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Vitri® cation and water induced crystallization of zinc ( II )

dodecylbenzene sulphonate

by FARSHAD MOTAMEDI²

Materials Department, University of California, Santa Barbara, California 93106,
U.S.A.

(Received 16 December 1996; accepted 6 January 1997 )

Crystallization of zinc(II) dodecyl benzene sulphonate has been suppressed by either the
removal of water of hydration or the rapid cooling of the compound from the liquid crystalline
state. The anisotropic structure is preserved in the solid state when the hydrated compound
in the LC phase is rapidly quenched, while removal of the water of hydration at temperatures
in or above the LC phase and the subsequent slow cooling produces a stable isotropic
structure.

1. Introduction product of dodecylbenzene sulphonic acid (DBSA) and
metal nitrates. Interplanar spacings for solid Zn (DBS)2Liquid crystals have established themselves as techno-

logically important materials in several now mature samples crystallized from supernatant solutions were
found to be 30 9́ AÊ . Its complexes with poly(vinylpyrid-® elds such as LC displays where they function in the

¯ uid phase which renders their molecular orientation ine) [10] and polyamide-6 [11] have also been found
to possess mesomorphic characteristics.susceptible to external ® elds. There are also potentially

important and emerging technologies, such as optical This communication reports on the ® nding that crys-
tallization of Zn (DBS)2 , both in its dried and hydratedinformation storage [1] and control of the polarization

of light [2], where it is desirable to have a high degree states, can be suppressed. Upon absorption of a small
amounts of water, the dehydrated isotropic Zn (DBS)2of anisotropy frozen in a solid matrix, such as vitri® ed

® lms. Vitri® ed glasses have been known in polymeric crystallizes. This behaviour is quite unique and to our
knowledge has not been reported previously.materials, and in recent years [3], due to the ease of

processing o� ered by low molar mass liquid crystals, Zinc (II) dodecylbenzene sulphonate [Zn(DBS)2] was
prepared according to the reactionvitri® cation in these systems has gained interest as

evident from recent publications [4, 5]. For example,
2 DBSA+ZnO � Zn(DBS)2+H2O.several studies [6, 7] have attempted to correlate vitri-

® cation processes with structure and mesogenity of low
DBSA was dissolved in anhydrous ethanol and addedmolar mass compounds.

to a suspension of ZnO in ethanol. The stoichiometryIn the majority of these compounds, crystallization is
was exactly 2 moles DBSA to one mole ZnO. Thesuppressed through an appropriate choice of cooling
mixture was sonicated at room temperature for severalrate, from the LC to below the glass transition temper-
hours at the end of which all the ZnO had disappearedature. Recrystallization ensues when these compounds
and a completely clear solution obtained. The solutionare heated, followed by the usual crystal± LC and
was ® ltered, the ethanol evaporated and the resultingLC± isotropic transitions. In this paper, we report on the
material was dried under vacuum at 80 ß C for two weeks.phase transitions and the retention of anisotropy of
The structure was con® rmed to be Zn(DBS)2 by protonzinc dodecylbenzene sulphonate [Zn (DBS)2], in the
solution NMR in deuteriated methanol and FTIR.quenched, the dried and the hydrated cases.

For the purpose of this communication, dry denotesThe mesomorphic behaviour of metal dodecylbenzene
materials placed in vacuum oven at 120ß C for severalsulphonates including Zn (DBS)2 has been observed pre-
days while hydrated is Zn (DBS)2 that has been exposedviously [8, 9]. Lyotropic liquid crystals possessing
to air for several days. The cross-polarized optical micro-lamellar structures were reported from the reaction
scopy was performed with samples sandwiched between
glass slides. X-ray di� raction was performed in a high
powered rotating anode generator. Powder samples were² Present address: Maxdem Incorporated, 140 E. Arrow

Highway, San Dimas, California 91773, U.S.A. mounted on a four-circle goniometer in 1 mm glass
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750 F. Motamedi

capillaries. The X-ray out-of-plane resolution in this case to be ~13 wt%. The hydrated crystallized Zn (DBS)2
exhibits multiple di� raction peaks. The ® rst peak repres-was ~0 1́4. For the dry experiment, Zn(DBS)2 powder

was initially dried in a vacuum oven at 80 ß C for two ents a long period d=30 7́ AÊ , almost identical to the
value reported by Tezak et al. [8]. Several well-de® nedweeks, inserted into the capillary, further dried in a

vacuum oven at 120ß C for one day. The capillary was orders of re¯ ections can be seen for the hydrated
Zn (DBS)2 . There are also numerous other peaks, somethen cooled slowly to room temperature under vacuum

and sealed. For the hydrated Zn (DBS)2 sample, the of which have been observed previously [10].
In contrast, the dry Zn (DBS)2 showed a single peakpowder was allowed to absorb moisture from the air for

several days prior to loading into the capillary. The at d=26 5́ AÊ with its corresponding harmonic appearing
as a shoulder at 13 3́ AÊ followed by the typical broadcapillary was kept in air and unsealed prior to and

during the experiment. For quenched samples the open liquid peak centered around 4 6́ AÊ . A single peak also
appears in di� raction experiments performed in thecapillary was quenched very quickly from 90 ß C (LC

state) to subambient temperatures with liquid nitrogen isotropic phase at 170ß C and is most probably due to
periodicity between the zinc centres which remain in theand tested at 30 ß C.

The transitions for the hydrated Zn(DBS)2 were isotropic liquid state. Also the di� erence of approxi-
mately 4 2́ AÊ in the long period between the dry and theobserved in the di� erential scanning calorimeter to be

crystalline solid to LC at 82 ß C and LC to isotropic at hydrated cases is expected in view of the extra space
occupied by the water of hydration.134ß C. Figure 1 shows a cross-polarized optical micro-

graph of the hydrated Zn (DBS)2 . The sample was It is not the object of the present study to investigate
the possible structures arising from di� raction peaks insheared between glass plates in the liquid crystalline

(LC) phase and annealed at 105ß C for 48 h. The texture ® gure 2. The data are shown merely to demonstrate the
di� erence between the dry, the hydrated and theexhibits a few focal conics and a high density of striated

bands known as oily streaks. Both types of defects are quenched Zn (DBS)2 . However we remark that the
drying process was carried out at temperatures wherecharacteristic of the smectic A mesophase. In contrast

the dried sample, under the same conditions, was the material was in the LC state and it is rather
surprising that the isothermal removal of water in theobserved to be completely dark between the cross-

polarizers, indicative of an isotropic state. When the LC phase caused a LC± isotropic phase transformation.
This transformation was reversed upon absorption ofdried sample was exposed to air, textures similar to

® gure 1 developed in a matter of minutes. moisture by Zn (DBS)2 from the atmosphere at room
temperature. The hypothesis for such a reversible trans-Figure 2 shows X-ray di� raction data for Zn (DBS)2

in the dry as well as the crystallized and the quenched formation is that hydration of the molecules releases the
con® gurational restrictions, placed upon the molecularhydrated samples. The equilibrium water uptake of the

hydrated sample was thermogravimetrically measured packing during the drying process, leading to the unex-
pected crystallization of the surfactant molecules. This
hypothesis can be justi® ed since the interactions between
the zinc2+ and the sulphonate1 Õ ions are quite di� erent
in the dry and the hydrated cases. In the former the
ionic interactions occur directly between the species, and
are thus quite strong. In the latter, it occurs through the
sphere of hydration formed around the zinc2+ cation by
six water molecules, creating a less rigidly bound struc-
ture and allowing the molecules to rearrange to a more
thermodynamically stable state. Both the isotropic and
the crystalline states of the surfactant were however
stable and it was possible to switch from one to the
other by the simple drying or hydration processes. This
reversibility was con® rmed by alternative X-ray di� rac-
tion experiments not included here and performed in
the re¯ ection mode at di� erent temperatures. The struc-
ture for hydrated Zn(DBS)2 was observed to be lamellar
at 90 ß C with d=23 9́ AÊ . Repetitive heating and slow
cooling of the sample between 30 and 90 ß C wouldFigure 1. Cross-polarized optical micrograph of the hydrated
transform the structure between the LC and the crystal-zinc( II) dodecyl benzene sulphonate sheared between glass

slides, annealed at 105ß C. line phases. At 170ß C a single peak at d=22 6́ AÊ remained
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751Vitri® cation and crystallization of zinc(II)

Figure 2. X-ray di� raction pat-
terns for Zn(DBS)2 taken at
30 ß C, (A) dry, (B) hydrated in
air at room temperature, (C )
rapidly quenched from LC
phase at 90 ß C.

corresponding to the distance between zinc centres in in the solid state. Further investigation of the e� ects of
water on the structural transition of Zn (DBS)2 are beingthe liquid state.
performed.Pattern (C ) in ® gure 2 shows X-ray di� raction data

taken from the sample that was very rapidly quenched
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