
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 19 February 2013, At: 12:42
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

A Non-Aqueous Lyotropic
Liquid Crystal with a Starburst
Dendrimer as a Solvent
Stig E. Friberg a , Miroslava Podzimek b , Donald A.
Tomalia c & David M. Hedstrand c
a Department of Chemistry, Clarkson University,
Potsdam, New York, 13676
b Department of Chemistry, University of Missouri-
Rolla, Rolla, Missouri, 65401
c Functional Polymers and Processes Research, The
Dow Chemical Company, Midland, Michigan, 48674,
U.S.A.
Version of record first published: 13 Dec 2006.

To cite this article: Stig E. Friberg , Miroslava Podzimek , Donald A. Tomalia &
David M. Hedstrand (1988): A Non-Aqueous Lyotropic Liquid Crystal with a Starburst
Dendrimer as a Solvent, Molecular Crystals and Liquid Crystals Incorporating
Nonlinear Optics, 164:1, 157-165

To link to this article:  http://dx.doi.org/10.1080/00268948808072120

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,

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948808072120
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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 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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
42

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst., 1988, Vol. 164, pp. 157-165 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1988 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

A Non-Aqueous Lyotropic Liquid 
Crystal with a Starburst Dendrimer 
as a Solvent 
STlG E. FRIBERG 
Department of Chemistry, Clarkson University, Potsdam, New York 13676 

MIROSLAVA PODZIMEK 
Department of Chemistry, University of Missouri-Rolla, Rolla, Missouri 6540 1 

and 

DONALD A. TOMALIA and DAVID M. HEDSTRAND 
Functional Polymers and Processes Research, The Dow Chemical Company, 
U.S.A., Midland, Michigan 48674 

(Received January 4, 1988) 

A lamellar liquid crystal was formed by octanoic acid and a starburst polyethyleneimine 
dendrimer of the third generation: 

N{CH~CHZN[CH~CH,NICHZCH~NH~,~,), 

The minimum acid content corresponded to an aciddendrimer molecular ratio of 
13, e.g. approximately one acid per amino group. Infrared spectroscopy showed the 
acid molecules ionized. The maximum number of acids was approximately 2.5 per 
amino group and now the infrared spectra showed approximately one half of the 
carboxylic groups to be ionized. 

INTRODUCTION 

A new class of macromolecules referred to as starburst dendrimers 
has recently been introduced by The Dow Chemical Company. 1,2,3 

They are interesting molecules from the colloid chemical perspective 
that they are viewed as “covalently fixed” microdomains very rem- 
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158 FRIBERG, et al. 

iniscent of spherical m i c e l l e ~ . ~ , ~  The present dendrimers are unimo- 
lecular assemblages consisting of concentric tiers (generations) of 
ethyleneimine (aziridine) segments symmetrically branched through 
their terminal nitrogens, thus introducing both multiplicity and seg- 
ment replication (tier to tier) in a geometrically progressive fashion. 
More recent work by Newkome etal.6a-c produced cascade molecules 
which are similar to the starburst dendrimers, however, differ by 
being more compact and lacking segment replication tier to tier. 

The synthesis route to these dendrimers involved exhaustive al- 
kylation of the respective amine terminated generations with N-mesyl 
aziridine, followed by acid hydrolysis to produce free, deprotected 
primary amine surface groups as shown in Figure 1. 

FIGURE 1 

It should be noted that for ideally branched starburst dendrimers in 
this series, the ratio of tertiary amines: primary amines for generations 
1-3 are: (1:3) (4:6) and (10:12), respectively. These ratios are quan- 
tized as a function of generation and allow one to establish precise 
stoichiometry with various reagents. This aspect as well as the den- 
drimer synthesis will be reported in greater detail elsewhere. 

With this communication we introduce the dendrimers into a new 
role; as the polar solvent in non-aqueous lyotropic liquid crystals. 
Such liquid crystals were first introduced by Winsor7who pointed out 
that some surfactants such as di-octyl sulfosuccinates (Aerosol OT) 
in native form exist as liquid crystals. However, his attempts to pre- 

GEN= 1 GEN = 2 GEN = 3 

FIGURE 1 Two-dimensional projections of starburst polyethyleneimines (Genera- 
tions l, 2 and 3). 
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NON-AQUEOUS LYOTROPIC LIQUID CRYSTALS 159 

pare lyotropic liquid crystals using polar solvents such as ethylene 
glycol, glycerol, etc. failed' and their introduction was delayed for 
more than 20 years. Moucharafiehs first showed in 1979 that lecithin 
could form lamellar liquid crystals with ethylene glycol. This publi- 
cation was followed by a series of articles using d i o l ~ , ~  oligomers of 
ethylene glycol,1o ethylnitrate," and glycerol.'* Attempts to use a 
polymer met with limited success, however, a polyethylene glycol of 
molecular weight 515 did lead to a lamellar structure13 in one instance. 

It seemed reasonable to assume that dendritic macromolecules of 
the type introduced by Tomalia1-5 should serve as a solvent for non- 
aqueous lyotropic liquid crystals and with this report we introduce a 
first example of such a structure. 

EXPERIMENTAL 

Materials 

The octanoic acid was Aldrich Gold Label (>99%) used without 
further purification. The dendrimers were synthesized according to 
Tomalia3 and the water was twice distilled. 

Detection of the Liquid Crystalline Phase 

The third generation dendrimer, Figure 1, and the acid were mixed 
in closed vials by repeated centrifugation through a narrow restriction 
in the center of the vial. The presence of a lamellar liquid crystal was 
detected by its optical microscopy pattern in polarized light, Figure 
2. The phase limit was determined by centrifugation of the mixture 
at approximately 5000 g for 30 minutes and the phase border cal- 
culated from the accounts of the two phases found. Small samples 
with different initial acid/dendrimer ratios were used to give a rea- 
sonable assurance of a correct phase border. 

lnterlayer Spacing 

The interlayer spacing was determined using a Kiessig camera with 
a Tennelec detector system. Path length was 50 cm and 0.7 mm 
capillaries with 0.01 mm walls were used. 

IR Spectra 

The spectra were obtained on a Perkin Elmer IR spectrometer 727B 
with a scan time of 8 min and a resolution of 3 cm-'. NaCl windows 
were used and the thickness of the sample was not determined. 
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FIGURE 2 The optical pattern is typical of a lamellar liquid crystal. 

RESULTS AND DISCUSSION 

The lamellar liquid crystal reached from 17.8 to 32.7 by weight of 
the dendrimer corresponding to acidldendrimer molecular ratios of 
30 to 13. The lowest molecular ratio is close to one acid molecule for 
each of the twelve primary amino groups of the dendrimer and the 
1R spectra, Figure 3, showed the antisymmetric stretching absorption 
1550 cm- ' from the ionized carboxylate group only. The absorption 
at 1715 cm-' from the acid carboxylic group was insignificant. 

For the high acid/polymer ratio the absorption at 1715 cm-' and 
1550 cm-l were of similar magnitude, Figure 2, and in addition the 
IR spectra a weak absorption at 1900 cm-' was found. The out-of- 
plane bending vibration of the acid dimers at 935 cm-1 was absent. 
The weak absorption at 1900 cm-' has earlier been observed14 in 
soap acid systems and is characteristic of a carboxylic acid hydrogen 
bonded to an ionized carboxylate. 

The small angle x-ray diffraction pattern gave interlayer distances 
according to Figure 4. The interlayer spacing was reduced with en- 
hanced amount of solvent, which is contrary to the usual variation. 

The results of this investigation deserve comments from two as- 
pects. At first, an explanation is needed of the fact that only the third 
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1 1 I 

2 000 1600 
FREQUENCY (cm") 

FIGURE 3 Infrared spectra at minimum polymer content (top part) showed the 
presence of carboxylic acids (1715 cm- l )  and ionized carboxylate groups (1550 cm- l ) .  

For maximum polymer (lower part) only the latter absorption was found. 

generation of the starburst polymers was found to serve as a solvent 
for a liquid crystalline phase. Secondly, the bonds between the car- 
boxylic groups and the two kinds of nitrogen-based polar groups of 
the polymer deserve evaluation. 

The answer to the first problem appears to reside in the confor- 
mation of the polymers. The second generation allows a rich variety 
of conformations, while third generation is restricted to a disc-shaped 
form with the terminal amino pairs of the polymer assuming opposite 
directions to the plane of the disc. The fourth generation, on the 
other hand, has but little variation of conformations; the overall shape 
is less of the disc but more of a sphere. 

Considering the conformation of the polymer we postulate a liquid 
crystal structure in which a monomolecular layer of the third gen- 
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162 FRIBERG, er al. 

G 3 / C80 0 H , weight ratio 

FIGURE 4 Interlayer spacing versus solvent weight ratio. G3 third generation star- 
burst polymer; C,OOH octanoic acid. 

eration polymer forms the solvent layer with the octanoic acid mol- 
ecules reaching in opposite directions from this layer, Figure 5 .  Such 
a structure is consistent with the optical patterns showing a lamellar 
structure and with the small angle x-ray diffraction data. 

The interlayer spacing values, Figure 3, cannot be extrapolated to 
zero solvent, because of their unusual variation with the solvent con- 
tent. lS, l6  Hence, the contribution from the solvent and amphiphiles 
must be estimated from the data at the concentration range at which 
they were measured. The values are in the range 31-33A and an 
average of 32A is used in the following discussion. 

The model for the third generation, Figure 5 ,  gives a thickness of 
approximately 8A for the disc, leaving 24A for the carboxylic acids. 
The length of an extended hydrocarbon chain may be estimated at 
1.5 -t 1.245 n, in which rz is the number of methylene groups.'? In 
the present case two hydrocarbon chains from the octanoic acid each 
add 10.2A leaving 3.6A to be covered by two layers of carboxylic 
groups. This value is low considering hydrogen bonded carboxylic 
groups or ionized ones, but a slightly low value is reasonable because 
the hydrocarbon chains are probably not fully extended. 

Hence, the small angle x-ray diffraction patterns are well within 
the realm covered by the model, but, of course, provide no proof of 
it. 

The IR spectra provide direct information about the bonds between 
the carboxylic acids and the nitrogen groups of the polymer. The 
spectra in Figure 3 show all the carboxylate groups to be ionized at 
the highest amount of polymer. The molecular ratio acid to polymer 
is at that point approximately 13. The model suggested for the struc- 
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NON-AQUEOUS LYOTROPIC LIQUID CRYSTALS 163 

FIGURE 5 
mine dendrimer (Gen. = 3.0) and twelve octanoic acid molecules. 

CPK model of proposed lamellar liquid crystal assembly of polyethylenei- 

ture proved 6 amino groups on each side of the disc-shaped polymer. 
The IR spectra are obviously in accord with an organization with 6 
carboxylic acids on each side of the disc. All of them are ionized by 
the amino groups. 

At the highest acid/polymer ratio about 30 acids were found per 
polymer with approximately one-half of them ionized. This result 
indicates the soap formation to be limited to the amino groups and 
the interaction between the imine and the carboxylate groups to be 
restricted to hydrogen bonding. 
The bonds for the carboxylic acids, which did not take part in the 

ammonium soap formation is less obvious. The polar part of the total 
interactions is reflected to some extent in the infrared spectra, which 
provide a basis for a preliminary choice between alternatives. Of these 
the existence of acid dimers may be ruled out; the out-of-plane OH 
bonding vibration absorbtion at 935 cm- ' was completely absent. 

The remaining bond sites are also hydrogen bonds; to the imine 
groups and the ionized carboxylate groups. The tell-tale sign of the 
latter an absorption at 1900 cm-1 is weak.14J8 The one found in the 
present case was extremely weak, Figure 3, and a conclusion of the 
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164 FRIBERG. el al. 

carboxylic acids forming hydrogen bonds both to the imine groups 
and to the ionized carboxylic groups seems reasonable. 

A detailed description of the structure at the highest acid/polymer 
ratio must be deferred to a time when more information is available. 
Suffice it to say that the area of the most extended conformation of 
the polymer approximates 325A; an area of the order of magnitude 
necessary to carry 15 acid molecules perpendicularly oriented. Such 
an arrangement, although possible in principle, does not provide an 
explanation for the variation of interlayer spacing in Figure 4 and the 
final description of this structure must await further experimental 
information. 

SUMMARY 

A starburst dendrimer of third generation served as solvent in a 
lamellar liquid crystal. The minimum acid/dendrimer molecular ratio 
to form the lamellar phase was twelve. In this configuration all the 
carboxylic acids formed ammonium carboxylates. At the minimum 
acid/dendrimer ratio approximately one half of the acid formed car- 
boxylate groups; the remaining acids were strongly hydrogen bonded 
to the carboxylate group. 
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