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Mesomorphic Properties of Alkoxybenzylidene-aminoscet ophenones

Sardary L. Arora, Ted R. Taylor, James L. Fergason

Liquid Crystal Institute
flent State University /A
Kent, Ohi1o, 44240

Abstract

As a pert of the program to study the effects of unsymmetrical
molecules on the formation of smect:c phases, a number of 4-n-alkoxy-
benzylidene-4'-aminoacetophenones with a chain length in the alkoxy

substituent from C C, to Fl”. &

1+ & and C p have been synthesized.

12 1

All the homologs, with the exception of methoxy substituent, show
mesophases as listed in Table [|. Compounds for n-alkoxy cnain length
of C3 to C6 show an enanti1otropic nemati. and smectic 1 and a mono-
tropic smectic 2. Compounds with @ chain length of ¢, to Cg exhibit

an enantiotropic smectic | and a monotropic ssectic 2. Other homologs

with a chain length of C and C,, exhibit only an enantiotropic

10 ‘12 14

smectic 1. Both the smectic 2 and smectic | have a morphology ident:-

cal to that of the class.cal smectic A of Sachmann and lcums.4 Further, :
both the smectic phases show tocal-conic structure and homeotropic form.

No apparent change either 1 the mechanical or optical properties 1s
observable at the transition temperature of these two phases. Experi-

mental data on the phase trunsition temperatures differ from the

1
previously reported workh ot « (-*eilano ot al
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Compounds of alkoxybenzylidene-aminoacetophenone series are of special
interest as many of them have a wide range of smectic phase A below 130°¢.
Four homologs of this series with €,, Cy, C, and Cgy in the n-alkoxy chain

length have been reported by Castellano et al.l

—— 5o v - -

() J. A, Castcllanowﬁl.th Goldmacher, L. A, Barton and J. 5. Kane,

n

J. Urg. Chem., 33, 3501 (1968;.

Their obshrvation of a nematic phase.in 4-g;octyloxybenzy1idene—45—

Ty

P L A
aminoacetophenone we believe

“to be in error. The only #ﬁase we observe
between the melt hnd the isotropic liquid is a smectic phase. The possi-
bilitynof a nematic phase iu the aforementioned cbmpound is, further,i;ﬁled
out becausc no nematic phas¢ is observed in the lower humolog with C7 ;n the
chain leﬂgth. The absence f the nematic phase in these¢ two compounds is

further confirmed by our optical and differentiul thermal analysis stuaies.

EXPERIMENTAL SECTION |

The phase transition temperatures wgre determined both by differential
thermal analysis (Du Pont DTA 909) and with a Leitz Panphot polarizing micro-
scope using a Mettler Fb-Z}hzatigg stagg.‘ Melting points (sqlid~11qnid or
solid-liquid cryst;l transition) haye been regarded as the-t;ansitibps with
the‘highest transition eneryy. These are also always the transitions that

can most easily be supercocled, whereas supercooling in the case of liquid

)

crystal transitions is negligible.

Monotropic liquid ccystal transition temperatures observed below the

~melting points during the :ooling operation of DTA thermograms wére confirmed

by reheating of the samples before crystallization. The assignments cof the -

I
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transition temperatures were confirwed by the polarisimg microscope, except
for the monotropic smectic 2 - smectic 1 transitions. The highes: tempera-
ture smectic phase is always called smectic 1, the next lower ome smaectic 2,
and so on. The transition temperatures fer the various liquid crystal
phases are listed in Table I. The error of the temperature mswsureasnts is
estimated to be smaller than £2°C. A plot of phase transition teamperaturass
versus the number of cerbon atoms in the alkyl chain is shown in Pigure 1.

1

For comparison, the data of Castellano, et al.” is showm by dotted lines.

4-aminoacetophenone was recrystallized from commercially available

material.

4-p-slkoxybenzaldshydes were prepared from p-hydrexybenzaldshyde and

various alkyl bromides either according to the method of our earlier publi-

catiou2 or by that of Weygand and (idlo:'.3

(2) S. L. Arora, J. L. Fergason and A. Sntgpo. Mol. Cryst. and Liq. Cryst.

(In Press, 1969)

(3) C. Weygand and R. Gabler, J. Prakt. Chem., 1S5, 338 (1940).

Alkoxybeazylidene-aainoacetophencnes were prepared by refluxing equi-

molecular quantities of the 4-aminoacetophenone and the appropriate 4-n-
slkoxybenzaldehyde in absolute alcohol for 5-6 hours. The product after
isolation was recrystallized *everal times from appropriate soivents until
the transition temperature remained constant.

The liquid crystel-liquid crystal transitions with the purified com-
pounds were sharp and reversible. Differential thermal analysis gave on
heating and on cooling, within & fraction of a degree, equal temperatures

for these transitions.
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RESULTS

Of the eleven compounds synthesized by us in this series, the lowest‘
homolog with C, in the alkyl chain shows no liquid crystalline phase. A

nemtaic phase 1s' ubserved in compounds with n-alkoxy chain lengths of CS'

Cd’ Cs and Ch only. All other compounds from C3 - Cxo' C12 and C14 show

an enantiotropic smectic | phase. Monotropic smectic 2 is observed in com-

pounds with chain lengths of 63 - Gy | |
Smectic | shows the focal-conic texture t}pical of smectic A of Sack-

mann and Demus. Monotropic smectic 2kappears to be identical with smectic

"1, and it is not possible to distinguish this phase from smectic 1 by optical

methods.

2L

(4) H. Sackmann and D. Demus, Mol. Cryst., ., 81 (1966),

DI1SCUSSION

‘In Figure I, one observes®an uhusually marked llternation’of the nematic-
isotropic transition temperatures for odd and even numbers of carbon atoms
in the alkyl chain of this homolog's series. The plot for even carbon&phazn
homologs lies above that for odd carbon chain members. Further, this extfht
of alternation decreases as the chain length increases. The alternation Gf
nematic-isotropic transition.temperatures in such a series is similar tq

that found by GrayS in alkoxybenzoic acids and alkoxy Schift bases.

e —+ g o7 S [

(5) G. W. Gresy, Molecular Structure and the Properties of ligquid Ctﬁsrals,

- Academic Press, London and New York (1567

. ok w T T . .
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In Fxgureql, the nemati. tsotropic phase curves for both odd and even
alkyl chain homologs become coincident with the Tising smectic-nematic
transition cvurve at a point whoch lies below the point for the homolog with
G, an the alkyl <hera,  when such a merging of the nematic-isotropic and
smectic-nematic curves takes place, then it is well known th;t all other
higher homologs above the merger do not show a nematic phase. This behaviorr
is indeed observed in 4-n-heptyloxybenzylidene-4' -apinoacetophenone which
does not exhibit a nematic”phase but has only one enantiotropic smectic
mesophase which passes dire.tly into the isotropic liquid. Hence, on this

basis, 1t 1> unlikely: for + o to have a nematic phase when its predecessor

£

homolog does not show such 2 phase,

The absence of a4 nemati. phase 1n - is further confirmed by our dif-

8

ferential thermal analysis (DTAY of this compound. In Figure 2 the thermo-

grams of homologs with alhvl chain length Co o Cy and C8 are shown, An

3 . l{\ r// . 3 K
examination of these establishes one enantiotropic liquid crystal phase

between the melt and isotpppic liguid for (, and C However, two enantio-

8
tropic mesophases are evident for Uy - OUptical studies of these two
mesophases indicate that the lower temperature phase is smectic and the
higher temperature phase, nematic. Further, these two liquid crystal ph‘snéi
are separated from one another by a3 very narrow range. Uptltal studres of

the single enantiotropic mesophase observed for Uy Jand CH show this phase

\
. . . o
to be smectic A as defined by Na<klmann and Lemus., In sum, our observat iuns

. ) . ;]
do not show & nematic phase for @ as reported hy Castellano et 4..

. . . 1
In compounds with alkyl chair cenpth-u, - C a previously unobserved

3 9"

monotropic smectic 2 phase 15 ohuerved.  This phase is obscrved 1n cooling

DTA thermograms as shown in Figure . tur PRI At (Q. SintelRmectis o1
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a supercooled state, it must be carefully distinguished from a transition
to a solid. 1f the transition does represent a mesophase, the transition
should be compietely reversible. We, therefore, did make therwograms in
which, after the smecti. 1 - smectic 2 transition pccurrid on cooling, the
DTA was reversed and the transitior ran through on the heating cycle. In
all vases, the transition was still present on heating, confirming our sup-
position that the transition did nct .epresent crystxllizution.

Optically, monotropic smectic 2 appears to te identical to smectic 1,
that is, smectic A, With.p the limits of our opricsl measuring techniques,
Qe can observe no changs » the snectic 1 - smeciic 2 transition tempera
ture. There does appear to h; a difference in viscosity between smectic |
and smectie 2, I the reiativel viscous smwectic 2 1s distorted by MoV ing

the cover slip, then on reheating there is flow near the smectic ].smectic

~
W

N

« transition temperature.

It is interesting to note that smgctiﬁ 1 and smectic ! cannotbhc 18
sified according to the:mlscxjility method of Sackmann and {)cms.4 1Nt
both phases have identical ojtical textures, ttere would be no phase huoun-
dary due to miscibility. We recently encountered a similar situation Juring
our studies on the smectic piases of the homo ogs of 4-n aihoxyhenzyizdehc—
4'-alinbpropiophenoht}sb wher: an explanation is given fur rhe unusual

behavior of these apparently identical smevt.c phases

o Ll T e ko s sesea D A S REEE 7 T T e e e s e e Bl Gk my o
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