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Measurements are reported of the magnetic Frederiks transition in nematics 
consisting of disc-like molecules; 2,3,6,7, 10, 1 1-hexakis( p-alkoxybenzoy1oxy)tri- 
phenylenes. In agreement with theoretical predictions [ 11 and previous measure- 
ments on 2,3,7,8, 12, 13-hexa(alkanoyloxy)truxenes [2], we find that the splay 
elastic constant, K,  , is larger than the bend elastic constant, K 3 .  The ratio K ,  / K 3  
is remarkably constant throughout the nematic regime. 

1. Introduction 
Recently we published a paper on the measurements of the magnetic Frederiks 

transition in the nematic region of 2,3,7,8, 12, 13-hexa(alkanoyloxy)truxenes [2]. We 
found that the splay elastic constant, K, , is greater than the bend elastic constant, K,, 
throughout the nematic regime, which is in agreement with a mean field theory due 
to Sokalski and Ruijgrok [l]. We report in the present paper the results of measure- 
ments of the magnetic Frederiks transition in the nematic region of three hexabenzoates 
of triphenylene; viz. 2,3,6,7, 10, 1 1-hexakis( phexyloxybenzoy1oxy)triphenylene (l), 
2,3,6,7, 10, 1 1-hexakis(pheptyloxybenzoy1oxy)triphenylene (2) and 2,3,6,7, 10, 11- 
hexakis( pundecyloxybenzoy1oxy)triphenylene (3) (see figure I ) .  These materials 
show a normal sequence in the occurrence of different mesophases. When cooling the 
isotropic liquid of these triphenylene derivatives, nematic, columnar and crystalline 
phases are obtained (see figure l), in contrast to the alkanoyloxytruxenes which 
exhibit an inverted nematic phase, viz. a nematic phase at a lower temperature than 
a columnar phase [3,4]. In order to investigate whether the results found for the 
inverted nematic phase, exhibited by the truxene derivatives, are characteristic for the 
behaviour of nematics consisting of discoid molecules we have studied the normal 
nematic phase exhibited by these triphenylene derivatives. 

Distortion of a uniformly aligned nematic liquid crystal raises the free energy 
density, which is given by (see e.g. [5]) 

f d  = 1/2[K,(V-n)’ + K,(n.V x n)’ + K3(n x V x n)’], (1) 

where ,fd is the distortion free energy per unit volume, and’K,, K2 and K3 are the 
curvature elastic constants, usually referred to as Frank constants, associated with 
splay, twist and bend distortions, respectively. The local axis of uniaxial symmetry is 
indicated by the director, n, which, in discoid materials, is normal to the molecular 
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Figure I .  Structures, transition temperatures and enthalpies of transitions for the triphenyl- 
ene derivatives studied here. 1, 2,3,6,7, 10,Il -hexakis(p-hexyloxybenzoy1oxy)triphenyl- 
ene; 2, 2,3,6,7, 10, 1 I-hexakis(phepty1oxybenzoyloxy)triphenylene; 3, 2,3,6,7,10, 11- 
hexakis( p-undecyloxybenzoy1oxy)triphenylene. The transition temperature is given in "C 
and the enthalpy of the transition is indicated, between parentheses, in kJ/mol. K,  K' 
indicate crystalline phases, N, the nematic phase consisting of discoid molecules, D, D', 
D,, D, columnar phases and I the isotropic liquid phase. (a) Either a crystalline or a 
columnar phase. 

plane. In the presence of a magnetic field, B, the expression for the free energy density 
of a nematic material becomes 

where AX is the anisotropic part of the magnetic susceptibility. Applying a magnetic 
field parallel to the director of a thin layer of uniformly aligned nematic material 
results in a deformation of the director pattern when the magnetic field strength 
exceeds a well-defined threshold field (the magnetic Frederiks transition) (see e.g. [6]). 
Studying the magnetic Frederiks transition with homeotropically aligned nematics 
yields information on the ratio &/Ax (from the threshold field) and the ratio K , / K ,  
(from measurements of the degree of deformation as a function of the applied 
magnetic field B). 
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2. Synthesis 
The hexakis( p-alkoxybenzoy1oxy)triphenylenes were synthesized by the route 

shown in figure 2. Using the method reported by Musgrave and Webster [7] 1,2- 
dimethoxybenzene is oxidized with p-chloranil in 70 per cent sulphuric acid to 
2,3,6,7,10, 1 I-hexamethoxytriphenylene, which is subsequently demethylated in 
refluxing pyridine hydrochloric acid [S]. The resulting hexahydroxy compound is 
esterified with the appropriate carboxylic acid chloride to yield 1 , 2  and 3 (see figure I )  
[9]. The para-substituted alkoxybenzoic acid chlorides were synthesized following the 
method reported by Neubert et al. [lo]. The methyl ester of p-hydroxybenzoic acid 
was synthesized by methylation of this acid [l I].  The purity of the compounds was 
checked by N.M.R. and thin layer chromatography. 

F OOH 1111 

I p chloranil 

H 3 C O T  H3CO H3 

OCH3 OCH3 

pyridine hydrochloric acid 
[81 

HO 

HO 

OH OH 

I 
on un 

RBr [lo] 

DMFknzene 
I NaOH 

COOCH, 
I 

R = C"Hl"+l 
R = OC(O)CsH,OR 

R '  R '  

Figure 2. Synthesis of 2,3,6,7, 10, 1 I-hexakis( palkoxybenzoy1oxy)triphenylenes. 

3. Optical and thermodynamic studies 
Phase transition temperatures and optical textures were studied using a polarizing 

microscope equipped with a Mettler FP52 heating and cooling stage. For the hexyloxy 
and heptyloxy derivatives 1 and 2 we found that the nematic-isotropic transition 
temperatures are in good agreement with literature data, whereas for the undecyloxy 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



372 

I 
Y 

4 E 
Q .  I 

I I 

1 Iarb.uo~tr] 

T. W. Warmerdam et al. 

>*\ 'L 
1-___ 

2 

I I 
XM 118 136 156 172 TI'C 

b 

- 

2LS 2L8 251 257 TI'C 

b 

169 178 187 196 TI'C LO 67 lob 128 TI'C 60 

Figure 3. D.S.C. thermograms of the triphenylene derivatives 1-3. 1,2,3,6,7,10, 1 l-hexakis- 
(p-hexyloxybenzoy1oxy)triphenylene; 2, 2,3,6,7,10, 1 1 -hexakis( p-heptyloxybenzoyl- 
0xy)triphenylene; 3, 2,3,6,7, 10,ll  -hexakis( p-undecyloxybenzoy1oxy)triphenylene. Q is 
the differential heat flow. The scanning speed used was 2 K/min. The transition tem- 
peratures, as indicated by the arrows, and the corresponding enthalpies are presented in 
figure 1. 

derivative 3 a significantly higher value was found [9]. These similar or higher clearing 
points as compared with the literature is another indication of the purity of the syn- 
thesized compounds 1-3. Upon cooling, all three triphenylene derivatives studied in 
this paper exhibit a transition from a nematic to a columnar phase. This transition 
was not reported in [9] for compound 2. Upon further cooling at least one more 
columnar phase is detected with compounds 1 and 3, which, again, to our knowledge 
has not been reported previously [9]. 

Studying these triphenylene derivatives by differential scanning calorimetry 
(Setaram DSC 11 1) confirmed the observations with the polarizing microscope (see 
figure 3). The results of the optical and thermodynamic studies are summarized in 
figure 1 .  Behind the transition temperatures (in "C), the enthalpy of the phase 
transition is indicated between parentheses (in kJ/mol). 
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4. Experimental 
Using a thin polyimide coating (Dupont, P12566) [ 121 and tungsten spacers as 

described in [2] we were able to prepare homeotropically aligned samples (viz. the 
director is normal to the sample walls) with a thickness of some 50,um. The exact 
thickness of the samples was determined interferometrically. The alignment of the 
samples was almost perfect as far as we could tell from examination with a polarizing 
microscope. Using the method described in [2] a well-defined single domain magnetic 
deformation of the director pattern can be obtained. The amplitude of this deformation 
can be determined optically [I 3,141. In the experiments the transmission of a polarized 
light beam through an analyser, where polarizer and analyser are mutually perpen- 
dicular and make an angle of 45" (- 45") with the plane defined by the director and the 
direction of the magnetic field, is monitored (see figure 4). Due to the optical anisotropy 
of nematic liquid crystals there are two principal refractive indices. The incident linearly 
polarized light wave can be decomposed into two perpendicular linearly polarized light 
waves, which propagate with different velocities inside the nematic material. The 
ordinary refractive index (no) is observed for the light wave where the electric vector is 
perpendicular to the optical axis (viz. perpendicular to the local director n), whereas the 
extraordinary refractive index is observed for the light wave perpendicular to this 
ordinary wave (viz. in the xz plane defined by the director and the direction of the 
magnetic field). The phase difference (Ad) between these two light waves after passing 
through a sample with thickness d is given by (see e.g. [6]) 

Ad = 2nd(n, - nJA, ( 3 )  

where A is the wavelength of the polarized light. The ordinary refractive index is not 
dependent on rotation of n in the xz plane, whereas the extraordinary refractive index 
depends on the rotation of n as given by 

no = n,; n, = n,,n,/(nf cos' 8 + n: sin' 8)'12, (4) 

where n, and rill are the refractive indices perpendicular and parallel to the director, 
respectively, and 8 is the angle between the director and the direction of the magnetic 
field. In order to obtain information about the elastic constants we need to know the 

Y 

I /  ' 

2 3 4 5 1 

Figure 4. Experimental set-up to determine the ratios K, /K ,  and K,/Ax in the homeotropic 
configuration. 1, He-Ne laser; 2, polarizer; 3, sample cell; 4, analyser; 5 ,  photomultiplier 
tube. x, y and z indicate the axes of a right-handed Cartesian coordinate system, where 
the z axis is chosen parallel to the direction of the magnetic field. 
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Figure 5.  Typical example of a plot of A41/27rd versus l/E, where A 4  is the phase difference 
between the ordinary and the extraordinary ray and B is the magnetic field strength. The 
data shown were measured for 2,3,6,7, 10, 11-hexakis(phexyloxybenzoy1oxy)triphenyl- 
ene 1 at  465 K, using a sample cell of thickness d = 59 pm and a He-Ne laser with 
wavelength 1 = 632.8 nm. Extrapolation to I / E  = 0 yields the optical anisotropy in the 
refractive index (An) .  Extrapolation to  A 4  = 0 yields the reciprocal value of B, . 

optical anisotropy An = nll - n,.  The value of An will be negative because the 
director is perpendicular to the molecular plane. It was not possible to measure the 
refractive indices over the entire nematic temperature range using a temperature 
controlled refractometer (Zeiss, Abbe 2), because the specifications did not allow 
measurements at temperatures exceeding 200°C. However, it was possible to obtain 
An in the following way. From equation (4) it follows that n, = n,l for 8 = 90°, which 
situation is reached in the limit B = co. In this limiting case n, - no = rill - n, = 
An and equation (3) becomes A 4  = 2nd An/L  The ratio AdA/2nd was plotted as a 
function of l /B .  A typical example of such a plot is given in figure 5. An estimate of 
An was obtained from the intercept ( l /B  = 0) of a quadratic least squares fit to the 
data points. These estimated values of An were corrected by using them as an extra 
fit variable in the fitting procedure to obtain the elastic ratios K , / K ,  and K3/Ax  (vide 
infra) [ I 31. 

In the actual measurements the magnetic field is decreased gradually (a typical 
field sweep takes about 1 hour). As the field strength is varied the intensity of the 
transmitted light goes through a succession of minima and maxima. Below the 
threshold field (B, ) the transmitted intensity drops to zero indicating a complete 
restoration of the homeotropic alignment. From the position of the maxima and 
minima, the ratios K , / K ,  and K3/Ax can be determined by fitting the experimental 
curve of A4 as a function of B (see figure 6) with the theoretical expression [13,14] 
using a non-linear least squares fit. A good fit of the theoretical curve to the data 
points was obtained (a typical value for the sum of squares of residuals was 0.2). The 
estimated error in the ratio K3/Ax due to the fitting procedure is approximately 1 per 
cent. The estimated error in the ratio K ,  /K ,  due to the fitting procedure is somewhat 
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Elastic constants of triphenylene derivatives 375 

Figure 6. Typical example of (Aq5/2n) obtained from the minima and maxima of the optical 
interference pattern as a function of the magnetic field strength (B) .  A$ is the phase dif- 
ference between the ordinary and the extraordinary ray. The data shown were measured 
for 2,3 ,6 ,7 ,  10, 1 I-hexakis(palkoxybenzoy1oxy)triphenylene 1 at 465 K, using a sample 
cell of thickness d = 59 pm and a He-Ne laser with wavelength I = 632.8 nm. Extra- 
polation of the data points to Aq5 = 0 yields the critical value of the magnetic field (B?) .  

larger, but does not exceed 4 per cent. Just as was observed in our previous experiments 
[2] ,  however, it was found that due to the high viscosity of the triphenylene derivatives 
1-3 [I51 (especially at low temperatures) studied in the present experiments, the 
relaxation of the director distortion was very sluggish. Consequently, the positions of 
the maxima and minima in transmitted intensity were measured as a function of 
scanning speed. The positions of the maxima and minima were found to depend 
linearly on the scanning speed [2] .  Estimates for the positions of the extrema at zero 
scanning speed were obtained from the intercepts of the straight lines that were fitted 
to the data points. These extrapolated values of the magnetic field constituted the 
input data used in the fitting procedure. 

All measurements of the Frederiks transitions were carried out using a tempera- 
ture controlled cell. In this cell the temperature could be held constant to better than 
0.1 K, although the estimated error in the absolute temperature reading was somewhat 
larger. The locations of all phase transitions were checked independently by using a 
Mettler FP5 microscope in combination with a Mettler FP52 hot stage. In order to 
prevent oxidation at the high temperatures used in the present experiments all 
measurements were carried out under a nitrogen atmosphere. 

5. Results and discussion 
Figures 7 and 8 show the results for An (figure 7) and for the ratios K , / K ,  and 

K,/Ax (figure 8) of the triphenylene derivatives 1-3 (see figure 1 )  as a function of 
temperature. The corresponding numbers have been collected in the table. The 
temperature is expressed in reduced units TITNI, where TNI is the transition tempera- 
ture from the nematic to the isotropic liquid phase. TN, = 545 K, 528 K and 472 K for 
the derivatives 1,2 and 3, respectively. The experimental results for An, below 200°C, 
found for compound 2 agree well with data obtained with a temperature controlled 
Abbe refractometer (see figure 7). There is also good agreement in this low tempera- 
ture region with literature data, where An has been estimated from electric permittivity 
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-An 
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Figure 7. Temperature dependence of the optical anisotropy of the refractive index (An)  for 
the triphenylene derivatives 1-3. The estimated error in An is 5 per cent. 1, TNI = 545 K 
(closed squares); 2, TNl = 528 K (closed triangles); 3, TN1 = 472 K (closed circles). The 
reduced temperature is defined as T/TNl, where TNI is the transition temperature from the 
nematic to the isotropic phases. The open triangles give data points measured with a 
temperature controlled Abbe refractometer (Zeiss, Abbe 11) for compound 2. The lower 
limit of the nematic regime is indicated by arrows. 

measurements [ 161. At TNI, however, significantly different values are obtained 
(An % -0.03 in the present experiments compared with An rz 0.00 in [16]). A value 
of An = 0 at TN, would imply a continuous phase transition, contrary to what is 
commonly observed for the nematic-isotropic transition (see e.g. [6]). The occurrence 
of a (weakly) first order transition at TNI, as is indicated by the discontinuity of An 
at TNI in the present experiments, is supported by our calorimetric results (see 
figure 3), since they clearly indicate a value of A H  # 0 at  TNl. 

The temperature dependence of the order parameter S for a wide variety of 
nematic rod-like liquid crystals has been studied by Buka and de Jeu [17], who 
measured the diamagnetic anisotropy of these materials. Assuming that the tempera- 
ture dependence of S can be described by the relation 

S = Ax"/A$ = (1 - yT/TNI)', 

where A,$ is the maximum anisotropy at T = 0, they found values for y in the range 
0.9975 0.0024 and for z = 0.18 & 0.07. To our knowledge, no corresponding fits 
of the temperature dependence of S in nematics consisting of disc-like molecules have 
been attempted. We tried to deduce the temperature dependence of S,  for the 
materials discussed here, from the behaviour of the optical birefringence. The tem- 
perature dependence of An should be approximately proportional to the nematic 
order parameter S [6]. Similar to the relation employed by Buka and de Jeu, we used 

where An(0) is the maximum optical anisotropy at T = 0 and can be considered to 
correspond to the case of a perfectly aligned nematic material. Haller's extrapolation 
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O’ obs 0.90 - 0.95 1.00 
TN I 

- 3 xlOyN 7 
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A X  

t 
l L  
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0.90 ___c 0.95 100 
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0‘85 

Figure 8. Temperature dependence of the ratios K ,  / K ,  and K,/Ax for the triphenylene deriva- 
tives 1-3. 1, TN, = 545 K (closed squares); 2, TNI = 528 K (closed triangles); 3, TN, = 
472 K (closed circles). The estimated error in the ratio K,/Ax is 10 per cent and in the ratio 
K , / K 3  is 15 per cent. The reduced temperature is defined as TITNI, where TNI is the 
transition temperature from the nematic to the isotropic phases. The lower limit of the 
nematic regime is indicated by arrows. 

procedure [ 18,191 to determine the nematic order parameter from the refractive 
indices could not be used, because it is based on the Vuks equation [20] which requires 
knowledge of both n, and no. Since only values for An could be determined in the 
entire nematic temperature range, the approximation in equation 5 was used. Keyes 
[21] has predicted that, under certain conditions, a value of z = 0.25 is to be expected 
on theoretical grounds. This prediction should apply to both rod-like and disc-like 
molecules. In fact, there is some evidence from computer simulation studies [22] that 
for certain disc-like particles an exponent z % 0.25 is indeed observed. However, until 
now, no experimental data on nematics consisting of disc-like molecules were available. 
For the three triphenylene derivatives studied values of y 2 0.997 and z = 0.17 k 
0.01 were found, clearly showing a remarkable resemblance to the data obtained for 
nematics consisting of rod-like molecules [ 171. These results indicate that the tempera- 
ture dependence of S for rod-like and disc-like nematogens is indeed similar, as was 
expected from computer simulation studies [22]. Although the values which we obtain 
for z appear to support the hypothesis of Keyes that the nematic-isotropic transition 
is tricritical-like, with a theoretical value of z = 0.25, rather than critical-like, which 
would yield z = 0.5, not too close to the critical point [17,21], it should be noted that 
other predictions of Keyes’ theory have not been confirmed by experiment [23]. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



T
em

pe
ra

tu
re

 d
ep

en
de

nc
e 

of
 th

e 
an

is
ot

ro
pi

c 
pa

rt
 o

f 
th

e 
re

fr
ac

tiv
e 

in
de

x,
 A

n,
 th

e 
ra

ti
o 

K
,/

K
, a

nd
 K

,/
A

x 
fo

r 
th

e 
tr

ip
he

ny
le

ne
 d

er
iv

at
iv

es
 1

-3
. 

T
he

 re
du

ce
d 

te
m

pe
ra

tu
re

 i
s 

de
fin

ed
 a

s 
T

IT
N

,, w
he

re
 T

N
, is

 t
he

 t
ra

ns
iti

on
 t

em
pe

ra
tu

re
 f

ro
m

 t
he

 n
em

at
ic

 t
o 

th
e 

is
ot

ro
pi

c 
liq

ui
d 

ph
as

es
. 

1,
 T

NI 
=

 
54

5K
; 

2,
 TN

L 
=

 5
28

 K
; 3

, T
N

I =
 4

72
 K

. T
he

 e
st

im
at

ed
 e

rr
or

 in
 A

n 
is

 5
 p

er
 c

en
t. 

T
he

 e
st

im
at

ed
 e

rr
or

 in
 th

e 
ra

ti
o 

K
3/

A
x i

s 
10

 p
er

 c
en

t a
nd

 in
 th

e 
ra

ti
o 

K
, /

K
, 

is 
15

 p
er

 c
en

t. 
~ 

~ 
~ 

~ 
~ 

H
ex

ak
is

( p
he

xy
lo

xy
be

nz
oy

1o
xy

)t
ri

ph
en

yl
en

e 
H

ex
ak

is
( p

he
pt

yl
ox

yb
en

zo
y1

ox
y)

tr
ip

he
ny

le
ne

 
H

ex
ak

is
( p

un
de

cy
lo

xy
be

nz
oy

1o
xy

)tr
ip

he
ny

le
ne

 
(1

) 
(2

) 
(3

) 

T
IT

N
l 

-A
n 

-K
,/

A
x 

x 
10

6N
 

K
,/

K
, 

T
IT

N
l 

-A
n 

-K
31

A
x 

x 
10

6N
 

K
,l

K
, 

TI
TN

l 
-A

n 
-K

3/
A

x 
x 

10
bN

 
K

,l
K

, 
j
 

0.
84

0 
0.

09
5 

6.
7 

3.
9 

0.
82

8 
0.

08
5 

7.
0 

4.
0 

0.
98

3 
0.

04
6 

3.
0 

3.
5 

? 
0.

84
8 

0.
09

4 
6.

1 
3.

7 
0.

83
0 

0.
08

8 
7.

2 
4.

5 
0.

98
5 

0.
04

6 
3.

0 
3-

5 
g 

0.
85

5 
0.

09
4 

6.
1 

3.
5 

0.
83

9 
0.

08
6 

7.
1 

3.
9 

0.
98

7 
0.

04
5 

2.
9 

3.
5 

g 
0.

86
4 

0.
09

0 
5.

7 
3.

7 
0.

85
8 

0.
08

5 
6.

6 
4.

0 
0.

98
9 

0.
04

3 
2.

9 
3.

3 
2 

0.
87

2 
0.

09
3 

5.8
 

3.
6 

0.
87

5 
0.

08
4 

6.
3 

4.
0 

0.
99

2 
0.

04
3 

3.
0 

3.
4 

&
 

0.
88

1 
0.

08
9 

5.
9 

3.
3 

0.
89

2 
0.

08
1 

5.
6 

4.
2 

0.
99

4 
0.

04
0 

2.
6 

3.
5 

0.
89

7 
0.

08
8 

5.
3 

3.
5 

0.
90

9 
0.

08
1 

5.
5 

3.
8 

0.
99

6 
0.

03
9 

2.
4 

3.
7 

0.
90

5 
0.

08
9 

5.
2 

3.
4 

0.
90

9 
0.

07
7 

5.
0 

3.
4 

0.
99

8 
0.

03
7 

2.
6 

3-
2 

2 
0.

91
4 

0.
08

5 
5.

3 
3.

2 
0.

92
6 

0.
07

7 
5.

3 
3.

7 
0.

99
9 

0.
03

6 
2.

5 
3.

1 
&

 
0.

93
0 

0.
08

3 
5.

3 
2.

9 
0.

94
3 

0.
07

2 
4.

7 
3.

1 
0.

99
9 

0.
03

5 
2.

5 
2.

9 
0.

93
9 

0.
08

2 
4.

2 
3.

5 
0.

96
0 

0.
06

8 
3.

9 
4.

2 
0.

94
9 

0.
08

0 
3.

7 
4.

4 
0.

97
7 

0.
06

2 
3.

2 
4.

0 
0.

96
5 

0.
07

4 
3.

7 
3.

3 
0.

98
5 

0.
05

6 
2.

9 
4.

0 
0.

97
2 

0.
07

2 
3.

6 
3.

5 
0.

99
2 

0.
05

4 
2.

3 
4.

8 
0.

98
2 

0.
06

6 
3.

3 
4.

0 
0.

99
8 

0.
04

3 
2.

0 
3.

9 
0.

99
8 

0.
04

6 
2.

2 
3.

5 
0.

99
9 

0.
03

7 
1.

7 
3.

8 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Elastic constants of triphenylene derivatives 379 

The values found for An(0) decrease on increasing alkyl chain length. Values of 
An(0) of - 0.127, - 0.1 17 and - 0.087 were found for compounds 1, 2 and 3, 
respectively. This decrease on increasing alkyl chain length is to be expected since the 
optical anisotropy is mainly caused by the aromatic core [6]. On increasing alkyl chain 
length the volume fraction of the aromatic core decreases and so does the optical 
anisotropy. The value of the nematic order parameter S can be calculated from the 
values of An (in the table) and An(0) (quoted previously). Typical values for S vary 
from 0.3-0.4 close to the nematic-isotropic transition to 0.7-0.8 close to the nematic- 
columnar transition. These values are comparable to those found for nematics which 
consist of rod-like molecules and which exhibit a broad nematic region (> 5OOC) [6]. 

From figure 8 it is clear that the ratio K ,  / K ,  is remarkably constant over the entire 
nematic temperature range for all three derivatives 1-3. Several authors [ 14,24,25] 
have concluded from calculations and measurements that for nematics in the limit of 
small S, K,  = K3 and all three elastic constants are proportional to S 2 .  Hence K, % c, 
S2 (a = I ,  2 or 3, representing splay, twist and bend, respectively), where c, is a 
constant that depends only on molecular properties. Due to this proportionality the 
ratio K ,  / K 3  is expected to be a constant independent of temperature. However, close 
to the nematic-isotropic transition the value of S is still in the region 0.3-0.4 which 
cannot be considered as being the limit of small S .  For values of S which are not small 
K, # K,  is commonly found, and the values of K ,  and K3 approach each other with 
increasing temperature [6]. In the present experiments it was found also that K,  # K 3 ,  
but no systematic trend with temperature was apparent from our data. We note here 
that in our experiments on alkanoyloxytruxenes [2], which exhibit an inverted nematic 
phase [26,27], the ratio K ,  /K ,  decreases slightly with increasing temperature for the 
decanoyloxy and tetradecanoyloxy derivatives, whereas the ratio K,  /K, was almost a 
constant for the octadecanoyloxy derivative [ I  51. In this latter compound the nematic 
phase appears to be followed by an isotropic phase [15], similar to the triphenylene 
derivatives studied in the present experiments, whereas in the former compounds the 
nematic phase is followed by a columnar one. 

In agreement with a mean field theory due to Sokalski and Ruijgrok [ I ]  and with 
previous measurements on alkanoyloxytruxenes [2] the present experiments show a 
larger value for the splay elastic constant K ,  than for the bend elastic constant K 3 .  The 
order of magnitude of the ratio K3/Ax in the present experiments is also similar to the 
data obtained previously and is comparable to what is commonly found in nematics 
consisting of rod-like molecules. An estimate of the absolute values of the elastic 

xL) as reported by Levelut et al. [28]. Close to the nematic-isotropic transition 
temperature values of Ax"' of -0.39 x and -0.21 x 1OP7uemCGSg-' were 
reported for compounds 1 and 3 respectively. Assuming a value of 0.8 g/cm3 for the 
density and multiplying by a factor 4n for conversion to SI units, this leads to absolute 
values of the bend elastic constants close to T,, of approximately 9 x IO-l3N and 
5 x 10-I3N for compounds 1 and 3, respectively. This value increases on cooling and 
at approximately 254°C (TIT,, = 0.963), the lower limit of the Ax measurements 
reported in [28], a value of K, 2 x 10-12N is obtained for compound 1. The 
corresponding absolute values of K ,  are a factor approximately 3.6 larger. We note 
that measurements of the electric Frederiks transition in the nematic phase of com- 
pound 2 yield a comparable value for K ,  ( K ,  = 3.5 x 1OP1*N at 230°C) [16]. 

A Landau theory proposed by Swift and Andereck [29] predicts an enhancement 
of the splay elastic constant K, due to fluctuations of a columnar order parameter on 

constants can be made using the values for ~ , s o t r o p , c - ~ I  (Ax = x,, - xL = 3 ( ~ , ~ ~ , ~ ~ ~ , ~  - 
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380 T. W. Warmerdam et al. 

approaching the nematicsolumnar transition temperature, whereas K3 would not 
exhibit pretransitional effects. If the transition is an (almost) second order phase 
transformation, theory [29] predicts that the ratio K, /K3 would in fact diverge at the 
transition temperature. We do not find evidence, however, for such behaviour. Neither 
was this the case in the previously studied nematic phase of alkanoyloxytruxenes [2]. 

The refractive index measurements reported in this paper for compound 2 below 
2OOOC were performed on the temperature controlled Abbt refractometer of the 
University of Groningen. We thank Mr. E. Gramsbergen and Professor W. H. de Jeu 
for their kind assistance in these measurements. The synthesis of the compounds 
described in this paper was carried out in collaboration with Dr. R. J. M. Nolte and 
Professor W. Drenth of the Department of Physical and Organic Chemistry of the 
University of Utrecht. 
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