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Predicting Phase Diagrams-Appl’ied 
to the Tolanst 
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5%55 Villeneuve d’Ascq Cidex-France 

(Received November 22, 1984; in final form June 9, 1986) 

For a mesogen which does not exhibit an enantiotropic nematic phase when pure, two 
new methods are proposed for the determination of the temperatures and enthalpy 
changes of the nematic-isotropic liquid virtual transitions. These calculations, based 
on SchrCider-van Laar and van b a r  equations, use the value of the liquid appearance 
temperature (the determination of which is easy and accurate) for mixtures of the 
compound with another mesogen which exhibits the enantiotropic mesophase when 
pure. Both methods are applied to the study of the first ten compounds in the series: 
4-methoxy-4’-n-alkyl-tolan. The results are then used to determine the eutectic, liquid 
appearance and nematic disappearance temperatures of mixtures of two tolans that 
do not exhibit an enantiotropic nematic phase when pure. In seven cases, an enantio- 
tropic nematic phase is predicted and observed; in one case, the phase diagram differs 
from that expected; for the remainder, there is a good agreement between calculated 
and experimental data. 

Keywords: liquid crystals, nematic, phase diagram, virtual transition 

INTRODUCTION 

When two mesogens do not exhibit the same mesophase, the isobaric 
phase diagram for their mixtures can be explained in terms of virtual 
transitions. Knowledge of these virtual transitions permits us to pre- 

tPaper presented at the 11th International Liquid Crystal conference, Berkeley, 

$Unite associte au C.N.R.S. No. 801 
CA, 30 June-4 July, 1986. 
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348 M. DOMON AND J. M. BUISINE 

dict the phase diagram.* Generally, at the nematic-liquid (N-I) tran- 
sitions, the enthalpy changes are very small; so many authors have 
described the [N-I] equilibrium curves in binary diagrams as straight 
linesz4 or a slight  curve^,^,^ and determined the temperature of the 
virtual [N-I] transition of pure compounds by extrapolation. Al- 
though this method generally gives good results, it does not permit 
the determination of enthalpy changes of virtual transitions. For two 
compounds, one of which exhibits an enantiotropic nematic phase, 
the phase diagram is given in Figure 1. In previous work, it has been 
shown that this diagram can be calculated, using the Schroder-van 
Laar equation" for the solubility c u r v e ~ , ~ J ~ - ~ ~  and using the van Laar 
equationsM for the [N-I] equilibrium curves.I Conversely, the use of 
the same equations allows us to calculate the temperature and en- 
thalpy change at the virtual [N-I] transition from the temperatures 
of the triple points.' However, the latter method gives acceptable 

Ti '  

TBKN 

moles B 
,%' 

A B 
FIGURE 1 Isobaric phase diagram of a compound ( B )  exhibiting an enantiotropic 
nematic phase with a compound (A)  which does not; brackets [ ] indicate the virtual 
transitions. 
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PREDICTING VIRTUAL TRANSITIONS 349 

values for the parameters of the virtual transitions only if the meas- 
urements of the temperatures of the triple points are sufficiently 
accurate ( 20.2"C). Although the liquid appearance temperature can 
be easily determined with precision (about 0.2"C), fluctuations of 
some degrees are often observed for the eutectic temperature. This 
is why we propose two methods for the determination of the tem- 
peratures and enthalpy changes of virtual [N-I] transitions, based on 
the measurement of the liquid appearance temperature. These meth- 
ods are then used in 'the study of a series of nematogens in order to 
predict the existence or non-existence, of an enantiotropic nematic 
phase in mixtures of two compounds that do not exhibit it when. pure. 

METHODS 

The calculations involved in both approaches are described in ref- 
erence [l]. 

One-diagram method 

For a compound A, exhibiting a virtual nematic-liquid [N-I] tran- 
sition, where the transition temperature TL"] is known, the value of 
the corresponding enthalpy change AHLN1l can be calculated from a 
measurement made on mixtures of A with a compound B exhibiting 
an enantiotropic (N-I) transition (Figure 1), of the liquid appearance 
temperature TZg', and from the values of the temperatures and en- 
thalpy changes at the crystal-isotropic liquid-(K-I) transition for A 
(respectively TZI and AHZI) and at the nematic-liquid (N-I) tran- 
sition for B (respectively TZ1 and AH;[): 

exp(, AH;' (& - &)} (7 A Hgl (& - &)} 
{R AHgl (& - &)} - 

X 

e X P ( 7  AHA" (& - &)} + 

where R is the gas constant. 
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350 M. DOMON AND J. M. BUISINE 

Two-diagram method 

When the virtual transition temperature is unknown, T!!'] and 
AHLM] can be calculated from a measurement, on two binary mixtures 
of A with two compounds B and B' exhibiting an enantiotropic 
(N-I) transition, of the liquid appearance temperatures T S 1  and 
TE?, and the values of the temperatures and enthalpy changes 
at the crystal-nematic (K-N) transitions for pure B and B' 
(TF; TY; Am; Am, respectively) and at the crystal-isotropic 
liquid (K-I) transition for A (respectively TY and Am: 

where 

and E' is the similar expression corresponding to B'. Both expressions 
are valid only when TZI differs from TAKE!. 

Exploitation of both methods 

Using the data obtained with the one- or the two-diagram method, 
it is possible to determine, for two compounds A and A' which do 
not exhibit enantiotropic nematic phases when pure, but give an 
enantiotropic nematic perfect solution in their mixtures (Figure 2), 
the temperatures at the triple points limiting the nematic domain, 
i.e., the eutectic temperature TfiA,, the liquid appearance tempera- 
ture TZ!' and the nematic disappearance temperature Tz2F1. There 
is an enantiotropic nematic solution in the mixtures of A and A' only 

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

3:
35

 1
9 

Fe
br

ua
ry

 2
01

3 



PREDICTING VIRTUAL TRANSITIONS 35 1 

/ 

moles A' 
% 

A A' 
FIGURE 2 Isobaric phase diagram of two compounds which exhibit an enantiotropic 
nematic phase in their mixtures and not when pure: brackets [ ] indicate the virtual 
transitions. 

if the eutectic temperature is lower than both liquid appearance and 
nematic disappearance temperatures: 

EXPERIMENTS 

The compounds used to verify the validity of both methods are 
4-methoxy-4'-n-alkyl-tolans2': 

CH30 = CnHlncl, with n = 1 to 10 

Previous studies'3**," have established that compounds with n = 3 
and 4 exhibit monotropic nematic phases, and for n = 5 to 7, 9 and 
10 enantiotropic ones. Literature data for the temperatures and en- 
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352 M. DOMON AND J. M. BUISINE 

thalpy changes at the phase transitions are reported in Table I [l, 22 
to 261. 

The temperatures of the transitions for pure compounds, and at 
the triple points for binary mixtures, were measured with a heating 
stage (Mettler, Fp 52) equipping a polarizing microscope (Ortholux 
Leitz); the temperature calibration was verified with melting stand- 
ards. The experimental values were averages of at least five meas- 
urements. 

For pure compounds, the temperature of the monotropic (N-I) 
transition was determined by observation of the undercooled melt 
between glass slides, or by means of the droplet methodz6 (accuracy: 
0.2"C). 

For binary mixtures, the contact methodlo has been used. 

RESULTS 

Experimental results 

The experimental transition temperatures for pure compounds are 
shown in Table I; they agree with literature data. 

All of the binary phase diagrams of compounds which exhibit an 
enantiotropic nematic phase (n = 5, 6, 7, 9, 10) with compounds 
which do not (n = 1, 2, 3, 4, 8) have the general appearance of 
Figure 1. The experimental liquid appearance temperatures are re- 
ported in Table 11. 

Among the ten binary diagrams of two compounds without en- 
antiotropic nematic phases, seven (for n = 8 & 1, 8 & 2, 8 & 3, 
8 & 4, 2 & 3, 2 & 4 and 3 & 4) exhibit an enantiotropic nematic 
phase. For the first six mixtures, the phase diagram has the general 
appearance of Figure 2; the temperatures at the triple points (TZAi, 
TE*'i, TA21*i) limiting the nematic area are shown in Table 111. For 
the seventh mixture (n = 3 & 4) the phase diagram is shown in Figure 
3. In the other binary mixtures, no enantiotropic nematic phase ap- 
pears; for n = 1 & 2, the compounds form a solid solution despite 
their belonging to different crystalline systems: and for n = 1 & 3, 
1 & 4 an undercooled nematic phase is observable. 

Calculations 

For compounds exhibiting a monotropic [N-I] transition (n = 2, 3, 
4,8) the corresponding enthalpy change has been calculated by means 
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PREDICTING VIRTUAL TRANSITIONS 353 

TABLE I 

Temperature ("C) and enthalpy changes (in italics) (k cal.mole-') of the crystal- 
nematic (K-N), nematic-isotropic liquid (N-I) and crystal-isotropic liquid (K-I) 

transitions in the 4-methoxy-4'-n-alkyl-tolan series. 

n K N I Ref. 

1 124.8' - [32.1 f 4.51' 
124.3 24 

6.8 26 
.I3 f .OF 

2 72.5" [34.7]" 
72.8 24 

34.2 f 2.Y 
5.62 26 

.I7 2 .OP 

. I9  2 .OF 
65.0" [61.4]' 
66 61 22 

61.4 2 0.8' 
5.0 .15 22 

.I7 2 0.3h 

.23 f 0 . 0  
50.4" [40.2)" 
49.5 40.3 1 

40.3 f .OY 
4.10 22 

.I6 1 
.21 f . O P  
2 6  2 11' 

43 55 22 
4.2 .14 22 

39.1 42.2 25 
5.71 .I7 25 

39 54 13 
5. I .I2 13 

48.7 25 
47.9 f .(Y 

8.37 25 
.I3 f .Mb 
. ll  f .03' 

5 45.6" 57.1" 

6 39.1" 43.4" 

7 40.9" 54.0" 

8 48.4s [47.91' 

9 43.4" 54.5" 
41 53.5 13 

7.45 .21 13 

49.5 50.0 26 
9.10 .285 26 

10 50.5" 51.4" 

[ 1: monotropic transition. "experimental 
.:observable phase. 
-not observable phase. 

bcalculated by the one-diagram method. 
'calculated by the two-diagram method, 

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

3:
35

 1
9 

Fe
br

ua
ry

 2
01

3 



354 M. DOMON AND J. M. BUISINE 

TABLE I1 

Experimental data for the liquid appearance temperature of mixtures of two 4- 
methoxy4-n-akyl tolans, which exhibit (n = 5, 6,7, 9, 10) and do not exhibit 

(n = 1, 2, 3,4, 8) one enantiotropic nematic phase when pure. 

n 1 2 3 4 8 

5 54.2 45.2 60.9 41.9 48.0 
6 41.9 38.9 56.2 40.8 47.7 
7 51.5 43.0 59.3 42.2 48.0 
9 52.7 45.7 58.0 42.2 48.2 
10 49.6 44.8 57 .O 41.7 48.0 

of the “one-diagram method” (equation (1)). The results are shown 
in Table I and labelled (b). For 4-metho~y-4~-methyl-tolan, the [N- 
I] transition is unobservable; so the temperature and enthalpy change 
for this transition have been calculated by the “two-diagram method” 
(equation (2)). To compare the results of both methods, this calcu- 
lation has also been applied to compounds exhibiting a monotropic 
transition (n = 2, 3, 4, 8). The results are indicated as (c) on Table 
I. 

For mixtures of two compounds neither of which shows an enan- 
tiotropic nematic phase (n = 1, 2, 3, 4, 8) the temperatures TZAr, 
TE1lf, TExzf limiting the nematic area have been calculated with the 
method of reference [l], first using the monotropic [N-I] tempera- 
tures and the data labelled (b) in Table I, and, secondly, using the 
data (c) in the same table. The results are shown on Table I11 and 
labelled (b) and (c) respectively. Equation (3) predicts the existence 

TABLE 111 

Experimental data (a) and calculated values for the eutectic, liquid appearance and 
nematic disappearance temperatures limiting the extent of an enantiotropic nematic 
phase for the mixtures of two 4-methoxy-4’-n-alkyl-tolans that do not exhibit this 
phase when pure; (b) refers to the one-diagram method, (c)  to the two-diagram 

method. 

Nematic 
disappearance 

(a) (b) ( 4  
1.8 44.9 45.3 45.4 
2.3 42.4 40.7 40.4 
2.4 29.3 32.0 30.9 
2.8 33.9 36.7 36.7 
4.8 30.2 26.7 26.5 
8.3 29.6 33.2 33.1 

45.9 45.9 45.6 
50.4 47.0 47.7 
37.3 38.2 38.2 
41.0 41.1 40.0 
41.2 41.0 40.9 
47.3 48.1 48.1 

47.5 47.0 46.4 
57.0 56.4 57.7 
39.2 39.2 39.3 
46.8 46.8 45.0 
47.3 47.2 46.9 
56.3 60.3 60.3 
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PREDICTTNG VIRTUAL TRANSITIONS 355 

"C 
+ 

N 

50.4 

4 9.0 

40.2 

MOPT MOBT 
FIGURE 3 Experimental isobaric phase diagram of: 4-methoxy-4'-n-propyl-tolan 
(M-OP-T) and 4-methoxy-4'-n-butyl-tolan (M-OB-T). 

of an enantiotropic nematic domain for seven mixtures: n = 8 & 1, 
8 & 2 , 8  & 3 , 8  & 4 , 2  & 3 , 2  & 4, 3 & 4. 

DISCUSSION 

Considering the enthalpy change of the virtual [N-I] transitions of 
the compounds studied (Table I), there is a good agreement between 
the values calculated from one diagram, labelled (b), and those cal- 
culated from two diagrams, labelled (c), with a better accuracy for 
the one diagram method for most cases. In addition, for the [N-I] 
transition temperatures of compounds with a monotropic nematic 
phase, the experimental data (labelled (a) in Table I) are within the 
uncertainty range of the calculated values (labelled (c) in Table I). 
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356 M. DOMON AND J. M. BUISINE 

The enthalpy changes at virtual transitions have the same order of 
magnitude as those of corresponding real transitions. 

When shown on the same graph (Figure 4), real and virtual tran- 
sitions can not be distinguished; as for many series of homologous 
compounds," an odd-even effect appears, for n 5 2, for both the 
TNT values and for the difference AT between the melting and clearing 
temperatures. 

Regarding the triple point temperatures in binary diagrams of com- 
pounds without enantiotropic nematic (see Table 111), the data cal- 
culated using the one-diagram or the two-diagram method are gen- 
erally very close together, or do not differ significantly. In most cases 
there is a good agreement between the calculated and experimental 
values. Except for the one mixture (n = 3 & 4) the shape of the 
experimental diagram is, as predicted, by Figure 2. 

4 0. 

3 0. 

6 0  _c[ 
I 

5 0  
I 

\ 

I ,  n b 
1 10 

FIGURE 4 Nematic-isotropic liquid transition temperature (a) and difference be- 
tween the melting and clearing temperatures (b) versus the number of carbons, n in 
the alkyl chain for the 4-methoxy-4'-n-alkyl-tolan series. 
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PREDICTING VIRTUAL TRANSITIONS 357 

CONCLUSION 

The concept of virtual transitions has been applied to the study of 
the first ten compounds of the 4-methoxy-4'-n-alkyl-tolan series, pure 
or in binary mixtures. By two different methods, according to whether 
a monotropic "-11 transition is observable or not (and using the 
measurement of liquid appearance temperatures in binary mixtures 
of two compounds one only of which exhibits an enantiotropic ne- 
matic), the unknown temperatures and enthalpy changes at both 
virtual nematic-isotropic liquid and crystal-nematic transitions have 
been calculated. There is a good agreement between the results of 
the two methods. Furthermore, for the nematic-isotropic liquid tran- 
sition, the calculated temperature coincides with the experimental 
monotropic one. The enthalpy changes of virtual transitions are com- 
parable with those of corresponding real transitions; real and virtual 
transition temperatures vary in the same way with the length of the 
alkyl chain. The existence of an enantiotropic nematic phase is pre- 
dicted for the mixture of two compounds neither of which exhibit it 
when pure; there is a good agreement between the calculated and 
experimental values for the temperatures of the triple points limiting 
the nematic region. To predict the existence of a mesophase in binary 
mixtures, these results extend the mesogenic character to all terms 
of the series, allow selection of the most interesting mixtures, and 
restrict the observations to these. 
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