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Abstract

The German Society for Thermal Analysis (Gesellschaft für Thermische Analyse e.V.—GEFTA) recommends verifying the symmetry of
differential scanning calorimeters (DSC) between heating and cooling. For this purpose the use of liquid crystal phase transitions is suggested.
Merck KGaA, Darmstadt, Germany, offers three certified secondary standards for DSC calibration in heating and cooling mode, which are
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ecommended by ASTM too. In this paper all liquid crystal phase transitions of the three liquid crystals offered are measured using different DSC’s
n order to verify their applicability for checking the symmetry of the instruments and the suitability for a temperature calibration in heating and
ooling mode. The materials under study are: 4-cyano-4′-octylbiphenyl (8OCB, M-24 (Merck)), 4-(4-pentyl-cyclohexyl)-benzoic acid-4-propyl-
henyl ester (HP-53 (Merck)) and 4′-ethyl-4-(4-propyl-cyclohexyl)-biphenyl (BCH-52 (Merck)). The smecticA to nematic transition of M-24
8OCB) fulfils the requirements for these purposes best. There is no detectable discontinuity in the rate dependence of the transition temperature
t zero rates and the material is sufficiently stable to allow several measurements. Because of the weakness of the transition and the neighborhoods
f the much stronger crystal to smecticA transition and nematic to isotropic transition instruments with sophisticated control and data treatment
lgorithms partly fail to detect the rate dependence of the transition correctly. In such cases HP-53 or BCH-52 can be used alternatively. In view of
temperature calibration at different temperatures in heating and cooling mode the recommended liquid crystal phase transitions are suitable. The
bserved supercooling effects are nearly zero for M-24 and HP-53 and less than 0.25 K for BCH-52. The liquid crystal transitions of the standards
re applicable for a calibration in heating mode too.

2006 Elsevier B.V. All rights reserved.

eywords: Temperature calibration; Liquid crystal; Differential scanning calorimeter (DSC)

. Introduction

Temperature, heat and heat flow rate calibration of differ-
ntial scanning calorimeters (DSC) is widely discussed since
ong. A metrologically based procedure for the temperature,
eat and heat flow rate calibration of DSC was recommended
y the working group ‘Calibration of scanning calorimeters’
f the German Society for Thermal Analysis (Gesellschaft für
hermische Analyse e.V.—GEFTA) [1–5]. Meanwhile it is rec-
mmended by ICTAC too. In the last part of the series [5]
eside others the use of liquid crystal phase transitions for
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temperature calibration on cooling was suggested. The transi-
tions recommended are the smecticA to nematic of 4-cyano-4′-
octylbiphenyl (8OCB, M-24 (Merck)), the smecticA to nematic
of 4-(4-pentyl-cyclohexyl)-benzoic acid-4-propyl-phenyl ester
(HP-53 (Merck)) and the nematic to isotropic of 4′-ethyl-4-(4-
propyl-cyclohexyl)-biphenyl (BCH-52 (Merck)). For all transi-
tions it is recommended to consider the peak temperature as the
transition temperature.

Although the GEFTA recommendations [1–5] are widely
accepted temperature calibration of differential scanning
calorimeters using secondary standards is still under discussion
as can be seen from the contributions to this special issue [6–11].
Temperature calibration under extreme conditions like low tem-
perature [7], high pressure [8,11], or fast scanning [9] are not
always possible with the common metal reference materials.
Especially at high rates supercooling as well as superheating of
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the transitions used for temperature calibration must be avoided.
Liquid crystal transitions are therefore under discussion for DSC
calibration on cooling for a long time [5,10,12–18]. Some of
them are second-order transitions and should be particularly use-
ful for calibration on cooling because significant supercooling
should not appear.

In this paper the transitions of the three liquid crystals recom-
mended in [5] were studied using different DSC apparatuses in
scanning mode. In [5] supercooling is given only for the smec-
ticA to nematic transition of 8OCB (M-24) as < 0.5 K. For the
smecticA to nematic transition of HP-53 and the nematic to
isotropic transition of BCH-52 supercooling is not reported in
[5]. Therefore we would like to answer the questions how the
rate dependence of the peak temperatures can be described and
what the magnitude of supercooling for the different transitions
is. For comparison we consider all liquid crystal phase transi-
tions of the recommended compounds. Consequently the study
focuses on low scanning rates on heating and cooling in order
to measure the supercooling at close to equilibrium conditions
and to minimize falsification due to the heat transfer in the DSC
apparatuses.

2. Experimental

The liquid crystals used were 4-cyano-4′-octylbiphenyl
(8OCB, M-24 (Merck)), 4-(4-pentyl-cyclohexyl)-benzoic acid-
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surements were repeated for several samples and instruments.
The peak temperatures were determined from the heat flow rate
curves as measured. In order to detect changes in the peak shape,
typical for first order transitions, excess heat capacity was deter-
mined for the scans at different rates in heating and cooling
applying the instrument’s software.

3. Results

3.1. Indium

First, for comparison, an indium sample was measured.
Indium shows a typical first-order melting transition which is
commonly used for calibration purposes on heating; see e.g.
[1,2]. In Fig. 1, the excess heat capacity measured at differ-
ent heating and cooling rates for one sample is shown. The
extrapolated peak onset temperature [1], which has to be used
for temperature calibration in the case of first-order transitions,
depends much less on rate as the peak temperature. The peak
in the excess heat capacity becomes significantly sharper with
decreasing rate as expected for a first-order transition. In the limit
of zero rates one expects a delta function for an ideal first-order
transition.

To allow a direct comparison of changes in curve shape with
rate, between heating and cooling, and between the different
t
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-propyl-phenyl ester (HP-53 (Merck)) and 4′-ethyl-4-(4-
ropyl-cyclohexyl)-biphenyl (BCH-52 (Merck)). The certified
econdary standards were provided by Merck KGaA, Darmstadt,
ermany, and used without further purification. The synthesis

nd phase behavior is described elsewhere: M-24 [19–21], BCH-
2 [22,23], HP-53 [24,25]. The indium and zinc samples were
ertified standards obtained from PTB Braunschweig if not oth-
rwise stated.

The instruments applied were the Calvet type DSC 121,
etaram, France, the heat flow type DSC’s Q1000, DSC 2920,
A Instruments, USA, DSC 822, Mettler-Toledo, Switzerland,
nd power compensation type DSC’s Pyris 1 DSC and Pyris Dia-
ond DSC, Perkin-Elmer, USA, all equipped with mechanical

efrigerators as cooling device. Nitrogen was used as purge gas.
he instruments were calibrated at zero heating rate according

he GEFTA recommendation [4] using indium and zinc as stan-
ards. The calibrations were performed in the simplest possible
ay not taking into account any rate dependence if possible.
amples of different mass were prepared in standard pans as
ommon for the different instruments. Sample mass ranges from
.6 mg (Pyris Diamond DSC) up to 130 mg (DSC 121). The
1000 measurements are carried out in the so-called T1 and
4P modes.

The T1 mode corresponds to a classical heat flow type DSC
ith a temperature and enthalpy calibrated cell. Additional cal-

brations were carried out in the T4P mode for corrections
f imbalances, equipment heat capacities and time constants
f sample and reference sensors. The calibration procedure is
escribed in [26].

The samples were measured by cooling and heating them at
arying rates through the transition under investigation. Mea-
ransitions in all following plots of this kind the temperature
xis spans over 7 K and the heat capacity axis for heating and
ooling are the same in one plot. In order to quantify the changes
n curve shape with rate the ratios between peak heights at 1 and
0 K/min were determined for heating and cooling. For indium
t yields 3.7 and 8.4 for heating and cooling, respectively. The
arge value at cooling is due to the supercooling of about 2 K.

The extrapolated peak onset temperature and the peak tem-
erature are plotted as a function of rate in Fig. 2. On heating
he slope of the curves depends on instrument’s properties and
he actual thermal resistance between sample holder and sam-

ig. 1. Apparent specific excess heat capacities at melting and crystallization of
2.55 mg indium sample (�Hm ≈ 28.62 J/g); Pyris 1 DSC at different rates as

ndicated. For the sake of clarity curves on cooling are plotted downwards.
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Table 1
Parameters describing the rate dependencies of the peak (onset for In) position
of the different transitions and the different instruments

Sample; instrument τlag (min) R (K)/60 W Fictive
Super-cooling
(K) (from linear
fits to the data
at high rates)

Indium; extrapolated peak onset
Setaram DSC 121 0.56 0 −0.75, −0.97
PE Pyris 1 DSC 0.05 0 −1.81
Mettler DSC 822 0.05 0 −1.37
TAI Q1000 T1; 2 mg 0.03 0 −1.5
TAI Q1000 T1; 11 mg 0.01 0 −0.8
TAI Q1000 T4P; 2 mg 0.007 0 −1.5
TAI Q1000 T4P; 11 mg 0.001 0 −1

Indium; peak maximum
Setaram DSC 121 0.56 0.4
PE Pyris 1 DSC 0.023 0.717
Mettler DSC 822 0.067 0.503
TAI Q1000 T1; 2 mg 0.021 0.258
TAI Q1000 T1; 11 mg 0.025 0.079
TAI Q1000 T4P; 2 mg 0.053 0.015
TAI Q1000 T4P; 11 mg 0.005 0.008

BCH-52 SmB–N
PE Pyris 1 DSC 0.044 0.396 −0.75
Mettler DSC 822 0.065 0.254 −0.75
TAI Q1000 T1 0.094 0.508 −0.56
TAI Q1000 T4P −0.015 0.139 −0.33

BCH-52 N–I
PE Pyris 1 DSC 0.055 0.12 −0.18
Mettler DSC 822 0.091 0.009 −0.18
TAI Q1000 T1 0.055 0.574 −0.19
TAI Q1000 T4P 0.006 0.022 −0.04

HP-53 SmB–SmA
PE Pyris 1 DSC 0.022 0.357 –
Mettler DSC 822 0 2.36 –
TAI Q1000 T1 0.016 0.873 –
TAI Q1000 T4P −0.01 0.262 –
TAI DSC 2920 0.102 1.04 –

HP-53 SmA–N
Setaram DSC 121 0.68 0 <0.05
PE Pyris 1 DSC 0.102 0.017 <0.05
Mettler DSC 822 0.04 0.5 <0.1
TAI Q1000 T1 0.037 1 −0.2
TAI Q1000 T4P 0.009 0.016 >0.01
TAI DSC 2920 0.153 0.02 −0.06

HP-53 N–I
PE Pyris 1 DSC 0.041 0.064 −0.09
Mettler DSC 822 0.04 0.065 −0.01
TAI Q1000 T1 0.038 0.266 −0.2
TAI Q1000 T4P 0.006 0.029 −0.06
TAI DSC 2920 0.117 0.513 −0.24

M-24 SmA–N
Setaram DSC 121 0.85 0 <0.01
PE Pyris 1 DSC 0.055 0 <0.02
Mettler DSC 822 0.075 0 <0.1
TAI Q1000 T1 (Merck) −0.01 57 ca. 1
TAI Q1000 T4P (Merck) 0.023 6.25 −0.16
TAI Q1000 T1 (Ulm) −0.046 247 ca. −1.6
TAI Q1000 T4P (Ulm) 0.022 28 −0.5

Table 1 (Continued )

Sample; instrument τlag (min) R (K)/60 W Fictive
Super-cooling
(K) (from linear
fits to the data
at high rates)

M-24 N–I
Setaram DSC 121 0.723 0.068 −0.22
PE Pyris 1 DSC 0.11 0.359 −0.2
Mettler DSC 822 0.134 0.082 −0.22
TAI Q1000 T1 0.035 0.188 −0.14
TAI Q1000 T4P 0.004 0.062 −0.07

R and τlag were obtained by least square fitting of Eq. (2) to the data, see text.

Fig. 2. (a) Extrapolated peak onset temperatures, T0, for melting and crystalliza-
tion of indium, T0(0) = 156.6 ◦C (heating rate = 0). (b) Shift of the peak maximum
temperatures for melting. Sample masses: DSC 121 – 5 mg, Pyris 1 DSC –
2.5 mg, DSC 822 – 6 mg, Q1000 1.86 mg and 11.11 mg. All curves are fitted
by the rate dependence according to Illers [27], see text. The fit parameters are
given in Table 1.
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ple, which may change from sample to sample. Therefore the
extrapolation to zero heating rates is obligatory for a precise
determination of a transition temperature from DSC measure-
ments as described in the GEFTA recommendation [1,2]. A
second obvious feature in the curves is the discontinuity at zero
rate due to the supercooling of about 2 K, see Table 1. Supercool-
ing is not well reproducible as seen from the scatter in the data
on cooling. Consequently indium and other pure metals cannot
easily be used for DSC calibration on cooling [5].

The slope for the cooling part of the extrapolated peak onset
dependency in Fig. 2a is about half of that of the heating part.
T0 at cooling is not only determined by instrumental lags as
for heating but supercooling depends on other factors too. For
these experiments different indium samples were used (PTB
reference material, TA Instruments calibration kit from 2003,
Perkin-Elmer calibration kit from 1976) and measured in differ-
ent pans. Different values for the supercooling are observed. For
the DSC 121 the sample consists of two pieces of indium and two
independent crystallization peaks indicating different supercool-
ings can be seen simultaneously in one cooling run. In the heating
curves always a single melting peak is observed as expected for
pure metals. The data points for cooling in T4P mode of the
Q1000 do not follow a linear trend. Even at higher cooling rate
super cooling becomes smaller resulting in a negative slope of
the linear fit curve. This effect becomes more pronounced for
larger sample masses. The reason for that unphysical behavior
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Fig. 3. Transitions of BCH-52 at heating a 3.47 mg sample in a standard pan at
10 K/min, TAI Q1000 DSC in T4P mode.

secondary reference materials for DSC temperature calibration,
were checked.

3.2. BCH-52

Fig. 3 shows the phase transitions in the liquid crystal BCH-
52.

The crystalline to smecticB transition (C–SmB) is of first-
order and not considered further. Excess heat capacity for the
smecticB to nematic (SmB–N) and the nematic to isotropic (N–I)
transitions at different rates are presented in Fig. 4.

For second-order phase transitions and without smearing by
the instrument the curves should be independent on rate. But
the curves at lower rates show sharper peaks. It is not easy to
distinguish if the smearing is only due to the instrument or if
the transition is not of second order. Obviously there is not such
strong supercooling as for indium, see Fig. 1. The ratio for the
peak heights at 1 and 10 K/min yields for the smecticB to nematic
transition 3.2 and 3.4 for heating and cooling, respectively, and
for the nematic to isotropic transition 4.7 and 5.2, respectively.
The value of 4.7 on heating through the nematic to isotropic
transition is even larger as the corresponding value for indium.
This indicates some additional smearing inside the sample not
expected for indium where the sample temperature is kept con-
stant during melting because of the high thermal conductivity
o
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s not yet known.
The peak maximum is additionally shifted because of the

atent heat to be transferred into the sample, which stays at con-
tant temperature during the transition at heating. This effect
nd the consequences for DSC measurements were discussed in
etail by Illers [27] and in this issue by Poel and Mathot [9]. For
he shift of the maximum with rate Eq. (1) was derived for not
oo high heating rates and sample masses:

max − T0 =
√

2�HmRβ + τlagβ (1)

ith T0 is the “true” melting temperature for an ideal first-order
hase transition; �Hm the enthalpy change at the transition; R
he effective thermal resistance; τlag the time constant due to
hermal lag, depending on heat capacity and thermal resistance;

the heating rate. The curves in Fig. 2 are fits of Eq. (1) to
he rate dependencies. The fit parameters are given in Table 1.
ue to the construction employed for the determination of the

xtrapolated peak onset temperature, Fig. 2a, the square root
erm in Eq. (1) does not contribute to the observed shift. Only
he thermal lag described by the second term, which depends on
he instrument and the software settings, contributes to the shift.
or indium Eq. (1) describes the observed shifts very well, as
xpected.

To avoid supercooling second-order phase transitions with
s small as possible rearrangement of the structure during the
ransition should be used instead of first-order transitions. Sev-
ral liquid crystal phase changes are second or weak first-order
hase transitions and thus eventually useful for temperature cali-
ration on cooling. Next, the liquid crystals recommended in [5],
hich are offered by Merck KGaA, Darmstadt [28] as certified
f the metal. Because there is some smearing the peak position
ill not only depend on thermal lag due to heat capacity and

n effective thermal resistance. To take into account the larger
mount of heat transferred into the sample in the transition range
e applied Eq. (1) to the measured peak temperature as shown

n Fig. 5. Eq. (1) was derived for a first-order phase transition,
hich is certainly not present here. But from Figs. 4 and 5 it
ecomes obvious that there is an additional contribution to the
bserved shift related to the changes in peak shape. For formal
easons we apply Eq. (1) knowing about the limitations of this
pproach for true or partial second-order transitions. Assum-
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Fig. 4. Specific apparent excess heat capacities of BCH-52 in (a) the smecticB to
nematic (�H ≈ 24 J/g) and (b) the nematic to isotropic (�H ≈ 2.5 J/g) (recom-
mended in [5]) transition range at different rates. For the sake of clarity curves
on cooling are plotted downwards. Pyris Diamond DSC, 6.7 mg.

ing some symmetry between heating and cooling of the studied
transitions we modified Eq. (1) in order to allow simultaneous
fitting of the heating and cooling parts of the rate dependencies.
Actually the following equation was used for fitting the maxima
of the liquid crystal phase transitions:

Tmax − T0 = β

abs(β)

√
2�HR abs(β) + τlagβ (2)

With �H the enthalpy changes in the transition range and β

heating (+) or cooling (−) rate. Some of the liquid crystal tran-
sitions are lambda shaped and very broad. Particular for these
transitions the prerequisites of the model are not fulfilled. Addi-
tionally the determination of the enthalpy change, which is the
cause for the smearing of the peaks, becomes difficult [21]. The
values used are given in the figure captions of Figs. 1, 4, 7 and 11.
Finally R and τlag were determined by a non-linear least squares
fit procedure. The results are given in Table 1.

For both mesomorphic transitions in BCH-52 the rate depen-
dence is well described by Eq. (2). The parameters are given
in Table 1. The contribution of the square root term is smaller

Fig. 5. Rate dependence of the peak temperature for (a) smecticB to nematic,
T0 = 146.8 ± 0.4 ◦C, and (b) the nematic to isotropic, T0 = 164.8 ± 0.4 ◦C, tran-
sition (recommended in [5]) of BCH-52. Sample masses: Pyris 1 DSC – 6.7 mg,
DSC 822 – 9.8 mg, Q1000 T1 – 3 mg, Q1000 T4P 3.5 mg. The inset shows the
region around zero rates for the Pyris 1 DSC. Curves are fits of Eq. (2) to the
data. The fit parameters are given in Table 1.

for the nematic to isotropic transition compared to the smec-
ticB to nematic transition. The smecticB to nematic transition
shows a difference between the more or less linear parts of the
dependencies at higher rates of about 0.7 K and the nematic to
isotropic transition of about 0.2 K. These values, presented as
fictive super-cooling in Table 1, are independent on the instru-
ment or instrument type applied except the Q1000 in T4P mode.
The direct comparison between the power compensated Pyris 1
DSC, the heat flux type DSC 822 and the Q1000 in T1 mode
yields nearly the same values for super-cooling even the slope
of the curves differs slightly between the three instruments, see
fit parameters in Table 1. The τlag values are in most cases in
the same order of magnitude as for the indium measurements.
Possibly due to the T4P calibration an unrealistic negative τlag
value for the Q1000 in T4P mode results from an over-correction
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of the instrument’s heat transfer contribution. The values for the
effective thermal resistance R and consequently the square root
term in Eq. (2) cannot be neglected. R shows much larger scatter
compared to τlag regarding the two transitions. The different val-
ues for R for the same sample in the same measurement indicate
the deviation from the model of a first-order phase transition
as it is assumed for Eq. (2). From Figs. 4 and 5 it can be con-
cluded that both transitions are neither of true first order nor of
true second order. Liquid crystal phase transitions are often so-
called weakly first-order transition with distinct pre-transitional
fluctuation effects. Both show non-linear rate dependence and
apparent excess heat capacity depends strongly on rate. The rate
dependencies are formally well described by Eq. (2) without
any discontinuity at zero rates. For the nematic to isotropic
transition a relatively large scatter of the data points at rates
below 1 K/min is observed. A similar observation is reported by
Sarge for the nematic to isotropic transition of 4,4′-azoxyanisole
[10].

3.3. HP-53

The liquid crystal HP-53 undergoes three mesomorphic tran-
sitions as presented in Fig. 6. The compound is therefore and
because of the different peak heights of particular interest for
calibration purposes.

t
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Fig. 7. Specific apparent excess heat capacities of HP-53 in (a) the smecticB to
smecticA (�Hm ≈ 8 J/g), (b) the smecticA to nematic (�Hm ≈ 1 J/g) (recom-
mended in [5]) and (c) the nematic to isotropic (�Hm ≈ 3 J/g) transition range at
different rates. For the sake of clarity curves on cooling are plotted downwards.
Pyris Diamond DSC, 5.5 mg.
In Fig. 7, the apparent excess heat capacities for the different
ransitions are shown.

All three transitions do not show large supercooling. The
atio of the peak heights for 1 K/min to that for 10 K/min for
eating and cooling, respectively, yields the following values:
mecticB to smecticA 3.3 on heating, 3.7 on cooling; smecticA
o nematic 2.8 on heating, 2.5 on cooling; nematic to isotropic

on heating, 4.6 on cooling. The smecticA to nematic transi-
ion is much smaller than the other two. But the transition is

uch broader compared to the other transitions. The nematic to
sotropic transition at about 181 ◦C is influenced by an oxidative

ig. 6. Transitions of HP-53 at heating a 4 mg sample in a standard pan at
0 K/min, TAI Q1000 DSC in T4P mode.
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degradation at such high temperature resulting from the oxygen
residue in the pan. The two curves for 10 K/min heating rate in
Fig. 7c, measured at the beginning and the end of the experi-
ment, show a shift of a few tenth of a Kelvin. Oxygen reducing
sample preparation or work with fresh samples is recommended
in this case.

In Fig. 8, the rate dependence of the peak temperature is
shown for the different transitions.

The dependence for the smecticB to smecticA transition (a)
can again be fitted by Eq. (2). Approaching zero heating and
cooling rates a strong non-linear behavior is observed. Similar
curves were obtained for the lambda shaped solid–solid phase
transition in NH4Cl [13]. Here the square root term in Eq. (2)
cannot be neglected. At rates below 1 K/min small deviations
from the fit curve are visible, see inset in Fig. 8a. A closer inspec-
tion of the curves for the lowest rates yields some peculiarities in
the curve shape, which may be related to the somehow untypical
rate dependence. In Fig. 9, the heating curves below 0.1 K/min
show a broad plateau at the maximum and the cooling curves
exhibit a shoulder at about 93.65 ◦C or as for the 0.05 K/min
curve again a plateau or even two maxima. The smecticB to
smecticA transition of HP-53 is therefore not suitable for tem-
perature calibration of DSC’s on cooling.

For the smecticA to nematic transition of HP-53 nearly
straight lines fit heating and cooling, see Fig. 8b. But the slopes
of the curves for heating and cooling are slightly different. In
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Fig. 8. Rate dependence of the peak temperature for (a) smecticB to smecticA,
T0 = 93.7 ± 0.4 ◦C, (b) smecticA to nematic, T0 = 120.5 ± 0.4 ◦C (recommended
in [5]), and (c) the nematic to isotropic, T0 = 181.2 ± 1 ◦C, transition of HP-53.
Sample masses: DSC 121 – 24.2 mg, Pyris 1 DSC – 5.5 mg, DSC 822 – 4.2 mg,
Q1000 T1 – 4.2 mg, Q1000 T4P – 4 mg, DSC 2920 – 3.4 mg. Curves are fits of
Eq. (2) to the data. The fit parameters are given in Table 1.
eneral they are larger than for indium, see Table 1. This could
ndicate some thermal lag inside the sample, which is expected
or organic compounds. The square root term in Eq. (2) is not
ery important because of the small enthalpy change and the
elatively small effective thermal resistance. At low rates some
dditional scatter in the data is observed for all instruments.
ecause of the small peak it is difficult to obtain data with suffi-
ient signal to noise ratio. Here some scatter in the temperature
s shown in Fig. 9 may play a role too.

Because there is no discontinuity at zero rates and the shift of
he peak due to the enthalpy change is small, except for the TAI
1000 in T1 mode, the smecticA to nematic transition of HP-53
ay be used for calibration of DSC’s on cooling. Supercooling

s less than 0.1 K. But the different slopes for heating and cooling
ntroduce additional uncertainties, which could be interpreted as
n asymmetry of the instrument checked.

The nematic to isotropic transition of HP-53 shows again a
ignificant change in slope of the rate dependency at zero rates,
ee Fig. 8c. The slope of the curves is similar to that obtained
or indium on heating. It should be mentioned that for the same
ample in the same measurement different slopes are found for
he different transitions. Of particular interest is the observa-
ion that the slope of the much smaller smecticA to nematic
ransition is for some instruments larger than that found for the

uch stronger nematic to isotropic transition. This cannot be
xplained by thermal lag inside the sample due to low thermal
onductivity.

Summarizing, the nematic to isotropic transition shows some
ntypical behavior like the different slopes for heating and cool-
ng and a large contribution from the square root term in Eq.
2) to the rate dependencies. This transition is therefore also not
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Fig. 9. Specific apparent excess heat capacities of HP-53 in the smecticB to
smecticA transition range at the lowest rates. For the sake of clarity curves on
cooling are plotted downwards. Pyris Diamond DSC, 5.5 mg.

suitable for calibration of DSC’s on cooling or for checking the
symmetry of the instrument.

3.4. M-24

The liquid crystal M-24 (8OCB) undergoes two mesomor-
phic transitions as presented in Fig. 10. The compound was
already used for calibration of DSC’s on cooling [14,15] and
in temperature modulated mode (TMDSC) [29,30] and other
calorimeters [31,32]. It is therefore of particular interest for cal-
ibration purposes.

Fig. 11 shows the apparent excess heat capacities for the
different transitions.

Both mesomorphic transitions do not show large supercool-
ing. The ratio of the peak heights for 1 K/min to that for 10 K/min

F
p

Fig. 11. Specific apparent excess heat capacities of M-24 in (a) the smecticA to
nematic (�Hm ≈ 0.2 J/g) (recommended in [5]) and (b) the nematic to isotropic
(�Hm ≈ 3 J/g) transition range at different rates. For the sake of clarity curves
on cooling are plotted downwards. Pyris Diamond DSC, 5.1 mg.

for heating and cooling, respectively, yields the following val-
ues: smecticA to nematic 2.1 on heating, 2.2 on cooling; nematic
to isotropic 4.7 on heating, 5.1 on cooling. The smecticA to
nematic transition is much smaller than the nematic to isotropic
transition and sometimes hard to detect because it may be influ-
enced by the crystal to smecticA and the neamtic to isotropic
transitions at high rates.

In Fig. 12, the rate dependence of the peak temperature is
shown for both transitions.

The rate dependencies found for the smecticA to nematic
transition does not show any supercooling except the measure-
ments performed with two different Q1000 Dsc’s in T1 as well as
in T4P mode. For all other instruments one straight line simul-
taneously fits the points for heating and cooling. Because of
the small enthalpy change for this transition the square root
term in Eq. (2) cannot play an important role. The difference
between the linear dependencies for heating and cooling (super-
cooling) is less than 0.01 K as shown in the inset for the Pyris
1 and in Fig. 13 below for the DSC 121. Similar results were
ig. 10. Transitions of M-24 (8OCB) at heating a 5.6 mg sample in a standard
an at 10 K/min, TAI Q1000 DSC in T4P mode.
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Fig. 12. Rate dependence of the peak temperature for (a) smecticA to nematic,
T0 = 67.4 ± 0.4 ◦C (recommended in [5]), and (b) the nematic to isotropic,
T0 = 80.2 ± 0.4 ◦C, transition of M-24 (8OCB). Sample masses: DSC 121 –
128.9 mg, Pyris 1 DSC – 5.1 mg DSC 822 – 10.9 mg, Q1000 T1 Merck – 4 mg,
Q1000 T4P Merck – 5.6 mg, Q1000 Ulm – 2.9 mg. The inset shows the region
near zero rates for the Pyris 1 DSC. Curves are fits of Eq. (2) to the data. The fit
parameters are given in Table 1.

already reported in [14,15]. The data from the DSC 822 exhibit
some peculiarities at low rates. Below 0.5 K/min some scat-
ter appears similar to the behavior found for the smecticA to
nematic transition of HP 53, see Fig. 8. A more serious prob-
lem is detected for the Q1000. For the Q1000 in T1 modus the
data show a step of more than 1 K at zero rates. In the T4P
modus the step is reduced to about 0.1 K for the instrument at
Merck but is about 0.5 K for the instrument in Ulm. Both dis-
continuities are significantly larger as measured with all other
instruments.

For the nematic to isotropic transition a step of about 0.2 K
is observed for all instruments except the Q1000—here the step
is 0.14 K in T1 and 0.07 K in T4P mode only.

Fig. 13. Rate dependence of the peak temperature for the smecticA to
nematic transition of M-24 (8OCB) at very low rates. Sample mass 129.9 mg,
T0 = 67.4 ± 0.4 ◦C, DSC 121.

4. Discussion

The different phase transitions of the liquid crystals recom-
mended in [5] show significant different rate dependencies as
shown in Figs. 5, 8, 12 and 13. Because some of them are
not at all suitable for temperature calibration or verification of
symmetry between heating and cooling of DCS’s the GEFTA
working group recommended only the following transitions:
the nematic to isotropic of 4′-ethyl-4-(4-propyl-cyclohexyl)-
biphenyl (BCH-52 (Merck)), the smecticA to nematic of 4-
(4-pentyl-cyclohexyl)-benzoic acid-4-propyl-phenyl ester (HP-
53 (Merck)) and the smecticA to nematic of 4-cyano-4′-
octylbiphenyl (8OCB, M-24 (Merck)). These transitions were
studied in detail in order to verify their applicability for calibra-
tion purposes. All rate dependencies could be fitted by Eq. (2)
based on the approach by Illers [27]. The equation was derived
for first-order phase transitions. Here we use Eq. (2) assuming a
similar response of the instruments to the relative sharp maxima
of the liquid crystal transitions, which are assumed to be com-
parable to first-order transitions. The weakness of this approach
can be seen from the fit parameters given in Table 1. For dif-
ferent transitions in the same sample different values for τlag as
well as for R were found. The rate dependence of the peak max-
ima of the liquid crystal transitions is very complex. A sufficient
description needs a more complex model to take into account the
peak shape and the enthalpy change associated to the transitions.
B
b
d
c
a
a
f
a

d

ut for the transitions under investigation, which are assumed to
e of weakly first order or of second order, a linear rate depen-
ency is often not found and the smearing of the peaks must be
onsidered in an appropriate way. The use of Eq. (2) results in
formal fitting of the dependencies, which allows us to test the
pplicability of the transitions for temperature calibration and
or the check of symmetry between heating and cooling of DSC
pparatuses.

The nematic to isotropic transition of BCH-52 shows some
ifference between the linear dependencies for heating and cool-
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ing of about 0.2 K. If this is sufficient it can be used for symmetry
checking and calibration in cooling as well as heating mode.
The smecticA to nematic transition of HP-53 does not show a
discontinuity in respect of a step at zero rates but it shows a
change in the slope going from heating to cooling. This is not
well understood and results possibly from the complex nature
of the liquid crystal phase transition. This transition of HP-53
is suitable for calibration of DSC’s on cooling. The different
slopes for heating and cooling should be taken into consider-
ation for checking the symmetry. For the smecticA to nematic
transition of M-24 (8OCB) it was shown before [14,15,29–32]
that there is a linear rate dependency and nearly no discontinuity
at zero rates. Neither a step nor a change in slope was detected
at zero rates. This was verified in this study again. Therefore we
recommend using the smecticA to nematic transition of M-24 to
verify the symmetry of DSC apparatuses in regard to heating and
cooling.

The smecticA to nematic transition of M-24 is very weak.
Therefore it needs high sensitive calorimeters to detect the tran-
sition. Obviously the data treatment routines of the TAI DSC
Q1000 cannot handle such transitions correctly. The observed
behavior for these instruments is not feasible, neither in T1
nor in T4P mode. The results presented in Fig. 12a were ver-
ified for several samples and the discontinuity near zero rates
became stronger for smaller sample masses. To exclude wrong
calibration as the reason for the observed behavior the measure-
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S.M. Sarge, The temperature calibration of scanning calorimeters. Part
2. Calibration substances, Thermochim. Acta 219 (1993) 333–342.

[3] S.M. Sarge, E. Gmelin, G.W.H. Höhne, H.K. Cammenga, W. Hem-
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