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The phase diagram of the binary system nC¢H;4 - nC,;H;4 has been established at ambient
pressure using DSC and crystallographic measurements. At low temperatures below the rotator
phase RI there exist two crystal forms Op (about x(C;) = 0.25) and Mdci (about x(C,;) = 0.67)
which are different from the crystal structures of the pure compounds (Tp for C,¢ and Oi for C;).
Furthermore two compositions: (a) C,¢/C,; = 3:1 and (b) = 1:2, which correspond to the coexistence
range of Op and Mdci, were chosen for high pressure DTA and pVT measurements, yielding the
following findings: The specific volume of the rotator phase of C,; is distinctly lower than those of
the binary systems at the same state point. Assuming the existence of a metastable rotator phase for
C\4. an excess volume of AVF/V = 0.01 can be estimated. Due to the very enlarged coexistence
range of RI, the mixtures reach their lower transition point at considerably lower temperatures
(in isobaric measurements) or higher pressures (in isothermal measurements), where the specific
volume is lower than that of C;; at its transition point. Furthermore, the volume and enthalpy
changes of the @ 4 — RI transition is distinctly smaller for the binary systems than for pure C;.
Thus the specific volumes of the phases Op and Mdci are appreciably larger than v(spec.) of C,;.
Op and Mdci have practically the same specific volume in accordance with the crystallographic
results. Enthalpy values are obtained with the aid of the Clausius-Clapeyron equation which agree
well with enthalpies derived from the DSC measurements.

Furthermore, pVT data have been established for the liquid and solid phases of nC;gH;g in
the neighbourhood of the melting curve, allowing to determine volume and enthalpy changes of
melting as a function of pressure.

Key words: Hexadecane, Heptadecane, Octadecane, pVT, Excess Volume, Phase Transition,
High Pressure, X-ray.

1. Introduction ported in literature. In a previous high-pressure DTA

study on the system C,4/C,, some volumetric features

The thermodynamic properties of n-alkanes
C,H,,., (abbreviated by C,) play an important role
forenergy storage applications; especially multi-com-
ponent systems are used as thermal protection mate-
rials [1 - 4]. Many binary and ternary systems have
been systematically investigated in the past [5 - 10],
in particular the thermal and crystallographic proper-
ties of the solid rotator and low-temperature ordered
phases have been studied. However, volumetric prop-
erties for solid mixed phases are only scarcely re-

were discussed [11]. However the volume data were
derived from transition enthalpies with the aid of the
Clausius-Clapeyron equation. In the present work we
present directly measured volume data for the binary
system C,¢/C ;. The phase diagram of the system
C,6/C,; was recently established at ambient pressure
by Rajabalee [12]. At low temperatures below the
rotator phase RI there are two crystal forms (@)
Op (about x(C,;) = 0.25) and Mdci (about x(C,;) =
0.67) which are different from the crystal structures
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Fig. 1. Examples of DSC curves as a function of molar
fraction in C,4.

of the pure compounds (Tp for C4 and Oi for C,;).
Correspondingly, we have chosen two compositions
for the high pressure studies: (a) C;,/C;; = 3:1 and
(b) 1:2, which correspond to the coexistence range
of Op and Mdci, respectively. The pVT data for the
pure alkanes have been recently determined between
303 K and 343 K in steps of 10 K using an older pVT
apparatus [13]. Changes in volume, enthalpy, and en-
tropy along the phase transitions were reported. For
the present study a new high pressure pVT appara-
tus [14, 15] is employed for the measurements on the
two mixtures between 293 K and 313 K in steps of
5 K. Additionally measurements for C,;4 and C,, were
retaken between 298 K and 313 K in steps of 5 K.
Octadecane is an interesting candidate, because its
chain length is close to the series n > 22 of the even n-
alkanes which exhibit a stable rotator phase [16]. For
C,, a metastable rotator phase is observed on cool-
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Fig. 2. Phase diagram of the binary system C,¢/C,,.

ing [17]. For C,; a transient metastable rotator phase
was reported [18]. C,g is also subject of a thorough
molecular dynamics simulation [19].

2. Experimental Section

2.1. X-ray Powder Diffraction Measurements

Analysis

Crystallographic measurements at selected temper-
atures were made using a Siemens D500 vertical pow-
der diffractometer. A thin plate of glass was placed
between the sample to be analysed and the sample
holder in order to avoid the diffraction lines of copper
and nickel, due to the holder, which disturb the anal-
yses of the diffractograms. The data were collected
with 0.05° 26-step and 3s-interval time. Diffraction
measurements were also performed versus continu-
ous temperature variations (inferior to 2K-h~!) with
a Guinier-Simon camera (GS). The copper Ka1 radi-
ation (\ = 1.5406 A) was used in both cases.

2.2. DSC Measurements

DSC measurements were carried out using a
Perkin-Elmer DSC?7 differential scanning calorimeter



628

A. Wiirflinger et al. - pVT Measurements on the Binary System nC 4Hs, - nC,;H;q

Table 1. Transition temperatures (K) and enthalpies (kJ-mol~') of mixed samples.

— Melting — — Transitions (Tp, Oi, Mdci, Op) — RI —
z(Cy7) Ty Tg Ty AH T oo Tias Tooivs AH

0 290.7+0.3 53.0+1.6
0.02 289.5+0.4 290.1+0.2 50.7+0.7
0.04 289.0+0.1 289.7+0.4 287.9+0.5
0.07 289.0+0.2 289.54+0.2 282.5+0.6
0.10 289.0+0.2 289.24+0.3 275.2£05
0.12 288.8+0.3 289.3+0.2 36.6+£1.0 268.4+0.3 284.1+0.6
0.13 289.0+0.2 289.4+0.1 36.6+0.8 268.5+0.2 284.0+0.5
0.14 288.9+0.5 289.5+0.3 36.6£1.0 268.3+0.3 282.5+0.5
0.15 288.9+0.4 289.41+0.3 36.6+1.0 268.2+0.3 280.3+0.4
0.17 288.9+0.5 289.44+0.5 36.4£1.0 268.0+0.3 279.0+0.5
0.20 289.0+£0.4 289.6+0.3 36.5£1.0 267.2£0.5 — 273.8+0.2
0.25 289.5+0.5 289.8+0.4 36.6+1.0 267.0+0.4 267.1£0.2 5.6+0.2
0.30 289.7+0.2 290.0+0.3 36.5£1.0 266.9+0.3 267.0+0.1 5.5+0.9
0.35 289.8+0.4 290.2+0.2 36.6x1.1 266.91+0.3 267.2+0.1 5.5+0.6
0.40 290.0£0.5 290.4+0.2 36.7£0.7 266.7+0.2 268.0+0.6
0.45 290.2+0.5 290.6+0.3 36.8+1.0 266.7+0.3 268.0+0.2
0.50 290.4+0.5 290.8+0.2 37.0+0.8 266.5+0.4 268.5+0.1
0.55 290.7£0.5 291.3+0.4 37.3£0.9 266.7+0.4 269.5+0.2
0.60 291.0+0.5 291.5%0.1 37.4£0.9 — 270.0+0.1
0.65 291.3+0.2 291.84+0.3 37.6+1.0 268.3+0.2 269.8+0.3 270.9+0.1
0.70 291.4+1.0 292.310.1 37.8+£0.8 269.0+0.4 271.8+0.4
0.75 291.8+0.3 292.61+0.3 38.1£1.0 269.0+0.3 273.7£0.2
0.85 292.6+0.6 293.6+0.3 38.7+0.7 271.240.6 2775202 7.84+0.6
0.95 293.8+0.6 2945404 39.1£0.7 279.9£0.5 282.0+0.3 9.1+£0.9

1 294.7+0.2 39.4+2.8 284.2+0.3 10.8+0.8

operating in the subambient mode. Transition tem-
peratures and enthalpies were determined from four
independent experiments on (4.0 £+ 0.1) mg sam-
ples with 2K-min~! speed of heating after temper-
ature and energy calibration. Temperatures were de-
termined from the DSC curves using the shape-factor
method [20, 21]. The random part of the uncertainties
was estimated using the Student’s method with 95%
threshold of reliability.

2.3. DTA Measurements under Pressure

DTA measurements were carried out with an equip-
ment described previously [11, 22]. Samples of about
50 mg were enclosed in capsules made of indium.
The soft metal serves to transmit the pressure (gener-
ated by compressed argon) without hysteresis. Ther-
mograms are recorded both on heating and cooling.
Transition temperatures are generally derived from
the onset of the DTA peaks observed in heating runs
at 2 K-min~!.

2.4. pVT Measurements under Pressure

The new high-pressure apparatus [14, 15] allows
repeated measurements with the same filling. Any

volume change of the sample is transmitted to a pis-
ton, whose displacement is recorded inductively. Runs
at increasing and decreasing pressure enable the de-
termination of the hysteresis pressure. The corrected
volume changes are combined with atmospheric pres-
sure data in order to establish specific volumes in the
whole p,T range. The densities at ambient pressure
are either taken from literature or, if not available,
are determined with a vibrating tube density meter
Anton Paar.

2.5. Materials

For the DSC measurements the alkanes were ob-
tained from Aldrich and Fluka with a purity better
than 99.5%. For the high-pressure measurements the
samples were purchased from Acros (purity 99%) and
used without further purification.

3. Results and Discussion

3.1. Calorimetric Data and Phase Diagram of the
Binary System

Seventeen binary mixed samples were studied
combining DSC and X-ray diffraction measurements,
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Table 2. Cell parameters or the analyzed phases.

z2(C,) ad) bA) cA) T, (K) T,-287 V(A
Rotator phase RI (Fmmm, z = 4) at 287 K:
0.15 776 506 4534 2894 2.4 1780
0.17 776 506 4532 2894 2.4 1780
0.20 778 506 4546 2895 2.5 1790
0.25 777 506 4563 289.6 2.6 1794
0.35 775 505 4580 290.2 32 1792
0.50 775 506 4627 290.8 3.8 1814
0.75 771 507 4679 2926 5.6 1829
1 7.66 506 4737 2947 71 1836
Ordered phase Op (Pca2, z =4) at 258 K:
0.30 744 501 4555 1698
Ordered phase Mdci (Aa, 8 =92.4°, z =4) at 258 K:
0.70 743 501 46.59 1733
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Fig. 3. p(T) phase diagram of the binary sample C,¢,/C,; =
3:1.
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typical DSC traces are shown in Figure 1. The phase
diagram is presented in Fig. 2, showing one eutec-
tic, two peritectoid and one eutectoid invariants. Be-
low the freezing, the rotator phase RI is extended
to a large range of temperatures and compositions.
At low temperatures two new regions of mixed crys-
tals are observed, Op for low concentration of C,,
and Mdci for high concentration of C,. The crys-
tal form Tp exists only for x(C,¢) > 0.95 and the Oi
for x(Cy5) > 0.85. Altogether there are 9 two-phase
regions: [Tp+Op], [Op+Mdci], [Mdci+Oi], [RI+Oi],
[RI+Mdci], [RI+Op], [RI+Tp], [Tp+L], [RI+L]. The
transition temperatures for the solid - liquid equilibria
(solidus: T'g, liquidus: T';¢, and eutectic: T'g) and for
the solid - solid equilibria (solvus superior, solvus in-
ferior, peritectoid and eutectoid: 7', , 3) together with
the enthalpy changes derived from the DSC signals
are entered in Table 1. For the mixtures, the melt-
ing enthalpy is clearly reduced compared with that
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Fig. 4. p(T) phase diagram of the binary sample C,4/C,; =
122
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Fig. 5. Specific volumes of C,4 as a function of pressure.

of the pure alkanes. Thus excess properties can be
derived that have been thoroughly discussed for sev-
eral homologues [6, 23]. For the rotational transition
the enthalpy change is slightly lowered in comparison
to C,,. This can be discussed in terms of excess prop-
erties as well, if a metastable rotator phase for n-C g
is accepted [12, 23, 24].

3.2. X-ray Diffraction

Details of the phase diagram presented above result
from the X-ray diffraction patterns that allow to dis-
tinguish between the different crystal forms. At lower
temperature the ordered phases were analysed at 1" =
258 K, the parameters for the rotator phase RI were
determined at 7' = 287 K. The cell parameters of the
analysed phases are presented in Table 2.

3.3. DTA Measurements under Pressure

The p(T') phase diagrams for the mixed samples
are displayed in Figs. 3 and 4. The transition from the
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Table 3. Specific volumes (cm"-g" 1 of Cy¢H3, and Cy7Hz.

— n-hexadecane — — n-heptadecane —
p/ T/K: T/K: T/K: T/K: T/K: T/K: T/K: TI/K:
MPa 298.15 303.15 308.15 313.15 298.15 303.15 308.15 313.15

0.1 1.2982 1.3041 1.3100 1.3160 1.2906 1.2963 1.3020 1.3079
10 1.288 1293 1298 1305 1280 1285 1291 1.297
20 1278 1283 1288 1294 1.150 1275 1.280 1.286
30 1078 1273 1278 1.284 1.140 1.266 1271 1276
40 1075 1264 1268 1275 1.130 1.145 1262 1267
50 1.071 1256 1260 1266 1.120 1.136 1.254 1.258
60 1.067 1.070 1252 1257 1076 1.128 1246 1.250
70 1064 1.067 1245 1249 1072 1119 1.132 1.243
80 1.061 1.063 1068 1242 1.069 1073 1.124 1236
90 1.058 1.060 1.064 1235 1.066 1.070 1.116 1.131
100 1.055 1.057 1.060 1.065 1063 1.066 1.071 1.121
110 1.052 1.054 1.057 1.061 1.060 1.063 1.067 1.111
120 1.049 1.051 1.054 1.057 1.057 1060 1.063 1.068
130 1.047 1.049 1051 1.054 1.054 1.057 1.060 1.064
140 1.045 1.046 1.048 1.050 1.052 1.055 1.057 1.061
150 1.042 1.044 1045 1.047 1050 1.052 1.054 1.057
160 1.041 1.042 1043 1.045 1.048 1.050 1.051 1.054
170 1.039 1.041 1041 1.042 1.046 1.048 1.049 1.052
180 1.037 1.039 1039 1.040 1044 1.046 1.047 1.049
190 1.036 1.038 1.038 1.038 1.042 1.044 1.045 1.047
200 1.034 1.037 1.037 1.037 1041 1.042 1.043 1.045

C17H36

.
0 50 100 150 200 250 300
p/ MPa

Fig. 6. Specific volumes of C,; as a function of pressure.

rotator to the low-temperature ordered phase is con-
siderably shifted to lower temperatures in compari-
son to pure C,;. The curves converge slightly with
increasing pressure, but there is no triple point in the
pressure range studied as observed for pure C,,. The
phase transition lines have been fitted to polynomials
of second order and are entered (together with other
thermodynamic properties to be discussed below) in
Table 7.

3.4. pVT Measurements under Pressure

Pure Ci and Cy7: The specific volumes for the
pure alkanes are presented in Figs. 5 and 6, the steps

A. Wiirflinger et al. - pVT Measurements on the Binary System nC,sH;4 - nC,;Hxg

13 CiHzs - C7Hz6=3 : 1

L
0 50 100 150 200 250

Fig. 7. Specific volumes for the Cs/ C;; =3 : 1 sample as
a function of pressure.

133 CigHzg - Ci7Hzs=1:2

Fig. 8. Specific volumes for the C,s / C;; =1 : 2 sample as
a function of pressure.

indicating the volume change due to melting and
transition to the rotator phase, respectively. For each
isotherm and phase the v(p)-curves are fitted to poly-
nomials which allow to calculate the specific volumes
in steps of 10 MPa (Table 3). For 298 K and 303 K the
agreement with previously reported data [13] is about
0.1%, for 313 K the deviation is ca. 0.3%. Differ-
ent phases are separated in the Table by a horizontal
line.

Binary samples: The specific volumes for the two
binary samples are plotted as functions of pressure
and temperatures between 293 and 313 K in Figs. 7
and 8, displaying the same sequences of steps as C,,.
The pure alkanes fitted volume data are entered in
the Tables 4 and 5. In Fig. 9 we compare the v(p) be-
haviour with that of the pure alkanes at 303 K. Clearly,
the phase region of the rotator phase has been enlarged
for the mixtures in comparison to C, similarly to the
observation at ordinary pressure, when the tempera-
ture is scanned.
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Table 4. Specific volumes (cm®-g~") of the binary system
C16/C17 =32 1.

Table S. Specific volumes (cm’® -g‘l) of the binary system
ClG/CW = 1 o 2.

p/ TIK: T/K: T/K: T/K: TIK: p/ TIK: TIK: TIK: T/K: TIK:
MPa 29315  298.15  303.15  308.15  313.15  MPa  293.15 29815  303.15 308.15  313.I5
0.1 12904 12962 13021 13079 13139 0. 12873 12930 12988 13046 13105
10 1278 1285 1.291 1.297 1.303 10 1.155 1.283 1.288 1.294 1.300
20 1.153 1.275 1281 1.287 1.293 20 1148 1273 1.277 1.283 1.289
30 1.145 1267 1272 1277 1.283 30 1.140 1.150 1.268 1274 1.280
40 1.139 1.147 1.264 1.268 1.274 40 1.134 1142 1260 1.265 1271
50 1.132 1.140 1256 1.260 1.265 50 1.128 1.135 1.146 1.257 1262
60 1.126 1134 1249 1252 1.257 60 1.122 1.129 1138 1.250 1.255
70 1.121 1.128 1.136 1.245 1.249 70 1.117 1.123 1.130 1.143 1.247
80 1.116 1.122 1.129 1.239 1.242 80 1.113 1.118 1.124 1.135 1.241
90 1111 1.116 1.123 1.132 1.235 90 1.109 1.113 1.118 1128 1235
100 1107 1111 1.117 1.126 1.229 100 1.082 1.109 1.113 1.122 1.131
110 1.083 1.107 L111 1119 1223 110 1079 1105 1.108 1.116 1.125
120 1.079 1.102 1.106 1.114 1.124 120 1.075 1.078 1.105 1111 1.119
130 1075  1.098 1.102 1.108 1.118 130 1.072 1075 L101 1.106 1.113
140 1.072 1.074 1.099 1.104 1.112 140 1.069 1.072 1.076 1.102 1.108
150 1.068 1.071 1.095 1.099 1.107 150 1.066 1.069 1.072 1.099 1.104
160 1.066 1.068 1.070 1.095 1.102 160 1.064 1.066 1069  1.09 1.100
170 1.063 1.065 1.067 1.092 1.097 170 1.061 1.063 1.067 1.070 1.096
180 1.061 1.063 1064  1.089 1.093 180 1.059 1.061 1.064 1067 1093
190 1.059 1.060 1.061 1.064 1.090 190 1.057 1.058 1.061 1.063 1.067
200 1.057 1.058 1059 1060  1.086 200 1.054 1.056 1.059 1.060 1.064
210 1.056 1056 1.057 1.061 210 1.054 1.056 1.057 1.061
220 1.054 1.055 1.058 220 1.052 1.054 1.055 1.058
230 1.052 1.053 1.055 230 1.052 1.053 1.055
240 1.051 1.053 240 1.051 1.053
250 1.051 250 1.052

From Fig. 9 one can derive the following conclu-
sions: The specific volume of the rotator phase of C,
is distinctly lower than those of the binary systems
at the same state point (e.g. 70 MPa, 303 K). How-
ever, due to the very enlarged coexistence range of RI
the mixtures reach their lower transition point at con-
siderably lower temperatures (in isobaric measure-
ments) or higher pressures (in isothermal measure-
ments), where the specific volume is lower than that
of C, at its transition point. Furthermore, the volume
step to the low-temperature phase @, is distinctly
smaller for the binary systems than for pure C,,. Thus
the specific volumes of the phases Op and Mdci are
appreciably larger than v(spec.) of C;;. Op and Mdci
have practically the same specific volume in accor-
dance with the crystallographic results. The volume
change of melting is not so drastically changed, ex-
cept that pure C,; (which does not possess a rotator
phase) has of course the highest value.

It might be interesting to compare the densities
at the transition points indicated (see Fig. 9) by a,b
(melting) and c, d (rotational transition) for other tem-
peratures. To this end we fit the v(p) isotherms to

p/ MPa

Fig. 9. Comparison of the specific volumes v for C;4, C,7,
and the two binary samples at 303 K; a, b, c, d indicate the
transition points.

polynomials, for each phase separately, and extrap-
olate them to the transition pressure. The results are
plotted in Figure 10. The distance between a, b yields
the volume change of melting, that of ¢, d the volume
change of the rotational transition. The estimation of
AV p;_. is particularly difficult because of the strong
pre-transition behaviour. The curves a, b, ¢, d in tun
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Table 6. Specific volumes along the phase transitions:
vicm®*mol~' = A + B - p/MPa.

A. Wiirflinger et al. - pVT Measurements on the Binary System nCgHs, - nC;;Hzg

Table 7. Thermodynamic properties of the binary samples.

Trans- T/  p/ AV o/ AH /(kJ-mol~!)
Trans.p. Phase C(/C ;=12 C/C/;=3:1 Cy System ition K MPa (cm®-mol~!) Cl-eq? Rajaba-
A 10B A 10B A 10*B lee [12]
a L 1.2847 -5.778 1.2818 -5379 1.2822 -5.835 C,/C, RI—L T(p)/K =292.47 + 0.228 14 (p/MPa)
b Rl 1.1632 -2.930 1.1617 -3.003 1.1578 -2.804  =1:2 - 1.91961-10=* (p/MPa)?
c RI  1.1226 —1.669 1.1244 -1.955 1.1272 —1.868 2925 0.1 28.7 36.8 37.6
d ® , 1.0987 -1.595 1.1047 -2.061 1.0848 -1.342 303.4 100 22.0 30.2
Mdci — T(p)/K =270.52 + 0.24414 (p/MPa)
RI - 1.16381-10~* (p/MPa)?
270.5 0.1 5.64 6.25
1.35F 293.8 100 5.46 6.58
314.7 200 5.29 6.82
13F
k. C,6/C,; RI—L T(p)/K = 289.76 + 0.22571 (p/MPa)
1.25) ' . =3:1 — 1.79548-10—* (p/MPa)?
- a 289.8 0.1 27.6 355 36.6
& 12} 310.5 100 22 30.5
S Op — T(p)/K = 267.17 + 0.24196 (p/MPa)
ZLISE T o b RI - 1.10993-10—* (p/MPa)?
e 2672 0.1 454 502 56
LIF B e . ” S
o S 290.2 100 4.79 5.75
Los T i MY 311.1 200 5.03 6.48
o 0 100 Tso 200 2 from AV data using the Clausius-Clapeyron equation.
p/ MPa

Fig. 10. Specific volumes at the phase transitions, x: C,5,
o: Cx/Ci;=1:2,0: Ci¢/Cy7 = 3:1.

have been fitted to straight lines and entered in Table 6.
The constants A represent the specific volumes at at-
mospheric pressure. For the system C,4/C, they are
close to those derived from the crystallographic mea-
surements: v = 1.108 cm®.g~! for Op (z(C,;) = 0.3)
and v = 1.104 cm3-g~! for Mdci (z(C,,) = 0.7), com-
pared with v = 1.105 cm-g~! for C;¢/C,; = 3:1 and
v =1.099 cm?-g~! for C,¢/C,; = 1:2. For the rotator
phase we calculate from Table 2: v = 1.1745 cm®.g ™!
for £(Cj;) = 025 and v = 1.162 cm’-g~! for
z(C,;) = 0.75, compared with v = 1.1617 cm-g~!
for C;¢/C;; = 3:1 and v = 1.632 cm’.g~! for
C,6/Ci; = 1:2 at the point “b” below the freezing
point. In the case of C;Hs the extrapolation is more
favourable than in [13], because of the smaller tem-
perature steps. Correspondingly v = 1.085 cm?.g !
(1.089 [25]) and AV, = 299 cm?-mol~!
(29.4 [26]) now agree better with literature (in paran-
theses). AHg;_; = 37.6 kJ-mol~! is a bit lower than
39.4 kJ-mol~! [17]. For the transition to the rota-
tor phase one obtains: AV ,_g; = 10.2 cm*-mol =},
AHc, g = 11.1 kJ-mol~! (10.8 kJ-mol~!) [17].
For C¢ the following data are obtained: AV ,_; =
45.3 cm*mol~! (45.7[27]),AH,_., =54.8kJ-mol~!
(53.0 [17]), ve, = 1.083 cm®-g=! (1.082 [25]), v =

1.2835 cm®-g~!. Enthalpy values are obtained with
the aid of the Clausius-Clapeyron equation. The ther-
modynamic data for the binary systems are presented
in Table 7. The necessary slopes dp/dT" are derived
from the fitted T'(p) curves, due to the DTA mea-
surements, which are entered in Table 7 as well. De-
spite the insufficiencies of the enthalpy calculation
the agreement with Rajabalee [12] is not too bad.

Excess volumes: Although C4 does not display
a rotator phase, one can postulate the existence of a
metastable one. Robleés has derived crystallographic
data for several metastable phases by a suitable ex-
trapolation from homologous n-alkanes of longer
chain length [24]. The result for the metastable RI
(Z=4)of Cigis:a=505A,b=770A,c=445A,
yielding V= 1730 A%, and v(spec.) = 1.1505 cm®-g .
The values of Cj; are [24]: V = 1836 A3, and
v(spec.) = 1.1494 cm?-g~!. Thus we obtain the excess
volume of the rotator phase for the two studied sam-
ples: Céﬁ/c” =3:1: 9 =0012 cm*g~!, Cpe/Cyy =
1:2 : v* = 0.013 cm?-g~!. The positive vE-value is
clear, regarding the extra place which is needed to
form a solid mixture of alkanes with different chain
lengths. This has been discussed in literature since a
long time [11].

At elevated pressures no data for a metastable rota-
tor phase of C,4 are available. However, regarding at
1 atm the close values of v(spec.) = 1.1505 cm*-g~!
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Table 8. Excess volumes for the rotator phase of the binary
samples studied.

C,(/Cp, = 1:2 C,/C,; = 3:1
p T/K: T/K: TK: T/K TK T/K TK:
MPa 298.15 303.15 308.15 313.15 298.15 303.15 308.15
30 00102
40 00123 00170
50 0.0149 0.0092 0.0198
60 0.0101
70 00116 0.0111 0.0177
80 0.0112
9 0.0120 0.0162
100 0.0106
110 0.0139

. L .
0 50 100 150 200 250
p/ MPa

1

Fig. 11. Specific volumes of C 5 as a function of pressure.

for Cj¢ and 1.1494 cm3.g~! for C,,, one may ap-
proximately consider the difference of v(mixt.) and
v(C,;) using the Tables 3 - 5. The result is entered in
Table 8, showing vE = 0.017 cm?-g~! for C;(/C,; =
3:1and vE ~ 0.011 cm?.g~! for C;¢/C,; = 1:2 withno
significant pressure or temperature dependence. One
has to take into consideration that the excess volumes
can only be calculated in a small “7'(p) window” of
overlapping rotator phases, that is close to “b” for the
mixed samples (particularly for the sample 3:1) and
close to “c” for pure C,; (cf. Fig. 9). Therefore the
vE-values seem to be systematically too high for the
sample 3:1. For the sample 1:2 the results of Table 8
are in reasonable agreement with vF derived from the
atmospheric pressure data above.

For the low-temperature ordered phases one may
estimate a positive excess volume as well, if hypo-
thetical metastable phases Op and Mdci are assumed
to exist for the pure compounds as well. However, an
unambiguous extrapolation from the longer homolo-
gous members does not seem to be possible.
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Table 9. Specific volumes (cm®-g~") of C5.
p/ T/K: T/K: T/K: T/K: T/K:
MPa 303.15 313.15 323.15 333.15 343.15
0.1 1.2900 1.3014 1.3130 1.3247 1.3367
10 1.077 1.291 1.301 1.313 1.325
20 1.073 1.280 1.291 1.302 1.314
30 1.069 1.271 1.281 1.292 1.304
40 1.065 1.262 1.272 1.282 1.294
50 1.061 1.073 1.263 1.273 1.284
60 1.058 1.068 1.255 1.264 1.275
70 1.055 1.064 1.247 1.256 1.266
80 1.052 1.059 1.240 1.248 1.258
90 1.049 1.055 1.234 1.241 1.250
100 1.047 1.052 1.061 1.234 1.242
110 1.045 1.048 1.057 1.227 1.235
120 1.045 1.053 1.221 1.228
130 1.043 1.050 1.216 1.222
140 1040 1046 1211 1216
150 1.043 1.053 1.211
160 1.041 1.048 1.206
170 1.039 1.044 1.201
180 1.040 1.197
190 1037 1193
200 1.035 1.050
210 1.043
220 1.039
230 1.036

Table 10. Thermodynamic properties of n-octadecane at the
melting transition.

T/ pl AV, / AH,/ AS,/

K MPa  cm®mol~!  kJ-mol=!  Jmol~l.K~!
301.26 0.1 52.43 63.43 210.5
303.15 7.9 51.51 63.14 208.3
313.15 50.4 46.79 61.31 195.8
323.16 95.7 42.40 58.84 182.1
333.16 144.3 38.43 55.59 166.9
343.15 197.1 34.96 51.39 149.8

Pure C3: The specific volumes of octadecane is
presented in Fig. 11, the fitted data are entered in
Table 9. For liquid C,g other high pressure data are
available for comparison [28, 29] which agree within
0.2%. Only for 343 K and pressures close to the melt-
ing the densities reported by Dutour et al. [28] are ca.
0.3% lower. The latter authors presented the atmo-
spheric pressure densities (determined with an Anton
Paar densimeter) by a smoothed polynomial function,
which was also used in this work.

As for C\¢ and C;; we extrapolated the fitted
v(spec.) isotherms to the melting pressure, yielding:
v,iq/cm3g‘1 = 1.2877 - 6.981-10~* + 1.0396:107°,
v /em?g™! = 1.0816 — 2.255-10~* + 4.10-10~7, and
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AV, /em3g™! = 0.2061 — 4.726:10~* + 6.3-1077.
Volume changes reported by Nelson et al. [30] are
somewhat smaller. The atmospheric pressure value of
v, (1.0816 cm®g~!) can be compared with crystallo-
graphic data. C g crystallizes in the triclinic system
that has been investigated by several authors: Craig et
al. [25], V = 455.4 A3 = v(spec.) = 1.0778 cm?g~!;
Robles [24], T =291 K, V = 463.3 A = v(spec.)
1.0964 cm3g‘1; Nyburg et al. [31], 7 =295 K,V =
454.3 A® = w(spec.) = 1.0753 cm3g~".

The melting pressures (displayed as steps in
Fig. 11) agree well with the melting line previ-
ously established by DTA [11]. The combined data
set (from DTA and pV'T measurements) is fitted to
the polynomial: 7/K = 301.2 + 0.2446 (p/MPa) —
1.619-10~#(p/MPa)?. Using the Clausius-Clapeyron
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