tn the IIMR study , the collective molecular motions ,
can be considered in addition to the individual molecular moyions,
viz., a slow cooperative mode which has been »roposed by Dong et

a113

« There is also the node involving the disnlacements of the

: 4,36 . . .
smectic layers - , in particular the local displacement of the
neighboring layers witkhout an angular rotation of the 3~direction.
Thus , in the region that the theory cannot at present fully
account for, there are many other possible mechanisms different
from the orientational fluctuations which can contribute’
significantly fto the relaxation.

The most probable modes are the modes that have the time
orders of mcgnitude which are close to the period of the resonance
frequency , viz., the ¢ icatational fluctuations , the
transl tion diffusion and the slow cooperative mode which includes
the displacements of the layers.

Ve would like to comment in this regard that the viscosity
that avppears in the expression for 1/"1‘1 is in fact not the total

viscosity but only that related to the liquid crystal order .

Hence, its temperature dependence will be more nronounced than

&
BJJoel I{e 3chnur , ¥ Raman Spectral DLvidence for Conformation:l
Changes in the Liquid-Crystal Homonlogous Leries of the

Alkoxyazoxybenzenes ," Physical leview Letters , 29(1972),1141,

36 _ S 4 v T
Hoel L. Clark and 2.5. ershan,’” Light Scattering by

Deformation of the Plane Texture of Lmectic and Cholesteric

TLiquid Crystals,’ Ibid. , 30(1973),3.



that of the total viscosgity.

In the isotropic region the translational diffusion causes
the relaxation except in the vicinity of the smectié-isotrdpic
transition. The results of T? in a smectic phase are of the

order of 10 micro-seconds and show a clear breal at the smectic-

isotropic trasition.
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APPENDIX 1

T1(PCBAV) DATA

ls

4 Spin lattice relaxation time

!

T 1,063 7 null/ln 2

1 =

where 1.063 is the time scale correction

17

At the proton resonance frequency 7.85 MHz. o

January 18, 1973 January 20, 1973
T( ?C) « null(m sec) T1 (m sec) T(oC) T null(m sec) T‘l(m Gt
109.5 250 284 110. . 190 282
10745 230 353 109 200 307
106 235 361 107 215 330
104,5 2Lk0o 368 103 220 338
96 220 338 102 225 345
93.5 200 308 100 230 355
92 190 292 98.5 240 368
88 150 230 975 230 353
85 145 223 95 205 315
82 130 199 9045 185 284
80 100 153 88 170 261
81 120 184 85 150 230
8145 130 199
80 120 184
79 150 230
78 160 246
January 19, 1973 January 21, 1973
7(°) A null(n sec) T,l(m sec) T(°) Anull(m sec) T1(m sec)
110 190 282 110 192 295
10745 210 322 10645 210 322
105 220 338 1045 220 338
102. 230 353 102 230 353
100 2Lk0 368 100 240 368
99 2h5 376 99 245 376
975 230 353 98 220 3308
92 200 307 95.5 200 307
88 185 284 9245 190 292
8545 160 246 8945 180 276
8345 140 215 84 140 215
80 120 184 .. 81.85 120 184

78 155 238 80 110 168



January

Janvary
T(°C)

110
109
106
10k

2, 1973

7 null(m sec)

11

5, 1973
T null(m sec)

192
205
210

20
230

e & =]

i 2.3
2005
f"-r‘.-;J
215
200
185
00
125
125
115
150
170

Tqim sec)

i

.J.,.I‘

January ~U,

1973

7(°C) T nulllm

110

«I ‘r(\

10%

100 =0

10065
29
e
93
96
o i)
2
L7
o5
'.;1u ?5
-0
79
2

i
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AP ANUIX 2
EquCBAUJ DATA
T1 : spin lattice relawation time
T, = 1,063 « null/1ln2
where 1.06% is the time scale correctionﬁ7

At the proton resonance frequency 10.25 iz,

June 30, 1972 July 5, 1,72
T(°c) @« null(m sec) £, G sec)  2(°C) f null(a sec) Tqﬁm BuC
11345 155 23k 130 290 L5
110 175 2605 125 286 L2
106 180 276 22 270 Yl
105 2190 322 145 265 %91
107" 2Lk 7, 1964 5 230 353
90 265 LoG 1155 210 327
59 265 oG g NED 210 322
05 255 ZA (e 202 313
; 105 75 275
103 150 296
July 2, 1972 Jully 7, 1972
(%) @ avll(n sce) T1{m sec) (%) 4 null(a sec) T1fm gcc )
121 270 HIp
118 265 Loé gpefl (i 290 Lhs
116 250 %04 120 175 el
110 195 296 11435 250 704
102 200 307 112 230 555
96 225 345 109.5 190 He
91.5 238 365 106 200 353
90 230 553 104 . 170 261
.87 222 330
50 193 305



January 14, 1973

(°c) 7 null(m sec) Tq(m sec)
1095 230 352
108 240 3608
106 253 396
104,5 300 L6o
102 260 LLs5
101 280 L30
100 270 Lk
.95 260 399
9l 220 3383
92 210 322
90 200 307
58 130 276
85 160 245
82 145 22
50 140 2%
January 14, 1973
r(°c) o null(nm sec) Tﬂ(m sec)
50 170 261
31.5 180 276
b 190 292
38 200 307
39 220 338
90 240 2363
January 15, 1973
7(°c) ¥ null{m sec) T1(m sec)
108 210 %22
106.5 230 253
10L 235 2361
102 240 368
96 220 333
92.5 200 307
90 190 292
89 180 276
82 160 246

January 15, 1973

0O

o~e) 7 null(m sec) T1(m
109 210 %21
107 215 330
104 220 338
101 240 369
99.5 250 384
965 230 353
9645 210 321
945 200 307
93 190 292
90 160 276
3845 170 261
87 160 2L
82 140 215
30 140 215
78 160 256
6.5 210 %21
Januory 16, 1973
7(°¢)  Zaull(m sec) T, (m
110 210 307
107 215 330
104 220 333
101 240 369
99 250 3080
975 230 353
9645 210 321
k.5 200 307
93 190 292
90 180 272
58.5 170 261
87 160 246
82 140 215
80 140 215
78 160 256
76.5 200 307

SGC)



January 17, 1975 March 25, 1973

P(°¢) i null(n sec) Tﬁ(m sec) (°c) 7 null(m sec) Tq(m sec)
108 210 321 120 320

10445 230 351 119 295 452
103 235 361 118,25 235 439
101 250 30k 117 275 k22
98.5 260 399 116 265 Los
96 z2ho %68 11545 250 354
93 220 338 715578 | 235 361
90 200 307 112425 225 345
3745 190 292 111 218 33L
Ol 180 276 110 210 321
80 170 261

79 150 276

Harch 10,1973

(°c) 7 null(m sec) T1(m sec)

114 240 363
5 225 245
154 229 333
110 210 328,
100 220 338
106.5 200 358
103 250 23
99 260 252
80 120 104

Harch 25, 197

N

() 7 aull(m seec) T1(m sec)

11665 260 %99
115675 250 38)'1.
194 235 361
1135 2350 2534
1115 225 345

110.5 215 530



57

APPENDIN 3

T1 (PCBAV) DATA

T, = Spin lattice relaxation time

i

T,

1

1,063 ¢ aull/ln 2
where 1.063 is the time scale correlation H
At the proton resonance frequency 11465 MHz 4

January 31, 1972 February 10, 1973

7(°¢) « null(m sec) Tw(m sec)  T(%) 7 aull(m sec) T1(m sec)

110 245 376 110 225 345
108,42 250 384 1075 235 360
10448 260 308 10345 250 383
10348 265 Lo6 102.5 255 391
101.8 275 h2r, 100 270 Lk
99 290 kb5 99 285 L6
93 225 437 97475 250 384
9545 268 399 % 240 360
92 240 363 9k,5 225 345
37.5 210 322 92 200 307
Ohe5 130 276 &9 150 276
32 160 246 32425 150 230
8065 145 22 1620 140 215
80 138 212 50 135 207

february 9, 1973

February 11, 1973
(%) 7 null(m sec) T1(m sec)
() T aull(m sec) T, (m seec)

110 230 353 110 218 53
19,2 2 278 107.5 230 353
105.8 250 38'[.'- 10%45 255 361
10242 270 L1 oo Sez 206
101,2 230 bk 100,25 275 421
100.5 285 436 99 205 437
99 292 hh3 97.75 270 430
97.8 285 L6 9542 250 38k
9L, 2 255 391 92.6 230 353
91675 245 376 87 205 314
9042 235 360 82.75 160 245
8775 210 322 80 140 215
8%.5 190 292 792 160 aL5
52 160 246

80 135 207



February 12, 1973

(%)

110
107
105
1035
102
100

99

98

96.75

955

92

88

85475

81

80
79
775
7565

7 aull(m sec)

225
230
245
225
260
275
283
278
265
255
230
195
175
145
138
125
160
200

February 13, 1973

(%)

110
100.5
10642
104
101
100

99

98

96

92.5

91

86,75

33

30.75

30

79

77

7545

7 null(m sec)

225
230
245
255
265
275
280
270
260
240
220
195
163
145
132
150
165
175

Tq(m sec)

345
353
351
391
399
L21
L3l
L26
Lo6
391
353
299
268
222
212
2385
276
307

Tq(m sec)

345

22D
376
391
Lo6
421
450
415
399
268
333
299
253
222
202
230
253

270

February 14, 1973

(%) 7 null(n sec) qum
10945 220 557
108,25 225 345
1048 2ks5 376
101 265 Lo6
100 270 Lk
29 282 L33
98 250 %04
9725 245 376
91,75 210 322
88.5 190 291
86 175 268
83.5 155 233
82 150 230

February 14, 1973

(%) 7 null(m sec) ”1(m
110 225 345
108 230 353
105 2Lo %68
103 250 304
10445 256 %96
100,25 275 421
99 282 433
98425 270 Ll
97 250 384
93 230 353
89475 200 207
87 185 284
36 175 268
8345 55 230
81.5 145 222
80 1%0 199
79 150 230
7775 158 242
76 165 25%
75 170 261

soec)

sec)



APPINDIX 4

T, (DADB) DATA

T1 = Spin lattice relaxation time
T, = 14063 a null/ln 2

where 1,063 is the time scale correction. '’
At the proton resonance frequency 10,25 liHz,

September 1, 1972 January 7, 1973

(%) & null(m sec) Tq(m scc) (%) 7 null(n sece) T1(m sec)

120 190 292 120 160 246
119 215 330 118 170 261
118 200 207 116 140 215
114 150 230 114 120 105
112 170 261 112 140 215
October 6, 1972 January 17, 1973

7(°%) 7 null(m sec) T1(m sec) (%) 7 null(m sec) T1(m gec)

120 200 307 118 110 169
119 220 333 115 90 130
117 240 368 115.5 35 13065
116 210 211 114 G0 123
114 190 292 113 95 146
January 7, 1973 January 17, 1973

7(°c) 7 null(nm sec) Tq(m sec) 7(%) 7 null(m sec) Tq(m sec)

120 125 192 119 200 307
118 190 292 117 190 292
1155 150 230 116 160 2L6
14,5 130 199 114 120 104
112 130 199

108 195 299



February 27, 1973

(°c)

120
119
118
116.5
114
113

7 null(m sec)

190
210
200
130
10
1595

February 28, 1973

7(°0)

120
119
1175
11645
114
19435
111.,5

March
(°c)

12L.5
123
1215
120
119
1175
115
114

5y

¢ null(m sec)

195
215
195
175
130
150
165

1975

T

null(msec)

200
130
155
133
156
148
120
110

T1(m sec)

291
322
207
276
214
2383

" b
T1§m sec)

299
530
299
268
199
230
255

T1(m sec)

307
276
238
212
2h2
227
181
169

March
(%)

126
125
i2k
12

121
119

March
7(°¢)

131
130
129
128
127
126.5
125
123.5
123
121
120
119
116.5
5 o5
T4
198525

16, 1973
7 null(m

220
210
190
160
160
200

125 1975

o,

aull(m

350
335
310
230
250
240
230
170
150
180
195
200
150
165
145
200

60

sec) Tﬂ(m sec)

- n
330

222
291
245
276
307

sec) Tqﬁm sec)
537

475
430
30k
360
355
261
230
276
299
307
276
25%
222
307
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APPEIDIX 5
T,(DADE) ~ DATA

T1 = Spin lattice reclakation time

T, = 1,063 7 null/iln 2
17

where 1.063 is the time scale correction.

At the proton resonance freguency 11,65 MHz.
February 16, 1973 February 17, 1973

(%) 7 null(m sec) Tq(m sec) (%) 7 aull(m sec) T1(m sec)

120 210 322 120 210 322

119 220 330 119 225 545

118 200 307 4.5 200 307

1175 168 268 11645 1380 276

115.25 165 253 115,25 175 269
11%.5 168 258

120 190 252 114 160 246

119 200 307

118 120 292

1165 100 276

115 165 253

120 200 307

119 222 325

118 200 %07

117625 190 292

15w 170 261
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