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The chiroptical properties of a new liquid crystalline polymer, trityl pentyl
cellulose (TPeC), are discussed. This polymer forms lyotropic liquid-crystalline
phases in tetrahydrofuran and chloroform. The cholesteric twist sense is right
handed in both solvents. The dilute solution optical activity of the phenyl chromo-
phores, measured by circular dichroism (CD), showed no evidence of the exciton
splitting expected for a helical arrangement of chromophores. The sign and
magnitude of the CD signals were found to change considerably upon mesophase
formation.

1. Introduction
Due to their intrinsic chirality and chain stiffness, cellulose and many of its
derivatives form cholesteric liquid-crystalline phases in concentrated solution [1]. The
chiroptical properties of these materials has generated some interest. Most of the

‘work to date has involved attempts to elucidate the factors influencing the sign and

position of the cholesteric reflection band [2]. Very little work has been done on the
effect of mesophase formation on the optical activity due to the electronic transitions
intrinsic to the chiral cellulose backbone. The cellulose backbone does not contain
suitable chromophores with optically active transitions that can be observed in an
easily accessible region of the spectrum. Studies on the optical activity of chromo-
phoric groups attached to the cellulose backbone [3] have been carried out in an
attempt to obtain information concerning the conformation of these cellulose deri-
vatives in dilute solution. In one example, Stipanovic and Stevens [4] measured the
vacuum ultraviolet circular dichroism spectrum (CD) of cellulose acetates and from
their results proposed a ‘pseudo helical’ conformation for these macromolecules in
solution. More recently, Ritcey and Gray [5] studied the CD spectra for Congo red
bound to methy] cellulose and cellulose oligomers and obtained evidence for a helical
conformation for these systems in aqueous solution. These two groups utilized the
exciton chirality theory introduced by Moffit to determine a helical contribution to
the observed optical activity [6]. This theory predicts that, for polymers with a helical
conformation, the coupling of strong monomer transitions can lead to the splitting of
the CD band into two components which are symmetrically disposed at higher and
lower frequencies about the monomer transition frequency.

Recently, we have shown by CD that tritylated cellulose derivatives display
interesting chiroptical activity in dilute solution [7]. The optical activity results from
the preferential absorption of one component of circularly polarized light by the
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aromatic chromophores attached to the cellulose mainchain. These systems also form
liquid-crystalline phases in several organic solvents and exhibit cholesteric reflection
bands at specific polymer concentrations. It is therefore possible to study the effect of
mesophase formation on the chiroptical properties of the aromatic absorption bands.
It has been already been shown for the polybenzyl glutamates (PBLG) [8, 9] that the
benzyl chromophores show apparent CD bands which result from the ordering of the
chromophores in the cholesteric state. The optical activity is lost at polymer concen-
trations below the critical concentration for mesophase formation [9]. The absence of
dilute solution optical activity from the PBLG phenyl chromophores can be explained
on the basis that the chromophores are free to assume many orientations relative to
the nearest chiral centre as the result of rotations about the bonds joining the aromatic
group to the chiral mainchain. The structural flexibility results in a weakening of the
aromatic optical activity to the point where it is no longer measurable [10]. For
tritylated cellulose derivatives, the aromatic chromophores on the bulky trityl moiety
experience less conformational mobility due to steric interactions with the cellulose
backbone and hence show observable optical activity in dilute solution [7].

In this paper, we report the chiroptical properties of a new polymer, 6-O-(triphenyl-
methyl)-2,3-O-pentyl cellulose, in which a trityl (triphenylmethyl) moiety has been
specifically attached to the hydroxyl group on the six position of the cellulose
anhydroglucose units. This polymer shows phenyl group chiroptical properties and
also forms a liquid-crystalline phase that exhibits a cholesteric reflection band at
specific polymer concentrations.

2. Experimental
2.1. Materials

6-O-(Triphenylmethyl)-2,3-O-pentyl cellulose (TPeC) was prepared from trityl
cellulose according to the procedure of Isogai et al. [11]. To a three neck round bottom
flask containing 300 ml of dry DMSO was added 10 g of trityl cellulose (degree of
substitution (DS) for the trityl group = 1:06) [12]. The trityl cellulose was stirred for
several hours to ensure complete dissolution. The solution was degassed for 30 min.
prior to the addition of 10 g of powdered sodium hydroxide (prepared with a mortar
and pestle). The solution was stirred for 1 hour following which 100 g of iodopentane
was added dropwise over a period of 2 hours. The mixture was stirred for approxi-
mately 24 hours at 50°C and then quenched in methanol. The precipitated product
was filtered and dried. Purification was accomplished by reprecipitating the product
from THF into methanol and water. The final product yield was 11:2g (96 per
cent).

R = H or n-Pentyl
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2.2. Characterization

The 'H NMR spectrum for TPeC was measured with a Varian XL 300 spectrometer
at a frequency of 300 MHz. The spectrum was recorded in chloroform-d, with
tetramethyl silane as the internal reference. A DS of 0-87 was obtained for the pentyl
group by comparison of the integrated intensities of the pentyl and cellulose proton
signals. This gives a total DS of 1-93 for the polymer.

The infrared spectrum for TPeC was recorded with an Analect AQS-18 FTIR
spectrometer. The spectrum showed a small hydroxyl stretching band at 3500cm ™"
indicating that complete substitution of the cellulose backbone had not occurred and
thus supporting the NMR result.

The weight-average molar mass, Mw, of TPeC was measured in THF with a
Chromatix KMX 6 low-angle laser light scattering photometer. Measurement of the
Rayleigh factor for each solution was made at a scattering angle of 6-7°. The value
of the specific refractive index increment, dn/dc, for TPeC in THF measured with a
Brice-Phoenix differential refractometer was 0-167, giving a value of 190000 for Mw.

2.2. Solution properties

Liquid-crystalline solutions of TPeC were prepared by adding approximately
0-15g of the polymer and an excess amount. of solvent into small glass vials. The
isotropic solutions were partially sealed and the solvent allowed to evaporate slowly
until the desired concentration had been reached. This process took approximately
1 week.

CD spectra of liquid-crystalline phases were recorded with a Jasco J-500 spectro-
polarimeter equipped with a Mettler hotstage; samples were prepared as thin layers
(~0-1mm thickness) between quartz plates. Reflectivity spectra were recorded with
a Pye Unicam SP8-150 UV/Vis spectrophotometer which was also equipped with a
Mettler hotstage. The samples for reflectivity measurements were prepared as thin
layers between glass plates that had been tightly sealed with epoxy. The temperature
dependence measurements were obtained by heating the samples at a rate of 1°C/min
and allowing the samples to equilibrate for several minutes prior to each reading.

The dilute solution measurements were made by dissolving TPeC in spectrograde
chloroform or tetrahydrofuran and measuring spectra in 1-0cm or 0-1 cm quartz cells
at ambient temperature.

3. Results and discussion
3.1. Chiroptical effects due to cholesteric reflection band

Concentrated solutions of TPeC dissolved in chloroform were observed as thin
layers under a polarizing microscope. This system, above a critical concentration of
approximately 29 mass per cent polymer, was observed to display the anisotropy and
microscopic textures that are characteristic of a liquid-crystalline phase. Iridescent
colours were observed when the polymer concentration was greater than 36 mass per
cent in chloroform. TPeC also showed liquid-crystalline textures and iridescent
colours when dissolved in THF. Trityl cellulose itself has not been found to produce
a lyotropic phase. This polymer has limited solubility and tends to form gels when
concentrated in polar solvents. It appears that partial substitution of trityl cellulose
at the 2 and 3 positions may disrupt intermolecular hydrogen bonding by the hydroxyl
groups, preventing gelation and allowing liquid-crystalline phases to form in several
solvents.
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Figure 1. The CD spectrum for TPeC in chloroform at a concentration of 37 mass per cent
polymer.

Cholesteric liquid-crystalline solutions may reflect either left or right handed
circularly polarized light. This results in an apparent CD peak at the wavelength of
the selective reflection. The CD spectrum of TPeC at a concentration of 37 mass per
cent polymer in chloroform is shown in figure 1. It is apparent that there are two
signals present in this spectrum. A large signal exhibiting negative ellipticity is located
at a wavelength of 661 nm. This signal is due to the cholesteric reflection and indicates
that the liquid-crystalline solution reflects right handed circularly polarized light and
has a right handed twist sense. A second signal with positive ellipticity appears in the
ultraviolet region of figure 1. This signal lies below 280 nm and may represent the
preferential absorption of left handed circularly polarized light by the phenyl chromo-
phores of the trityl group. The chiroptical properties of the phenyl chromophores will
be discussed below.

According to the theory proposed by deVries [13], the pitch, P, of the supramol-
ecular helicoidal structure can be related to the reflection wavelength, 4;, by the
average refractive index of the mesophase, 7, according to the relationship,

A = RP.
If the average refractive index of the mesophase is known, it is possible to calculate
the pitch of the cholesteric structure if the reflection wavelength is known. For the
system TPeC/chloroform, difficulties in accurately measuring 72 were encountered as
a result of the volatility of the solvent, and only the values for the reflection wave-
length are quoted.

Figure 2 shows the apparent absorption peaks due to the cholesteric reflection for
TPeC in chloroform at a concentration of 38 mass per cent polymer at several
different temperatures. At 6°C the reflection band is located at 500 nm and moves to
longer wavelengths as the temperature is increased. At 30°C the reflection band has
moved almost 200 nm towards the red. The change in the reflection wavelength with
temperature is almost linear and quite reversible (figure 3).

The reflection wavelength for TPeC in chloroform changes only slightly with
concentration. As the polymer concentration was increased from 36 to 47 mass per
cent the reflection wavelength decreased by less than 100nm. In fact, all of the
solutions in this concentration range exhibited red iridescence at room temperature.
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Figure 2. The apparent absorption peak for TPeC in chloroform (38 mass per cent polymer)
as a function of temperature (from left to right; 6, 12, 18, 24 and 30°C).
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Figure 3. The change in reflection wavelength with temperature for 38 mass per cent TPeC
in chloroform (open squares, heating; solid squares, cooling).

3.2. Chiroptical effects due to (triphenylmethyl) chromophores

Tritylated cellulose derivatives show observable optical activity from the phenyl
chromophores attached to the cellulose backbone. In order to determine whether any
correlation exists between the dilute solution optical activity and the optical proper-
ties of the liquid-crystalline phase, dihrte solution optical measurements were per-
formed in chloroform and THF.

The absorption spectrum for TPeC in chloroform, at a concentration of 4-1 x
10~* g/ml, is shown in figure 4. The 'L, transition for the phenyl chromophore is
centred at a wavelength of about 260-4 nm. The vibrational fine structure for this
transition is also evident, although poorly resolved. Part of the 'L, transition, which
appears at shorter wavelengths, is also visible. The CD spectrum for TPeC at a
concentration of 8:1 x 107* g/ml is also shown in figure 4. The 'L, transition appears
centred at 261-7 nm and shows negative ellipticity. The 'L, transition appears to show
positive ellipticity at wavelengths just below the 'L, transition. The general shape of
the 'L, band observed in the CD spectrum appears to be very similar to that of the
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Figure 4. The absorption and CD spectra for dilute solutions of TPeC in chloroform. The
sample concentrations were 4-1 x 107* and 81 x 107 g/ml respectively.

absorption band, although the absorption band appears to show more fine structure,
and the CD band shows a 1:3 nm red shift.

These CD results resemble those for the polymer trityl-benzyl cellulose (TBzC) [7].
The dilute solution CD spectra for TBzC and TPeC are almost identical in shape,
indicating that the benzyl substituents on the 2 and 3 positions of the anhydroglucose
units of TBzC have little influence on the observed optical activity. This was
confirmed by measuring the CD spectrum of 6-O-acetyl-2,3-di-O-benzyl cellulose
(AcBzC), in which the optical activity from the remaining pheny! substituents was
very weak [14].

It is apparent from figure 4 that there is no noticeable splitting of the 'L, transition
in the CD spectrum. The lack of exciton splitting is likely due to the fact that the 'L,
transition is an electronic-dipole-forbidden transition which is too weak to give rise
to exciton interactions. Therefore, the observed optical activity is simply the result of
the dissymmetry of the phenyl chromophores attached to the chiral cellulose back-
bone. Figure 5 shows the CD spectrum for TPeC in THF at a concentration of
3-1 x 107* g/ml, measured in a 0-1 cm quartz cell. Under these conditions the weak
'L, transition is no longer visible and the 'L, transition shows positive ellipticity with
a maximum at 228 nm. There is no evidence that this transition is split into an exciton
form. Limitations in solvent and polymer solubility prevented measurement of the
fully allowed 'B,, transition, that occurs at shorter wavelengths.

The CD spectrum for the dissymmetric model compound (S,S)-(-)-3- phenyl -2-
phenylsulphonyloxazirine, studied by Forni and co-workers [15], showed exciton
splittings for the phenyl 'L, and 'B, , transitions but no splitting of the 'L, transition.
This indicates that interactions between 'L, transitions on adjacent phenyl groups can
give rise to exciton coupling if the chromophores are in a suitable geometry. If the
phenyl chromophores on TPeC are arranged in a dissymmetric helical array along the
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Figure 5. The CD spectra for TPeC in THF at a concentration of 3-1 x 107* g/mlina 0-1cm
quartz cell.

cellulose backbone, splitting of the 'L, transition may be expected to occur. The
absence of such splitting indicates that the polymer may be in a non-helical confor-
mation. Alternatively, the TPeCl backbone may be in an extended helical confor-
mation analogous to that proposed for cellulose [16, 17]. In such a conformation, the
helix pitch may be too long, or the orientation of the phenyl groups too disordered
to allow for exciton coupling.

The forbiddenness of the 'L, transition does have one distinct advantage, in that
it has a very low extinction coefficient which allows the transition to be measurable
when the chromophore is in high concentration. Figure 6 shows the CD spectrum for
the 'L, transition for the liquid-crystalline phase of TPeC in chloroform. In this
diagram the CD spectrum for both the dilute solution and the mesophase are shown.
The apparent CD spectrum obtained from the mesophase now shows the 'L, tran-
sition with positive ellipticity as a shoulder on the more intense 'L, transition. There
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Figure 6. The CD spectra for TPeC in chloroform in the liquid-crystalline state and in dilute
solution. The mesophase at 37 mass per cent polymer is shown as the upper curve (scale
to the right).
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is also a large change in the observed ellipticity for the 'L, transition upon mesophase
formation. In the dilute solution spectrum the ellipticity maximum for the 'L, tran-
sition was very small and negative. However, upon mesophase formation the ellipticity
increased dramatically by several hundred millidegrees. The 'L, transition maximum
was shifted slightly to the red by approximately 1-2nm with respect to the dilute
solution spectrum. The changes in sign and magnitude of the CD band may reflect the
ordering of the aromatic chromophores into a three dimensional array in the meso-
phase analogous to the ordering of the phenyl groups in polybenzyl glutamate liquid
crystals [8]. Saeva and co-workers have examined the circular dichroism of cholesteric
mesophases containing achiral aromatic solutes [18, 19]. These studies have shown
that the intensity of the optical activity induced by the cholesteric helicoidal structure
depends on its pitch, temperature, cholesteric matrix properties, wavelength and
texture. The sign of the induced optical activity was found to depend on the position
of the pitchband relative to the absorption band of the solute, the cholesteric twist
sense and the cholesteric matrix properties. It should be noted that the unusual
changes in the band sign and magnitude may also represent artifacts produced by the
coupling of an anisotropic medium with the imperfect optics and electronics inherent
in CD spectrometers {20, 21]. These problems are associated with the measurement
of circular dichroism in a medium which is also circularly and linearly birefringent
and linearly dichroic. Experimentally, it was observed that the rotation of the
TPeC/chloroform mesophase by 90° orthogonal to the incident beam in the CD
spectrometer had little or no effect on the magnitude, sign or shape of the apparent
CD signal. Unfortunately, a simple rotation by 90° does not change the sign of the
circular birefringence, which also contributes to the apparent circular dichroism.
The temperature dependence for the apparent ellipticity of the 'L, transition at a
wavelength of 263 nm is shown in figure 7 for TPeC in chloroform at a concentration
of 36 mass per cent polymer. As the temperature of the mesophase is increased the
ellipticity decreases and the pitch band also moves to longer wavelength. Similar
behaviour was observed for the optical activity originating from the phenyl chromo-
phores in polybenzyl glutamate liquid crystal {8] and for pyrene dissolved in a
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Figure 7. The temperature dependence for the ellipticity maximum at 263 nm for TPeC in
chloroform at a concentration of 36 mass per cent polymer. The solid line indicates the
trend of the data.
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cholesteric mesophase of 70:30 (wt %) cholesteryl nonanoate-cholesteryl chloride
[18]. These results can be interpreted on the basis of reduction in the degree of order
in the liquid crystalline state as the result of an increase in the temperature of the
mesophase [18].

We thank the Natural Sciences and Engineering Research Council of Canada for
support. B.R.H. thanks the Pulp and Paper Research Institute of Canada for a
postgraduate scholarship.
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