MISSOURI

Missouri University of Science and Technology

&I Scholars' Mine

Chemistry Faculty Research & Creative Works Chemistry
01 Jan 1984

Single Compound Forming A Lyotropic Liquid Crystal At Room
Temperature

Stig Friberg
Missouri University of Science and Technology, stic30kan@gmail.com

Paul Liang
Frances E. Lockwood

Maher Tadros

Follow this and additional works at: https://scholarsmine.mst.edu/chem_facwork

b Part of the Chemistry Commons

Recommended Citation

S. Friberg et al., "Single Compound Forming A Lyotropic Liquid Crystal At Room Temperature,” Journal of
Physical Chemistry, vol. 88, no. 5, pp. 1045 - 1046, American Chemical Society, Jan 1984.
The definitive version is available at https://doi.org/10.1021/j150649a039

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Chemistry Faculty Research & Creative Works by an authorized administrator of Scholars' Mine. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/chem_facwork
https://scholarsmine.mst.edu/chem
https://scholarsmine.mst.edu/chem_facwork?utm_source=scholarsmine.mst.edu%2Fchem_facwork%2F3514&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/131?utm_source=scholarsmine.mst.edu%2Fchem_facwork%2F3514&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1021/j150649a039
mailto:scholarsmine@mst.edu

Downloaded viaMISSOURI UNIV SCIENCE & TECHNOLOGY on July 13, 2023 at 21:25:38 (UTC).

See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

J. Phys. Chern. 1984, 88, 1045~1046

1045

Single Compound Forming a Lyotropic quuid Crystal at Room Temperature
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Frances £, Lockwood ami Maber ’}“adms

Martin- Manetm Laboratones Balnmore Mar}land 21 227 {Recewed Jui’yi 1983

In Final Form: December &8, 1983)

The compound triethanolammonium oleate forms a lamellar liquid crystal at room temiperature:” The basts for the lyotropic
mesomorphism is the fact that part of the triethanclammeonium oleate has changed 1o triethanolamine and oleic acid. These
two compounds serve as solvents in the liquid crystalline structure.

{ntroduciion

Lytropic liquid crystals formed from surfactants, water, and
more hydrophilic compounds give rise to a large variety of
structures depending on the composition, '™

Recently, lyotropic l:quxd crystals have been obtamed from
lecithin and polar organic liquide with no -watef ‘present.5®
Lecithin in combination with a low-niielting organic salt, ethyl-

ammonium bromide, has also been shown to form 4 Iametlar liquid

crystal at room temperature,'® This Jatter compoind may be

viewed against the pioneering research on amphiphilic micellization -

in organic electrolytes by Evans and collaborators, 112

Ionic surfactants may form mesomorphic phases at room tem-
perature if the hydrocarbon chain is suffictently branched to
prevent crystallization as pointed out by Winsor'® about 10 years
ago. These kinds of compounds were appropriately named fused
safts by Winsor and should be- conmdercd as thermotrop:c hquld
crystals.

With this ccmmumcat:on, we woulci hke to mtroduce a.case -

in which a single compound forms a Iyotroplc liquid crystailine -
phase at room temperature. The compound was triethanol-
ammonium oleate prepared dlrectly from_its constituents, tri-

cthanolamine (Fisher certified 99.2%, <0. 1% water) and oleic acid - )

(Fisher certified) in equimolar ratio. ‘The lamellar liguid crystal
was identified from its optical pattern:(Figure 1). 'The interlayer
spacing was calculated to be 38 A from the Iow-angie X- -ray
diffraction pattern.

The explanation for the surprzsmg mesomorphism of A smgle o

amphiphilic compound was provided by its infrared spectra (Figure
2). These showed the presence of both ionized carboxylate groups
{r = 1550 em™) and protonated carboxyhc groups (v = 1715
cm™). In addition, the infrared spectra showed only insignificant
absorbance at.935 cm™, the out«of ptane bondzng vrbrat;on of thc :
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'Flgure 2 The infrared spectra of tnethanolammomum a¥eate showed

- .. absorptions typical of the' ant;symmetr;c siretching. of vibration of 4

- carboxylic acld" (I) @nd of an-ionized carboxylic group (1) and the
- absorbance from a:strong hydrogen bond between the two (HI). Cell
_d:mensmns (mm) 0, 015 (i and H) am:i O 05 (IH) '
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acid OH group in an acid dimer,'* but a substantial absorbance
at 1900 cm™. The latter absorption is characteristic of a carboxylic
group strongly hydrogen bonded to the ionized carboxylate group.!?

These results readily lend themselves to an interpretation ex-
plaining the formation of a liquid crystal from the triethanol-

(14) K. Nakanishi and P. H. Soloman, “Infrared Absorption
Spectroscopy”, Holden-Day, San Francisco, CA, 1977.
(15) S. Detoni and D. Hadzi, Spectrochim. Acta, 29, 949 (1964).
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ammonium oleate. The infrared spectra revealed the acid not to
be completely deprotonated by the amine. This means that some
triethanolamine did not accept the acid proton but remained as
a molecular specimen in the structure. The liquid crystalline
structure contained three components: triethanolammonium
oleate, oleic acid, and triethanolamine. The two latter in all
probability serve as solvents to form a lyotropic liquid crystalline
phase.

Registry No. Triethanolammonium oleate, 2717-15-9.

Effect of Potasslum Compounds on Strong
Metal-Support Interactions in Pt/TIO, Catalysts

Sir: The inhibition of H, chemisorption on Pt/TiO, catalysts by
potassium compounds is attributed to TiO, redistribution promoted
by K,TiO; and not to electron donation from K to Pt.

Tauster et al.! found that chemisorption and catalysis over
Pt/TiO, catalysts were inhibited after high-temperature reduction
(HTR) and attributed the phenomenon to a strong metal-support
interaction (SMSI). Other systems show the same effect and its
origin is the subject of controversy.? Recently Chen and White?
found that the addition of small amounts of potassium to Pt/TiO,
catalysts also strongly suppressed H, chemisorption after low-
temperature reduction (LTR) and this was attributed to electron
charge transfer from K to Pt. If this is indeed the origin itis a
surprisingly potent effect, for the suppression is by a factor of about
2 at a bulk K/Pt atomic ratio of only 0.001. MO calculations
by Ray and Anderson® indicate that there is an increase in electron
density in the Pt atoms adjacent to an adsorbed K atom, but it
seems improbable that this effect would be sufficient to explain
Chen and White’s results. As their Pt dispersion was about 0.25,
each adsorbed K atom, donating* about 0.4 e, would have been
required to inhibit chemisorption on a minimum of about 250
surface Pt atoms. It is likely that this understates the problem
because at least some of the potassium was held in the support
(see below) and also, as Ertl et al.’ have found with potassium
on iron in ammonia synthesis catalysts, the surface potassium was
partially oxidized, thus decreasing the electron transfer per K atom.
In most examples? of SMSI, both CO and H, chemisorption are
suppressed by high temperature reduction. Contrary to Chen and
White’s results, the adsorption of CO on a potassium-covered,
single-crystal Pt(111) surface was shown by Garfunkel et al. to
be enhanced, with the saturation adsorption energy of CO in-
creased from 27 to 39 kcal/mol at half a monolayer of potassium.
The changes in CO adsorption were attributed to enhanced
electron back-donation from the platinum into the 27* antibonding
orbital of CO, due to the presence of potassium. The electron
transfer from the potassium to the platinum valence bands was
delocalized, but over a few interatomic distances only. These
results suggest that the TiO, support was essential for the phe-
nomena found by Chen and White.

After impregnation with aqueous KNQO; solutions, Chen and
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White’s Pt/TiO, samples were evacuated at 400 °C before re-
duction with hydrogen at 200 °C. Even before the generation
of water at the reduction stage, KOH would have been formed
under evacuation at all but ultrahigh vacuum conditions. The
minimum partial pressure of water required for the conversion
of K,O by the reaction

K0, + H,0, = 2KOH,

can be calculated from standard data’” to be 4.3 X 10713 atm at
427 °C. Now KOH reacts? in bulk with hydrous titania at
160-170 °C to give potassium metatitanate, K,TiO;. Compounds
of lower potassium content, e.g., K,Ti,0s, K,Ti,09, K,TicO;5, may
also be formed.® Chen and White’s Pt/TiO/K samples, after
evaluation and reduction, are likely to have consisted of the TiO,
support sparsely covered with a K/Ti mixed oxide as well as Pt
crystallites sparsely covered with a potassium compound. As
neither the stoichiometry nor the energetics of either of these
potassium species is known, it is not possible to calculate relative
stabilities or the distribution of potassium between the TiO,
support and the Pt crystallites.

The melting point of K,TiO; is 806 °C, so its Tammann tem-
perature is about 270 °C. A surface “patch” of K,TiO; on the
TiO, would therefore be very mobile under the evacuation con-
ditions (400 °C) and still show some mobility under reduction
(200 °C). It would be expected to promote redistribution of the
TiO, surface by acting as a “flux”. Alkali metal compounds are
well-known mineralizing agents in ceramic reactions. Thus, the
presence of potassium in the Pt/TiO, samples would greatly assist
any tendency to form a covering layer of Ti oxide over the Pt
crystallites.

This interpretation of Chen and White’s results agrees with
some recent views!%13 of the cause of SMSI. The suppression
of chemisorption and catalysis is attributed to the geometric and
local electronic effects of a reduced titanium oxide on the platinum
surface rather than electronic interaction between the defective
bulk support and the metal crystallite.!? The reduced titanium
oxide layer, possibly TiO, must be characterized by Pt-Ti bonds
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