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and 
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(Received January 22, 1985) 

We report on an unusual variant in liquid crystal polymorphism where a nematic phase 
is created from a binary mixture of two compounds, neither one of which in its pure 
state exhibits the nematic phase. One of the compounds in its pure form exhibits only 
a smectic A phase which is stabilized by an extended alkyl chain. The other compound 
in its pure form exhibits a smectic A and a smectic B phase which are stabilized by a 
terminally substituted halogen. When mixed, a wide-temperature-range nematic is 
created. This induced nematic is studied by x-rays, differential scanning calorimetry. 
and by varying the terminal halogen. 

INTRODUCTION 

Mixture-induced nematic phases have received relatively little atten- 
tion in the literature, in contrast to mixture-induced smectic phases. 1-2 

A number of examples are reported in the literature where a nematic 
phase was observed in a phase diagram from a binary mixture of two 
compounds which in their pure form showed no nematic 
but no explanations appear to have been given of why such a phe- 
nomenon should occur. 

In binary mixtures of 2-fluorenylmethylidene-4’-n-dodecylaniline 
(FC12A) with 4-n-butoxybenzylidene-4’-chloroaniline (40.C1) we have 

tSupported by the National Science Foundation under grant DMR83-09739. 
$On leave from Physics Department, Technical University of Lodz, Poland. 
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290 B. ZIEMNICKA er al. 

discovered an induced nematic phase over a rather large region in 
concentration and temperature. One of the compounds, FC12A, in 
its pure form, exhibits only a smectic A phase which our x-ray studies 
show it to be of type A,, with overlapping molecules in a bilayer 
structure. The other compound, 40.C1, in its pure form, also exhibits 
only smectic phases which our x-ray studies show to be the ordinary 
smectic A phase (A,) and, at lower temperatures, the smectic B 
phase. The layer spacing in the SA phase is consistent with the mo- 
lecular length which is considerably shorter than that of FC12A. 

In this paper we focus on the induced nematic phase of these 
materials by examining binary mixtures with other halogen-containing 
compounds of the 40.X variety where X = F, C1, Br and I. The 
mixtures, as well as some of the pure materials, are well characterized 
by x-ray diffraction, differential scanning calorimetry and the polar- 
izing microscope. 

MATERIALS 

The compounds used in this study are shown in Table I. All of these 
compounds were synthesized by reacting equimolar quantities of the 
appropriate aldehyde and aniline in absolute ethanol, with molecular 
sieves (Linde No. 4A) as a dehydrating agent. The reaction was 
carried out under reflux overnight. The hot solution was filtered to 
remove the molecular sieves, cooled to 5" and crystals collected. The 
resulting solid was recrystallized from absolute ethanol to constant 
clearing point. 

TABLE I 

Transition temperatures for pure compounds 

FC12A" (77.6)" _ _  118.0 - -  141 .O 
4 0 . F  (36.7) (58.8) _ _  (60.0) 66.7 
40.  Cld (72.2) 85.1 Yo. 1 - -  91.0 
40.Br (52.6) 100.0 - _  _ _  101.2 
40.1 (46.3) 87.1 _ _  _ -  113.2 

C = liquid crystal to crystal phase transition; SA = srnectic A; S, = smectic B; 
N = nematic; I = isotropic liquid. 
Temperatures indicate transition temperatures from previous phase to phase indi- 

'Data from Ref. 9. 
bParentheses indicate transition temperature obtained on cooling. 
'This compound was also reported in Ref. 10, but with a S, phase rather than a S, 

dAlso reported in Ref. 10. 

cated. 

phase. 
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FIGURE 1 
detail near 100% 40.C1 (confirmed by the drop contact method). 

Phase diagram for binary mixtures of FC12A and 40.C1. The inset shows 
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292 B. ZIEMNICKA ef al. 

FIGURE 2 Textures of a contact region with FCl2A on the left (smectic A fan 
texture) and 40.CI at the right (in transition from smectic A to smectic B), near 80°C. 
In the center. one can see the nematic schlieren texture. 

EXPERIMENTAL 

Binary mixtures were prepared by weight concentration. Phase dia- 
grams were constructed using a hot stage microscope with polarized 
light for samples of known concentration. In the preparations the 
substances were placed between a slide and cover glass, without any 
surface preparation. The textures of N, SA and SB phases were not 
unlike those reported by Demus. l1  Normally, the phase transitions 
were sharp except in some cases where there were coexisting phases. 

The phase diagram for FC12A and 40.C1 is shown in Figure 1. 
This system exhibited the largest nematic region with a temperature 
range of 23" at its widest point and with concentrations nearly span- 
ning the entire range. The details on the extreme right of the phase 
diagram, expanded in the inset, were confirmed by the drop contact 
method. With this method one could often see several phases si- 
multaneously in the field of view of the microscope. Figure 2, for 
example, shows a photograph of the textures taken at 80°C. Upon 
lowering the temperature the nematic schlieren texture in the center 
of the field of view vanishes as expected from the diagram of Figure 
1. 

As seen in Figure 3, a binary mixture of FC12A and 40.Br is in 
many respects similar to that of Figure 1 except that the temperature 
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FIGURE 3 
detail near 90% 40.Br (confirmed by the drop contact method). 

Phase diagram for binary mixtures of FC12A and 40.Br. The inset shows D
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294 B. ZIEMNICKA et al. 

A 

B 

FIGURE 4 Phase diagram for binary mixtures of FC12A and 40 .F .  

range of the nematic phase is reduced. It is noted that 40.Br only 
contains a SB phase with an I-SB phase transition. 

Figure 4 shows the phase diagram resulting from mixtures of FC12A 
and 40.F. In its pure form 4 0 . F  shows a short range nematic phase. 
The effect of adding FC12A is to broaden the temperature range of 
the nematic phase. It does not become as broad, however, as in the 
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MIXTURE-INDUCED NEMATIC PHASE 295 

I 

A 50 [xwt] B 
FIGURE 5 Phase diagram for binary mixtures of FC12A and 40.1.  

FC12A/40.C1 mixture because crystallization intervenes. 4 0 . F  does 
not possess a SA phase. 

In Figure 5 we show the binary phase diagram of FC12A and 4 0 . 1  
which shows no induced nematic phase at all. The compound 40 .1  
shows only a S, phase in its pure form. The phase diagram of Figure 
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A H  
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FIGURE 6 Lower curve: AH values for nematic to smectic A transition versus 
concentration for binary mixtures of FC12A and 40.CI. Upper curve: iange of the 
nematic phase for binary mixtures of FC12A and 40.CI versus concentration. 
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MIXTURE-INDUCED NEMATIC PHASE 291 

5 shows a large two-phase 14, region, but no nematic phase was 
evident under the polarizing microscope. 

In order to make a more thorough study of the induced nematic 
we measured the heat of transition for the N - S A  phase transition for 
mixtures of FC12A and 40.C1. Figure 6 shows a plot of the transition 
enthalpy versus concentration. There appears to be an initial decrease 
in the heat of transition with increasing 40.C1 concentration, leading 
to a broad and not very pronounced minimum. The N - S A  transition 
is barely visible at 50% of 40.CI, indicating that this transition is 
nearly second order at this concentration. The maximum range of 
the nematic phase, on the other hand, is near 60% of 40.C1. 

In a further attempt to elucidate the reasons for the occurrence of 
the induced nematic, we analyzed the x-ray diffraction patterns of 
(a) pure 40.C1, (b) pure FC12A, and (c) a mixture of 60% 40.C1 
and 40% FC12A. The results were as follows. 

a. Pure 40.C1. The x-ray diffraction patterns showed all the char- 
acteristics of an ordinary smectic A phase, with a layer spacing dobs 
of 19.4 A at 90°C (i.e., at 1" below the clearing point). The molecular 
length 1 of the molecule (planar all-trans conformation, standard bond 
lengths and angles) was calculated to be 20.7 8, (at room tempera- 
ture), which gives12 1 = 20.8 8, at 90°C. With a value of 0.8 for the 
orientational order parameter S, this gives12 a value of 19.3 A for the 
calculated layer spacing dcalc. Thus, the difference between dobs and 
d,,,, is only 0.1 A, which is negligible, confirming that the smectic A 
phase of 40.C1 is the ordinary A,  phase, i.e., an A phase with fully 
overlapping molecules. 

6. Pure FC12A. The value of dobs in the smectic A phase at 140°C 
(i.e., 1" below the clearing point, as in the case of 40.C1) was 34.0 
A. For 1 we obtained 32.4 A at room temperature, and 32.7 
8, at 140°C. Taking again S = 0.8, this gives dcalc = 30.3 A. Thus, 
dobs - dcalc = 3.7 A. This is a significant difference, indicating that 
the smectic A phase of FC12A is not an A, phase but, rather, an Ad 
phase, i.e., an A phase with only partially overlapping molecules. 
The amount of overlap is greater, however, than for most other Ad 
phases reported in the literature: for FC12A, dobs/dcalc = 1.12, whereas 
one usually finds13 dobs/d,alc = 1.45. 

c. Mixture of 60% 40.C1 and 40% FC12A. The value of dobs in 
the smectic A phase at 77°C was 24.3 A. The value of 1 at room 
temperature was calculated as 1 = 0.695 x 20.7 A + 0.305 x 32.4 
A = 24.3 A, where 0.695 and 0.305 are the mole fractions of 40.C1 
and FC12A, respectively. This gives 1 = 24.4 8, at 77°C. With S = 
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298 B. ZIEMNICKA el al. 

0.8, dcalc = 22.6 A, and dobs - deal= = 1.7 A. This difference is 
probably significant, indicating that the A phase of this mixture is 
still an Ad phase, as for pure FC12A, but with an even greater degree 
of overlap: d,b,/d,,~, = 1.08. 

DISCUSSION 

In this section, we will first examine certain aspects of the phase 
diagrams presented in Figures 1,3,4, and 5 ,  and then we will analyze 
in some detail a number of possible explanations for the appearance 
of the induced nematic phase in mixtures of FC12A with 40.CI or 
40.Br.  

The phase diagrams 

It is clear from the phase diagram in Figure 1 that both FC12A and 
40.C1 have a latent N phase, with N-I transition temperatures only 
a few degrees below the S-I transition temperatures. This is further 
confirmed by the following two observations. First, in the homologous 
series FCnA all members with n = 2 through 10 have a nematic 
phase.g The temperature range of this nematic phase decreases with 
increasing n, and the compound FC12A is only the first compound 
(with even n) without a nematic phase. Second, in the series 40 .X  
with X = F, C1, Br, I ,  the compound 4 0 . F  has a nematic phase 
(Figure 4), but this phase becomes latent in 40.C1 and 40.Br (Figures 
1 and 3), becoming more and more suppressed as the halogen atom 
increases in size. Thus, in this series, the compound 40.C1 is again 
only the first member in which the nematic phase becomes latent. 

A comparison of the four phase diagrams revealed an interesting 
similarity between the mixtures in which the halogen is C1, Br, or I. 
We have prepared, therefore, a new phase diagram (Figure 7) in 
which the main features of Figures 1, 3, and 5 are represented to- 
gether. It turns out that the S,,N/isotropic transition temperatures 
are about the same in all three cases, so we have combined them and 
indicated them by a single line (solid line in Figure 7). The upper 
boundary of the SB range (broken lines in Figure 7) shifts upward 
significantly over essentially the full composition range when going 
from CI to Br to I. This, combined with the absence of any significant 
changes in the S,,N/isotropic boundary (full line), results in the grad- 
ual displacement of the N and SA phases from the right hand side of 
the phase diagram when going from CI to Br to I: the SA-N boundary 
(dotted lines in Figure 7) is pushed up significantly when going from 
CI to Br, and it disappears entirely when going to I. 
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20 

A 50 [xwt ]  4 0 - X  
FIGURE 7 Combined phase diagram for the systems FC12A-40.X with X = CI, 
Br, I ,  showing the phase boundaries between SB. S , ,  N, and I phases (full line: S,, 
N/I; broken lines: S,/S, ,  I; dotted lines: S,/N). 

Competing influences stabilizing the smectic phases 

In the case of mixtures of FC12A with 40.C1 or 40.Br,  two stabilizing 
influences on the smectic phase appear to be of importance: increased 
chain lengths and para-substituted halogens. The first effect is well 
known, but the latter, although documented in the l i t e r a t ~ r e ’ ~ . ’ ~  (see 
also Ref. 15, pp. 131 and 174), is not generally appreciated. The 
compounds FC12A and 4 0 . X  appear to have smectic phases stabi- 
lized by each of these effects, respectively. 
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300 B.  ZIEMNICKA et al. 

As far as the 40.X compounds are concerned, Table I shows that 
only 40.F has a nematic phase, and that the smectic-nematic or 
smectic-isotropic transition temperatures increase steadily in the or- 
der X = F,CI,Br,I. Thus, the smectic phase in this series of com- 
pounds appears to be stabilized by the increase in size of the halogen. 

In the homologous series of the FCnA’s, as we discussed above, 
the nematic phase gradually disappears as n increases, and has van- 
ished for FC12A. Simultaneously, the range of the smectic A phase 
increases with n. Thus, the smectic A phase in this case is stabilized 
by increasing the length of the hydrocarbon chain. Such a feature is 
common in the literature (Ref. 15, p. 207) and was first explained 
theoretically by McMillan.16 It is also well known that mixing mem- 
bers of the same homologous series has the approximate effect of 
averaging the chain lengths.” It seems plausible that a similar effect 
is occurring on the left hand side of the diagram in Figures 1 and 3, 
as addition of the compound 40.X effectively shortens the chain, 
causing the appearance of a nematic phase which increases in range 
with increasing concentration of 40.X. The range of the nematic 
cannot continue to increase as more 40.X is added, however, since 
pure 40.X (X = C1,Br) shows no nematic phase. On the right hand 
side of the diagram the range of the nematic must therefore become 
suppressed. 

If the McMillan behavior is indeed occurring on the left hand side 
of Figure 1, then we would expect a decrease in the heat of transition 
with increasing concentration of the shorter chained molecule 40.CI. 
Figure 6 does indeed show an initial decrease in the heat of transition 
with increasing 40.C1 concentration, and the transition becomes nearly 
second order at 50% of 40.C1. The very steep rise in AH on the right 
hand side of the diagram coupled with the rapid drop in the range 
of the induced nematic phase illustrates the strong stabilizing effect 
of the halogen (CI) on the smectic phase. 

We might, therefore, view the induced nematic in Figure 1 (and 
in Figure 3) as a competition between two smectic stabilizing effects: 
long chains and terminally para-substituted halogens. This cannot be 
a general rule, however, as terminally substituted halogens were not 
involved in several previously reported induced nematic  phase^.^ -*  

Difference in molecular length 

The molecular length of FC12A is 32.4 A, that of 40.C1 is 20.7 A 
(see above), so the difference in length is 11.7 A. Such a large dif- 
ference might be expected to make it difficult for mixtures of these 
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MIXTURE-INDUCED NEMATIC PHASE 301 

molecules to form smectic layers. Thus, the decreases in the smectic- 
isotropic or smectic-nematic transition temperatures (i.e., the desta- 
bilization of the smectic phase) when 40.X is added to FC12A or 
FC12A to 40.X (Figures 1,3,4,5) could be viewed as a consequence 
of the large difference in the molecular lengths of the two compo- 
nents. 

From the literature reports of the induced nematic  phase^^-^ it 
does indeed appear that molecular length may be relevant to the 
occurrence of induced nematics, for in all cases the molecular lengths 
of the components are significantly different. The difference is not 
always as large as in our case, however. 

Different kinds of smectic A phases 

Our x-ray studies (see above) indicated that the smectic A phase of 
FC12A is an Ad phase whereas the smectic A phase of 40.C1 is an 
A, phase. Thus, it might be suggested that this difference in phase 
type is the cause for the appearance of the induced nematic phase. 
From the other cases in the l i t e r a t ~ r e , ~ - ~  however, this does not 
appear to be a generally applicable argument. Also, Lydon and 
Coakley18 found almost ideal mixing behavior for a system consisting 
of a compound with an Ad phase and one with an A, phase. 

It should be noted, however, that the two systems with the largest 
induced nematic ranges reported so far, our Figure 1 and Figure 2c 
in Ref. 8, were systems in which the two compounds did have different 
types of A phases (in both cases Ad and Al).  Thus it may well be 
that this difference in the type of the smectic A phase is a significantly 
contributing factor for the formation of an induced nematic phase. 

Acknowledgments 

The authors would like to thank M. L. Doane and M. C. Learn for their assistance 
with DSC measurements and microscopic studies. We acknowledge the Akron Section, 
American Chemical Society, Project SEED 1984, for supporting M. C. Learn. 

References 

1. J .  M. Lohar and 1. S. Dave, Jr . ,  Mol. Crysf. Liq. Crysf.,  103, 181 (1983). 
2. P. E. Cladis, Mol. Crysf. Liq. Cryst., 64, 117 (1981). 
3. H. Arnold and H. Sackmann, Z .  Electrochem., 63, 1171 (1959). 
4. H. Sackmann and D .  Demus, Z .  Physik. Chem. (Leipzig), 230, 285 (1965). 
5 .  D.  Demus, K .  H. KO12 and H. Sackmann, Z .  Physik. Chem. (Leipzig), 249. 217 

( 1972). 

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
 1

4:
24

 1
9 

Fe
br

ua
ry

 2
01

3 



302 B. ZIEMNICKA et a / .  

6. 

7. 

8. 

9. 

10. 
11. 

12. 

13. 
14. 
15. 

16. 
17. 

18. 

D. Demus, G.  Kunicke, G. Pelzl, B. Rohlig, H. Sackmann and R. Salffner, Z. 
Physik. Chem. (Leipzig), 254, 373 (1973). 
D. Demus, L. Richter, C. E. Riirup, H. Sackrnann and H. Schubert, J. Phys. 
(France), 36, C1-349 (1975). 
A. C. Griffin, T. R. Britt, N. W. Buckley, R. F. Fislar, S .  J. Havens and D. W. 
Goodman, in Liquid Crystals and Ordered Fluids, Vol. 3, edited by J. F. Johnson 
and R. S. Porter (Plenum Press, New York, 1978) p. 61; also M. Fukui and Y. 
Matsunaga, Bull. Chem. SOC. Jpn. ,  55, 3707 (1982). 
S .  L. Arora, N.  A. P. Vaz and J. W. Doane, Mol. Crysr., Liq. Cryst., 110, 161 
(1984). 
J. Billard, J. C. Dubois and A. Zann, J. Phys. (France), 36, C1-355 (1975). 
D. Demus and L. Richter, Textures of Liquid Crystals (Verlag Chemie, Weinheirn, 
19781. 
A. de Vries, A. Ekachai and N. Spielberg, Mol. Cryst. Liq. Cryst. Lett.,  49, 143 
(1979). 
P. E .  Cladis, R. K. Bogardus and D. Aadsen, Phys. Rev., Al8,2292 (1978). 
P. Seurin, D. Guillon and A. Skoulios, Mol. Cryst. Liq. Cryst., 65, 85 (1981). 
G. W. Gray, Molecular Structure and the Properties of Liquid Crystals (Academic 
Press, London, 1962). 
W. L. McMillan, Phys. Rev., A4, 1238 (1971). 
D. L. Johnson, C. Maze, E. Oppenheim and R. Reynolds, Phys. Rev. Lett., 34, 
1143 (1975). 
J. E. Lydon and C. J. Coakley, J .  Phys. (France), 36, C1-45 (1975). 

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
 1

4:
24

 1
9 

Fe
br

ua
ry

 2
01

3 


