This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 19 February 2013, At: 12:35

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Incorporating Nonlinear
Optics

—— Publication details, including instructions for authors and

subscription information:
http://www.tandfonline.com/loi/gmcl17

Mesogenic Alkyl(Diammonium)

Dicarboxylate Salts

R. J. Sellens °, P. J. I. Runciman 2 , A. C. Griffin ?, E. S.
Bryant ® & W. E. Hughes °

# Departments of Chemistry and Polymer Science, University
of Southem Mississippi, Box 5046, Southem Station,
Hattiesburg, MS, 39406

® |CI Chemicals and Polymers Group, The Heath, Runcorn,
Cheshire, UK

¢ Department of Physics and Astronomy, University
of Southern Mississippi, Box 5046, Southern Station,
Hattiesburg, MS, 39406

Version of record first published: 22 Sep 2006.

To cite this article: R. J. Sellens , P. J. I. Runciman , A. C. Griffin , E. S. Bryant & W. E.
Hughes (1989): Mesogenic Alkyl(Diammonium) Dicarboxylate Salts, Molecular Crystals and
Liquid Crystals Incorporating Nonlinear Optics, 166:1, 123-129

To link to this article: http://dx.doi.org/10.1080/00268948908037144

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948908037144
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:35 19 February 2013

verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:35 19 February 2013

Mol. Cryst. Lig. Cryst., 1989, Vol. 166, pp. 123-129
Reprints available directly from the publisher
Photocopying permitted by license only

© 1989 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Mesogenic Alkyl(Diammonium)
Dicarboxylate Saltst

R. J. SELLENS,t P. J. I. RUNCIMAN,i A. C. GRIFFIN and E. S. BRYANT

Departments of Chemistry and Polymer Science, University of Southern Mississippi, Box 5046,
Southern Station, Hattiesburg, MS 39406

and

W. E. HUGHES

Department of Physics and Astronomy, University of Southern Mississippi, Box 5046, Southern
Station, Hattiesburg, MS 39406

(Received February 5, 1988)

Aliphatic a,w-diamines have been reacted with a,w-dicarboxylic acids to form 1:1 salts. Depending on
the lengths of the alkyl segments of each moiety, the salts may be liquid crystalline. The observed
mesophase is smectic A. A structural model is discussed which involves aggregation into distinct ionic
and hydrocarbon regions.

INTRODUCTION

Organic ionic compounds exhibiting thermotropic liquid crystal behavior have been
known since Voérlander’s! work on alkali metal alkanoates. Ordered fluid phases
were observed for butanoates and longer chain species. More recent work revealed
the smectic behavior of long-chain primary ammonium metal halides,? and of some
quaternary ammonium salts.? In particular, detailed x-ray diffraction measurements
have enabled elucidation of the structure of long-chain primary ammonium halides
in both crystal and fluid phases.*> For these simple salts, C,H,, ., ,NH{ X, the
solid melts to a smectic fluid when » = 6. The x-ray data show that even in the
optically clear fluid, small ordered domains persist and a true isotropic melt is not
obtained before the temperature of decomposition is reached. Busico and co-
workers® propose a structural model in which layers of aligned hydrocarbon chains
alternate with ionic layers. On melting, the ionic layers remain intact to minimize

tPart 19 in a series, Effect of Molecular Structure on Mesomorphism.
tPermanent address: ICI Chemicals and Polymers Group, The Heath, Runcorn, Cheshire, UK.
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electrostatic energy, and are separated by layers containing the flexible hydrocarbon
“tails.” Experiments show that for very long chains, n = 18, the tendency of the
chain to disorder competes with the tendency of the ionic layer to order. In such
cases the layer structure is maintained but with a slightly less stable ionic layer
arrangement. Similar studies have been made on a series of alkyldiammonium zinc
halides® (1) and the analogous alkyldiamine zinc halide polymers’ (2). X-ray dif-
fraction data show a layered structure in the solids, similar to the previous model
but with both chain ends fixed in rigid ionic layers.

(H,N—(CH,), —NH,)ZnX2~ 1

(_HzN_( CH2) m_NHZ_ZnX2_) n 2

In both cases smectic behavior in the fluid was only observed for the longest
methylene chain studied, that is when m is 12.

Since both long-chain alkylammonium and alkanoate salts exhibit smectic liquid
crystalline behavior, it was considered of interest to investigate alkyl(diammonium)
dicarboxylate salts. In contrast to previously studied salts, these have hydrophobic
segments covalently attached to both anionic and cationic groups. This type of
nylon salt was first utilized by Carothers® in the preparation of high molecular
weight polyamides for fiber production. Structural properties of the molten salt
may be an important factor in the nature of the fibers drawn from the melt. The
salts have been described as polymeric,® but no evidence has been given to support
this conjecture. In comparison, Economy'? showed the existence of polymeric
chains of alkyldicarboxylate calcium salts. However, there has been no investigation
of the thermotropic mesophase behavior of these halatopolymers nor of their long-
range structural ordering.

Reported here are results of an investigation into the thermal behavior of a wide
range of alkyl(diammonium) dicarboxylate salts.

EXPERIMENTAL

a,»-Alkyldiamines and o,w-alkyldicarboxylic acids were purchased from Aldrich
Chemical Company. The salts (3) were prepared by mixing

H,N—(CH,),—NH,0,C—(CH,),—CO, 3 [n,m]

near saturated ethanol solutions containing equimolar quantities of diacid and
diamine. The precipitated salts were recrystallized from ethanol or an ethanol-
water mixture. Where literature data were available,® melting temperatures of the
prepared salts showed good comparison. Confirmation of salt formation was given
by FTIR spectra; v ca. 3000 cm !, broad primary ammonium NH stretch; 2920
and 2850 cm ~! CH stretch; 2200 cm ~! primary ammonium NH stretch combination
band; 1580 and 1410 cm ! carboxylate ion stretch; 1530 and 1460 cm~! primary
ammonium NH bend.
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Optical observations were made using a Reichert Thermovar polarizing light
microscope fitted with a Mettler FP5/52 hot stage. Differential scanning calorimetry
(DSC) was carried out using a Du Pont 910 DSC with a 990 thermal analyzer.
X-ray diffraction measurements were made on a General Electric XRD-700 x-ray
diffractometer. Samples were packed in quartz capillary tubes by repeated dropping
onto a bench top through a 1 meter long glass tube. No heat treatment of the
samples was possible due to their instability at elevated temperatures.

RESULTS AND DISCUSSION

Studies of the molten salts were complicated by the instability of the melt. Above
the melting temperature a chemical reaction occurs with the evolution of gas. After
an initial DSC heating run, subsequent scans show different but reproducible ther-
mal behavior. Comparison with the DSC of the corresponding polyamide, prepared
independently, confirm that decomposition is due to polyamide formation.
Optical observations were made at rapid heating and cooling rates to minimize
sample decomposition. In certain instances, for example 3 [9,1] and 3 [10,0], con-
version to polyamide was so rapid in the melt that accurate observation of transition
temperatures was not possible. Those salts exhibiting enantiotropic liquid crystal-
linity gave shear opalescence of the melt on heating from the solid, and smectic
fans typical of the smectic A phase were observed on cooling the isotropic liquid.
Table I shows the range of salts synthesized and indicates those having a S, phase.
Only those salts containing one long and one relatively short alkyl chain are liquid
crystalline. Interchange of the diammonium and dicarboxylate alkyl segments does
not necessarily produce another mesogenic salt, for example compare 3 [4,10] and
3 [10,4]. Therefore mesogenic behavior cannot be solely dependent on the ratio
of alkyl chain lengths. Transition temperatures for mesogenic and some nonmes-

TABLE 1

Occurrence of liquid crystallinity in synthesized salts

H,N—(CH,),—NH,0,C—(CH,),—CO, 3 [n,m]

m 0 1 2 3 4 8 10 14
n
3 X X LC
4 X X X LC LC
5 X X LC
6 X X X X X
7 X X X X
8 X X X X X X
9 X LC X X
10 LC LC X X X
12 LC LC LC X X X X

x = not liquid crystalline
LC = S, phase observed
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ogenic salts were confirmed by DSC, and are given in Table II. In general, salts
containing long alkyl chains exhibit one or two small endotherms due to solid-
solid transitions. Melting and clearing transitions are sharp but may overlap with
the broad endotherm observed above ca. 170°C due to decomposition to polyamide.
Figure 1 shows a typical DSC trace for a liquid crystalline salt, 3 [12,0].

X-ray diffraction measurements were also hampered by the thermal instability
of the salts. High temperature studies of the melt were not possible and attempts
to rapidly quench the melt structure into a solid phase were unsuccessful. Data
have been obtained for a series of salts in their room temperature solid form. For
a salt with both alkyl chains relatively short, 3 [6,4], the x-ray diffraction pattern
shows the solid to have a highly ordered crystalline structure. For those salts studied
which have one, or both, long alkyl chains, the rings in the diffraction patterns
suggest a lamellar structure. The number and the intensity of the rings observed
vary for different salts. The measured spacings from these data are given in Table
II1. It is seen that even for a series of salts with one invariant long chain component,
that is 3 [x,14], a consistent spacing is not found as x varies. In this series, the
longest observed spacing decreases with the length of the shorter alkyldiamine
chain. Also, there is no significant difference between the diffraction patterns of
the salts which do exhibit a smectic phase on melting and those which do not.

As was described in the Introduction, previous structural models for long-chain
alkylammonium and alkanoate salts involve aggregation into ionic and hydrocarbon
layers. Analogous models were considered for the salts studied here. Both the

TABLE II

Transition temperatures of selected salts.

K—-1I
3 [n,m] orK — S, (°O) S. — I(°C)

3,14 165 182
4,14 160 184

5,14 123 164

6,14 156 —

7,14 157 —
12,14 165 —

4,10 156 (140-146)"

5,10 108 —

9,0 234 —

9.1 ca. 180 (=)
10,0 239 —)r
10,1 149 160
12,0 ca. 180 190
12,1 146 168
12,2 188 (153-157)*
12,8 165 (157)° —

6,4 196 (183)¢

aMonotropic S, formed on cooling isotropic melt. )
*Conversion to polyamide prohibits observation of S, — I transition temperature.
“Literature values for observed melting point.®
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FIGURE 1 DSC trace for mesogenic salt, 3[12,0].

polymeric and lattice models of Figure 2 are highly ordered and expected to yield
corresponding x-ray diffraction patterns. Constant values of a given layer spacing
within a homologous series such as 3 [x,14] are also predicted. Obviously these
models and the observed x-ray data for the solid salts are inconsistent. It is unlikely
that the solid melts from a less ordered structure to give either of these structures
in the smectic phase. However, some alternative lamellar structure which is main-
tained in the mesogenic melt is possible. A model is proposed which maintains the
idea of aggregation of ionic and hydrocarbon moieties but allows disorder within
the layers formed by this aggregation. Figure 3 shows how this model might apply

TABLE III

Measured spacings from x-ray diffraction ring patterns

3 [n,m] Spacings (A)

3,14 20.0

4,14 15.9

5,14 ca. 22 17.3 11.3 7.6
6,14 11.7

7,14 23.9 11.82

12,14 18.5

12,1 16.1 8.12

10,1 14.7

2Second order diffraction rings (weak intensity).
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FIGURE 3 Proposed structural model for alkyl(diammonium)-dicarboxylate salts.
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to one of the salts with one long and one short alkyl chain. It is expected that the
amount of disorder, or variable association, allowed between chains bearing ionic
end groups will vary with their length and flexibility, and also the nature of the
end group. This is consistent with observed x-ray diffraction measurements giving
variable layer spacings even when only one chain length is altered. Also, it may
account for the difference in the number of x-ray diffraction rings seen when varying
the alkyl groups. The model discounts previous assumptions of the polymeric nature
of these salts. It may be assumed, following from earlier observations,> that some
of the solid structural order is maintained in the mesogenic fluid. In this case rigid
ionic layers containing a short alkyl chain, alternate with hydrocarbon regions made
up of aligned alkyl chains having some flexibility. Within the ionic layer there is
some disorder, as in the solid structure. It appears that a careful balance of the
chain length of the two alkyl sections is required for the existence of a smectic
melt. To maintain such order in the melt one of the alkyl groups must be short
enough to be a rigid link between two ionic end groups, while the other must form
a long hydrocarbon region. Under such conditions, the rigid ionic region and
relatively flexible hydrocarbon region are significantly different such that segre-
gation occurs and the lamellar structure is maintained.

CONCLUSION

Of the wide range of alkyl(diammonium) dicarboxylate salts synthesized and ob-
served, a small number show mesogenic properties. The existence of a smectic A
melt depends in part on the balance in lengths of the two alkyl chain segments. A
structural model is proposed which involves aggregation into distinct ionic and
hydrocarbon layers.
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