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Introduction

Previous proton msgnstic resonance work with compounds of a single
liquid phasz has shown that it is often possible to obtain a unique
line shape for ‘he singal of this vhase as epvosed to those of solid
crystalline and liquid phases. Each of these signels consists of a
single line - & weclt,wide line for the solid crystalline phzse while
that for the liquid ph:ece is an extremely stirong narrow line. On the
other hand, the signel from the liquid crystzl phise in & compound
such as para-azoxynisol which has just one liguid crystal phase con-
sists of three lines - a rel:tively strong,errow line flenked by two
satellite lines. A qualitetive explernation for this line shape is

best seen from the structural formula for pere-szoxyenisol:
P
CH O )N =N~ )-ocH

The protons in the nethyl groups on ezch end of the molecule con-
tribute a triplet shupe to the eignal, tut on this is superimposed a
doublet from the protens on the benzens rings elong the axis of the
molecule.

However not &ll compounds which contribute crystal phases also
exhibit unique line shspes for the signzls of the:e phases, but seem-
ingly only those which have ethyl, or methyl grouns, or bLoth, on the
ends of the molecules. In the cases of compounds with ethyl groups
on the ends, the exnected signal shane would bLe one of five peuxs -

& high, center pec'z flan%zed by two pairs of sctellite peaks.

1.



Howev2r, this thesis is not so much concerned with distinguish-
ing the liocuid crystel phase as much, but rether with an attempt to
distinguish by nuclear megnetic resonance the various liquid crystal
phases in compounds which are known to contain several licuid crystal
rhases, each of these seperate phases by nuclecr resonance methods.
Specificelly, the compound ethylenisel pera-sminocinnate which has
three licuid cryst:1 shuse§ wes exemined in order to deterumine
whether each ph:se could be distinguished by means of the proton
magnetic resonance signel of that perticular phrse. Chemiczlly, this

compound is: o

V4
cH, 0 )—CH = N-C) CH = CHC
0Cy Hs~
From whet was mentioned previously, the expected sheane for the

signel from the liquid crystal phcose im general would be & signal of
five peaks from the ethyl groug, superimposed upon & triplet from the
methyl group, then these in turn are superimpocsed upon a doublet from
the protons in the benzene rings, and finelly the protons along the
axis of the molecule will contribute to the center pesk. This gener-
ally signeled whet was found with one qualificetion which will be ex-

plained luter.



Dipole - Dipole Interaction

The classicél Hemiltonien for the interaction of two magnetic
dipoles in a m:gnetic field H is:
/ .
;%/ = A e -3 c/g,‘.4‘>(:g./4§t)
23 LS

w‘ncseﬂ= megnetic moment of the protons

A = distence between nrotons cof & neir.
Then exnanding/_,_cl ),u“/) in rectenguler coordinates with the
following relations
e, = WAL = XK(c T +d Ly +h Tp o)
Aosireigedn
i = Plarctia Mi‘{
27

After subpstitution of these quenlites and soue juggline, one

finds; in terms of the directiom cosines, @, , &, , QS ,
, l
Y \_% [T T (=322 « I,A.I L(0=-3a))
+ IS' I-sl ( - 3&: ) "‘z (Il( I‘Jl "’ I-A1| rxz\ avlaL

-3 (Ix(I3z + I-"a! quﬁa\"'t
- 3 ( I,,j. I,bz’ + I'Iﬁ") ald.}]
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Then, introducing the vclar end ezimuthul angles g & ?

and then discarding all terms which contribute to the transitions
2,9
Om=11,12 one finds,’

24/: —1511%z<3C4429">
+ L LT - L) Ty et Tya) + (L0 T M T =€ L) (s a0 1)

Consider two mon-interacting protons in & megnetic field /?é

-

Then for the Hemiltonian .

7&2 = Hy = Y H, (ZEV **Z;zj>

Then using the Hamiltonian csan operetor in the matrix form
and operating on two eigen functions:

pr=(y =)

One can write.

WOVL‘:ES%'

where the elements of t"is diegonalized metrid give directly the

°
energy levels, Ef

YH &
0
21T 9

However, now consider the same two dinoles only interacting

in Mz + Then it becomes necessary to add the interection term

found oreviously to H. Thi's, for the totel Hemiltonien,

H = Hy# H



The result of this interection term is to produce a shift in the
energv levels just given.
Lct:Ef': Unperturbed energy lev-ls
E{ = Perturved energzy levels
&= Shift from unperturbed to perturbed energy
Similer, 'let,:
%3 wave functi:>n for perturbed energy levels
W: = wave function for unperturbed enercy levels
€.z -:ave function for shift in energy levels.
Then by direct substitution:
(K, + )P s K ) = (ES €)W e X0)

Assuune ‘;V‘ >2 x"so th t 'X(. cen be ne;jlected)and ,8ince jalready
ltmow: yo ()UL. - Eg (/)L-
then: ¢ g ¥ e 4

Thus, the vproblem now becones one of finding H in die;onal
form, so that eleneits of the diagonal are the shifts of energy

levels, €/ .



Adijoint Metrices

NG

then ,47‘: (

Since,

a* o*

B o)
Xy ey
SUL:' W’%

Theorem. If we have linezr oper:ztions suc

then,

e 80

oaly its own eigen function then:

ZH(we) =S & (77<0}

then, for non-interecting protons:

N, YHy (I, + I,5)
@t

-//44
l
( o>
= ()
A‘t.hen‘ g)' - q)‘*'q)z-i — s oOrientation

P 9'¢” — "
Efi 1—‘&?:.9€f -
gq = (701- (PQ- _—

h thet e ch operstes in

for protons:

)
T
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However, to insure that H is diagonalized it is better to usg:
g = ¥

T,= 5P+ %)
£y \}L; (.- &0
Ees by

Now have:

E;WI§; = &g
S \%Z(Ie, Iz.,)<3u4‘6- 1)

- VA (1, L) ( T vi Ty

qn®
+ (T, u‘l',’,)( 1',1-«.'1'411‘)](3(,4?9-:)
wohona ! B
(/\"L ‘ Ix *": IA} lM-l) = \[(Ii-h\) (I—M-‘-IS
(m | Tam (Tylmer)s (L) Trms )

(m(l}lm\ = M




Covxsz.der I+W'£ e,

§ (1, 5,0 & e,

@ @*(Ia. LG = ¥ 0 (Ta L) PT Y
€ ~- Zt (?>c.o4 o-1)

d»\?é (L., LoD 8 =
é\i :ftéz(zm’e 1)

@ FS (T5 T ) By = -
€,/ =+ \%:L‘sm"e—l\

@) E] (TaT2) Ba =~
€q¢ ”f—éz(&m’a-:\

2. %, L(I T )(I,zuI,P)] B!
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Thus, for the shifts to the perturbed eneryy levels,
' TP 1t -
€)=€ +€v€ = - \t‘\‘f’s (2 con’e-1) = ‘/“’143(304?4")
' ’ 242 - \
€=+ +€" =+ ‘6_?_&; (3 wgte-)) = +n(3 wite~1)
n

- ! n w _ _ T - -3 iy
Ey=Eyr€y &y = ‘%(3m‘6-:)--,ulz, (Rd?g-1) ;€

Resonance absorvtion then occur for the perturbed system when
mz2tl—~m=o0

AN = uHy + 3/4,1.11‘3(3 w0 -1)

rm. =0 qm:-lA y - 1(3 2@ \
N =2 F 2 Ced -1
Substitute: /:' /‘"
Az U H

“‘here H*is the resonance field value

H* = Hy toc(3wlo 1)

where -3

A = /u,/:.

[NV}

Thus, the energy level diagrem showing the effect of the per-

turbing dipole - dipole interection on the unverturbed levels.

\

' W™= 2 H#y -/0117.'3(304’9-()
AN = 2 Ha - 3w (3 em®e- D

o t.-3 -

y Wo= 24 n (36 -1)
AN = 2uH » S/u,"n‘s(’s o6 -1)

1\

\

-

| W“" = Q/uh’é _/‘bﬂth(%wZG_’B

/0.

>
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Apparetus

In the detection of the signel, the apparatus used is essentially
the same as the radio-frecuency bridze method discussed by Villaireg.

The 1 ne widths are then measured with the saue method end eccuracy

as vas done by Moses.

Discussion

In the attempt to dectect licuid crystal phases, the compound
ethyl anisal pare- aminocinnemete was used. According to the optical
observations of Bernal and Crowfoo{ this compouad possesses three
liguid crystal phases, with the transition temperatures as indicated

in the following diagram.

Ouydd. Igi"w.m‘g% Wﬂ’fﬁ eyt T X7
r 108°C

(melasla i)

As was stated before, the expected signel from the lighid crystel
phases would consist of five peeks. However the actual signal found

for all the liquid crystal phases was of the form shown in figure I

",



Tre apparent ebsence of two satellite peaks here is in accord
with previous experimental results which heve shown tiat molecules
with a methyl group on one end and an ethyl group on the other two of
the satellites are masked so that the overall picture is simply a
triplet.

Before continuing, it should be pointed out that the compound
used appeared to be iwpure. This was derermined by merely visually
observing the varicus phase transitions for a srell sample in a temp-
ereture bath. It was found tnat each transition occurred about 1—40 c
lower than the respective transitions indicated by Bernal and Cr.wfoot}

However, it seemed to exhibit enough line structure and be
sufficiently pure to warrant going ahead with t.e worke

In order to detect these various licuid crystal phases, the
satellite peak separation of a signal wes measured as a function of
temperature. These peak separationsg were then plotted versue temp-
erature, and graoﬁ#l was obtained. Here the peek sevaration is
measured in guass and the temnerature in degrees centrigrade.

In this graph there appeers to be three very distinct portions which
are taken to be the magnitude of the sctellite peck separation in eech
of the three licuid crystal pnesess The portion of the curve at the
right which slopes rapidly up from the licuid phases is taken to be
the firct licuid crystal phases The sutellite peak separations here

vary from l.2 guass atl>1l.2 Oc, which is close to the clear point, up

to the 3.4 gmass at 11700.

/2.
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The two lines of this section seem to indicate some decom-
position in the cowupound upon successive heatingse The line drawn
through the circles represents a semple of which the data was obtained
upon the first heatin;, while the line through the triangles represents
the same senvnle efter it has been heated previouslye. And while the
results shown nere are not sufficient to positively state that & trend
is established as shown, that is, successive heatings decompose the
compound in such a manner as to pr&duce lower satellite peak separations
in the first liquid crystal phaze, still it is tl:e opinion of the author
that this &8 so, especially since it wes found by visual observations
that the cleer point was lowered by a:z rmuch as 150c. upon many heatingse

The exact cause of this decomposition is not known.

The second section of the curve from ll7oc. down to 108° repre-
sents the second licuid crystal phase and here the satellite peak
separetion remains constant at 3.4 guass. It should be noted here
that the transition from the first to the second licuid crystal phase
is represented as merely the change in slope of the curve. This is
in qualitative sgreement with the observations of Bernal and Cr.wfoot}
who state that there is but a small difference in the optical behavior
of these two phases, then at 1050c. a sharp discontinuty occurs and
there is a sudden increase in pea's seraration. This third portion of
the curve then is taken to represent the third licmid crystal phase
and here the peak separations very from 5.8 guass at 10500 to 6.8

guass at 80%%. Thus, thece transitions appeur to agree with those of

/3.



Bernal end Crewfoot as well as could be exvedted considering the
purity cof the sample.

The next graph shows the change in sheme of the signal with
temperature. Each of the three pesked signals repr-sents the three
liquid crystal phases, while the single peak at the sxtreme right is
the signal of the liquid phase. An interesting feature of this com-
pound is thet while it is hecated it appears to go from & solid cryst-
alline phase with its cliaresteristic broad line into a second metast-
able solid crystalline phase with the same type signal only with a
spike on tope. From here it passes into the second liouid crystal
phase and then into the first and after that into the licuddphase.

6n cooling, however, it traces back along through the first
and second liqguid crystal pliacses, b t then it guaps into the third
liquid nhece at 1050c. But it is not =ul all positive that here the
coupound is all in the third liouid crystal puase, but rather it is
possible thet, es Bernal and Crewfoot indicate there is a coexistance
of both this liguid crystalphese and tne metesteble crystalline phase.

‘e point at which the compound passes from the third liouid
crystal phase into tne so0lid crystelline phiase was not determined
due to the difficultyy in obtaining a workakble signal pastSOoc.

Thus, from these results it appcars to heve been possible to
detect all the generel festures of the various phase transitions

which were fou.d by Dernal and Crewfoot by ontical observationse

I
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