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We have employed high-resolution calorimetric techniques in order to investigate the unresolved issue of the
existence of a nematic phase for the liquid crystal dodecylcyanobiphenyl. Various heating and cooling runs were
performed on dodecylcyanobiphenyl samples of different origin and their analysis did not reveal any signature of a
nematic phase. The calorimetric results are presented in detail and they are additionally supported by optical
polarising microscopy observations.
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1. Introduction

The first homologues of the n-alcyl cyanobiphenyl

family of liquid crystals (nCBs, n = 5–7) were synthe-

sised more than 30 years ago (1). Their stability and

excellent electro-optical properties close to room tem-
perature (2) made them attractive materials for display

technology. In the following years higher homologues

(n = 8–14, according to our knowledge) of the same

family were synthesised. Several compounds of the

nCB series have been studied extensively using various

techniques, such as differential scanning calorimetry

(DSC), high-resolution calorimetry, light scattering,

dielectric spectroscopy and X-rays (3–8), and phase
diagrams have been constructed (9).

Nevertheless, there are still some issues that remain

unresolved, such as the existence of a nematic phase

for dodecylcyanobiphenyl (12CB). By means of adia-

batic calorimetry performed in steps, Buleiko and

Voronov (10) claimed that they observed a nematic

(N) phase for the pure and confined 12CB. One may

assume that porous-induced confinement enhances
the nematic ordering and finally induces a N phase.

Nevertheless, the finding that the pure 12CB also

exhibits a N phase is very surprising, since it has not

been found in other homologues higher than 9CB

(4, 6). In one of the very first DSC studies a N

phase was reported for 11CB (3), but subsequent

high-resolution calorimetry and DSC studies (4, 6)

showed that only one transition from the isotropic to
the smectic A phase (I–SmA) occurs. Thus, we decided

to resolve the elusive picture about 12CB by perform-

ing a systematic high-resolution calorimetric study.

The existence of a N phase for pure 12CB means

that the N ordering is simply enhanced in case of

confinement (10). For 12CB, in particular, the influ-

ence of surfaces on the growth of smectic ordering was

reported almost 15 years ago by Iannacchione et al.

(11, 12). It was systematically explored for thin 12CB

samples placed in cells with different surface coating
(11), as well as for samples confined in anopore mem-

branes with surface agents of various chain lengths

(12). In these measurements no indication for a N

phase was found for 10CB or 12CB. The nonexistence

of a N phase for the pure sample, implies that the N

range which is clearly observed for 12CB trapped in a

glass matrix (10), is apparently induced in the smectic

liquid crystal due to the confinement.

2. Materials and methods

Aiming to arrive at a solid conclusion we looked for a

set of different 12CB samples. Three different samples

were used in this study, the first supplied by Merck

(melted and solidified only once before), the second

obtained by BDH around 1985 (always kept sealed in

its package and opened for the first time for the cur-
rent measurements), and a third recently synthesised

at Likchem, Warsaw, Poland (with mentioned purity

higher than 99.92%). For simplicity, we henceforth

refer to the above samples with the acronyms A, B

and C, respectively. Sequential heating and cooling

runs were performed for A, B and C. After being

mounted to the cells and prior to the measurements
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all samples were degassed and remained in the I phase

for a few hours.

The initial measurements were performed on sam-

ple A in a computerised high-resolution ac-calorimeter

(ACC), operated in both ac and relaxation modes. The

ac mode is sensitive only to the continuous changes of

the enthalpy, while the relaxation mode probes both
continuous and discontinuous (i.e. latent heat, L)

changes. Apart from the heat capacity Cp the tempera-

ture dependence of the phase � is also recorded during

an ac run, giving important information about the

order of the transition. When a first-order (i.e. discon-

tinuous) transition appears, the phase � shows an

anomalous behaviour indicative of the two-phase

region. In that case an additional relaxation run is
performed. By comparing the Cp anomalies of the ac

and relaxation runs one can determine the latent heat.

In the case of a second-order (i.e. continuous) transi-

tion � behaves normally and the ac and relaxation

runs yield identical Cp curves. A detailed description

of the two modes of operation can be found elsewhere

(13, 14).

For the ACC, heating and cooling measurements
of sample A were performed using ac and relaxation

modes. Its quantity was 38 mg and it was placed in

homemade silver cells. A heater is mounted on one

side of the cell to apply the power to the sample and a

thermistor is placed on the other side to accurately

measure the temperature. For ac runs the amplitude

of the temperature oscillations at ! = 0.0767 s-1 was

11 mK far away from the transition and 1.8–6 mK at
the transition. The scanning rate was 100–150 mK per

hour near the melting transition. For the relaxation

runs steps of 0.5 K were used.

Heating and cooling runs on all samples (A, B and

C) were carried out using high-resolution adiabatic

scanning calorimetry (ASC). The ASC apparatus is

also computer-controlled and it consists of four stages.

For the current measurements the inner stage was a 22 g
tantalum cell, that contained the 12CB. The space

between the cell and the three surrounding shields is

vacuum pumped. A detailed description of ASC can

be found elsewhere (15, 16). Each run yields the tem-

perature dependence of both the heat capacity Cp and

the enthalpy H. ASC can easily distinguish between

continuous and discontinuous transitions and allows

very precise determination of the latent heat from the
enthalpy curves. One important feature of this techni-

que is that, in its principal modes of operation, it

applies a constant heating or cooling power instead

of a constant scanning rate. In the coexistence range of

a first-order transition the scanning rate is substan-

tially reduced, since the applied power is dissipated not

only for the temperature change of the sample but also

for the change between the two coexisting phases. This

decrease of the rate results in excellent resolution data

and accurate determination of the coexistence range

and the latent heat values. Quantities of 0.55, 1.20 and

1.04 g were used for the ASC experiments of samples

A, B and C, respectively.

3. Results and discussion

In this section the experimental results for all samples

are discussed, starting with the ACC runs for A. In

Figure 1 the heat capacity Cp is shown for sample A,
upon cooling. As shown in the inset to Figure 1 there is

only one broad coexistence range between the isotro-

pic and the smectic A phase. No additional anomaly

indicating the onset of the nematic phase was observed

in the vicinity of this anomaly. About 3 K below the

main isotropic to smectic A anomaly, another very

small anomaly (indicated by an arrow in Figure 1)

was detected. This tiny anomaly was reproducible,
i.e. observed on both heating and cooling. However,

subsequent optical polarising microscopy observa-

tions have ruled out the possibility that this small

anomaly could be related to the formation of the

nematic phase. Namely, the formation of focal-conic

smectic domains took place exactly at the temperature

of the large Cp anomaly at 331.1 K (within the few

millikelvin error due to different thermometry at the
optical microscopy sample holder). At the tempera-

ture of the small Cp anomaly only very little change in

the size of the smectic focal-conic domains took place,

probably related to the elastic annealing of domain

wall pinning due to the presence of a very small con-

centration of impurities. We do not believe that this

T (K)

Figure 1. The Cp(T) of sample A obtained in an ACC
cooling run. The inset shows in detail the Cp anomaly
related to the I–SmA phase transition. The arrow points to
the small Cp anomaly that was observed (on both heating
and cooling) at about 3 K lower than the I–SmA transition.
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very small anomaly is related to surface effects similar

to those reported in (11). The present measurements

were performed in thicker samples (0.7–0.8 mm for our

ACC runs compared with 0.13 mm samples in (11)),

that were placed in cells with non-treated surfaces.

Afterwards, ASC experiments were performed for

all samples A, B and C. Detailed information about
the type of the run (heating or cooling), the tempera-

ture range and the average scanning rate is shown for

all samples in Table 1. Figure 2 is a common plot of the

(effective) Cp curves in the vicinity of the I–SmA tran-

sition. The heating runs are presented in Figure 2(a)

and the cooling runs in Figure 2(b). We observe that,

in the case of sample A, the transition temperature is

observed at slightly higher values compared to sam-

ples B and C, which roughly coincide. The transition

temperatures between the same sample’s heating and
cooling were almost the same and the slight hysteresis

that was observed is typical for first-order transitions.

The phase-coexistence range is around 200 mK, with

small variations related either to the sample or to the

scanning rate. A blow up of the area close to the

background is shown in Figure 3, only for heating

and cooling of sample A, where the abrupt evolution

of the Cp values is clearly displayed. In such a plot it is
easier to distinguish the exact temperature values

where the heat capacity starts to evolve drastically.

The extremely high values of Cp and the lack of sub-

stantial pretransitional wings reveal the signature of a

strongly first-order I–SmA phase transition. One

should realise that the (effective) heat capacity values

around 2 · 105 J kg-1 K-1 (or 70 kJ mol-1 K-1) are

almost 100 times larger than the normal values around
2500 J kg-1 K-1 (or 0.9 kJ mol-1 K-1), well in the I

phase. No additional anomaly was observed in the

vicinity of the I–SmA transition, apart from a slight

change in the background values occurring only for

the sample A. This change, which can be described as a

very small and smeared anomaly, is observed in ASC

runs closer to the I–SmA anomaly (about 0.3 K

below), compared with the ACC runs. Additional
observations under microscope of samples B and C

did not reveal anything unusual for these two samples

Table 1. ASC runs performed for the samples A (Merck), B
(BDH) and C (Likchem).

Sample Type of run Temperature range (K) Ratea (K h-1)

A Cooling 335–309 0.26

A Heating 323–334 0.37

B Cooling 336–315 0.14

B Heating 308–338 0.43

C Cooling 335–310 0.16

C Heating 326–334 0.36

C Heating 303–323 0.27

aThis is an average value. In the phase coexistence range the rate is

almost one order of magnitude slower.

T (K)

Figure 2. The Cp(T) profiles in the vicinity of the I–SmA
phase transition for the samples A, B and C, obtained via
ASC. The heating runs are plotted in (a) and the cooling runs
are plotted in (b). Solid circle, cross and open circle symbols
stand for samples A, B and C, respectively.

–
–

T (K)

Figure 3. The Cp(T) profiles of sample A are shown for
heating (solid circles) and cooling (open circles). The y-axis
scale is limited close to the background heat capacity, in
order to clearly exhibit the points where Cp rises steeply
and identify the I–SmA coexistence range.
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in the temperature range of the SmA side close to the

transition.

In Figure 4, the enthalpy change H in the vicinity

of the I–SmA transition is shown for all runs of the

samples A, B and C. The heating runs are plotted in

Figure 4(a) and the cooling runs are plotted in

Figure 4(b). A linear background has been subtracted

from the raw data for display reasons. The density of
points that we obtain via ASC is much larger than

represented in this graph, but many points have been

omitted for clarity. The agreement among sequential

heating and cooling runs as well as between different

samples is excellent, yielding a latent heat L = 12.1 �
0.3 J g-1. We point out that in the case of two contig-

uous but still distinct phase transitions (e.g. I–N and

then N–SmA) one should see two enthalpy steps (one
for each transition) separated by a small temperature

range with a nearly flat enthalpy behaviour. This is not

the case here for any of the samples, pointing out the

occurrence of only one phase transition, i.e. I–SmA.

Additional polarising microscope observations of

sample A did not reveal any nematic texture.

In Figure 4(a) and (b), the enthalpy curve generated

from the data of (10) has been plotted with our results.

The Cp(T) data for 12CB of Buleiko and Voronov (10)

have been read using the WinDig software. Afterwards,

by using simple algebraic operations for pairs of vicinal

points we estimated the enthalpy change corresponding
to their Cp(T) profile obtained with step adiabatic

calorimetry. For each pair of vicinal points (Cpi-1,

Ti-1) and (Cpi, Ti), one can define an enthalpy value

using the very simplified formula �Hi = (Ti - Ti-1)

(Cpi + Cpi-1)/2. An enthalpy versus temperature curve

Hk(Tk) can be derived using the relation

Hk(Tk) = ��Hi, where i = 1,. . ., k and Tk is chosen

in the middle of each temperature interval, namely
Tk = (Ti + Ti-1)/2. This procedure is not very precise,

and it only aims to produce a curve as for comparison

and not for the determination of the latent heat as such.

For the latent heat one should refer to the exact value

reported in (10), which is L = 1.592RT (no error given).

By substituting the values R = 8.3145 J K-1 mol-1,

T = 331.67 K and taking into consideration that 1

mol(12CB) = 347.536 g, one finds that L = 12.63 J g-1,
which is very close to the value we have obtained in

this work.

When blowing up the data of the coexistence

region, it seems that various small spikes are super-

imposed onto the heat capacity anomaly. These spikes

should not be misinterpreted as additional phase tran-

sitions. In this out-of-equilibrium state, the conversion

rate between the two phases is not constant, resulting
in the appearance of these spikes when the conversion

is faster. The Cp in this region has already jumped to

values that are 50–100 times higher than the

background values. To better demonstrate this, in

Figure 5 we created a plot based on one of our runs

and the step adiabatic calorimetry data of (10), in the

units of that work. The run chosen for the comparison

is the cooling of sample A.
By examining Figure 5 and comparing the peak of

sample A with the its respective peak in Figure 2 and

(even better) in Figure 3, one may notice the signifi-

cant difference in the depiction due to the units and

scale. Based on that, we arrive at the conclusion that

the areas which seem like pretransitional wings in

Figure 5 correspond to already abnormally high Cp

values and, thus, they belong to the I–SmA coexis-
tence region. It is only the choice of units and scale

that does not allow the proper display of the steepness

of the transition in the case of (10). An advantage of

performing the ASC measurements in a scanning

mode (instead of steps) is that we obtain a significantly

larger number of points in the coexistence region. As a

consequence, the phase-coexistence region and the

(a)

(b)

H
 (

jk
g–1

)
H

 (
jk

g–1
)

T (K)

T (K)

Figure 4. (a) The enthalpy changes observed in the vicinity
of the I–SmA transition for all the heating runs of samples A,
B and C (denoted by solid circle, cross and open circle
symbols, respectively). (b) The enthalpy changes for the
cooling runs. In both parts (a) and (b), an approximate
enthalpy curve derived from the data of (10) is also plotted
with our measurements, showing good agreement.
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shape of the anomaly can be determined more

accurately.

In order to eliminate any remaining doubts about

the sole appearance of the I–SmA phase transition

(and not a sequence of I–N and N–SmA), we per-

formed additional extremely slow heating and cooling

runs on sample C. The features of these runs are
reported in Table 2. In both cases the scanning rate

in the phase-coexistence region is of the order of

10 mK h-1. The H(T) and the effective Cp(T) profiles

are shown in Figure 6(a) and (b), respectively. By

assuming that a N phase exists, we should clearly see

the two transitions, i.e. I–N and N–SmA, in the extre-

mely slow runs. In addition, the two separate peaks

should be visible upon both heating and cooling. In
contrast, one single transition occurs here, from the I

to the SmA phase. When changing the temperature so

slowly, the conversion rate is more constant and the

spikes are not prominent, allowing a more precise

representation of the shape of the anomaly. The latent
heat can now be determined with better accuracy

compared with the faster runs (reported in Table 1)

and it is L = 12.24 � 0.08 J g-1.

The liquid crystal 12CB also undergoes a smectic A

to crystal transition (SmA–Cr). This transition is well

known to be strongly first-order and some DSC stu-

dies have already reported the enthalpy changes

involved in it (3, 6). We performed ASC measurements
also in the vicinity of the SmA–Cr transition, in order

to accurately determine the latent heat L. The results

of two heating runs, corresponding to samples B and C,

were analysed for this reason. It is noteworthy that in

some of the cooling runs the SmA–Cr transition was

absent, because of the supercooling of the sample,

often observed in nCBs. However, after leaving the

sample for more than 24 hours at room temperature
and then heating up we were able to trace its thermal

signature. The Cp(T) and the H(T) profiles of the

SmA–Cr transition of samples C and B are plotted

in Figure 7(a) and (b), respectively. The latent heat

Table 2. Very slow ASC runs performed for the sample C in
the vicinity of the I–SmA phase transition.

Type of run

Temperature

range (K) Ratea (K h-1) Rateb (K h-1)

Heating 331.6–334.1 0.05 0.009

Cooling 333.9–331.9 0.07 0.013

aThe average rate in the total temperature range.
bThe average rate in the coexistence region.

–
–

T (°C)

Figure 5. A common plot of Cp(T) profiles for the ASC
cooling run of sample A and the sample of (10). The aim of
this plot is to demonstrate the resultant difference in the
shape of the figures when the units of (10) are used. The
abrupt evolution of heat capacity at the beginning of the
two-phase region cannot be observed, and the spikes
occurring at already extremely high Cp values may be
misinterpreted as separate phase transitions.

T (K)

T (K)

C
p 

(J
kg

–1
K

–1
)

H
 (

Jk
g–1

)

(a)

(b)

Figure 6. (a) The H(T) profiles of the slow heating (solid
circles) and cooling (open circles) run are plotted in the
vicinity of the I–SmA transition. (b) The Cp(T) profiles are
shown with the same symbols. Since a massive number of
points were collected, many of them have been omitted for
display reasons.
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determined from both runs is identical and the value

L = 102.5 � 1.1 J g-1 is similar to the previous

estimations based on DSC thermographs (3, 6).

We should note here that, in spite of the strongly
first-order character of this transition, the Cp(T) and

the H(T) profiles are not exactly as expected. On the

side of the Cr phase, the Cp(T) profile does not evolve

very steeply and the H(T) exhibits substantial round-

ing. Similar pretransitional effects, in the vicinity of

strongly first-order transitions, have been observed in

previous high-resolution calorimetric studies of the

liquid crystals butyloxybezylidene–octylaniline (17)
and octylcyanobiphenyl (15). They are attributed to

the premelting of the hydrocarbon tails in the Cr

phase, upon increasing the temperature, and the

gradual loss of the orientational order around the

chain axis.

4. Conclusions

We have carefully re-examined the phase transition

sequence of 12CB by means of high-resolution calori-

metry (ASC and ACC) and supplementary optical

measurements. The findings of this work show that

there is no N phase for 12CB. The spikes that are

randomly superimposed on Cp(T) in the coexistence

range can be attributed to the non-constant rate of

conversion between the coexisting I and SmA phases

and not in a phase sequence I–N–SmA. They are

dependent on the scanning rate and the type of run
and they are diminished in the case of very slow cool-

ing or heating. Concerning the N phase reported for

the 12CB trapped in a glass matrix (10), this might

have been induced by the confinement. However, no

indication for a nematic phase in 12CB was found by

Iannacchione et al. in very thin ac calorimetric cells

with different surface coatings or in anopores with

different surface agents (11, 12). On the other hand,
it has been shown recently that in case of 8CB confined

to controlled pore glasses the nematic phase becomes

increasingly stabilised with decreasing matrix pore

diameter, i.e. the nematic range increases with decreas-

ing pore size (14). Thus, confinement effects might

need further study.

Based on the results presented in this study, we

arrive at the conclusion that the liquid crystal 12CB
exhibits solely two strongly first-order transitions,

namely the I–SmA and the SmA–Cr. Our high-resolu-

tion calorimetric measurements yield L = 12.24 �
0.08 J g-1 for the I–SmA and L = 102.5 � 1.1 J g-1

for the SmA–Cr phase transition. It should also be

noted that, because of the substantial latent heat of

the I–SmA transition, the fluctuations-induced pre-

transitional heat capacity increases in the SmA and I
phase are small.
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