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Solid-State NMR Characterization of a Novel
Thiophene-Based Three Phenyl Ring Mesogen
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Figure 1. Chemical structure of TCPMAPTdB.
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and Polymer Laboratory, Central Leather Research Institute, (SLF) technique® that have been used to measure hetero-

Adyar, Chennai 600 020  nhuclear dipolar couplings require high radiofrequency (rf)
Recebed Aprl 14, 2005 power and therefore areh not useful to sltud)é temperlature}—
. _ _ , sensitive mesogens. In this paper, we utilized a very low r
Revised Manuscript Receed July 15, 2005 power 2D PIT%\NSEM,@“ (;:F))olgrization inversion t?/me-
Thermotropic liquid crystals are increasingly gaining averaged nutation spin exchange at the magic angle) experi-
importance as functional materidglsAmong the calamitic ~ ment not only to resolve aromatic resonances but also to
liquid crystals, thiophene-based mesogens have drawn thedetermine the orientational order of the mesogenic core and
attention due to their attractive applicaticnglncorporation the orientation of the thiophene ring with respect to the
of thiophene in the mesogen core increases the opticalmolecular axis.
anisotropy, decreases the melting point, promotes a negative The molecular structure of the mesogen is shown in Figure
dielectric anisotropy, and reduces viscosityThiophene 1 The mesogen was synthesized using a multistep procedure
materials are also well-known for their semiconducting 55 described for its lower (C12 alkoxy chain) homologue
propertie$™® and would be useful for polarized light ecently2s The nematogen #i(thien-3-ylcarboxy)phenyl]-
emission as backlight panel for liquid crystal display devices. methyleneaminpphenyl-4-tetradecyloxybenzoate (TCP-
Much of the literature pertaining to thiophene liquid crystals MAPTdB) consists of three 1,4-disubstituted phenyl rings
deals with 2,5-substitutiofr.® However, the introduction of jinked through ester and azomethine units. The terminal
a mesogen at the third position of the thiophene ring favors group is comprised of a C14 alkoxy chain. The compound
further structural manipulation to get dimers, oligomers, and exipjts an enantiotropic nematic phase as confirmed by the
polymers that may find interesting applicationsin this - gptical polarizing microscope and  differential scanning
study, we report a new thiophene-containing mesogen andeg|orimetry. Figure 2 shows the characteristics threaded
demonstrate its liquid crystalline property and molecular nematic texture at 251C while heating the sample. The
order using natural abundante solid-state NMR (1D and  megogen undergoes crystal to nematic phase transition at
2D) techniques. Solid-state NMR techniques have been used 41 3°C and clearing at 252.%C. The transitional enthalpies
for probing the dynamics, molecular packing, and orienta- f these phase changes are 4.58 and 0.21 kcal/mol, respec-
tional order for various classes of thermotropic liquid yely Though the incorporation of thiophene is known to
crystals:? 22 However, most of the 2D separated local field  reqyce the melting point of the mesogen, in the present case,
the high melting and clearing temperatures are attributed to
the presence of three phenyl rings, ester, and azomethine
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Figure 2. Photomicrograph of characteristic nematic phase of TCP-
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MAPTdB at 251°C while heating under optical polarizing microscope. 200 180 160 140

13C Chemical shift (ppm)

Figure 4. 2D PITANSEMA spectrum of TCPMAPTAB at 15TC. 71 =
10 us, 72 = 15 us, 128t; increments, 16 scans, @@ 3 srecycle delay
were used. An experimentally measured scaling factor of 0.6 was used.

region 142-170 ppm facilitates the identification of phenyl
and thiophene ring methine carbons. The enhancement of
resolution primarily arises due to the difference in the dipolar
coupling values of thiophene and phenyl ring carbons. The
PITANSEMA spectrum (Figure 4) show nine dipolar coupled
doublets for 10 methine carbons (C1, C3, C4 of thiophene;
C7, C8, C12, C13, C17, C18 of phenyl rings; and C10 of
the azomethine linking unit) present in the molecule. The
assignment of the thiophene versus the phenyl methine
carbons is simplified in the 2D spectrum as the former

250 | 200 | 150 10 8o o0 showed larger dipolar coupling values than the latter. The
13 . . o_ve_rlapp_ing of contours for C12 and C13 _carbons ?s due to

C Chemical shift (ppm) similar dipolar couplings values. The individual assignment
Figure 3. Static13C chemical shift spectra of TCPMAPTdB at 15G. of all the carbons in the mesogen was accomplished using

The spectrum was acquired using a Chemagnetics/Varian Infinity 400 MHz the 2D data considering the substituent effect, comparing
solid-state NMR spectrometer@a 5 mmtriple resonance MAS Chemag- . ' L ' .
netics probe. A 50 kHz rf field strength for CR.75 kHz decoupling of the SO|Ut_'0n NMR and StrUCtha;”Y S'm”ar mesogens (mainly
protons, 1 ms contact time for cross polarization, 512 scans, and a recyclephenyl ring carbons) reported in the literatdte'® The core
delay ¢ 3 s were used. The chemical shift assignment of ring A carbons fragment of the mesogen consist of 19 chemically different
was done by comparing with the nematic phase spectrum of 4-butoxy b d their chemical shift val listed i bl
benzoic acid (spectra given in Supporting Information). Since the phenyl Ca'j ons, an _t erc em|.ca shift values are listed in T'a €
rings undergo rapid reorientation along the para axis, the ortho carbons arel (in Supporting Information). The peaks from the terminal
chemically equivalent and also the meta carbons. alkoxy chain (C14) are seen in the region—m ppm, and
the peak at 25 ppm is very broad accounting for chemically
equivalent CH carbons. Since the ordering of the entire
mesogen is primarily dictated by the core unit, emphasis of
the present study is on the carbons of the core unit.

It is well-known that mesogens consisting of linking units
result in the noncollinearity of the molecular axis and para
axes of the phenyl rings. A tilt angle of-30° has been
typically used in defining the molecular frame of the
nematoger® To determine the molecular axis of TCP-
MAPTdB, the 2D PITANSEMA data obtained from 4-bu-
toxybenzoic acid, which shows nematic pha%$en(147.5
°C—Ty 161°C) at 150°C, was used. Due to the presence
of intermolecular hydrogen bonding, the alkoxy benzoic acids

linking groups. The phase stability (LEC) indicates that
the overall molecular polarizability is high when compared
to that of 2,5-disubstituted thiophene mesogéns.

A one-dimensional statit®C chemical shift spectrum of
TCPMAPTdB in nematic phase is shown in Figure 3. The
alignment of the molecule in the external magnetic field is
evident from the spectral resolution and chemical shift values
as well. The assignment of peaks from aromatic methine
carbons is difficult due to the overlap of phenyl and
thiophene carbon resonances in the region-14Z20 ppm
(Figure 3). The chemical shift region 17235 ppm repre-
sents the quaternary carbons of the thiophene, phenyl ring,

and also the ester and azomethine linking units. Although Lo TR .
are known to exist in dimeric form even in the mesophase.

the relative intensity of the peaks could provide information L .
In such systems, coincidence of the molecular axis and para

about the protonated and nonprotonated carbons, the precis%XiS is nossible. By considering the dipolar counling values
assignment of all the signals is not straightforward. To b - BY 9 P ping

overcome this difficulty, we used a recently developed 2D .?.E‘;&X?%b; niic\)/:/(;:(;gsfjsnii dst%gﬁ:én?nglgg[]ﬁ?t:;l ?ICI(;
PITANSEMA technique that provides the correlation of the '

chemical shift and €H dipolar coupling values. Figure 4 26) (@) Bayle, 3. P F B. MLig, Cryst, 1993 15, 87. (b) Court

a) Bayle, J. P.; Fung, B. M.ig. Cryst. , 87. ourtieu,
shows the 2D PITA_NSEMA spectrum of TCPMA_PTL?IB at J.; Bayle, J.; P.; Fung, B. MProg. Nucl. Magn. Reson. Spectrosc.
150°C. The dramatic improvement of the resolution in the 1994 26, 141.
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(Figure 1) of TCPMAPTdB makes & @ilt with respect to of the C—H vectors of the thiophene ring with respect to
the para axes of the phenyl rings. The examination-eHC the magnetic field were determined. The values are°38.7
dipolar coupling values of TCPMAPTdB further provides 38.7, and 33.23 for the G—H, C;—H, and G—H bonds,
information about the molecular geometry. In contrast to the respectively. These values denote that the thiophene ring is
phenyl ring C-H dipolar couplings, the thiophene ring tilted away from the molecular axis while the para axes of
methine carbons showed higher values (Figure 4; the valuesthe phenyl rings are closer to the molecular axis. A
are given in Table 1 in the Supporting Information). These comparison of the experimental results obtained from
results suggest that the thiophene ring is not on the molecular3-substituted thiophene-based mesogens containing two (data
axis, which can be attributed to the linkage to rest of the not shown) and three phenyl rings suggests that the thiophene
core unit at the third position. ring orientation is similar in both types of molecules, which

In view of the uniaxial nature of the nematic phase and may be essential for its functional property. This atomistic
by assuming the cylindrical symmetry of TCPMAPTAdB, the level geometrical information is otherwise very difficult to
orientational ordering was calculated using the measuredobtain in the mesophase. Therefore, we believe that the
C—H dipolar coupling values of phenyl rings and azomethine experimental approach employed in this study will be highly
carbons in the equationD = —S(hycyn/47?r3cy)(3 cos?0 valuable to study other thermotropic (including nonlinear)
— 1)/2; whereD is the measured €H dipolar coupling, liquid crystals such as banana, metallo-mesogens, and
rcw is the internuclear distance (assumed to be 1.1 A in this columnar mesogens. It should be noted that the uséCof
study), andd is the angle between the-® vector and the  chemical shift anisotropic tensé?$7-28and the influence of

magnetic field minus the °6tilt angle (i.e., 126-126° for dynamics could be fruitful in determining the geometry of
the aromatic € H and 114-116 for the azomethine €H). liquid crystals at nanoscopic level resolution.

The order parameters were determined to be 0.52 af@50 .

and 0.47 at 180C for the ring A, 0.50 at 150C and 0.47 Acknowledgment. This work was supported by research
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experimental errors (given in the Supporting Information),  sypporting Information Available: Table 1 showing experi-
in the order parameters of three pheny rings may be due tomentally measuretC chemical shift andH—3C dipolar coupling
the difference in their substituer®.On the other hand, values of TCPMAPTAB; molecular structur8C chemical shift
higher order parameters were found for the azomethine spectrum, and 2D PITANSEMA spectrum of 4-butoxy benzoic acid.
linking unit: 0.64 and 0.60 at 150 and 180, respectively. This material is available free of charge via the Internet at
These values are consistent with the nematic phase exhibitedttp:/pubs.acs.org.

by the calamitic compound$.The decrease in the order cmos0795E

parameter values with the increasing temperature is very low
as the measurement temperatures were not closer to thd27) Wei, Y,; Lee, D. K.; Ramamoorthy, A. Am. Chem. So@001, 123
clearing temperature (252°€). Using the order parameter 28) %%rln%f;l%%on’ A.; Mao, Y.; Ramamoorthy, A. Am. Chem. Soc.
of the ring C to which thiophene ring is linked, the orientation 2004 126, 8529-8534.




