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bstract

The phase transitions of even n-alkanes, n-C34H70, n-C36H74, n-C40H82 and n-C42H86 with high purity have been measured using a high resolution

nd super-sensitive DSC. A new transition in the low temperature phase was observed in all the samples in the heating run. The surface freezing
henomenon was observed by thermal measurement for the first time in all the samples both in the heating and in the cooling run. The difference
f the thermal behaviors between the heating and cooling run was also observed in all the samples.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The normal alkanes CnH2n+2 are simple organic systems and
equences of CnH2n can be found in lipids, surfactants, liquid
rystals, and polymers. The stable phases of the n-alkanes at
oom temperature assume different crystal structures due to the
ifferences in molecular chain symmetry of the molecules with
ven or odd carbon numbers. The crystals of even numbered
-alkane molecules (n ≥ 26) are monoclinic with the plane of
he methyl-ends tilted to the molecular chain axis [1,2]. On
he other hand, the crystals of the odd numbered n-alkanes
ith a perpendicular symmetry plane for the molecular chain

xis are orthorhombic [3]. The solid–solid transitions have been
bserved in the normal alkanes by various methods [4–11]. The
tructural change of these transitions seems to be effected by
oth the sample purity and the crystallization conditions [12,13].
hen crystallized from a solution, even n-alkanes sometime

ssume the monoclinic form and in other case the orthorhom-

ic form. Impurities generally lead to the orthorhombic form,
nd the shorter even n-alkanes always crystallized in the mono-
linic form, which is the most stable phase at room temperature

∗ Corresponding author. Tel.: +81 43 290 2599; fax: +81 43 290 2519.
E-mail address: aihongye@office.chiba-u.jp (S. Wang).
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or even n-paraffins and denoted by M011 according to the
ullivan–Weeks’ notation [12]. M011 form is achieved mostly
y crystallization at a very slow cooling rate from solution [13].
nother monoclinic form is observed at higher temperature and
enoted by Mh01 (usually h = 1 or 2) [13]. The characteristics
f n-alkanes have been studied by various methods, but only a
ew measurements have been done during the cooling process
14,15] and only a few have been reported for the normal alkanes
ith n ≥ 40, especially for even n-alkanes [12,13].
n-Alkanes with 9 ≤ n (odd) ≤ 39 and with 20 ≤ n (even) ≤ 38

ave characteristic crystalline phases, which are commonly
alled rotator phases (R phases), just below their melting points
16–19]. In these phases, the molecules undergo a segmental
otation and which as a time-average yields a cylindrical symme-
ry for the whole molecule. Sirota et al. [20] found five R phases
or CnH2n+2 with 20 ≤ n ≤ 33, which are characterized in terms
f the molecular tilt, side packing, azimuthal ordering and layer
tacking by X-ray scattering study. They [21] also made a calori-
etric study of the n-alkanes: CnH2n+2 (20 ≤ n ≤ 30) using an

diabatic scanning calorimeter and found the phase transitions
orresponding to the rotator phases detected by the X-ray scat-

ering study [20]. However, their measurement was limited up
o C30H62 for the n-alkanes.

Wu et al. [22,23] discovered the surface freezing phe-
omenon, in which a thin layer at an air/liquid interface crystal-

mailto:aihongye@office.chiba-u.jp
dx.doi.org/10.1016/j.tca.2006.06.022
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Fig. 1. Schematic drawing of the high resolution and super-sensitive DSC [34],
where TS1–3 are Pt resistance thermometers, C1–6 are copper shields, B1–3
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izes during cooling at about 3 K higher than the bulk melting
oint in molten normal alkanes CnH2n+2 (16 ≤ n ≤ 50) using
-ray and surface tension measurements. Yamamoto and co-
orkers [24–26] investigated this phenomenon using the molec-
lar simulation method. Magonov and co-workers [27] found the
urface freezing even on solid surfaces on long-chain alkanes.
e detected the surface freezing phenomenon on the liquid sur-

ace of n-C22H46 for the first time by the thermal measurement
28].

Thermal measurement is a powerful tool to obtain thermody-
amic information for the phase transitions of n-alkanes [29–33].
e have developed a high resolution and super-sensitive DSC

34] capable of measuring a small heat with a small baseline
uctuation and a small drift of the baseline and a quick response

ime at a slow heating rate using small amount of sample. It
s also capable of measuring in the both direction of heating
nd cooling, since some sorts of materials in the cooling pro-
ess often show a different behavior from the heating process
28,35,36].

In the present paper, the phase transitions of n-C34H70, n-
36H74, n-C40H82 and n-C42H86 with high purity have been
easured at slow heating and cooling rates using the high res-

lution and super-sensitive DSC. The detailed behaviors of the
ew solid–solid transitions, the different behaviors of the tran-
itions between the heating and the cooling run and the surface
reezing phenomenon have been shown and their mechanisms
ave been discussed.

. Experimental

.1. Apparatus

We have used a high resolution and super-sensitive heat-
ux type differential scanning calorimeter (DSC), which was
escribed previously [34]. The schematic drawing of the DSC
s shown in Fig. 1. Since the thermoelectric module, TM5 can
ump heat in either direction to heat or cool the copper blocks
y changing the direction of the current through it, the measure-
ent can be made in either direction of heating or cooling with

his apparatus. The temperature region measurable in the DSC
s between 220 and 400 K. The temperature of the sample was

easured using a Pt resistance thermometer, TS1. The calibra-
ion of temperature of TS1 was made by measuring the melting
oint of the standard materials, such as docosane, biphenyl, Ga
nd H2O. The calibration of heat flow was made by measur-
ng the specific heat capacity of the standard sample of a single
rystalline alumina. The specific heat capacity of alumina was
easured within an inaccuracy of 1%. The temperature control
as made within ±0.15 mK and the stability of the baseline was
ithin ±3 nW at 300 K.

.2. Sample
We used n-alkanes of n-C34H70, n-C36H74, n-C40H82 and
-C42H86 with high purity in present measurements because it
s known that the phase transitions of n-alkanes are apt to be
ffected by homologous impurities [12]. They were synthesized

r
p
h
r

re copper blocks, B4 is an aluminum block, TM1 and TM2 are semiconducting
emperature sensors, TM3–5 are semiconducting thermoelectric modules, H1 is
eater, V1 is enclosing metal vessel and V2 is refrigerating vessel.

y using Wurtz condensation method and their purity was higher
han 99.9% determined by gas chromatography (Shimazu GC-
4A). All the samples are the same as that already reported by
akamizawa group of Kyushu University [13,37]. The sample
as enclosed in an aluminum capsule with air for the DSC mea-

urement. The sample amount was 0.65, 0.65, 0.41 and 0.71 mg
or n-C34H70, n-C36H74, n-C40H82 and n-C42H86, respectively.
he measurements were made in air and the reference was an
mpty Al pan. The temperature range is from 313.15 to 353.15 K
or C34H70 and from 323.15 to 363.15 K for other samples. In
very measurement the samples were kept at the temperature
f 10 K above their melting point for an hour before cooling.
e made these measurements several times and found that the

urves were almost the same. The data shown in these figures
ere those of the third or the fourth one.

. Results

The DSC measurements were made at the heating rate of
mK s−1 and at the cooling rate of 0.5 mK s−1 for all the sam-
les. The DSC curves for C34H70, C36H74, C40H82 and C42H86
re shown in Figs. 2(a), 3(a), 4(a) and 5(a), respectively. The
eating results are shown downwards and the cooling results
re shown upwards in these figures. The magnified curves of
hem are shown in Figs. 2(b), 3(b), 4(b) and 5(b), respectively.
n the magnified curves, the first peak at the highest tempera-
ure is named peak 1 in the heating run and that in the cooling

un is named peak 1′. Similarly, the second, third and fourth
eak are named peak 2, peak 3, and peak 4, respectively for the
eating run, and there are named peak 2′, peak 3′, and peak 4′,
espectively for the cooling run. The Arabic numerals are the
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Fig. 2. DSC curve of C34H70 sample at the heating rate of 1 mK s−1 and

eaks number of the DSC curves and the Roman letters mean
he phase of the samples (L means liquid phase, R means rotator
hase, etc.).

The transition temperatures were obtained from the peak tem-
eratures and listed in Tables 1 and 2.

The peak 2 in all of these curves are due to melting [16,37],
nd the peak 2′ are due to solidification. The melting points

f C34H70, C36H74, C40H82 and C42H86 are obtained as 346.1,
49.2, 354.6 and 357.3 K, respectively, they are in good agree-
ent with the results by Kraack et al. [14], Briard et al. [15],
roadhurst [16], Urabe et al. [37] and Kim et al. [38].

i

f
fi

Fig. 3. DSC curve of C36H74 sample at the heating rate of 1 mK s−1 and the co
oling rate of 0.5 mK s−1; (a) full scale drawing and (b) magnified scale.

Peak 1 in all of these curves was observed about 2 K above the
elting temperature as shown in Figs. 2(b), 3(b), 4(b) and 5(b).

t is considered to be due to the surface freezing phenomenon
22]. The corresponding peak in the cooling run (peak 1′) was
lso observed at nearly the same temperature for each run. The
hermal peak due to the surface freezing phenomenon using a
ulk sample is detected for the first time in these samples, show-

ng the high sensitivity of the present DSC.

The baseline drawn from the M phase to the liquid phase
or calculating the enthalpy of the transitions was shown in the
gures with a dash line. The area of each peak was discriminated

oling rate of 0.5 mK s−1; (a) full scale drawing and (b) magnified scale.
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Fig. 4. DSC curve of C40H82 sample at the heating rate of 1 mK s−1 and the cooling rate of 0.5 mK s−1; (a) full scale drawing, (b) magnified scale, and (c) the
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elative enthalpy of the whole process of the heating and cooling run together w
he dotted line correspond to the cooling run. In order to compare the DSC curv
eating/cooling rate (β) and the direction of the DSC curve of cooling run was

ith the dotted line, drawing from the nearest point of the DSC
urves and perpendicular to the baseline. The enthalpy changes
f the peaks are obtained by integrating the area of them and
isted in Tables 1 and 2.

.1. C34H70
The DSC curves for C34H70 are shown in Fig. 2(a) and the
agnified curves of them are shown in Fig. 2(b). Peak 3 cen-

ered at 343.5 K is known as due to the solid–solid transition
rom the low-temperature phase (M phase) to the rotator phase

c
l
e
o

e DSC curves, where (©) and solid line correspond to the heating run; (�) and
the heating and the cooling run, the value of the vertical axis is divided by the
ed.

16,37]. The structure of M phase is considered to be M011
13,37]. The temperature of peak 3 is in good agreement with the
esult obtained by Gilbert [39], 343.15 K. Peak 4 was observed
t 342.8 K in Fig. 2(b), just below the temperature of peak 3 in
he heating run.

Peak 3′ is due to the solid–solid transition from the rota-
or phase to the M phase. Peak 4′ is the new peak detected in

ooling run. Another small peak (peak 5′) was observed at the
ow temperature side of peak 4′. From the fact that the sum of
nthalpy change of peaks 3′ and 4′ in the cooling run and that
f peak 3 in the heating run are almost the same as shown in
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ig. 5. DSC curve of C42H86 sample at the heating rate of 1 mK s−1 and the coo
cale around melting point in the cooling run.

able 1, peak 3 in the heating run is considered to be separated
nto peaks 3′ and 4′ in the cooling run, showing the appear-
nce of a new phase between the R phase and the M phase. The
tructure of the new phase is still uncertain, but considered to
e C phase. This phase is observed in even number n-alkane
n ≥ 36) [4,16]. However, Takamizawa et al. [13] insisted the
xistence of C phase might be extended to n-C32H66, even if the

SC peak cannot be resolved. Because it cannot be observed in

he heating run, C phase in the cooling run of C34H70 is con-
idered to be metastable and named as C′ phase in the present
aper. Peak 5′ in the cooling run is considered to correspond

b
t
M
c

ate of 0.5 mK s−1; (a) full scale drawing, (b) magnified scale, and (c) magnified

ith the peak 4 in the heating run, because the enthalpy change
f peak 4 are almost equal to that of peak 5′ as shown in Table 1.
ince the enthalpy changes are very small, the origin of peak 4
nd peak 5′ are considered to be related to the thermal behav-
or of the molecular chain ends in the low-temperature phase
35]. As seen in Fig. 2(b), the baseline of the heat flux in the
otator phase is about 2 �W higher than that in the M phase

oth in the heating and in the cooling run, which indicates that
he heat capacity of the rotator phase is higher than that of the

phase, resulting from the rotational action of the molecular
hains.
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Table 1
The temperatures and enthalpy changes of the phase transitions in C34H70 and
C36H74

Transitions Surface
freezing

L ⇔ R R ⇔ M New
transition in
M phase

C34H70

Heating
Peak number 1 2 3 4
T (K) 348.6 346.1 343.5 342.8
�H (kJ mol−1) 0.022 95.638 46.654 0.405

Cooling
Peak number 1′ 2′ 3′ 4′ 5′
T (K) 348.5 345.8 341.7 341.1 339.9
�H (kJ mol−1) 0.023 99.212 35.882 8.135 0.381

Transitions Surface
freezing

L ⇔ R R ⇔ C C ⇔ M New
transition in
M phase

C36H74

Heating
Peak number 1 2 3 4 5
T (K) 351.6 349.2 347.1 346.8 343.6
�H (kJ mol−1) 0.029 102.510 28.523 15.017 0.467

Cooling
Peak number 1′ 2′ 3′ 4′ 5′
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present paper. Therefore, peak 3′ is due to the solid–solid transi-

T
T
a

T

C

C

T (K) 351.0 348.8 346.1 341.8 337.6
�H (kJ mol−1) 0.029 106.322 33.008 6.745 0.780

.2. C36H74
The DSC curves for C36H74 are shown in Fig. 3(a) and the
agnified curves of them are shown in Fig. 3(b). We can see three

arge endothermic peaks centered at 346.8 K (peak 4), 347.1 K

t
t
v

able 2
he temperatures and enthalpy changes of the phase transitions in C40H82 and C42H8

s shown in Fig. 4(c)

ransitions Surface freezing L ⇔ C

40H82

Heating
Peak number 1 2
T (K) 356.7 354.6
�H (kJ mol−1) 0.024 143.941 (152.427

Cooling
Peak number 1′ 2′
T (K) 355.7 354.1
�H (kJ mol−1) 0.024 147.102 (150.707

42H86

Heating
Peak number 1 2
T (K) 358.8 357.3
�H (kJ mol−1) 0.007 165.967 (174.828

Cooling
Peak number 1′ 2′
T (K) 358.2 356.8
�H (kJ mol−1) 0.008 170.318 (174.013
Acta 448 (2006) 73–81

peak 3) and 349.2 K (peak 2) in the heating run from Fig. 3(a),
hich are different with the heating run of C34H70 shown in
ig. 2(a). The reason is considered to be the observation of C
hase in the heating run. Takamizawa et al. [13] confirmed the
tructure of C phase to be M101 by X-ray scattering and optical
icroscopy. In this phase, the n-alkane crystals are still mono-

linic with the plane of the methyl-ends tilted to the molecular
hain axis, but the angle is sharper compared to the M phase
12]. The C phase is described as an intermediate form between
he crystalline phase and the liquid phase, which exists in a very
arrow temperature for C36H74 [4]. Peak 4 is known as due to
he solid–solid transition from the M phase to the C phase and
eak 3 is known as due to the solid–solid transition from the C
hase to the rotator phase [16,37]. The temperature of peak 3 is
n good agreement with the result of Broadhurst [16], 347.0 K.
eak 5 was observed around 343.6 K in the heating run from
ig. 3(b). It is considered to be the new peak detected in the M
hase of C36H74, corresponding to the peak 4 of C34H70 shown
n Fig. 2(b).

Peak 3′ and peak 4′ in the cooling run are considered to corre-
pond with the peak 3 and peak 4, respectively. From the enthalpy
hanges of the peaks shown in Table 1, we can see the enthalpy
hange of peak 3′ is larger than that of peak 3, and the enthalpy
hange of peak 4′ is smaller than that of peak 4, although the sum
f them in the heating run almost equals to that of the cooling
un. Although the transition between the M phase and the rotator
hase is the same in the heating and the cooling run, the inter-
ediate form appeared in the cooling run is probably different
ith that of heating run (C phase). It is named as C′ phase in the
ion from the rotator phase to the C′ phase and peak 4′ is due to
he solid–solid transition from the C′ phase to the M phase. The
ibrational motion of the molecule in the C phase and C′ phase

6, the values in the parenthesis are those be obtained from the relative enthalpy

C ⇔ M New transition in M phase

3 4
347.7 345.0

) 8.596 (16.487) 2.513 (25.629)

3′
339.5

) 6.350(44.751)

3 4
348.6 344.6

) 8.457 (16.376) 2.110 (24.574)

3′
338.5

) 5.982(42.071)
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s considered to change with the temperature significantly and
ontinuously, being the same phenomenon observed in C51H104
40]. It causes the much larger heat capacity of C phase and C′
hase than that of the liquid. A small peak (peak 5′) is observed
n the cooling run in Fig. 3(b). It is considered to be the new
eak corresponding to the peak 5 in the heating run.

.3. C40H82 and C42H86

The DSC curves for C40H82 and C42H86 are shown in
igs. 4(a) and 5(a), respectively. The magnified curves are shown

n Figs. 4(b) and 5(b), respectively. From these curves and the
nthalpy changes of the peaks shown in Table 2, we can see
he thermal behavior of the C42H86 is similar to that of C40H82.
he mechanism of these phase transitions is considered to be

he same.
Peaks 3 centered at 347.7 K in the Fig. 4(b) and 348.6 K

n Fig. 5(b) are due to the solid–solid transition from the M
hase to the C phase. Peaks 4 observed around 345.0 K in
ig. 4(b) and 344.6 K in Fig. 5(b) are the new peak detected

n the M phase in C40H82 and C42H86, which correspond with
he peak 4 of C34H70 in Fig. 2(b) and the peak 5 of C36H74 in
ig. 3(b). The rotator phase was not observed in both C40H82
nd C42H86, in agreement with the result that the rotator phase
s only observed in the n-alkanes with 9 ≤ n (odd) ≤ 39 and with
0 ≤ n (even) ≤ 38 [16].

The measurements of reheating the C40H82 sample after cool-
ng from the liquid to the temperature of 342 or 335 K have been
one. In the case of 342 K, neither peak 3 nor peak 4 could
bserved in the heating run, On the other hand, both of peak 3
nd peak 4 were observed in the case of 335 K. The results show
hat peak 3′ in the cooling run is due to the solid–solid transition
rom C phase to M phase. In the heating run, the transition from

phase to C phase separates into two steps via a mesophase as
een in the peaks 3 and 4 in Figs. 4(b) and 5(b). In the cooling
un, it changes directly from C phase to M phase as seen in the
eak 3′ in Figs. 4(b) and 5(b). Therefore the new phase was not
bserved in the cooling run. The enthalpy changes obtained by
ntegrating the area of the peaks in Figs. 4(b) and 5(b) and are
hown in Table 2. In Table 2, the enthalpy change of peak 3′
as not equal to the total of peaks 3 and 4. In order to explain

he peak 3′ clearly, the relative enthalpy of the whole process of
he heating and cooling run for C40H82 was shown in Fig. 4(c)
ogether with the DSC curves. In Fig. 4(c), the sample state at
36 and 350 K and that in the cooling run at 342 K is named
tate a, b and c, respectively. It is known from Fig. 4(c) that
oth in the state a and in the state b, the relative enthalpy in the
eating run is nearly equal to that of the cooling run. The values
hown in the parenthesis in Table 2 are those obtained from the
gure of relative enthalpy as Fig. 4(c). From those values, it is
lear that the enthalpy change of peak 3′ was nearly equal to
he total of peaks 3 and 4. It is clear from Fig. 4(c) that the C
hase in the cooling run extends over a wide temperature range

nd the heat capacity of C phase is large. Then the enthalpy
hange between a and b is about two times of that between a
nd c (the transition from C phase to M phase) in the cooling
un.

i
i
t
m
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Many very sharp anomalies are also observed around 353.2 K
n Fig. 4(b) and around 356.5 K in Fig. 5(a) in addition to the
ransition from the liquid phase to the C phase. This phenomenon
as also observed in the case of C22H46 [28] and C32H66 [35].
he magnified curve of these peaks in Fig. 5(a) is shown in
ig. 5(c), where the peaks are observed more clearly. Around

he temperature of 356.5 K in the cooling run of C42H86, the
ain solidification process is already accomplished and the liq-

id phase is considered to remain only in grain-boundary regions
f each grain. During the very slow cooling process, the C
hase grains intergrow by absorbing other grains, resulting in
he exothermic peaks due to the more ordered grain-boundary
egions.

. Discussion

The surface freezing phenomenon was observed in all the
amples both in the heating and in the cooling run as shown
n peaks 1 and 1′ in Figs. 2(b), 3(b), 4(b) and 5(b). Such small
hermal peaks were detected for the first time in these samples,
howing the high sensitivity of the present DSC. The peaks 1′
n the cooling run are sharper than peaks 1 in the respective
eating run in these figures, but the enthalpy change of peak 1′
s almost the same as that of peak 1 for each sample. The fact
hat the observed enthalpy changes in present paper are about
everal times larger than the calculated one indicates that the
rdered phase on the surface of liquid alkane could be two or
hree molecular layers. Therefore the term “surface layer” is used
nstead of “monolayer” in this paper. The temperature difference
etween the melting of the bulk sample (Tm) and the fusion of
he surface layer (Tf) decreases with the carbon number n, in our

easurement. The temperature difference �T(=Tf − Tm) in the
eating run are plotted against the carbon number n as shown
n Fig. 6, where the literature data [22] obtained by X-ray and
urface tension measurements are also shown for comparison.
he present results are in good agreement with the literature data.

The phase transitions in the heating run for C34H70, C36H74,
40H82 and C42H86 obtained by the present measurements are

ummarized in Fig. 7, where the fusion of the surface layer is
hown as the full square symbol with the dotted line. The new
ransition is shown with full circle symbol in Fig. 7. Since the
ew transition is observed in the M phase, the mesophase is
amed M′ phase in the present paper.

The transition observed in the M phase of these samples is the
ew transition detected by the present DSC. Kitamaru et al. [11],
arrett et al. [31] and Ishikawa et al. [41] studied the molecular
otion of n-alkanes by using 13C NMR spectrometry and found

hat the molecular motion of CH3, �-CH2, �-CH2 and �-CH2
ere different from that of the internal-CH2. Some fluctuational
otion around the C–C bond occurs in the vicinity of the molec-

lar ends, even below the temperature of the rotator transition
11]. Kim et al. [38] reported the fractional change of gauche
onds of alkanes per chain as a function of temperature from

nfrared spectra. They disordered gauche bonds become signif-
cant as the temperature increases. Jarrett et al. [31] interpreted
he premelting behavior of n-alkanes as due to the change of

olecular motion in the vicinity of the molecular ends. Ishikawa
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appeared in the cooling run (C′ phase) is considered different
with that of heating run (C phase) as shown in Fig. 8(b). M′
phase appeared in the heating run in C40H82 and C42H86, but it
was not observed in the cooling run as shown in Fig. 8(c). Since
ig. 6. The temperature difference �T between the melting point and the fusion
emperature of the surface layer as a function of the carbon number n, where
©) is the literature data [22] and (�) is present result.

t al. [41] observed the change of molecular motion of CH3 and
-CH2 between 313 and 343 K in C32H66. Although the mecha-
ism of the new peaks detected in the M phase of all the samples
s not so clear, it may be related to the disorder of the structure
esulting from the active molecular motion in the vicinity of
he molecular ends. The difference of the enthalpy changes of
hese peaks is considered to relate with the number of the CH2

nit in the active molecular ends. The longer molecular chain
s considered to make the enthalpy change larger as shown in
ables 1 and 2.

ig. 7. The phase transitions in pure C34H70, C36H74, C40H82 and C42H86

btained by present measurement in the heating run.
F
C

Acta 448 (2006) 73–81

The thermal behavior of the samples in the heating run and
ooling run was considerably different. The schematic draw-
ng of the relative enthalpy versus temperature for each sample
btained by the present study is shown in Fig. 8, where the differ-
nce between the heating and the cooling run is observed more
learly. In Fig. 8 the transitions in the heating run are shown as
he solid lines and those of cooling run are shown as the dot-
ed lines. The Arabic numerals are corresponding to the peaks
umber of the DSC curves. The scales of vertical and horizontal
xis are arbitrary in Fig. 8. The peak due to the transition from
he R phase to the M phase of C34H70 separated into two peaks
n the cooling run as seen peaks 3′ and 4′ in Fig. 2(b), showing
he appearance of a new phase (C′ phase) as shown in Fig. 8(a).
rom Fig. 3(b) and Table 1, the intermediate form of C36H74
ig. 8. Schematic drawing of the relative enthalpy vs. temperature for (a)

34H70, (b) C36H74, and (c) C40H82 and C42H86.



imica

t
a
a

5

n
s
r

(

(

(

(

R

[

[

[
[
[
[

[
[
[
[
[

[
[

[

[
[
[
[
[

[
[

[

[

[

[

[

[
[

S. Wang et al. / Thermoch

he mechanism of these transitions in the cooling run is not clear
t present, further investigation is needed using X-ray and other
nalytical methods.

. Conclusions

The new behaviors of the phase transitions in pure n-C34H70,
-C36H74, n-C40H82 and n-C42H86 have been found at the mea-
uring conditions of slow heating and cooling rates using a high
esolution and super-sensitive DSC.

1) A new peak was detected in the low-temperature crystalline
phase (M phase) of all the samples. It is considered to relate
to the disorder of the structure resulting from the active
molecular motion in the vicinity of the molecular ends.

2) The surface freezing phenomenon was observed in all of the
samples both in the heating and in the cooling run.

3) The heat capacity of phase C is much larger than that of the
liquid, considered to be related to the contribution of active
vibrational motion.

4) C′ phase was considered to exist in C34H70 in the cooling
run.
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