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The phase behaviour of a new liquid crystal, belonging to the series l-[4-n-alkyl-biphenyl]-2-[4-
isothio-cyanato-phenyl]ethane (nTPEB), n = 10, has been investigated with differential scanning 
calorimetry at ambient and high pressure. The phase behaviour depends on the thermal treatment. 
Phase transition temperatures have been determined as a function of pressure up to 300 MPa. 
No pressure-induced or pressure-limited phases are observed in this pressure range. Enthalpy-
and volume-changes accompanying the phase transitions have been calculated using the Clausius-
Clapeyron equation. 

1. Introduction 

Recent ly the phase behaviour of 6 -TPEB (be-
longing to the series l-[4-n-alkyl-biphenyl]-2-[4-iso-
thio-cyanato-phenyl] e thane (nTPEB): C„H 2 „ + 1 -0-0-
C H 2 C H 2 - 0 - N C S ) was investigated, using high pres-
sure differential thermal analysis (DTA) [1]. Some 
members of this homologous series have been stud-
ied dielectrically [2, 3] and by absorption of polarized 
light in studies of azo dye - mixtures [4]. In this paper 
w e investigate the polymorphism of 10-TPEB using 
differential scanning calorimetry. 

2. Experimental 

10-TPEB was synthesized and purified (99.6%) 
at the Institute of Chemistry, Military Academy of 
Technology (Warsaw, Poland). The phase behaviour 
of 10-TPEB was studied at 250 to 450 K and up to 
300 MPa . For the measurements a Setaram calorime-
ter D S C 9 2 was employed at ambient pressure (in War-
saw) and a computer-assisted high-pressure D S C 7 
(Perkin Elmer) apparatus [5, 6] (in Bochum). The 
transition temperatures as a function of pressure are 
usually obtained in heating runs at a rate of 2 K/min. 
For the exper iments about 40 mg of the samples are 
filled in lead or indium cells. The closed cells transmit 
the pressure practically without hysteresis and prevent 
the pressure-transmitt ing gases (Ar, He) f rom being 
dissolved in the substance. 

3. Results 

Figure 1 displays heating and cooling runs at a tmo-
spheric pressure obtained with the D S C 9 2 calorime-
ter. Starting f rom the solid phase (Cr, in the top of 
Fig. 1) the sample t ransforms to smectic B (SB s t) at 
316.4 K, then to the nematic phase (N) at 377.2 K, and 
finally to the isotropic phase (I) at 397.3 K. The smec-
tic Bc r y s t phase, termed also as the smectic L phase 
(SB,crys t = S L ) has been conf i rmed by X-ray diffrac-
tion. The charateristic 6 spots lying symmetrical ly 
inside the diffract ion ring have been observed. The 
smectic Bc r y s t layer was slowly expanding with tem-
perature f rom d = 3.184 nm at 350 K to d = 3 .203 nm 
at 370 K. W h e n the melt is slowly cooled and an-
nealed for some hours after f reezing, reheating yields 
additional peaks in the solid state, possibly indicat-
ing transitions between three different crystal phases 
(bottom of Fig. 1): Cr 3 -> 302.6 K —> Cr2 —> 311.9 K 
—> Cr, 316.5 K—> S B c r y s t . The cooling runs exhibit 
only the transitions I —• N —• S B c r y s t . 

The sample crystallizes only reluctantly, and there-
fore quick cooling may yield a glassy state resulting in 
an exothermic peak after reheating. Such a behaviour 
was observed several t imes in the high pressure D S C 
apparatus, see Figure 2. It is necessary to f reeze the 
sample very slowly and to anneal after crystallization. 
At this point the format ion of Cr , -phase is favoured, as 
revealed by the large peak due to the transition Cr , —• 
Sß,cryst' which means that Cr 2 and Cr3 are metastable 

0932-0784 / 99 / 0300-297 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



Fig. 1. Heating and cooling runs at amospheric pressure obtained with the DSC92 calorimeter, top: first heating and 
cooling, bottom: repeated after 24 hours. 



Fig. 2. DSC traces of 10-TPEB at atmospheric pressure obtained with the 
DSC 7 calorimeter, a) showing the exothermic peak, b) after annealing. 
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Fig. 3. DSC trace of 10-TPEB at pressures of (about 55 MPa). H T3 
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Fig. 4. Phase diagram of 10-TPEB. 
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Table 1. Pressure dependence of the phase transition tem-
peratures of 10-TPEB. 

Cr2 — Cr, T/K = 298.5 + 0.304 (p/MPa) 
Cr, — smectic B T/K = 311.5 + 0.340 (p/MPa) 
smectic B nematic 27K = 376.5 + 0.352 (p/MPa) 
nematic isotropic T/K = 399.4 + 0.355 (p/MPa) 

phases. The sum of the transition enthalpies Cr 3 —• 
Cr 2 Cr , -> S B c r y s t , (0.35 + 10.80 + 16.20 = 27.3 
kJ m o l - 1 ) was the same as the enthalpy of the direct 
transition Cr, —*• S B c rys t (27.3 kJ m o l - 1 ) . This con-
clusion is also conf i rmed by a previous high pressure 
DTA study [7], whe re the two low-temperature peaks 
disappeared af ter anneal ing at 280 K in favour to the 
transition at about 313 K. F igure 3 presents a D S C run 
at elevated pressures af te r appropria te anneal ing. The 
peak ratios show that the low-tempera ture transition 
practically d isappeared. 

The phase d iagram of 10-TPEB is presented in 
Figure 4. Po lynomia l s have been fitted to the pres-
sure dependence of the phase transit ions, the param-
eters of which are given in Table 1. Within the limits 
of exper imental errors the phase boundar ies can be 
presented by straight lines. The transition tempera-
tures de termined with D S C 9 2 at a tmospher ic pres-
sure are somewhat h igher than those measured with 
the high-pressure D S C 7 apparatus. Enthalpy changes 
have been calculated f r o m the peak areas af ter ca-
libration against substances of known transition en-
thalpies. The vo lume changes can be calculated f rom 
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Table 2. Thermodynamic properties of 10-TPEB at normal 
pressure. 

Transition 27 K A///kJmoI-' (dT/dp) AV 
(DSC92) (DSC92) (DSC7) K MPa~1 cm3mol"1 

Cr, -> Cr,, 302.6 0.335 
Cr2 Cr\ 311.9 10.80 0.304 0.010 
Cr, —• smectic B 316.4 16.20 
Cr, —> smectic B 316.4 27.32 25.43 0.340 0.029 
smectic B 377.2 5.92 9.54 0.352 0.005 

—• nematic 
nematic 397.3 3.76 5.02 0.355 0.003 

isotropic 

these data using the Clausius-Clapeyron equat ion . 
S o m e results of the the rmodynamic calcula t ions are 
collected in Table 2. 

In conclusion, the phase behaviour of 10-TPEB is 
similar to that of 6 -TPEB [1] in that both l iquid crys-
tals reveal metastable solid phases and stable smect ic 
B c r y s t , nematic, and isotropic phases. However , the 
coexis tence range of the smectic and nemat ic phases 
show a significant chain length dependence [4], For 
both n -TPEBs we find an increase of the nemat ic and 
smectic phase regions with increasing pressure as ob-
served for many other liquid crystals [8], 
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