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4,4'- Dialkylazoxybenzenes 
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and 
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Institute of Physical Chemistry of the Polish Academy of Sciences, 
ul. Kasprzaka 44/52. 07-224 Warsaw, Poland. 

(Rereired December 14, 1979) 

Two series of unsymmetrical 4,4'-dialkylazoxy compounds: 

0 

have been obtained, where K = CmH2m+l with m = 2 to 10. The method of their synthesis 
and the results of measurements of the phase transition temperatures, dielectric constants, 
refractive indices and densities are presented. Compounds I and in a lesser degree compounds I1 
are low-melting nematics with a small positive anisotropy of the dielectric constant. In both 
series a strong alteration was observed of clearing point, dielectric constant anisotropy Ac and 
birefringence An with the number in ofcarbon atoms in the alkyl radical. 

INTRODU CTlON 

It is desirable that the phase transition temperature from the solid to liquid- 
crystalline state be low in liquid crystals, since then they are most useful as 
displays or as solvents for NMR or ESR spectroscopy. So far only few com- 
pounds with mesogenic properties at temperatures close to 20" are known; 
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62 R. DARROWSKI rt nl 

some examples are given in the works.'-" In all known low-melting meso- 
genic compounds the alkyl group is at least one of terminal substituents. 
Compounds with two alkyl substituents have the lowest melting temperatures 
when the substituents are of different length.4 

The deficiency of low-melting mesogenic compounds is overcome by 
using composed of several compounds. Low-melting eutectic systems are 
easiest to  obtain when both components are low-melting compounds. 
When seeking liquid crystals in which the mesophase would begin below 
room temperature, we assumed that 4,4'-dialkylazoxybenzenes should 
reveal such properties. 

The azoxy group as the bridge connecting the benzene rings allows us to 
obtain compounds with higher clearing points as compared with the azo, 
azomethin or ester groups. Also asymmetry of substitution contributes to 
the lowering of the melting point. We checked that concept in an earlier 
work' by testing several compounds belonging to the 4-ethyl-4'-alkylazoxy- 
benzene 

where R = CmH2,+ with m = 2 to 10, homologous series (formula I). In 
the present work additional compounds belonging to that series are de- 
scribed, as well as those belonging to the 4-methyl-4'-alkylazoxybenzene 
homologous series (formula 11). We studied such physical properties of 
both series such as the phase transition temperatures, dielectric constants, 
refractive indices and densities in the liquid-crystalline and isotropic phases. 

The compounds of the first homologous series have the ethyl group as 
permanent terminal substituent and an alkyl (R = C,H,,+ with 2 to 10 
carbon atoms as the variable substituent. In the second homologous series 
the methyl group is the permanent terminal substituent and the variable 
alkyl group is the same as in the first series. 

EXPERIMENTAL 

Preparation of materials 

There are many methods of preparing azoxy compounds,' however, for 
obtaining unsymmetrically substituted compound of I and I1 types we can 
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UNSYMMETRICAL 4,4'-DIALKY LAZOXYBENZENES 

use in fact only the following reaction scheme: 

and 

CH,COOH 
C,H,OH ! 

0 
mixture of isomers t 

63 

We used p-nitrosotoluene or p-nitrosoethylbenzene as one of the substrates 
since they are easily obtained from commercially available p-nitrotoluene 
or p-nitroethylbenzene according to procedure described by Murase' or in 
our work.12 As second substrate we used p-n-alkylanilines obtained from 
p-n-alkylacetophenones in the Schmidt reaction. l4 The condensation of 
p-nitrosotoluene or p-nitrosoethylbenzene and p-n-alkylanilines proceeds 
readily with a good yield at room or somewhat higher temperature. 

4-Ethyl-4-alkylazobenzenes readily oxidize when heated at 80" with 
hydrogen peroxide in acetic acid. In distinction, 4-methyl-4'-alkylazo- 
benzenes oxidize sparingly, so even heating for several dozens of hours 
under the above conditions does not lead to their complete oxidation. 
However, the time of oxydation is significantly reduced when benzene is 
present in the reaction medium. The experimental procedure will be illustra- 
ted for this case by a representative example: 

4-methyl-4'-nonylazobenzene To 79.9 g (0.36 mole) of 4-n-nonylaniline in 
200 ml of acetic acid 44 g (0.36 mole) of 4-nitrosotoluene in 150 ml of ethanol 
were added dropwise at 10". The combined solutions were heated for 2 hours 
at 55', then cooled and the product formed was filtered off, twice crystallized 
from a 2 : 1 methanol-acetone mixture. We obtained 70 g of the orange pro- 
duct (yield 60 %) with melting range 55.5-56.0'. IR (KBr pellet) 1150 cm- ' 
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64 R. DABROWSKI ei al. 

(Ph-N=); electron spectrum in hexane: A,,, 435 nm, log E = 3.02, n + 

band of the chromophore -N=N-. Anal. calcd. for C,,H,,N,: C = 
81.93%, H = 9.39%, N = 8.69%; Found: C = 82.21%, H = 9.33%, N = 
8.74 %. 

4-methyl-4'-nonylazoxybenzene A 67.5 g portion of the above obtained 4- 
methyl-4'-n-nonylazobenzene was dissolved in 120 ml of benzene, heated to 
75', when a solution of peracetic acid obtained from 950 ml of acetic an- 
hydride and 215 ml of 30% hydrogen peroxide was added dropwise. The 
reaction mixture was further heated until the solution turned yellow, which 
took about 6 hours. After cooling the contents were diluted with water, and 
400 ml of benzene were added. The benzene layer was separated, washed 
successively with water, 2 %  NaOH and water again, and dried over an- 
hydrous MgSO,. Then benzene was distilled off and the oily residue was 
dissolved in n-hexane and filtered through a 7 cm layer of silica gel. n-Hexane 
was removed and the product was twice crystallized from methanol. We 
obtained 63 g (yield 90 %) of 4-methyl-4-nonylazoxybenzene with melting 
range 34.5-35.5' and clearing point 60"; IR 915 cm- ' (=N -, 0), 1165 cm- 
(Ph-N=), 1330 cm-' (-N=N-). Anal. calcd. for: 

1 
0 

CzzH30N20:  C = 78.05%, H = 8.94%, N = 8.27%; 
Found: C - 77.96%, H = 9.08Y0, N = 8.33". 

Measurements of the phase transition temperatures, dielectric 
constants, refractive indices and densities 

The phase transition temperatures were determined using the PHMK 
Analytik (Dresden) or Reichert polarizing microscope with a cooled and 
heated stage. The tested compound was placed between glass plates. The 
smectic phase was identified by comparing the texture and testing the misci- 
bility with 4,4-diheptylazoxybenzene which is a SA smectic.' 

The static dielectric constants 611, cl and E~ were measured in dependence 
on temperature by means of a precision Tesla BM 484 bridge with inner fre- 
quency of 1592 Hz. The parallel condenser plates with brass electrodes 
separated by a Teflon liner 0.22 mm thick served as container for the speci- 
men. A magnetic ordering field of 1T induction and a measuring electric field 
of 3V were used. The temperature was measured by means of differential 
copper-constantan thermocouple calibrated under the working conditions. 
More details about the measuring cell, apparatus and measuring technique 
can be found in the works.16, l 7  

The refractive index in the isotropic phase ni and the main refractive 
indices no and n, in the nematic phase were measured with Abbe's refract- 
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UNSYMMETRICAL 4.4'-DIALKYLAZOXYBENZENES 65 

ometer for light of wavelength 1 = 589.3 nm. The measuring prisms were 
thermostated with an accuracy of 0.1". The limiting line was observed in the 
refractometer using a polarizer. Ordering of the nematic layer with respect 
to the surface of the measuring prism was achieved by rubbing. The measure- 
ment error was f0.0002 for ni and kO.0005 for no and n,. More details on 
the measuring technique are to be found in work.'*' l9 

The density of the compounds was measured in the liquid crystalline and 
isotropic phases with a pycnometer of 6.66 ml volume. The thermostating 
accuracy up to 35" was k0.02' and above 35" & 0.03'. 

RESULTS 

Mesomorphic properties 

4-Methyl-4-alkylazobenzenes have comparatively high melting tempera- 
tures and crystallize readily, so it was not possible to overcool them to 
lower temperatures. Only compounds with the heptyl and higher alkyl 
substituents could be overcooled for a short time, which allowed us to find 
that they have a monotropic nematic phase. In the remaining compounds 
we did not manage to observe that phase (Table I). 

High melting temperatures are characteristic of the majority of com- 
pounds with the methyl group as terminal substituent even if the other 
terminal substituent is a longer alkyl or alkoxy group.20 

4-Ethyl-4-alkylazobenzenes have starting with R = C4H9 low melting 
temperatures, depending but slightly on the length of R (Table I). For the 
compound with heptyl substituent, which reveals the lowest melting point 

TABLE I 

K m.p. ("C) 

143.0 - 144 
77.5 - 78 
60.5 - 61 
53.5 - 54 
65.0 - 65.5 
60.0 - 60.5 
52.5 - 53 
53.5 - 54 
55.5 - 56.0 
57.0 - 57.5 

N --* I ("C) m.p. ("C) N + I ("C) 

77.5 - 78 
62.5 - 63 
44.0 - 44.5 
22.5 - 23 
25.5 - 26 10 mon 
22.5 - 23 

24.5 mon 18.0 29.5 
21.0 mon 25.5 - 26 18 mon 
32.0 mon 30.0 - 30.5 25 mon 
29.0 mon 37.0 - 37.5 27 mon 

N = nematic; mon = monotropic 
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66 R .  DABROWSKI ef ul. 

TABLE I 1  

R m.p.("Cj S + N ("C) N -+ I("C) m.p. ("Cj S -. N ("C) N --t I ("C) 

70 

40 - 41 
6 - 7  

24.5 - 21 
18 - 22.5 

31 - 32 
26 - 27.5 

34.5 - 35.5 

24.5 - 25.5 

32 - 34 25.5 mon 

38 mon 
6 9 . 8 ~  
31 mon 
50.5 mon 
28.5 
53.5 
42.5 
56 
51 
60 
51.5 

40 - 41 

23 - 23.5 
13.5 - 14 
16.5 
5 
9.5 
8 

10.5 
19.7 
24.0 

31 mon 

0 mom 
3 3  
12 mon 
40.5 
31.5 
45 

2 mon 42 
23 49.5 
26.5 41.5 

S = smectic; N = nematic; mon = monotropic; x = Ref. (22). 

in this series, we observed the enantiotropic liquid-crystalline phase, though 
in the range of about 1" only. The successive compounds in this series have a 
monotropic nematic phase only. 

4-Ethyl- and 4-methyl-4'-alkylazoxybenzenes are in their great majority, 
as distinguished from the azo compounds, enantiotropic mesogens, and 
their nematic phase exists in a wide range of temperatures (Table 11). In 
both series the clearing points increase with the length of the alkyl sub- 
stituent. The unsymmetrically substituted 4-ethyl-4'-alkylazoxybenzenes 
(Figure lb) show clearing points by about 20" lower than the symmetric 
4,4'-dialkylazoxybenzenes (Figure la) described by van der Veen and de 
Jeu.14 Their melting temperatures are also lower by the same value owing 
to which the range of their mesophase is almost as wide as that of the sym- 
metric compounds. Several of them melt in the range 5-10", whereas in 
symmetrically substituted compounds only the butyl and pentyl derivatives 
are liquid below 25". 

The low melting points of 4-ethyl-4'-alkylazoxybenzenes can only in part 
be attributed to the fact that those compounds are composed of two-position 
isomers. In our opinion this is also largely due to the presence of the ethyl 
group as terminal substituent which contributes in this case very advan- 
tageously to the lowering of the melting point. The symmetric 4,4'-diethyl- 
azoxybenzene, in which position isomerism does not occur, melts at 23". 
However, the latter melting temperature is much lower than that of the 
compounds preceding and following that substance in the homologous 
series. 
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8! 

6C 

40 

20 

0 

80 

60 

40 

20 

0 

b 

2 4 6 8 10 m 
FIGURE 1 The phase transition temperatures in the three homologous series of dialkyl 
azoxybenzene derivatives: 0 = clearing point, 0 = melting point, x = smectic-nematlc or 
smectic-isotropic phase transition points; (a)-phase transitions after Ref. ( 1  I )  with the exception 
of the results form = 1 and 2. 
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68 R. DABROWSKI ot NI 

FIGURE 1 ( c o n h u e 4  The phase transition temperatures in the three homologous series of 
dialkyl azoxybenzene derivatives: 0 = clearing point, 0 = melting point, x = smectic- 
nematic or smectic-isotropic phase transition points; (a)--phase transitions after Ref. ( I  I )  with 
the exception of the results form = 1 and 2. 

The transformation of the azo bridge in the symmetric 4,4'-dialkylazo- 
benzenes to the azoxy bridge results in the lowering of the melting point." 
Considering the above fact and that most 4-ethyl-4'-alkylazobenzenes melt at 
about 20" we can expect that the melting points of pure 4-ethyl-4'-alkylazoxy 
compound position isomers with a pentyl, hexyl, heptyl or octyl radical will 
be lower than 20". 

4-Methyl-4-alkylazoxybenzenes melt at temperatures about 10-1 5" higher 
than the compounds with the ethyl substituent with the exception of 4- 
methyl-4'-propylazoxybenzene which melts abnormally low, i.e. at 7" 
(Table 11). 

The disadvantageous increase of the melting point of compounds with the 
methyl group is advantageously compensated by their higher clearing 
points. 

The liquid-crystalline properties of 4,4'-dimethylazoxybenzene, which is at 
the same time the first compound of all the homologous series of azoxy 
compounds discussed here, require some comment. That compound was 
studied by Campbell and Henderson,22 who report that it is a monotropic 
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UNSYMMETRICAL 4,4-DIALKYLAZOXYBENZENES 69 

nematic with a clearing point of 69.2" (m.p. 70"). During slow cooling of the 
molten compound they observed the formation of areas of liquid crystal in 
which laths of solid start to grow. We found that was not a real liquid- 
crystalline state but some intermediate phase characterized by strong 
birefringence which by its behaviour reminds the liquid-crystalline state. 
This intermediary phase can be observed both during the melting of 4,4- 
dimethylazoxybenzene and directly before crystallization. Similar properties 
are revealed by stilbene as reported by K ~ r i k . ' ~  The normal nematic phase 
appears in 4,4'-dimethylazoxybenzene at 38". We determined it basing on 
the clearing points of the two-component systems: 4-methyl-4-butylazoxy- 
benzene-4,4'-dimethylazoxybenzene and 4-methyl-4-propylazoxybenzene- 
4,4-dimethylazoxybenzene. In the former system the clearing point rises 
and in the latter it decreases with the amount of 4,4-dimethylazoxybenzene 
present. The clearing points of pure 4-methyl-4-butylazoxybenzene and 
4-methyl-4'-propylazoxybenzene are 28.5" and 50.5", respectively. 

Both series of the unsymmetrical 4,4'-dialkylazoxybenzenes (I and 11) 
presented here reveal a less pronounced smectogenic behaviour (Figure la, 
l b  and lc) than the symmetric ones. In 4-ethyl-4-alkylazoxybenzenes the 
smectic phase S A  was observed for compounds with nonyl and decyl radicals 
but only in a small range of temperatures (2-3" above the m.p.); the com- 
pound with the octyl radical has only a monotropic smectic phase. 

In 4-methyl-4-alkylazoxybenzenes we observed only monotropic smectic 
phase for compound with decyl radical. As distinguished from the above 
considered compounds, 4,4'-diheptylazoxybenzene has a smectic phase S, 
20" above the m.p. (Figure la). It can be believed therefore that the smecto- 
genic behaviour of dialkylazoxy compounds depends not so much on the 
length of one of the terminal substituents as on the total length and number 
of atoms in both terminal substituents. This is observed when the total 
number of carbon atoms in both substituents exceeds 10. The total length 
of the alkyl chains determines the dispersive forces and the molecular weight. 
Both these factors affect significantly the translational displacement ability 
of the particular molecules. 4-Ethyl- and 4-methyl-4'-alkylazoxybenzenes 
seem to be, owing to their low melting points and small tendency to form 
smectic phases, particularly suitable as components for preparing mixtures 
liquid at low temperatures. They also seem to be a convenient model of a 
nematic whose structure is nearest to ideal. 

Physical properties 

Refractive indeces The temperature dependence of the refractive indeces 
in the isotropic phase ni for the ordinary no and extraordinary n, rays for 
compounds of series I and I1 is similar to those observed for symmetric 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
36

 2
3 

Fe
br

ua
ry

 2
01

3 



70 R .  DABROWSKl a/  

FlGlJREZ Variationoftherefractiveindecesintheisotropicandnematicphaseswith tempera- 
ture ( i t o  and n,  refer to the ordinary and extraordinary rays, respectively) for three compounds 
belonging to the 4-ethyl-4'-alkylazoxybenzene. 

4,4'-dialkylazo~ybenzenes.~~ This dependence is shown in Figure 2 for 
three compounds belonging to the homologous series I as a function of the 
temperature difference t - t,. The values of all three refractive indeces 
decrease with growing length of the alkyl chain. This tendency is especially 
visible for the refractive index in the isotropic phase as shown in Figure 3 
at temperature t - t ,  = +5". The ni values show a small alternation de- 
pending on the number rn of carbon atoms in CmHZm+ Compounds with 
even rn values have higher refractive indeces ni in the isotropic phase, the 
values of ni in both series I and I1 differing insignificantly. On the contrary, 
the difference between the two homologous series of compounds are large as 
regards birefringence An = n, - no. 

The compounds belonging to series I1 with methyl as permanent terminal 
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UNSYMMETRICAL 4,4'-DIALKYLAZOXYBENZENES 71 

" 1  

1.6: 

1,s: 

1.61 

1.60 

1.59 

I.SU 

1.51 

- 
I 5 6 I I 9 I0 m 

FIGURE 3 Refractive indexes in the isotropic phase as a function ot 'the number of carbon 
atoms in the alkyl chain of 4-methyl-4-alkylazoxybenzenes (full circles) and 4-ethyl-4'-alkyl- 
azoxybenzenes (empty circles). 

substituent reveal much higher values of An than compounds belonging to 
series I with ethyl as permanent terminal substituent. The value of An 
depends in both homologous series on the length of the alkyl chain and is 
greatest for the heptyl radical. The values of anisotropy show systematically 
a strong alternation depending on whether the number of carbon atoms in 
the alkyl is even or odd (Figure 4). As distinguished from the isotropic 
phase the compounds with odd numbers of carbon atoms in the alkyl 
substituent have larger An values, which is consistent with the alternation of 
clearing points. 

Dielectric constants The compounds belonging to both homologous 
series I and I1 reveal a small positive dielectric anisotropy, A& = ell - e l  
assuming for t - t ,  = -5"  values ranging from 0.6 to 0.1. The values 
of dielectric constants ell, e l ,  E~ and dielectric anisotropy A& decrease 
with growing m (Figures 5, 6, 7 and 8). This feature also observed in other 
homologous series, as well as for 4,4'-dialkylazo~ybenzenes~~ results 
from the decreasing density. The very significant alternation of dielectric 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
36

 2
3 

Fe
br

ua
ry

 2
01

3 



12 R. DABROWSKl r t  a1 

A n  I 
0.168 .. 

0.164 .. 

0.160.. 

0,156 , 

0.l52 .- 

0.148 .. 

0.144 . , 

0.140 . , 

0.136 

4 5 6 1 8 9 1 0  m 

FIGURE 4 Birefringence An as a function of the number of carbon atoms in the alkyl chain 
for 4-methyl-4’-alkylazoxybenzenes (full circles) and 4-ethyl-4-alkylazoxybenzenes (empty 
circles). 

constant anisotropy A& deserves special attention. The values of A& are 
greater in both series of compounds for compounds with odd numbers of 
carbon atoms in the alkyl. The values of AE are similar in both series of com- 
pounds when the values of m are the same (Figure 7). 

In series 1 of compounds we observe for m = 8 (Figure 5 )  a nematic- 
smectic transition which is accompanied by a decrease of the E I I  value. 
Several degrees below the phase transition N 4 S A  temperature the dielectric 
anisotropy vanishes. In series I1 the variations of and cL with temperature 
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FIGURE 5 
belonging to the 4-ethyl-4-alkylazoxybenzene series. 

Variation of the dielectricconstants: c , , I ; ~  and ci with temperature for compounds 
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FIGURE 6 
belonging to the 4-rnethyl-4’-alkylazoxybenzene series. 

Variation of the dielectric constants: I. l l  , I . ,  and c, with temperature for compounds 
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FIGURE 7 Dielectric constant in the isotropic phase as a function of the number of carbon 
atoms m in the alkyl chain: 4-ethyl-4‘alkylazoxybenzenes (empty circles), 4-methyl-4’-alkyl- 
azoxybenzenes (full circles). 

A E  
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-40 
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FIGURE 8 Dielectric anisotropy A c  as a function of the number of carbon atoms m in the 
alkyl chain : 4-ethyl-4’-alkylazoxybenzenes (empty circles) and 4-methyl-4’-alkylazobenzenes 
(full circles). 
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UNSYMMETRICAL 4.4-DIALKYLAZOXYBENZENES 75 

do not indicate that in those compounds a tendency occurs to build up a 
smectic ordering when the temperature is lowered (Figure 6 )  except the 
compound with decyl radical. 

The Maier-Meier equation relates the dielectric anisotropy A& and the 
ordering parameter S as follows : 

P 2  A& = 4xNhF Am - F -(l- 3 C O S ~  y )  { 2kT 
where : 

N is the number of molecules, 
h is the cavity field factor, 
F is the reaction field factor, 

p is the permanent dipole moment, 
y is the angle between p and the long molecular axis. 

Aa is the anisotropy of induced polarizability, 

From this relationship it can be concluded that the observed A& alternation 
results largely from the alternation of parameter S and Aa in dependence on 
the number of atoms m in the alkyl substituent. This problem will be given 
a detailed treatment in another work.26 

Density The variations of the specific and molar volumes with temperature 
are given for three compounds from series I (for m = 5 , 8  and 10) in Figure 9. 
The density of these compounds increases with decreasing length of the 
alkyl substituent. In the nematic and isotropic liquid ranges the density is 
a linear function of temperature and varies according to the formula: 

d, = do + at 

The values of the constants do,  a and the standard deviation 6 = Jz\'/.-1 
as calculated by the least squares method from experimental data are listed 
in Table 111. These data allow us to calculate the density at any temperature. 
In the case of the nematic-isotropic liquid transition as well as in that of 
the smectic-nematic transition (for n = 10) the transition effects are distinctly 
visible. Several degrees above and below the phase transition temperature 
the density variation deviates from linearity. 

In the vicinity of the nematic-isotropic liquid phase transition we can 
calculate the density from the equation: 

d; = d, + A(T) It, - t l  

The constants A and E as well as the clearing temperature t ,  found in pycno- 
metric measurements are listed in Table 111. The change of the molar volume 
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R. DABROWSKI et a1 
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FIGURE 9 
alkylazoxybenzene series. 

Variation of density with temperature for compounds belonging to the 4-ethyl-4'- 
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UNSYMMETRICAL 4,4'-DIALKY LAZOXY BENZENES 71 

TABLE I l l  

Value of constants for calculation density at various temperatures in 4-cthyl-4'-decyl- (a) and 
4-ethyl-4-pentylazoxybenzene (b) 

Temperature do a.104 IP 
Compound range ("C) (g/ml) (g/ml. ' C )  (T) A . ~ u ~  t U 

a 29.6 - 44.2 1.0346 -9.821 0.01 
44.2 - 48.0 48.09 1.346 -0.334 1.24 
48.2 - 50.1 48.09 54.64 0.616 2.26 

50.1 1.01837 -7.687 0.01 

b 35.1 1.06578 - 8.348 0.01 
35.1 - 40.7 47.75 795.8 -0.492 0.58 

41.7 1.06130 -7.940 0.01 

on transition from the smectic to nematic phase is half that observed on 
transition from the nematic to isotropic phase and amounts to 0.11 mole % 
and 0.23 mole %, respectively, for M = 10. For compounds with m = 5 and 
8 the change of molar volume on transition from nematic to isotropic liquid 
is 0.2 mole % and 0.16 mole %, respectively. 
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