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The Effect on Mesomorphic Properties
of Substituting a Sulfur for the Ether
Oxygen Atom in the Ester Linkage of
4-Alkylphenyl-4'-Alkyl or
Alkoxybenzoates t
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Liquid Crystal Institute, Kent State University, Kent, Ohio 44242

and

ARUN EKACHAI§

Liquid Crystal Institute and Department of Physics

(Received October 24, 1980)

A variety of homologs of 4-alkylbenzenethio-4™-alkyl or alkoxybenzoates in which the 4’-alkoxy
group is C;-Ciq, the 4"-alkyl group is C;-Cyz and the 4-alkyl group is Cs-Cs or Cyo were prepared
and their mesomorphic properties studied by microscopy, DSC and X-ray diffraction. A compar-
ison is made of the mesomorphic properties in the thio- and oxy-esters and the effect on meso-
morphic properties of replacing the ether oxygen atom in the ester linkage with a sulfur atom. The
types of smectic phases observed are discussed; two apparently new biaxial smectic phases were
found in the alkoxy-alkyl series. Relationships between mesomorphic and thermodynamic prop-
erties with molecular structure are discussed.

INTRODUCTION

We first became interested in studying the mesomorphic properties of the
thioesters 1

T Presented in part at the Ninth Northeast Regional American Chemical Society Meeting, Syra-
cuse, New York, 1979 and at the 8th International Liquid Crystal Conference, Kyoto, Japan,
1980, abst. No. E4.

I Present address: Carlon, An Indian Head Company, Aurora, Ohio.

§ Present address: Department of Physics, Prince of Songkla University, Haad Yai, Thailand.
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when carlier work by Reynolds, et al.! indicated that several of these com-
pounds showed types of mesophase transitions which would be useful in
Johnson's phase transition studies of mixtures.>* Their enhanced stability
over that for the anils made them attractive for physical studies as well. How-
ever, we were also interested in the effect on mesomorphic properties of substi-
tuting the ether oxygen atom in the central linkage of the oxy-esters 2 with a
sulfur atom. Preliminary data suggested that this structural change favored
the formation of smectic phases. This was of interest to us in our continuing
studies of the relationship between smectic properties and molecular struc-
ture.*’ Thus, we prepared a variety of homologs of these thioesters in which X
is a C;—C,4 alkoxy or C7-Cy2 alkyl group and ¥ = Cs-Cs or Cyp alkyl group.

Various thioesters of this type have been reported"*™® but the goal in these
studies was to design new nematic mesogens for use in electronic display de-
vices. Consequently, most of the compounds studied contained shorter alkyl
chains which do not favor formation of smectic phases.

Reynolds developed an abbreviated nomenclature for these thioesters in
which the number of carbon atoms in X is given first followed by S indicating a
thioester (i.e. Z = §) and then the number of carbon atoms in Y with the
structure written as in 1. A line drawn over one of these numbers indicates that
the alkyl chain is attached to an oxygen atom. Thus, when X = C3H ;0 and
Y = CsH,y, the designation is 855 and when X = CsH s, it is 8S5.

SYNTHESIS

Most of these thioesters were prepared by esterification of the benzoyl chlo-
ride 3 with the 4-alkylbenzenethiol 4 using triethylamine as the base in CHCl,
(scheme 1). Crude yields ranged from 90-100%. Purification was usually by
recrystallization from absolute ethanol although with longer chain homologs,
ethyl acetate or chloroform had to be added to keep the thioesters in solution
during filtrations to remove insoluble impurities. DSC proved to be the most
useful method for detecting impurities.

O E'3N
X + HS Y
cl CHQC Iy —-@—
3 4
SCHEME 1
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KOH
RBr + HO—@—COZCH:, — RO—@—COzCH3
DMF -benzene

{

Ro—@—com (—Pc'f’— ao-@—cozu
n-@ + (coc)), A, —@-—c

SCHEME 2

The benzoy! chlorides were prepared by the reactions shown in scheme 2
and discussed extensively in Refs. 9 and 10. In the preparation of 4-alkoxyben-
zoic acids (Ref. 9), we sometimes had to eliminate the basic extraction in the
isolation of the methyl ester of the longer chain homologs because of the diffi-
culty with emulsions and also, the ether extraction in the hydrolysis step be-
cause of the low solubility of these homologs in ether. Yields of 4-alkylbenzoyl
chlorides were found to be lower on days when the humidity was high empha-
sizing that care must be used in the synthesis of these compounds to use anhy-
drous conditions. 4-Alkoxybenzoic acids through C o (Frinton Laboratories)
and 4-alkylbenzoyl chlorides (C,, Cs-Cs, Cio, Eastman Kodak Co.) are now
commercially available. 4-Alkylbenzenethiols were prepared according to
scheme 3 and as detailed in Ref. 11. Care should be taken in handling these
thiols to avoid skin contact since they cause skin irritation in some people.

Since the benzoyl chlorides with alkyl chain lengths >C;o were difficult to
purify, we decided to try a modified carbodiimide reaction'*'? (scheme 4)
which converts the benzoic acid in situ to the reactive intermediate § which
then reacts with the thiol in the presence of a base to give the thioester in crude

R—@ "2l [-@-s%ﬂ = R-@—so;; K*

POCI,

el )sn iz < )-sog

SCHEME 3
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N

-<: >—co;u+ e R —— x-< >_c02 N7
=7 NDCC K«N

HS—@—Y
-O_( _©_ MNHCNHN

DCU 6
SCHEME 4

yields of ~80% and N, N'-dicyclohexylurea 6 as a by-product. Typical exam-
ples of experimental procedures for both methods for preparing the thioesters
are given in the experimental section.

MESOMORPHIC PROPERTIES

Transition temperatures (obtained from microscopy studies) for the atkoxy-
alkyl thioesters prepared are given in Table I. Values for the dialkyl series are
presented in Table II.

A comparison of the melting temperatures for the thioesters 1 (X = RO,
Y = Cs) with those for the corresponding oxy-esters 2 presented in Table IIT
shows similar melting temperatures for both series. However, a comparison of
the clearing temperatures (Table IV) shows that the thioesters have values of
~20° higher than those for the oxy-esters. This gives a wider temperature
range over which enantiotropic mesophases can occur.

The effect of replacing the oxygen atom with a sulfur atom in the oxy-esters
2 has on the type of mesophases observed is shown in Table V. When X is an
alkoxy group in the oxy-esters only smectic A and nematic phases are ob-
served whereas in the thioesters a wide variety of smectic phases in various
combinations occur in addition to the nematic phase. When X is an alkyl
group, the oxy-esters show either short range nematic phases or no mesomor-
phic properties at all while the thioesters show nematic, smectics 4 and B
phases.

A comparison of the structural features for these esters (Table VI) provides
a possible explanation for this difference. Although the C—S—C bond angle
is smaller than the C—O—C angle, the carbon-sulfur bond is longer than the
carbon-oxygen bond. This gives the overall effect of increasing the planarity
of the molecules which increases the lateral forces and favors formation of



Downloaded by [Tomsk State University of Control Systems and Radio] at 02:53 23 February 2013

SULFUR CONTAINING LIQUID CRYSTALS 47

smectic phases. The larger dipole moment observed for dipheny! sulfide than
that for diphenyl ether, a relationship expected also in the esters, would favor
formation of smectic phases. The smaller electronegativity for the sulfur atom
compared to that for the oxygen atom would increase the resonance in these
thioesters in the following manner:

X@“{ OY - X@‘éigy

The effect of this increased resonance is observed in the shift of the carbonyl
group in the infrared spectrum to a longer wavelength for the thioesters and
would also favor the formation of smectic phases.

A plot of the transition temperatures as a function of alkyl chain length for a
series of thioesters in which the alkyl group is kept constant (Cs) while the
alkoxy group is varied (Figure 1) shows a typical odd-even alternating curve
for nematic-to-isotropic transitions with the nematic phase decreasing in
length until it disappears at R = C,,. Below the nematic phase occurs a smec-
tic A phase with increasing phase length as the nematic phase length decreases.
It is obvious that the smectic 4 phase will appear in homologs with longer than
C+alkoxy groups but will decrease in length with the increasing phase length
of the smectic B phase introduced at R = C;;. When R < C,3, a smectic C
phase, either monotropic or enantiotropic, occurs below the smectic 4 phase.
A monotropic biaxial phase, designated smectic ¥, which shows a mosaic tex-
ture and a non-centered biaxial cross in microscopy studies and a smectic B
type structure by powdered X-ray diffraction studies'® occurs below the smec-
tic A phase when R < C,,. This phase is replaced by a uniaxial smectic B plus
smectic X T combination at longer alkyl chain lengths. This smectic X phase is
also a biaxial, smectic B type phase but shows both fan and mosaic textures
and a centered biaxial cross. The smectic B to smectic X transition appears to
be second order as shown by the subtle, continuous changes observed in the
microscopic texture, X-ray diffraction studies and the small thermal heat
change observed by DSC. Johnson has confirmed this second order nature by
calorimetric studies. '

A similar plot for a series in which the alkoxy group is kept constant (Cs)
while the alkyl group is varied (Figure 2) shows the weaker effect that chang-
ing the length of the alkyl group on the thiol end of the molecule has on the

T The structure of the smectic X phase has been discussed by A. de Vries at the International
Conference on Liquid Crystals at Bangalore, India, 1979 and the 8th International Liquid Crystal
Conference in Kyoto, Japan, 1980. We have retained his designation for this phase to avoid con-
fusion. See reference 18a for more details.
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TABLE 1I
0
Transition temperatures (°C) for R-@——<
R R c! Ss S N Is
Cs Cs 26.7 - - (44.3-44.5) 47.1-47.5
Cs Cs 26.2 - —_ 39.4-40.9 49.0-49.5
Cs Cy 10.8 (29.2-29.7) (34.1) 38.1-39.4 55.6-55.7
Cs Cio 219 (38.9-39.0) (43.4) 47.7-48.4 53.9
Cs Cn 29.6 50.9 — 55.3-55.5 56.5~56.6
Cs C; 13.6° - — 35.8-36.5 50.3
Cs Cs 248 — — 45.4-459 46.9
Cs Co 11.6 (38.3-38.7) 38.7-39.1 40.6-40.8 52.6-52.8
Cs Cio 339 (45.0-45.2) (46.3-46.4) 48.6-49.4 511
(o} Cq 222 — —_ 39.0-39.4 56.0-56.1
C, Cs 21.0 (26.1-26.2) — 41.2-43.2 52.8-52.9
C, Cy 7.8 (43.3-43.4) 45,0-45.5* 45.5 58.0-58.1
C, Cio 16.8 (41.1-41.5) 49.5-49.7 51.1-51.2 55.8-55.9
C Cn 31.2 53.1-53.3 — — 60.5-60.8
Cs (o) 226 - — 32.2-33.7 53.3
23.5 38.7-39.4

Cs Cs 216 37.9-38.8 48.3-48.6 49.3 56.4-56.5
Cs Crw 318 50.9-51.5 - 53.6-53.8 54.8-55.0
Cio Co 20.7 46.3-47.0 — 56.2-56.3 58.3-58.4
Cio Cio 359 52.0-52.3 — - 59.4-59.6
Cio Cp; 45.0 64.2-64.6 — — 67.4-67.5

!'C = crystallization temperature at a cooling rate of 2°/min.

() indicates a monotropic transition.

* A crystal-to-crystal transition occurs at 32.4-35°,

“This is actually a C — S . transition.

*Several crystal forms and two melting points were observed:

- 38.7-39.4 N 26 c 19.8 G

23.5°
322-33.7°

types of mesophases observed than the effect of changing the length of the al-
koxy group on the acid portion. In this series, all the homologs studied exhi-
bited a nematic, smectic 4 and smectic C combination with a monotropic bi-
axial smectic B type phase occurring below the smectic C phase. Again the
smectic Y phase occurs at a shorter alkyl chain length and a smectic B plus
smectic X combination or only a smectic B phase at longer chain lengths. We
have also observed this difference in the effect of the two terminal chains on
the types of mesophases observed in the oxy-esters.’ We feel it is due to the fact



Downloaded by [Tomsk State University of Control Systems and Radio] at 02:53 23 February 2013

SULFUR CONTAINING LIQUID CRYSTALS

TABLE 111
0O
Tcm (°C) values for X
OCS
VA
X o* S
C,0 42 36.9
CsO 56 58.6

G0 61 62.6
C10 55 60.9

*Data from Ref. 14,

TABLE IV

0
T (°C) values for x~©—<
OCS

Z

¥4
X o* S

C.0 61 82.9
CsO 66 86.9
C,0 66 84.6
C10 69 85.6

*Data from Ref. 14.

TABLE V

(0]
Types of mesophases for X‘©—<
O Cs

z

zZ=S
zZ=0" X phases

X =C-Cyo0 C,0 (Sc)+ N

S«+N Cs-C1iO (SY°+(Sc) + S4+N
C1,0 (Sx)+(Ss) + (S + Sa
CiO (Sx) +(Ss) + Sa

X=c Cs,Cro (Se) + (S +N

N Cu Ss+ N

®Data from Ref. 14.
®( ) indicates monotropic phase.
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FIGURE 1 Transition temperatures versus the number of carbon atoms in the alkoxy chain for

O
RO

S
TABLE VI
Comparison of structures
Effect on
Property (¢} A lateral forces
c—z—-C* 110° 104° decreases
angle
c-z* 143 A 1.81 A increases
bond
Dipole Moment®  0.99-1.36D 1.46-1.69 increases
(CeHs)2Z
Electronegativity® 35 2.4 increases
IR C=0 1724 cm 1670 cm
*Data from Ref. 15, °Data from Ref. 17.
®Data from Ref. 16. 4Data from Ref. 5.
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FIGURE 2 Transition temperature versus the number of carbon atoms in the alkyl chain for
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that the alkoxy group can contribute to the resonance stability of the ring sys-
tem in this manner:

C ‘Q—<O + O_
o) — 0
/ g s—ir

This would influence the lateral forces between the molecules making the sys-
tem more sensitive to changes in the alkoxy than in the alkyl group.
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The effect of both substituents on the types of mesophases observed can be
seen in a block diagram (Figure 3) of the type used by Goodby and Gray.”
Since all the thioesters needed to fill in such a block diagram were not pre-
pared in this work, we cannot be sure of the exact boundaries in some areas
but we can see the approximate trends. When the alkoxy group (R) hasa C,
chain length, only a nematic plus smectic C combination was observed. But as
soon as the chain length was increased by one carbon atom, a combination of
nematic plus at least three smectic phases was found. Increasing the alkoxy
chain length beyond Cjp0r C, leads to loss of the nematic phase to give com-
pounds showing various combinations of smectic phases. A combination of
smectics A, C and Y occurred at shorter alkyl chain length (R’) whereas a
combination of smectics 4, C, Band X occurred at longer chain length. When
R > Cjiand R’ = Cs, the smectics B plus X combination replaces smectic Y.
When both the alkyl and alkoxy chains become long, the smectic B phase
drops out leaving a smectics A, C, X or smectics C, X combination.

__Interestingly, the smectic C phase occurs in all these compounds except in
1385 and 1455 i.e. a long alkoxy chain with a short alkyl group. Smectic 4
phases were always observed except when R is too short (7SR’) or both groups
are too long (14510).

MICROSCOPIC STUDIES

Microscopic textures for the dialkyl thioesters (1, X = R, Y = R’) which
showed only nematic, smectic A and smectic B phases were those which are
typically observed for these phases (see for example Refs. 4 and 21). A uniaxial
cross was observed in homeotropic textures for the smectics 4 and B phases.
Transition bars were observed between the smectic A and B fan textures sup-
porting the smectic B phase identification. The smectic B phase showed only a
mosaic texture when it occurred below a nematic phase or by itself. Figure 4
shows the mosaic texture observed in the smectic B phase of 10S8.

The microscopic textures shown in Figures 5a-5d for 855 serve as typical
examples of the textures observed in the smectics 4, C, Y sequence. Figure Sa
shows the typical smectic 4 fan texture which on cooling changes to the smec-
tic C fan texture (Figure 5b) which continues to change on cooling to give the
texture shown in Figure 5c. This indicates that the smectic C phase has a
temperature dependent tilt angle. This was confirmed by X-ray diffraction
studies.'® Further cooling gave the mosaic texture of the smectic ¥ phase (5d).
We were unable to ever obtain a fan texture for this phase. Further cooling
gave the crystalline phase. Conoscopic studies showed the disappearance of
the uniaxial cross observed in the homeotropic texture of the smectic 4 phase
on cooling into the schlieren texture of the smectic C phase. The center of the
non-centered biaxial cross observed in this phase (Figure 6a) moved gradually
out of the field of view (Figures 6b and 6¢) on cooling into the smectic ¥ phase.
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SA + Sc
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N+SA+SC-|'SB+SX N+Sp+
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9T N+SA+Sc+SY
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7 4 +- t + —
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FIGURE 3 A block diagram plot of the types of mesophases observed in
O
RO
SO R‘

when both the alkoxy and alkyl groups are varied.
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FIGURE 5 Fan textures for the smectic phases in 855, M = 16 X 6. a. smectic A phase, T =
61.5°C. b. smectic C phase, T = 54.5°C. c. smectic C phase, T = 33.4°C. d. smectic ¥ phase, T =
29.2°C.
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(5d)

FIGURE 6 Conoscopic studies for 855, M = 10 X 50. a. biaxial cross for smectic C phase,
T = 51.4°C. b. biaxial cross for smectic C phase, T = 48.0°C. c. biaxial cross for smectic C phase,
T = 35.0°C. d. biaxial cross for smectic ¥ phase, T = 27.5°C (not the same sample as used in 6¢).
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Only the colored rings of one isogyre of the biaxial cross could be seen
(Figure 6d).

Those compounds which exhibited a smectic B plus smectic X transition
such as 1255 showed subtle continuous changes in the smectic B fan texture
(Figure 7a) as it was cooled to the smectic X phase (Figure 7b). This change
was gradual and can be seen better in a homeotropic area. Under normal light-
ing conditions, this area at first appears to be black, as in the smectic B phase,
but with some texture. It is more apparent in the over-exposed (but equally
exposed) photographs shown in Figures 8a-8c for 1455. Figure 8a shows the
smectic B phase with no texture in the black homeotropic region. On cooling
into the smectic X phase, this area assumes some texture as seen in Figure 8b.
This continues to change gradually on cooling until the texture becomes quite
obvious in Figure 8c as that of a gray mosaic. In conoscopic studies, the uniax-
ial cross observed in the smectic B phase (Figure 9a) gradually becomes fainter
as it converts to a centered biaxial cross (Figures 9b and 9c¢). The isogyres also
move away from the center of the cross as the sample is cooled (Figure 9d). A
hysteresis effect occurs; the isogyres are separated after cooling approximately
4.5° from the beginning of the transition whereas on reheating this difference
is much smaller. More detailed optical studies are reported in Ref. 18a. These
observations are very similar to those observed for a potassium palmitate lyo-
tropic system.*? In several of these compounds, this transition occurs near the
crystallization temperature making it difficult to study.

(6d)
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",,1

FIGURE 7 Fan textures for smectic phases in 1285, M = 10 X 32. a. smectic B fan texture,
T = 59.2°C. b. smectic X fan texture, T = 55.0°C.




Downloaded by [Tomsk State University of Control Systems and Radio] at 02:53 23 February 2013

62 M. E. NEUBERT et al.

. Wy

FIGURE 8 Homeotropic plus fan texture areas for the smectic phases in 1455, M = 10 X 32.
a. smectic B phase, T = 67.5°C. b. smectic X phase, T = 60.4°C. c. smectic X phase, T = 55.0°C.

(8b)
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FIGURE 9 Conoscopic studies for ﬁSS, M = 10 X 50. a. smectic B phase, T = 62.4°C. b.
smectic X phase, T = 62.0°C. c. smectic X phase, T = 61.7°C. d. smectic X phase, T = 60.0°C.
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(9d)

In 1458 and 14510, the smectic B phase disappears leaving only a biaxial
phase. This showed a broken fan texture (Figure 10) and powder X-ray dif-
fraction studies showed a smectic B type structure. ' However, we were unable
to obtain a good single domain in conoscopic studies in order to determine
whether this phase has a centered or non-centered biaxial cross and therefore
whether it is a smectic Y or a smectic X phase. Its position in the homologous
series would suggest this is a smectic X phase.

Fan textures for the smectic 4 phases observed in these compounds were
obtained when both the slide and the cover slip were rubbed in the same direc-
tion parallel to the slide. When the slide was rubbed but not the cover slip, the
domain textures (Figure 11) were observed at the nematic-to-smectic 4 transi-
tion for 85 5. The domain regions became smaller on cooling as shown in Fig-
ures 11a-1lc.

DSC DATA

Thermal parameters (AH and AS) obtained by differential scanning calo-
rimetry (DSC) for the RS5 series are given in Table VII. Smectic 4-C transi-
tions did not show large enough peaks to be measurable. A plot of AH values
versus alkoxy chain length for the melting transitions (Figure 12) shows a gen-
eral rising trend despite the increasing order of the mesophases involved in this
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TABLE VII
Transition AH* AS
R T(°C) type (kcal/mole) (cal/mole)
Cy 55.02 CtoN 6.450 19.6
83.74 Ntol 0.244 0.684
(35.85) Sato Sc 0.099 0.320
(23.35) Scto C 5.03 17.0
Cs 59.06 Cto Sy 7.910 23.8
63.12 SatoN 0.035 0.104
86.88 Nto? 0.333 0.925
(28.85) Sato Sy 0.713 2.36
(18.92) Syto C 5.01 17.2
Cs 63.48 Cto Sca 8.520 25.3
74.20 SatoN 0.092 0.265
85.99 Ntol 0.350 0.975
@40.15)  Scto Sy 0.688 2.20
(39.35) Srto C 1.670 5.34
C]o 65.68 Cto Sc,q 9260 273
81.14 Sato N 0.233 0.658
87.06 Ntol 0.448 1.24
(48.22) Scto Sy 0.803 2.50
(40.66) Syto C 1.630 5.19
Cn 64.92 Cito S¢ 9.11 26.9
63.67 Cato S¢ 8.68 25.7
85.09 SatoN 0.466 1.30
86.75 Ntol 0.490 1.36
(55.48) Scto Sx 0.865 2.63
27.35 Sxto C 4.16 13.8
Ci2 62.10 Cto Sca 8.150 24.3
86.97 Sasto ] 1.660 4.61
(59.6) Scto S 0.943 2.83
(56.1) Sgto Sy 0.015 0.046
(21.6) Syto C 2.59 8.79
Cis 66.04 Cito Ss 9.00 26.3
63.84 Czto Ss 7.92 23.5
65.24 Ssto S, 1.08 3.18
88.66 Satol 1.86 5.14
(62.62) Ssto Sy 0.013 0.0039
30.79 Syto C 6.40 21.1
Cu 68.84 Cto Sax 10.760 31.50
88.5 Sqto] 1.870 5.17
68.22 Sato Sg 1.250 3.66
(61.76) Sato Sy 0.0005 0.0015
(29) Syto C 5.460 8.10

* Standard deviation = 0.004-0.500 for 3-6 runs.

transition. From this, it appears that the effect of increasing alkoxy chain
length on the AH values is greater than the effect of increasing order of the
mesophases involved. A plot of AS values shows the same trends.

It is interesting to see a sharp fall to a minimum at R = Cy; in this curve.
Since the C;and C 2 homologs both involve a crystal to smectic C transition,
this minimum cannot be explained by a transition to a different type of meso-
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FIGURE 11 Texture obtained for the smectic 4 phase in 8S5 with plates having different
alignments, M = 6 X 16. a. T = 63.0°C. b. T = 62.9°C. c. T = 62.8°C.
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FIGURE 12 AH for melting transitions versus the number of carbon atoms in the alkoxy group
for
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phase. However, we cannot be sure that the same type of cyrstal structure is
involved in this transition for all these homologs. In DSC scans, both the C;
and C;3 homologs showed crystal-to-crystal transitions but this was not true
of the C1;homolog. It is quite possible that we have not observed all the crys-
talline states present in these compounds.

That the thermal history of the solid state of these thioesters is more com-
plex than we have shown is supported by calorimetric data from Janik’s labo-
ratory and microscopy data from the Halle group.” Janik found several low
temperature crystalline changes for 785; a comparison of our DSC data with
his calorimetric data is given in Table VIII. The large difference in values for
the nematic to isotropic transition is probably due to the large experimental
error in the DSC data. The Halle group reports three different melting transi-
tions as shown in Figure 13. Since we have been primarily interested in study-
ing mesophases instead of the solid state, we have not spent sufficient time to
unravel all the various crystal changes observed for these compounds. The
crystal changes which we did observe in our DSC scans and in our routine
collecting of transition temperatures are presented in Tables I, II and VII.
Two melting temperatures were observed in 1355 as well as a crystal-to-crys-
tal change as shown in the DSC scan given in Figure 14,

A similar plot of AH values for the clearing transitions (Figure 15) shows a
typical gradually rising trend for the nematic-to-isotropic transitions with in-

50, 39
(3

51,79 81.6°

53,79

0 Y
¢ W34

FIGURE 13 Microscopic transitions for 7S5 obtained by the Halle Group.
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TABLE VIII
Calorimetry data for 755

AH AS
Method Temp(°C)  Phase transition kcal/mole  cal/mole
DSC 55.02 CtoN 6.45 19.6
83.74 Nto! 0.24 0.68
Calorimetry -89.62 Cito C2 0.279 1.44
(Janik) —-1.15 C:;10Cy 0.054 0.21
52.72 CitoN 6.18 21.10
79.05 Ntol 0.61 1.28
C2‘)SB
(63.840)
C?Spl66.04°)
Sg75,(65.24%)
€7 Cy
Sp*SA
(65.24°)
S»+C
CRYSTALLIZATION
62.62° ’

HEATING FROM FRESH REHEATING

CRYSTALS

0
FIGURE 14 DSC scan for c,;H270<©—‘<
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creasing alkoxy chain length followed by a sharp increase when the clearing
transition becomes a smectic A4 to isotropic transition. This is what would be
expected to occur from the effect of increasing chain length on the AH values.
A DSC scan for 1255 (Figure 16) shows the small thermal heat change ob-
served for the smectic B-X transition. This becomes even smaller for 1455 (see
Table VII) but unlike the smectic 4-C transition, it is still measurable.

CONCLUSIONS

We have prepared a variety of alkoxy-alkyl and dialkyl thioesters 1 and com-
pared their mesomorphic properties with those found for the oxy-esters. In
general, melting temperatures were approximately the same in both series but

DSC
HEATING CURVE
sA—vL;
87.0
1.66
Sy =¢C 21.6°
2.59 SC-’SB
59.6°
094
I.J C-’SA
62.1°
8,15
56.1°
0.02
w5 | L

COOLING CURVE

0
FIGURE 16 DSC scan for c.zﬂzﬁo—©—<
OCSH]]

S
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nematic-to-isotropic temperatues were higher. This structural change also
seems to favor the formation of smectic phases as well as a greater variety of
them.

Only nematic, smectic C and smectic B phases were observed in the dialkyl
series but nematic, smectics A, C and B were found in the alkoxy-alky! series
along with two as yet unidentified smectic B type biaxial phases. One of these
biaxial phases, S,, occurs below a smectic C phase and was found to have a
non-centered biaxial conoscopic cross with its center outside the field of view.

De Vries feels this is another example of the smectic I phase.'® The other
biaxial phase, S, occurs below a uniaxial smectic B phase and showed a cen-
tered biaxial conoscopic cross; the transition between the smectic B and X
phases is second order. Mixture studies with known phases have not yet been
performed on these compounds. However, considering the difficulties that
were encountered in identifying the tilted smectic B type phase below the
smectic C phase in TBBA (now identified as the smectic G phase) using mix-
ture studies,”*? it would seem that the biaxial smectic B type phases in these
thioesters would be equally difficult to identify by mixture studies.

Thermal parameters were determined for the alkoxy-Cs alkyl series. On in-
creasing the alkoxy chain length, a rising curve was observed for both the melt-
ing and mesophase-to-isotropic transitions. However, the sharp dip in the
melting curve at R = Cy;showed the problems involved in using DSC data to
compare thermal parameters. The importance of including the AH values for
all the transitions involved in melting has been discussed by Barrall and John-
son.”?" Since mesomorphic compounds tend to show a variety of solid-solid
transitions, this makes it difficult to compare AH of melting values obtained
from DSC data for these compounds.

The interest in these thioesters is shown by the wide variety of physical stud-
ies which have been made using these compounds: DSC of mixtures,’ calo-
rimetry,>**?® nematic bend-splay elasticity,” optical birefringence,”® deuteron
spin-latice relaxation in the nematic phase,’’ X-ray crystallography'®* and
temperature-pressure studies.*

EXPERIMENTAL

Materials

N,N’-Dicyclohexylcarbodiimide and 4-dimethylaminopyridine were obtained
from Aldrich Chemical Company and used without purification. Organic ex-
tracts were dried over anhyd. Na,SO, followed by Linde No. 4A molecular
sieves. Anal-Tech silica gel GHLF 2.5 X 10 cm Uniplates ® (250) and UV
light as the detector were used for thin-layer chromatography.
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Techniques

A Perkin-Elmer model 700 (ir) and Varian A-60 (nmr, TMS internal standard
in CDCI;) were used as analytical tools. The elemental analysis was performed
by Spang Microanalytical Laboratories, Ann Arbor, Michigan.

Transition temperatures and textures were determined using a Leitz-Wetzler
ortholux polarizing microscope equipped with a calibrated, modified Mettler
FP-2 heating stage at a rate of 2°/min. Smectic phases were identified using
both homogeneously and homeotropically aligned samples along with cono-
scopic studies. Fan textures were studied using the method described in Ref.
21. Unlike the dianils studied in Ref. 21, these compounds appeared to be sta-
ble to reheating cycles.

Homeotropic textures were obtained by moving the cover slip while the
sample was in its highest uniaxial mesophase. For conoscopic studies, the
slides were pretreated with the aligning agent, N,N-dimethyl-N-octadecyl-3-
aminopropyltrimethoxysilyl chloride (DMOAP or Dow-Corning XZ-2-2300)
using Kahn’s method.® Thick sample layers had to be used to obtain good
biaxial crosses.

The photographs of microscopic fan textures and conoscopic crosses were
taken using the microscope’s Leica 35mm camera. The same area was main-
tained within each sequence of photographs unless otherwise noted. Magnifi-
cation (M) = eyepiece X objective powers. DSC data was obtained using a
Perkin-Elmer DSC-2 instrument interfaced to a minicomputer (Digital
Equipment Corporation, model PDP-11VQ3). Integrations of peak areas
(used to determine enthalpy values) for peaks observed in heating scans were
obtained on the computer using programs derived from the Perkin-Elmer
DSC-4 program (Perkin-Elmer, Norwalk, Connecticut, USA). Peak areas for
monotropic transitions often had to be determined by cutting and weighing
copies of the peaks. In some instances both methods were used with the results
agreeing to within the experimental error of ~10%.

The DSC instrument was calibrated using indium standards. Entropy
values were calculated using the equation, AS = AH/T. Samples were weighed
by difference on a Perkin-Elmer AM-2 autobalance.

Two to three scans were run on each sample and at least two samples of each
compound were run at scanning rates of 2 and 1 mcal/sec. The enthalpy values
presented here represent an average of these values.

4-n-Pentylbenzenethio-4'-n-decyloxybenzoate, 1b (X = CoHz, Y = CsH ).
A soln of 1.6g (5.5 mmoles) of 4-n-decyloxybenzoyl chloride in 4 ml CH.Cl,
was added dropwise to a stirred soln of 1.0 g (5.5 mmoles) of 4-n-pentylben-
zenethiol and 0.85 m1 Et;N in 4 ml CH,Cl,. Stirring was continued for 30 min
at R.T. The rxn mixture was extracted with H,O (to remove Et;N - HCI) 5% aq
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KOH soln, H,0 and then dried, filtered and concentrated to dryness (Rotovap)
to give 2.4 g (quantitative yield) of the crude thioester. This material was re-
crystallized 3X from abs EtOH-EtOAc (4:1) to give 1.30 g (53.7%) of the puri-
fied thioester, 1b (X = CoH21, ¥ = CsH1): transition data is in Table I and
tlc (CHCl3) showed one spot with Ry= 0.74 (R, for thiol = 0.75).

Anal. Calcd. for C2sH4S0,: C,76.31; H,9.15; S, 7.28. Found: C, 76.27; H,
9.09; S, 7.21.

Comparable yields were obtained using 15-40 g of one of the starting
materials.

4-n-Pentylbenzenethio-4'-n-tetradecyloxybenzoate, 1b (X = CyyHy, Y =
CsHy1). Toamixture of 1.9 g (5.5 mmoles) of 4-n-tetradecyloxybenzoic acid
(see Ref. 10 for synthesis), 1.0 g (5.5 mmoles) 4-n-pentylbenzenethiol and 27.5
mg of 4-dimethylaminopyridine in 10 m! CH,Cl, was added 1.1 g (5.5 mmoles)
of N,N’-dicyclohexylcarbodiimide. The reaction mixture was stirred and re-
fluxed 4 hr. The insoluble N,N’-dicyclohexylurea was removed by filtration
from the cooled reaction mixture and washed thoroughly with CH,Cl,. The
filtrate was extracted with 3NHCI, 5% aq KOH and H;O. The organic layer
was dried, filtered and concentrated to dryness (Rotovap) to give 2.50 g
(90.6%) of the crude thioester. This material was recrystallized 3X from abs
EtOH to give 1.59 g (57.6%) of the purified thioester, 1b (X = C,(Hz, ¥ =
CsH1): transition temperatures are given in Table I; tic (CHCI;) showed only
one spot, ir showed a 1670 cm™ (COS) absorption and nmr (CDCl;) 68.00 (d,
2,J = 8Hz, ArH ortho to RO), 7.30 (m, 4, ArH ortho to C=0 and Ar’'H ortho
to S), 6.90 (d, 2, J = 8Hz, Ar'H ortho to alkyl), 4.0 (t, 2, ArOCH,), 2.65 (t, 2,
Ar'CHz) and 0.6-2.2 (m, 36, C13H27 + C4H9).
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