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Preliminary communication

Development of an incremental system for the prediction of the
nematic± isotropic phase transition temperature of liquid crystals

with two aromatic rings

by THIES THIEMANN and VOLKMAR VILL*

Institut fuÈ r Organische Chemie, UniversitaÈ t Hamburg,
Martin-Luther-King Platz 6, D-20146 Hamburg, Germany

(Received 12 September 1996; accepted 29 October 1996 )

It is possible to express the transition temperature nematic± isotropic ( TNI ) for nematogens
with just two aromatic ring systems as the sum of incremental values of substructural elements,
denoted as substituents and bridging moieties. Of the 1426 mesogens that can be constructed
by the elements for which the increments have been given, the TNI values of most can be
predicted to within 10 ß C, the only notable exception being the 1,2-diphenylethenes.

In recent times, several approaches have been adopted itself, is included [4]. Both methods (a) and (b)
for the investigation of a quantitative relationship are suited to predict transition temperatures of
between the structure of a thermotropic liquid crystal molecules, where there is a linear relationship
material and its transition behaviour. The molecular between molecular structure and transition
approach has been tried frequently, relating the temper- temperature.
ature of the transition nematic± isotropic (TNI ) of a com- (c) Where no linear relationship exists, the use of
pound to its molecular polarizability (Da) [1], its arti® cial neural networks may be preferred [6].
geometrical anisotropy [1], and other electronic and/or
stereochemical factors [2]. As more and more liquid Clearly, for the molecular approach towards estimat-
crystal materials have been studied over the years (50 000 ing TNI , a good approximation of the molecular charac-
by 1990), they have become the subject of statistical teristics is needed. These are not always easy to obtain
evaluation. With the compilation of the available data and are also highly dependent on the conformation of
on liquid crystals [3] and the development of data bases the molecules. While the lowest energy conformation
(such as LiqCryst) [4] it has become possible to pre- can be calculated for one molecule, it can only be
dict transition temperatures of mesogens by cross- approximated for that molecule in a mesophase. Methods
comparison with a large number of similar structures. ( b) and (c) involving the statistical approach evidently
Within this statistical evaluation of physical properties need powerful computational tools.
in relation to structures, it is possible to di� erentiate If, on the other hand, compounds show an additive
among three di� erent methods: structural± property relationship, i.e. if the substructures

of a molecule contribute a ® xed value to the transition(a) The direct comparison of similar compounds to
temperature of that molecule as a whole, it should beseek for a structure± property relationship within a
possible to put in hand a simple incremental systemseries of molecules [5]. Here, the work on the
developed from the analysis of as many structural com-dependence of TNI on the number of atoms in the
parisons as obtainable. Indeed, it could be shown thatterminal groups of liquid crystals must be noted
certain classes of thermotropic liquid crystals show(even± odd e� ect within a homologous series).
such an additive behaviour. In 1972 Knaak et al. [7](b) A more dynamic approach is the comparison of a

compound with a larger set of di� erent molecules, developed a system of increments for the in¯ uence of
where the dependence of the relationship of similar substituents and bridging moieties on the TNI of liquid
structures on other physical values, such as on TNI crystal materials with two aromatic rings. This incre-

mental system was based on a set of roughly 160
compounds. While the system is easy to use for the*Author for correspondence.
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520 Preliminary Communication

evaluation of the TNI of substances, it has two main available, were taken as the starting values for further
re® nement. Calculated NI temperatures using theselimitations:
increments were compared with listed NI temperatures

(1) The calculated values of TNI do not always correlate
for compounds tabulated in LiqCryst [4]. Deviations

well with the experimental values. The two sets of
between the two sets of temperatures were minimized

values have an average deviation of about 9 ß C
by iterative adjustment of the increment for one substruc-

[2, 7], and compounds with long alkyl (alkoxy)
tural element. Successive and iterative treatment of all

chains as terminal groups cannot be evaluated
substituents and bridges provided the new values for the

accurately.
increments listed below.

(2) The increments for certain important classes of
Tables 1 and 2 give the new, re® ned incremental values

liquid crystal materials, even within the restriction
based on 1426 known liquid crystalline compounds

of compounds with two aromatic rings, have not
possessing two aromatic rings. Knaak et al. [7] have

been listed.
set the incremental parameter of the azo linkage to zero
as a point of reference. The authors have found that theThe aim of the present communication is a re® nement

of the incremental values given by Knaak et al., but the values for the azo compounds of Knaak as evaluated
within a larger set of data do not show the best ® t. Tomethod is now based on comparisons within a set of

about 940 known liquid crystalline substances. The o� er a link of reference to the parameters of Knaak, the
increment for imines (as in benzylideneanilines) as arequirement that the molecules are aromatic with two

aryl rings remains. Secondly, the incremental values for bridging element was maintained at a value of Õ 9 0́ß C
and all other parameters were altered accordingly. Newthe calculation of TNI for biphenyls, aromatic thioesters

and diphenylacetylenes (tolanes) will be given for the in the list are increments for the nitro-, chloro-,
isothiocyanato-, heptyl-, heptoxy-, 2-methylbutoxy- and® rst time.

The increments as given by Knaak et al. [7], where 2-methylbutoxycarbonyl substituents (table 1) and for

Table 1. Substituent parameters ( ß C).

(Number of carbon atoms n in the terminal group, where R is of the
general formula CnH2n+1 ).

X, Z 1 2 3 4 5 6

R 17 0́ 5 8́ 22 1́ 11 0́ 25 1́ 15 9́
RO 50 8́ 72 6́ 54 7́ 63 1́ 55 1́ 61 0́
RCOO 60 3́ 66 1́ 64 9́ 55 9́ 58 7́ 53 4́
ROCOO 69 6́ 64 1́ 49 6́ 48 3́ 45 3́ 43 6́
RCO 59 0́ 90 9́ 61 3́ 71 1́ a a

ROOC 66 5́ 46 7́ 19 9́b 23 8́ a a

± CN Õ NO2 Õ CI Õ NCS Õ OC8H17

72 0́ 31 6́b 30 3́b 54 3́b 61 1́b

± C7H15 OC7H15 Õ OC5H11
C Õ COOC5H11

C

26 6́b 56 2́b 13 9́b Õ 0 7́b

Table 2. Parameters of bridge elements ( ß C).

Y

N 5 N CH 5 N N 5 N(O) CH 5 N(O) COO C 5 C
± 3 5́ Õ 9 0́ 13 9́ 8 7́ Õ 30 5́ 27 6́b

COS C º C direct link
Õ 3 2́b Õ 14 4́b Õ 56 6́b

a Values not determined.
b Increments not found in [7].
c C5H11 5 2-methylbutyl.
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521Preliminary Communication

Table 3. Calculated nematic Õ isotropic transition temperatures for p,p ¾ -disubstituted benzylideneanilines.

X Z ( ß C) TNI exp TNI calc [7] TNI calc [8] D[8] (D[7])

C3H7O C4H9 55 7́ 62 56 7́ 1 0́ (6)
C4H9O C4H9 75 0́ 67 65 1́ Õ 9 9́ (Õ 8)
C5H11O C4H9 69 2́ 61 57 1́ Õ 12 1́ (Õ 8)
C6H13O C4H9 77 8́ 64 63 0́ Õ 14 8́ (Õ 14)
C4H9O OC4H9 122 0́ 113 117 2́ Õ 4 8́ (Õ 9)
C4H9O OC6H13 119 0́ 110 115 1́ Õ 3 9́ (Õ 9)
C3H7O OOCCH3 108 0́ 112 106 0́ Õ 2 0́ (4)
C3H7O OOCC2H5 113 0́ 114 111 8́ Õ 1 2́ (1)
C3H7O OOCC5H11 109 0́ 97 104 4́ Õ 4 6́ (Õ 12)
C3H7O OOCC6H13 100 0́ 92 99 1́ Õ 0 9́ (Õ 8)
C4H9O OOCCH3 114 2́ 117 114 4́ 0 2́ (3)
C4H9O OOCC2H5 120 0́ 119 120 2́ 0 2́ (Õ 1)
C4H9O OOCC3H7 119 0́ 115 119 0́ 0 0́ (Õ 4)
C4H9O OOCC4H9 113 0́ 106 110 0́ Õ 3 0́ (Õ 7)
C4H9O OOCC5H11 115 5́ 102 112 8́ Õ 2 7́ (Õ 14)
C4H9O OOCC6H13 110 0́ 97 107 5́ Õ 2 5́ (Õ 13)
C5H11O OOCCH3 105 0́ 111 106 4́ 1 4́ (6)
C5H11O OOCC2H5 109 0́ 113 112 2́ 3 2́ (4)
C5H11O OOCC4H9 110 5́ 100 102 0́ Õ 8 5́ (Õ 11)
C5H11O OOCC5H11 111 0́ 96 104 8́ Õ 6 2́ (Õ 15)
C5H11O OOCC6H13 104 0́ 91 99 5́ Õ 4 5́ (Õ 13)
C6H13O OOCCH3 109 0́ 114 112 3́ 3 3́ (5)
C3H7O COCH3 101 7́ 99 104 7́ 3 0́ (Õ 3)
C4H9O COCH3 111 0́ 104 113 1́ 2 1́ (Õ 7)
C4H9O COC2H5 146 0́ 138 145 0́ Õ 1 0́ (Õ 8)
C5H11O COCH3 109 0́ 98 105 1́ Õ 3 9́ (Õ 11)
C6H13O COCH3 114 5́ 101 111 0́ Õ 3 5́ (Õ 14)
C3H7O OCOOCH3 108 0́ 115 115 3́ 7 3́ (7)
C3H7O OCOOC2H5 106 0́ 108 109 8́ 3 8́ (2)
C3H7O OCOOC3H7 95 0́ 89 95 3́ 0 3́ (Õ 6)
C3H7O OCOOC4H9 93 0́ 88 94 0́ 1 0́ (Õ 5)
C3H7O OCOOC5H11 90 0́ 90 91 0́ 1 0́ (0)
C3H7O OCOOC6H13 88 0́ 82 89 3́ 1 3́ (Õ 6)
C4H9O OCOOCH3 114 0́ 120 123 7́ 9 7́ (6)
C4H9O OCOOC2H5 114 0́ 113 118 2́ 4 2́ (Õ 1)
C4H9O OCOOC3H7 106 0́ 94 103 7́ Õ 2 3́ (Õ 12)
C4H9O OCOOC4H9 103 0́ 93 102 4́ Õ 0 6́ (Õ 10)
C4H9O OCOOC5H11 100 0́ 95 99 4́ Õ 0 6́ (Õ 5)
C4H9O OCOOC6H13 96 0́ 87 97 7́ 1 7́ (Õ 9)
C5H11O OCOOCH3 105 0́ 114 115 7́ 10 7́ (9)
C5H11O OCOOC2H5 104 0́ 107 110 2́ 6 2́ (3)
C5H11O OCOOC3H7 96 0́ 88 95 7́ Õ 0 3́ (Õ 8)
C5H11O OCOOC4H9 95 0́ 87 94 4́ Õ 0 6́ (Õ 8)
C5H11O OCOOC5H11 93 0́ 89 91 4́ Õ 1 6́ (Õ 4)
C5H11O OCOOC6H13 93 0́ 81 89 7́ Õ 3 3́ (Õ 12)
C6H13O OCOOCH3 113 0́ 117 121 6́ 8 6́ (4)
C6H13O OCOOC2H5 108 0́ 110 116 1́ 8 1́ (2)
C6H13O OCOOC3H7 100 0́ 91 101 6́ 1 6́ (Õ 9)
C6H13O OCOOC4H9 99 0́ 90 100 3́ 1 3́ (Õ 9)
C6H13O OCOOC5H11 96 0́ 92 97 3́ 1 3́ (Õ 4)
C6H13O OCOOC6H13 96 0́ 84 95 6́ 0 4́ (Õ 12)
C3H7COO C4H9 56 5́ 71 62 3́ 5 8́ (15)
C2H5COO CH3 66 5́ 56 74 1́ 7 6́ (Õ 11)
C2H5COO C2H5 58 0́ 63 62 7́ 4 7́ (5)
C2H5COO C4H9 71 2́ 73 68 1́ Õ 3 1́ (2)
C3H7COO C2H5 63 5́ 59 61 5́ Õ 2 0́ (Õ 5)
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Table 3. (Continued )

X Z ( ß C) TNI exp TNI calc [7] TNI calc [8] D[8] (D[7])

C3H7COO C4H9 74 0́ 69 66 9́ Õ 7 1́ (Õ 5)
C4H9COO C2H5 56 0́ 50 52 5́ Õ 3 5́ (Õ 6)
C4H9COO C4H9 68 0́ 60 57 9́ Õ 10 1́ (Õ 8)
C5H11COO C2H5 66 5́ 46 55 3́ Õ 11 2́ (Õ 21)
C5H11COO C4H9 76 0́ 56 60 7́ Õ 15 3́ (Õ 20)
C6H13COO C2H5 64 5́ 41 50 0́ Õ 14 5́ (Õ 24)
C6H13COO C4H9 74 5́ 51 55 4́ Õ 19 1́ (Õ 24)
CH3COO COCH3 105 0́ 108 110 3́ 5 3́ (3 )
C2H5COO COCH3 113 0́ 110 116 1́ 3 1́ (Õ 3)
C3H7COO COCH3 115 5́ 106 114 9́ Õ 0 6́ (Õ 10)
C4H9COO COCH3 105 5́ 97 105 9́ 0 4́ (Õ 9)
C5H11COO COCH3 110 5́ 93 108 7́ Õ 1 8́ (Õ 18)
C6H13COO COCH3 107 0́ 88 103 4́ Õ 3 6́ (Õ 19)

the bridge elements ethene, ethyne, thioester, and the It is of interest to note that for 1,2-diarylethenes
(stilbenes), no increment could be found that generallydirect link (biaryls).
satis® es prediction of TNI for these compounds. ApartTable 3 is a representation of an original table by
from the comparatively small available data set on whichKnaak et al. [7] of estimated transition temperatures
the parameters can be based, the major reason for this(TNIcalcd ) for p,p ¾ -benzylideneanilines to facilitate a direct
is that the values for a homologous series of dialkoxy-comparison of the quality of the transition temperatures
stilbenes on the one hand and those of many of thecalculated (see the ® gure) using the increments of Knaak
other tabulated stilbenes on the other hand are divergent.et al. [7] and ours. All compounds carrying a phenyl
Of course, the stilbenes may constitute one of the systemssubstituent (R=phenyl ) have been excluded. The reason
where a general additivity of substructural incrementsfor this is that some of these compounds were shown to
does not apply. Furthermore, the inclusion of shorthave a smectic and not a nematic phase. Also those
chains as terminal groups, for example methyl or especi-compounds of the original table have been excluded
ally methoxy, is a source of some error in the statisticalwhere transition temperatures were reached by inter-
evaluation of a homologous series.polation and have not been measured experimentally.

From table 1 it can be seen that the accepted orderAlso, it must be noted that certain experimental values
[9] of priority for terminal groups is re¯ ected. Thus, theof transition temperatures (TNIexp ) have been revised
transition temperature decreases in the following relat-since 1972. All transition temperatures tabulated in table
ive order:3 are those found in [3, 4]. Of the 69 compounds

evaluated, the use of Knaak’s parameters led to a better CN > OCH3 > NO2 > Cl > CH3

72 ß C 50 8́ ß C 31 6́ ß C 30 3́ ß C 17 0́ ß C
prediction in 17 cases with a mean deviation of 8 3́ ß C
overall; the use of the newly re® ned increments led to a
better prediction in 51 cases with a mean deviation Even± odd e� ects in the homologous series can be noted.
of 4 3́ ß C. Compounds with an odd number of carbon atoms in

Table 4 gives another indication of the quality of TNI their terminal group (CnH2n+1 ) give higher transition
prediction using the newly re® ned increments evaluated temperatures than compounds with an even number.
over all compounds found in [4], for which Knaak [7] For ethers of the general formula O(CnH2n+1 )2 the
has given increment values. Lastly, table 5 gives an situation is reversed. Branched terminal groups depress
overview of the quality of TNI prediction evaluated over the transition temperature as compared with non-
all compounds found in [4] for which we have given branched termini with the same number of carbon

atoms, as noted by VorlaÈ nder [10] many years ago.increments in this communication.

Figure. Example of a calculation
of TNI using the system of
increments from tables 1 and 2.
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Table 4. Di� erence between experimental and estimated nematic± isotropic trans-
ition temperatures.

Ref. 5ß 10 ß >15 ß Total

[7] 322 (34%) 563 (60%) 726 (77%) 215 941
[8] 502 (53%) 769 (82%) 877 (93%) 64 941

a Liquid crystals possessing bridges and substituents, for which incremental
parameters have been given both by [7] and by us [8]. This excludes compounds
with substituents or bridges marked by b in tables 1 and 2. In all, 941 known
compounds have been reviewed.

Table 5. Di� erence between experimental and estimated nematic± isotropic transition
temperatures ( ß C)a .

Bridge 5ß 10 ß 15 ß >15 ß Total

N 5 N 96 (55%) 148 (84%) 165 (94%) 11 176
CH 5 N 219 (52%) 339 (79%) 394 (92%) 35 429
N 5 N(O) 94 (43%) 157 (72%) 196 (90%) 22 218
COO 185 (51%) 300 (83%) 338 (90%) 22 360
C 5 N(O) 5 (42%) 10 (83%) 11 (92%) 1 12
C 5 C 1 (4%) 3 (12%) 6 (24%) 19 25
C 5 C 33 (46%) 55 (77%) 62 (87%) 9 71
COS 49 (44%) 87 (78%) 108 (96%) 4 112
direct link 15 (65%) 21 (91%) 22 (96%) 1 23

a Liquid crystals possessing bridges and substituents, for which the increments have
been provided, have been screened. In all, 1426 known liquid crystalline compounds have
been reviewed.

The bridge elements ± O± , ± CH2CH2 ± , ± CH2O± , (75% or more) can be predicted to within 10 ß C, the only
notable exception being the 1,2-diphenylethenes.which are known to give low transition temperatures,

have not been included in this survey. Nevertheless, for
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