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Experimental Enthalpy Increments from the Solid Phases to the
Liquid Phase of Homologous n-Alkane Series (Cig to C3s and Cy1, Cag,

Cas, Cs0, Cs4, and Cgp)
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Measurements of enthalpy increments from the temperature of the ordered phases of low temperatures
at 293.4 K and 298.3 K up to the liquid phase above the melting point were carried out by differential
scanning calorimetry using a discontinuous mode of temperature programming on the n-alkanes from
Cig to Czg and Cyy, Cys, Cus, Cso, Csg, and Cgo. The temperatures and enthalpies of the solid—solid transitions
and of the fusion were also determined and compared with the values of the literature.

Introduction

Because of the importance of the n-alkanes (hereafter
denoted by C.), numerous studies' 83 have been carried out
to determine their thermodynamic properties and their
structural behavior. Although numerous values of the
temperatures and enthalpies of solid—solid and solid—
liquid transitions of Cy's are available in the literature,’ =
only some authors (Messerly et al.;” Finke et al.;1° Schaerer
et al.;1640 Barbillon et al.;'® Parks et al.;3 Andon and
Martin;*¢ Jin and Wunderlich;5” Van Miltenburg®®) have
carried out measurements of the variations of thermody-
namic properties (enthalpies, entropies) of light C,'s (n <
27) with respect to the temperature from the ordered solid
phases of low temperatures up to the liquid phase above
the melting point: these data types are still less numerous
for the heavy C,’s (n > 26). The aim of this article is to
determine the enthalpy increments of the n-alkanes from
Cigt0 Cgg and Cy1, Cus, Cys, Cso, Csa, and Ceso, @S a function
of the increasing temperature by differential scanning
calorimetry.

Structural Behavior—Literature Results

Ch Crystalline Structures of Low Temperatures. The
crystallographic structures of ordered phases at low tem-
peratures have been studied by Craig et al.,5* who identi-
fied the crystallographic space groups, and Chevallier et
al.,”2 who correlated the crystalline long c-parameter with
the number of carbon atoms of pure C, chains: (i) odd-
numbered Cy,+1's have an orthorhombic structure, de-
scribed by Smith®® for the Cp3 with the crystallographic
space group Pbcm;® (ii) even-numbered Cyp's with 14 <
2p =< 26 have the triclinic structure described by Muller®”
and Nyburg et al.55%8 for the C13 whose space group is P1;
Cyp's with 28 < 2p =< 36 have a monoclinic structure,
determined by Shearer and Vand®® for the Czs with the
P2,/a crystallographic space group; Cyy's with 2p = 38, 40,
and 44 have a Pbca orthorhombic structure, described by
Boistelle et al.;’% and Cy;'s with 2p > 44 have a Pca2,
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Figure 1. DSC curve of the n-alkane Cyg with increasing
temperature: observation of § and y order—order transitions below
the order—disorder transition and the melting.

orthorhombic structure, determined by Shearer and Vand®®
and Teare.”

Cn Structural Behavior versus Temperature.
Muller374 was the first to observe polymorphism by X-ray
diffraction in C,,, over a range of temperature, particularly
in disordered phases below the melting point. From the
literature data,>°—8° Chevallier et al.83 and Dirand et al.84
classified these polymorphic transitions according to the
following behavior (Scheme 1) with respect to the increas-
ing temperature:

For the pure C,'s, it is possible to distinguish two
categories of polymorphic phases: (i) the ordered phases
of low temperatures, observed below the order—disorder
transition temperature, T,_q, and (ii) the disordered phases
of high temperatures that can present molecular move-
ments of the Rotator type: orthorhombic -RI (Fmmm),
rhombohedral a-RIl (R3m), triclinic RII1, and monoclinic
RIV disordered structures.

The order—disorder solid—solid transition (hereafter
named the o—d transition) is characterized by the higher
thermal effect observed at the solid state below the melting
point (Figure 1). Other polymorphic transitions, with which
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Scheme 12

odd-numbered C,:;

9to21 B, (Pbcm) ol B(Fmmm)=>f-RI(Fmmm) —liquid

23 B, (Pbcm) —8—> ', (Pbnm) —d, B(Fmmm)=f3-RI(Fmmm)—>aRII (Rgm) —liquid

25 B,(Pbem) —2» B'y(Pbnm) —!—» B(Aa)—3p(Fmmm)=>p-RI(Fmmm)—->aRII (R3m)  —liquid

27-29 B, (Pbem) —i) B's (Pbnm) x, B(Aa) —ody RIII - RIV —liquid

31,3337 Bo(Pbem) —'> B (Aa) 25 c(A2) = RIII —liquid

45 Bo(Pbem) —— B (Aa) —E> C(A2) —liquid

61,6569 Po(Pbem) B, caz Sliquid
even-numbered C,,

10020 Y, (P1) —liquid

2t026 7y, (P1) —4y  GRII(R3m) —liquid

830  8,(P2;/a) ol RII - RIV —liquid

32536 3,(P2/a) —ody RIII —liquid

3844 By(Pbca) oy RIII —liquid

4860  Bo(Pca2,) SINIGY)) —liquid

a — corresponds to first-order transitions. = corresponds to second- or higher-order transitions. The o—d transition disappears

from C,s.535477

lower thermal effects are associated, appear in each
category:884 (i) order—order transitions below the o—d
transition [d-transition,”® which corresponds to the phase
change (3, (orthorhombic Pbcm) — ' (orthorhombic Pbnm);
y-transition,®3 7 corresponding to /3, (orthorhombic Pbcm)
— B (monoclinic Aa); and S-transition,5%56.75 corresponding
to B (monoclinic Aa) — C (monoclinic A2)]; (ii) disorder <
disorder transitions between the o—d transition tempera-
ture and the melting point (Scheme 1).

The temperatures and enthalpies of solid—solid and
solid—liquid transitions of C,’'s were reported as a function
of the carbon atom number of the C, chain from the
methane up to the C, with n equal to 390 by Dirand et
al.84

Experimental Section

Principle of Measurement and Operating Condi-
tions. The measurement of the enthalpy increments was
deduced from differential thermal analyses, performed with

a differential scanning calorimeter of the Tian-Calvet
type,® using a discontinuous mode of temperature pro-
gramming. The calorimeter principle has been described
before.86-8% The calorimeter temperature is programmed
as shown in Figure 2, it increases linearly between T; and
T, during time t; and is then constant at T, during time t;.
Thus, the calorimeter temperature increases step by step
from room temperature up to the maximum temperature
of the experiment.

The device measures the difference in heat flows that
are exchanged between the two cells and the calorimeter
block; it is evaluated by measurement of the electromotive
force, AE, developed in two thermopiles surrounding
the two calorimeter cells and connected together in opposi-
tion.

AE, measured in the course of a temperature jump from
T, to T, during time t; + t,, is related to the difference in
heat, Q, exchanged between the two cells and the calorim-
eter block, by means of the sensitivity coefficient, S(T),
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Figure 2. Calorimetric signal and temperature jump.
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Figure 3. Enthalpy curve for the even n-alkane Ci: AHir =
AHT"™ = AHo—q + /7" Cp dT + AgusH.
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Figure 4. Enthalpy curve for the odd n-alkane Cyg: AHtg =
AH{™ = AHoq + 7" Cp dT + AgusH.

d

determined by calibration.

—__1 re
Q—S(T)ftlAEdt

The sensitivity coefficient, S(T), was obtained with
respect to temperature variations by calibration with the

Table 1. Purity of the n-Alkanes Used in This Study

name symbol purity/%
octadecane CigHa3s ~99
nonadecane Ci9Ha40 ~98
eicosane CooHa2 >97
heneicosane C21Haa >98
docosane C22Hu6 >98
tricosane Ca3Huasg >98
tetracosane Ca4Hs0 >99
pentacosane CasHsp >98
hexacosane Ca6Hs4 >99
heptacosane Ca7Hs6 >98
octacosane CogHssg >98
nonacosane Ca9He0 >99.5
triacontane CsoHe2 =98
hentriacontane CsiHes >99.5
dotriacontane CazHes ~98
tritriacontane CazHes >97
tetratriacontane CssH70 >97
pentatriacontane CssH72 >99.5
hexatriacontane CaeH7a ~98
heptatriacontane Cs7H7s >99
octatriacontane CsgHzs >98
hentetracontane Ca1Hsgs >99
tetratetracontane CasHgo ~99
hexatetracontane CaeHog >98
pentacontane CsoH102 =97
tetrapentacontane CsaH110 ~99
hexacontane CeoH122 >98

Table 2. Comparison of the Experimental Enthalpy
Increments (Hy,;,) versus Temperature of the n-Alkane
CisHzs with the Literature Data’ (Hg, 4 (lit.)7)

Te H;93.4 H1-93.4(| It)7

K kJ-mol—1 kJ-mol—1 % diff
293.4 (s) 0 0
319.9 (I) 76.7 74.9 2.3
330.2 (1) 82.2 81.0 1.4
340.4 (1) 88.0 87.1 1.0
350.6 (1) 93.7 93.3 0.5
360.8 (I) 99.3 99.4 0.1

2 |n parentheses is the state of the n-alkane at that tempera-
ture: |, liquid; s, solid.

Table 3. Comparison of the Experimental Enthalpy
Increments (H.,;,) versus Temperature of the n-Alkane
CasHs4 With the Literature Data* (HJg, , (lit.)46)

T H3o3.4 Hjos.4(lit.)*

K kJ-mol-1 kJ-mol-1 % diff
293.4 (s) 0 0
300.5(s) 4.6 4.6 0.6
309.7(s) 10.7 10.7 0.3
319.9(s) 17.7 17.9 1.1
330.1 (I) 124.3 121.9 1.9
340.4 (I) 132.7 130.7 1.5
350.6 (I) 140.5 139.5 0.7
360.8 (1) 147.7 148.4 0.5

help of the thermodynamic data on alumina, reported in
the N.B.S. Table,®® and on the two metals gallium and
indium. The change in enthalpy of the sample was obtained
as the difference in heat transfer in two experiments. In
the blank experiment both cells were empty. The observed
heat is the asymmetric term, Q,. In the other experiment
a sample is placed in one of the cells. It gives the total heat
transferred, Qo. The difference is the heat transferred to
the sample, Q..

QszQO_Qa
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Table 4. Thermodynamic Data of Cig: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k‘]-molfl, %
diff: 1.5%); Phase Name

K kJ-mol~1 phase K kJ-mol~1 phase K kJ'mol~! phase K kJ-mol~1 phase K kJ:mol~! phase
293.4 0.0 yo (P1) 313.8 73.4 L 334.3 84.5 L 353.7 95.4 L 373.1 105.9 L
294.4 0.6 vo (P1) 314.8 74.0 L 335.3 85.1 L 354.7 95.9 L 3741 1064 L
2954 13 vo (P1) 315.9 74.5 L 336.3 85.7 L 355.7 96.5 L 3751 107.0 L
296.4 2.1 yo (P1) 316.9 75.1 L 337.3 86.3 L 356.8 97.0 L 376.2 107.5 L
297.4 2.9 vo (P1) 317.9 75.6 L 338.4 86.9 L 357.8 97.6 L 377.2 108.1 L
298.5 4.1 vo (P1) 318.9 76.2 L 339.4 87.4 L 358.8 98.1 L 378.2 108.6 L
299.5 6.4 yo (P1) 320.0 76.7 L 340.4 88.0 L 359.8 98.7 L 379.2 109.2 L
300.5 19.6 L 321.0 77.2 L 341.4 88.6 L 360.9 99.3 L 380.3 109.8 L
301.5 66.5 L 322.0 7.7 L 342.4 89.2 L 361.9 99.8 L 381.3 1104 L
302.5 67.1 L 323.0 78.3 L 3435 89.8 L 362.9 100.4 L 382.3 111.0 L
303.6 67.6 L 324.0 78.8 L 344.5 90.3 L 363.9 100.9 L 383.3 1116 L
304.6 68.2 L 325.1 79.4 L 345.5 90.9 L 3649 1014 L 3844 1122 L
305.6 68.8 L 326.1 79.9 L 346.5 91.5 L 365.9 102.0 L 3854 1129 L
306.7 69.4 L 327.1 80.5 L 347.6 92.0 L 367.0 1025 L 386.4 1135 L
307.7 69.9 L 328.1 81.0 L 348.6 92.6 L 368.0 103.1 L 3875 1141 L
308.7 70.5 L 329.1 81.6 L 349.6 93.2 L 369.0 103.6 L 3885 1147 L
309.7 71.1 L 330.2 82.2 L 350.6 93.7 L 370.0 104.2 L 389.5 1154 L
310.8 1.7 L 331.2 82.8 L 351.7 94.3 L 371.1 104.7 L 390.6 116.0 L
311.8 72.2 L 332.2 83.4 L 352.7 94.8 L 372.1 105.3 L 3916 116.6 L
312.8 72.8 L 333.2 83.9 L

Table 5. Thermodynamic Data of Ci9: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k\]-mol‘l, %
diff: 1.5%); Phase Name

K kJ:mol? phase K kJ'mol™! phase K kJ:mol~! phase K kJ:mol~! phase K kJ-mol~! phase
2934 0.0 f-RI (Fmmm)  313.8 72.5 L 334.2 85.8 L 354.6 99.7 L 3740 1136 L
294.4 0.8 A-RI (Fmmm)  314.8 73.2 L 335.2 86.4 L 355.6 100.5 L 375.0 1143 L
295.4 10.6 p-RI (Fmmm)  315.8 73.8 L 336.3 87.1 L 356.6 101.2 L 376.1 1151 L
296.4 13.6 A-RI (Fmmm)  316.8 74.5 L 337.3 87.8 L 357.7 101.9 L 3771 1158 L
297.4 14.7 A-RI (Fmmm)  317.8 75.1 L 338.3 88.5 L 358.7 102.7 L 378.1 116.6 L
298.4 15.8 B-RI (Fmmm)  318.9 75.8 L 339.3 89.2 L 359.7 1034 L 379.2 1173 L
299.5 17.1 A-RI (Fmmm)  319.9 76.4 L 340.3 89.9 L 360.7 104.1 L 380.2 118.1 L
300.5 18.5 A-RI (Fmmm)  320.9 77.1 L 341.4 90.6 L 361.7 104.8 L 381.2 11838 L
301.5 20.1 A-RI (Fmmm)  321.9 77.8 L 342.4 91.3 L 362.8 1055 L 382.2 119.6 L
302.5 221 A-RI (Fmmm)  323.0 78.4 L 343.4 92.0 L 363.8 106.3 L 383.2 1204 L
303.5 254 A-RI (Fmmm)  324.0 79.1 L 344.4 92.7 L 364.8 107.0 L 384.3 1211 L
304.6 43.6 L 325.0 79.7 L 345.5 93.4 L 365.8 107.7 L 385.3 1219 L
305.6 67.3 L 326.0 80.4 L 346.5 94.1 L 366.9 108.4 L 386.3 122.6 L
306.6 67.9 L 327.0 81.1 L 347.5 94.8 L 3679 109.2 L 387.3 1234 L
307.6 68.6 L 328.1 81.7 L 348.5 95.6 L 368.9 109.9 L 3884 124.2 L
308.7 69.2 L 329.1 82.4 L 349.5 96.3 L 369.9 110.7 L 3894 1249 L
309.7 69.9 L 330.1 83.1 L 350.5 97.0 L 3709 1114 L 3904 1257 L
310.7 70.5 L 331.1 83.8 L 351.6 97.6 L 3720 1121 L 3915 1265 L
311.7 71.2 L 332.2 84.4 L 352.6 98.3 L 373.0 1129 L 3925 1273 L
312.8 71.8 L 333.2 85.1 L 353.6 99.0 L

Table 6. Thermodynamic Data of Cyy: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k\]-molfl, %
diff: 1.5%); Phase Name

K kJ'mol~! phase K  kJ-mol~! phase K  kJ'mol~! phase K  kJ-mol~! phase K  kJ'mol~! phase
293.4 0.0 vo (P1) 313.8 85.5 L 334.2 99.8 L 3547 1148 L 3741 129.7 L
294.4 0.6 yo (P1) 314.8 86.2 L 335.2 100.5 L 355.7 115.6 L 375.1 130.5 L
295.4 1.1 vo (P1) 315.8 86.9 L 336.3 101.2 L 356.7 116.3 L 376.1 131.3 L
296.4 1.7 vo (P1) 316.9 87.6 L 337.3 102.0 L 357.7 117.1 L 377.2 1321 L
297.4 2.3 vo (P1) 317.9 88.3 L 338.3 102.7 L 358.8 117.9 L 378.2 1329 L
298.5 2.8 yo (P1) 318.9 89.0 L 339.3 1034 L 359.8 118.7 L 379.2 133.7 L
299.5 3.4 yo (P1) 319.9 89.8 L 340.4 104.2 L 360.8 1194 L 380.2 1345 L
300.5 4.0 vo (P1) 321.0 90.5 L 341.4 104.9 L 361.8 120.2 L 381.2 1353 L
301.5 4.7 yo (P1) 322.0 91.2 L 342.4 105.6 L 362.9 121.0 L 382.3 136.1 L
302.5 5.3 vo (P1) 323.0 91.9 L 3434 106.4 L 363.9 121.7 L 383.3 136.9 L
303.6 5.9 vo (P1) 324.0 92.6 L 3445 107.1 L 364.9 1225 L 384.3 137.8 L
304.6 6.5 vo (P1) 325.0 93.3 L 3455 107.9 L 365.9 1233 L 385.4 138.6 L
305.6 7.1 yo (P1) 326.1 94.0 L 346.5 108.6 L 366.9 124.1 L 386.4 1394 L
306.6 7.8 vo (P1) 327.1 94.7 L 3475 109.4 L 368.0 1249 L 387.4 140.2 L
307.7 8.6 yo (P1) 328.1 95.4 L 3485 1101 L 369.0 1257 L 388.4 141.0 L
308.7 9.7 L 329.1 96.2 L 349.6 110.9 L 370.0 126.5 L 389.4 1419 L
309.7 82.7 L 330.1 96.9 L 350.6 111.7 L 371.0 1273 L 390.5 142.7 L
310.7 83.4 L 331.2 97.6 L 351.6 1124 L 3721 128.1 L 391.5 1436 L
311.8 84.1 L 332.2 98.3 L 3526 1132 L 373.1 1289 L 3925 1444 L
312.8 84.8 L 333.2 99.0 L 353.7 114.0 L
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Table 7. Thermodynamic Data of Cz1: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 298.3 K (Hggmlk‘]-molfl, %
diff: 1.5%); Phase Name

K kJ'mol—t phase K kJ'mol~! phase K kJ'mol~! phase K kJ'mol~! phase K kJ'mol~! phase
298.3 0.0  So(Pbcm) 327.0 88.6 L 354.6 106.6 L 382.2 1252 L 409.9 144.4 L
299.4 0.6 Po (Pbcm) 328.0 89.2 L 355.6 107.3 L 383.2 1259 L 411.0 1451 L
300.4 1.2 Bo (Pbcm) 329.0 89.9 L 356.6 108.0 L 384.2 126.6 L 412.0 1458 L
301.4 1.8 Po (Pbcm) 330.0 90.5 L 357.6 108.6 L 385.3 1273 L 413.0 146.6 L
302.4 25 o (Pbcm) 331.0 91.2 L 358.6 109.3 L 386.3 128.0 L 4140 1473 L
303.4 3.1 Bo (Pbcm) 332.1 91.8 L 359.7 110.0 L 387.3 1287 L 415.1 148.1 L
304.5 3.9 B-RI (Fmmm) 333.1 92.5 L 360.7 110.6 L 388.3 1294 L 416.1 148.8 L
305.5 20.5 £-R1 (Fmmm) 334.1 93.2 L 361.7 1113 L 389.4 130.1 L 417.1  149.6 L
306.5 21.9 B-RI (Fmmm) 335.1 93.8 L 362.7 112.0 L 3904 130.9 L 418.2 150.3 L
307.5 23.5 B-RI (Fmmm) 336.2 94.5 L 363.8 1127 L 3914 1316 L 419.2 1511 L
308.6 25.2 A-RI (Fmmm) 337.2 95.2 L 364.8 1133 L 3924 1323 L 420.2 1518 L
309.6 27.0 B-RI (Fmmm) 338.2 95.9 L 365.8 114.0 L 3935 133.0 L 421.2 1525 L
310.6 28.9 B-RI (Fmmm) 339.2 96.5 L 366.8 114.7 L 3945 1337 L 4223 1533 L
311.6 30.6 B-RI (Fmmm) 340.2 97.2 L 367.8 1154 L 3955 1344 L 423.3 154.1 L
3126 323 L 341.3 97.9 L 368.9 116.1 L 396.5 135.1 L 4243 154.8 L
313.7 79.9 L 342.3 98.6 L 369.9 116.8 L 397.6 13538 L 425.4  155.6 L
314.7 80.6 L 343.3 99.3 L 370.9 1175 L 398.6 136.5 L 426.4 156.3 L
315.7 81.2 L 344.3 99.9 L 3719 1182 L 399.6 137.2 L 4274 1571 L
316.7 81.9 L 3454 100.6 L 373.0 118.9 L 400.7 137.9 L 428.5 157.9 L
317.8 82.5 L 346.4 101.2 L 374.0 1195 L 401.7 138.6 L 429.5 158.7 L
318.8 83.2 L 347.4 101.9 L 375.0 120.2 L 402.7 139.3 L 430.5 159.5 L
3198 839 L 3484 1026 L 376.0 120.9 L 403.7  140.0 L 4316 160.2 L
320.8 84.5 L 349.4 103.2 L 377.1 1216 L 404.8 140.8 L 432.6 161.0 L
321.9 85.2 L 350.5 103.9 L 378.1 1224 L 405.8 1415 L 433.6 161.8 L
322.9 85.9 L 3515 104.6 L 379.1 1231 L 406.8 142.2 L 4347  162.7 L
323.9 86.5 L 3525 105.2 L 380.1 12338 L 407.9 1429 L 435.7 163.5 L
324.9 87.2 L 3535 105.9 L 381.2 1245 L 408.9 143.6 L 436.7 164.3 L
325.9 87.9 L

Table 8. Thermodynamic Data of Cy;: Temperature (T + 0.5)/K; Enthalpy Values Referred to 298.3 K (H}%s/kJ-mol‘l, %
diff: 1.5%); Phase Name

K kJ-mol? phase K kJ-mol~! phase K kJ-mol! phase K kJ-mol~! phase K kJ-mol~! phase
298.3 0.0 yo(P1) 3269 995 L 3545 120.7 L 3822 1421 L 409.9 164.2 L
299.4 0.7  yo(P1) 328.0 100.3 L 355.6 1215 L 383.2 1429 L 4109 165.1 L
300.4 13 yo(P1) 329.0 1011 L 356.6 122.3 L 384.2 1437 L 412.0 1659 L
301.4 20  yo(P1) 330.0 101.9 L 357.6 1231 L 385.3 144.6 L 413.0 166.8 L
302.4 26 yo(Pl) 331.0 102.7 L 358.6 123.9 L 386.3 145.4 L 414.0 167.7 L
303.4 33 yo(PY) 332.1 1035 L 359.7 124.6 L 387.3  146.2 L 4150 1685 L
304.5 39  yo(PY) 333.1  104.2 L 360.7 125.4 L 388.3 147.1 L 416.1 169.4 L
305.5 46  yo(P1) 3341 105.0 L 361.7 126.2 L 389.4 147.9 L 417.1  170.2 L
306.5 52  yo(P1) 3351 105.8 L 362.7 127.0 L 390.4 1487 L 418.1 1711 L
307.5 59  yo(P1) 336.1 106.6 L 363.8 127.8 L 391.4 1495 L 419.2 1720 L
308.6 6.6  yo(P1) 337.2 107.3 L 364.8 1286 L 3924  150.4 L 4202 172.8 L
309.6 7.3 yo(P1) 338.2 108.1 L 365.8 129.4 L 3935 1512 L 421.2  173.7 L
310.6 79  yo(P1) 339.2 108.9 L 366.8 130.2 L 3945 152.0 L 4222 1745 L
311.6 8.6  o-RII (R3m) 340.2  109.7 L 367.8 131.0 L 3955 152.9 L 4233 1754 L
312.7 9.3 o-RII (R3m) 341.3 1105 L 368.9 131.8 L 396.5 153.7 L 4243  176.2 L
3137 101  a-RII (R3m) 3423 1113 L 369.9 1326 L 397.6  154.6 L 4253 177.1 L
3147 108  o-RII (R3m) 3433 1121 L 3709 1334 L 398.6 1555 L 426.4  178.0 L
3157 117 L 3443 1129 L 3719 134.2 L 399.6 156.3 L 427.4 1789 L
316.7 434 L 3453 1136 L 373.0 1349 L 400.7 157.1 L 428.4  179.8 L
317.7 925 L 346.4 114.4 L 3740 1357 L 401.7 157.9 L 4295 180.7 L
3188 933 L 347.4 1152 L 375.0 136.5 L 402.7 158.7 L 430.5 1815 L
3198 941 L 348.4  116.0 L 376.0 137.3 L 403.7 159.5 L 4315 1824 L
3208 948 L 349.4 116.8 L 377.1 1381 L 404.8  160.3 L 432.6  183.3 L
3218 956 L 350.5 117.6 L 378.1 1389 L 405.8 161.1 L 433.6 184.2 L
3229 964 L 351.5 118.4 L 379.1 1397 L 406.8 161.8 L 4346 185.1 L
3239 972 L 3525 119.1 L 380.1 140.5 L 407.8  162.6 L 4357 186.0 L
3249 980 L 353.5 119.9 L 381.1 1414 L 408.9 163.4 L 436.7 186.9 L
3259 987 L

For each temperature jump, j, the molar enthalpy T, of the sample heating at temperature T, with T, equal
increment of the sample is as follows: to 293.4 K or 298.3 K, is as follows:
To o e °T,) =M HT = HT) - H(Ty) = §
AHT1 =H°(Ty) — H(Ty = E(Qs)j To (M (To) = z;(Qs)j
7
where M and m are the molar mass and the mass of the where H(T) and H(Ty) are the enthalpies at T and Ty,

sample, respectively. The molar enthalpy increment above respectively.
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Table 9. Thermodynamic Data of Cy3: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k‘]-molfl, %
diff: 1.5%); Phase Name

T HgQSA T H§93.4 T H293.4 T H§93.4 T H§93,4
K kJ-mol~? phase K kJ-mol~*t phase K kJ-mol~! phase K kJ-mol~! phase K kJ-mol~t phase
293.4 0.0 o (Pbcm) 313.8 36.4 f(-RI(Fmmm) 334.2 1105 L 3546 126.9 L 374.1 1439 L
294.4 0.6 Po (Pbcm) 314.8 389 fB-RI(Fmmm) 335.2 111.3 L 355.7 127.8 L 375.1 1447 L
295.4 1.2 fo(Pbcm) 3158 411 fS-RI(Fmmm) 3362 112.1 L 356.7 128.7 L 376.1 1456 L
296.4 1.9 Bo (Pbcm) 316.8 43.0 a-RII (Rém) 337.3 1130 L 357.7 129.6 L 377.1 1465 L
297.4 2.5 Po (Pbcm) 317.9 44.6  a-RIl (R3m) 338.3 1138 L 358.7 1304 L 378.2 147.4 L
298.5 3.2 Bo (Pbcm) 318.9 458  a-RII (R3m) 339.3 1146 L 359.8 1313 L 379.2 1483 L
299.5 3.9 Po (Pbcm) 319.9 474 L 340.3 1154 L 360.8 1322 L 380.2 149.2 L
300.5 4.5 Bo (Pbcm) 3209 1003 L 3414 116.2 L 361.8 133.1 L 381.2 150.1 L
301.5 5.2 Po (Pbcm) 3219 1011 L 342.4 117.0 L 362.8 134.0 L 382.3 151.0 L
302.5 5.9 Bo (Pbcm) 3230 1019 L 3434 1178 L 363.8 1349 L 383.3 1519 L
303.6 6.6 Bo (Pbcm) 3240 1027 L 3444 1186 L 3649 1358 L 384.3 1528 L
304.6 7.3 Bo (Pbcm) 325.0 1035 L 3454 1194 L 365.9 136.7 L 385.3 1537 L
305.6 8.0 Bo (Pbcm) 326.0 1042 L 346.5 120.3 L 366.9 1375 L 386.4 154.6 L
306.6 8.7 Bo (Pbcm) 327.0 1050 L 3475 1211 L 367.9 1384 L 387.4 1554 L
307.7 9.5 Po (Pbcm) 328.0 1058 L 3485 1219 L 368.9 1393 L 388.4 156.4 L
308.7 10.2 Po (Pbcm) 329.1 1066 L 3495 1227 L 370.0 140.2 L 389.4 1573 L
309.7 109  fo (Pbcm) 330.1 1074 L 3505 123.6 L 3710 1411 L 3905 158.2 L
310.7 11.7 B'o (Pbnm) 3311 1082 L 351.6 1244 L 372.0 142.0 L 3915 1591 L
311.8 12.5 A'o (Pbnm) 3321 1089 L 352.6 1252 L 373.0 143.0 L 3925 160.0 L
3128 138 BRI (Fmmm) 3332 109.7 L 3536 126.1 L

Table 10. Thermodynamic Data of Cy,: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k\]-mol‘l, %
diff: 1.5%); Phase Name

K kJ-mol-* phase K kJmol?! phase K kJ'mol~! phase K kJmol~! phase K kJ'mol~! phase
293.4 0.0 yo(P1) 313.8 135 y,(P1) 3342 1185 L 353.6 134.2 L 373.0 150.4 L
294.4 0.6  yo(P1) 3148 142  y,(P1) 3353 119.4 L 354.7 135.0 L 3741 1513 L
295.4 1.3y (P1) 315.9 149 v, (P1) 336.3 120.2 L 355.7 135.8 L 3751 1522 L
296.4 1.9  yo(P1) 3169 157 y,(P1) 337.3  121.0 L 356.7 136.6 L 376.1 153.1 L
297.4 25 v (P1) 317.9 164  y,(P1) 3383 121.9 L 357.7 1375 L 377.1  154.0 L
298.5 32 y(P1) 318.9 172 v (P1) 3394 1227 L 358.7 138.3 L 378.2 154.9 L
299.5 38  yo(P1) 3199 181 a-RII (R3m) 340.4 1235 L 359.8 139.1 L 379.2 1558 L
300.5 45  y,(P1) 321.0 47.8 a-RIlI (R3m) 341.4 124.4 L 360.8 140.0 L 380.2 156.7 L
301.5 51 v (P1) 3220 511 o-RII (R3m) 3424 1252 L 361.8 1408 L 381.2 157.6 L
302.6 58 1y (P1) 3230 530 L 3434 126.0 L 362.8 1417 L 382.3 158.6 L
303.6 6.5 o (P1) 3240 1103 L 3445 126.9 L 363.9 1425 L 3833 1595 L
304.6 71 vy (P1) 3250 1111 L 3455 127.7 L 364.9 143.4 L 384.3  160.4 L
305.6 78 v (P1) 3260 1119 L 3465 1285 L 365.9 144.2 L 385.4 161.3 L
306.6 85  y,(P1) 3271 1127 L 3475 1293 L 366.9 145.1 L 386.4 162.2 L
307.7 9.2 v (P1) 3281 1136 L 3485 130.1 L 367.9 146.0 L 387.4 163.1 L
308.7 99 ¥ (P1) 3201 1144 L 3496  130.9 L 369.0 146.8 L 3885 164.1 L
309.7 106  y,(P1) 3301 1152 L 350.6 1317 L 370.0 1477 L 389.5 165.0 L
310.7 11.3  y,(P1) 331.2 1160 L 351.6 132.6 L 371.0 1486 L 390.5 166.0 L
311.8 120  y,(P1) 3322 1169 L 352.6 133.4 L 372.0 1495 L 3915 167.0 L
3128 127  yo(P1) 3332 1177 L

Table 11. Thermodynamic Data of Cys: Temperature (T + 0.5)/K; Enthalpy Values Referred to 293.4 K (H§g3A4/kJ-moI*1, %
diff: 1.5%); Phase Name

K kJ:mol~!  phase K kJ-mol-?! phase K kJ'mol~! phase K kJmol~! phase K kJ:mol~! phase
293.4 0.0 Po (Pbcm) 313.8 151 p'o (Pbcm) 3342 119.6 L 353.6 137.3 L 373.1 1547 L
294.4 0.7 pfo(Pbcm) 3148  16.0 B9 (Pbcm) 3352 1205 L 3547 138.3 L 3741 155.6 L
295.4 1.3 o (Pbcm) 315.8 17.0  p'o (Pbcm) 336.3 1214 L 355.7 139.2 L 375.1 156.6 L
296.4 1.9 o (Pbcm) 316.8 18.0 B (Aa) 337.3 1223 L 356.7 140.2 L 376.2 1575 L
297.4 26  fo(Pbcm) 3179  19.1 B (Aa) 3383 1232 L 357.7 1411 L 3772 1585 L
298.4 3.3 Bo (Pbcm) 318.9 20.6  f(-RI (Fmmm) 339.3 124.1 L 358.8 142.1 L 378.2 159.5 L
299.5 4.0 o (Pbcm) 319.9 37.9  S-RI (Fmmm) 3404 125.0 L 359.8 1133 L 379.2 160.5 L
300.5 4.7 Bo (Pbem) 320.9 48.1  p-RI (Fmmm) 3414 1259 L 360.8 1431 L 380.2 1615 L
301.5 54  fBo(Pbcm) 3219 504 a-RIl (R3m) 3424  126.9 L 361.8 144.0 L 3813 162.4 L
302.5 6.1 o (Pbcm) 323.0 52.9 o-RIl (R3m) 3434 127.8 L 3629 1450 L 382.3 1634 L
303.5 6.9 Bo (Pbcm) 324.0 56.5 o-RIl (R3m) 3444 128.7 L 363.9 14538 L 383.3 1644 L
304.6 7.6 Bo (Pbcm) 325.0 63.2 L 3455 129.7 L 364.9 146.8 L 384.3 1654 L
305.6 8.4 o (Pbcm) 326.0 89.0 L 3465 130.7 L 365.9 1478 L 3854 166.4 L
306.6 9.1 o (Pbcm) 327.0 1133 L 3475 131.6 L 366.9 148.8 L 386.4 167.4 L
307.6 9.9 Bo (Pbcm) 328.1 1142 L 348,55 1325 L 368.0 149.8 L 387.4 168.4 L
308.7 10.6 Bo (Pbcm) 3291 1151 L 349.6 1335 L 369.0 150.8 L 388.4 169.4 L
309.7 114 o (Pbcm) 330.1 1160 L 350.6 1345 L 370.0 151.8 L 389.5 1704 L
310.7 12.2 B'o (Pbcm) 3311 1169 L 351.6 1354 L 371.0 152.8 L 3905 1714 L
311.7 13.2 B'o (Pbcm) 332.2 117.8 L 352.6 136.4 L 372.1 153.7 L 391.5 172.4 L
3128 142 pBo(Pbcm) 3332 1187 L
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Table 12. Thermodynamic Data of Cys: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (HggsA/kJ-moI*l; %
diff: 1.5%); Phase Name

T H593.4 T H593.4 T H§Q3.4 T HEQ3.4 T H§93.4
K kJ:mol~! phase K kJ:mol? phase K kJ:mol~! phase K kJ:mol~! phase K kJ-mol~! phase
293.4 00 yo(P1) 3138 135 o (P1) 3342 1277 L 353.7 142.6 L 3731 156.7 L
294.4 07 1y (P1) 31438 142y (P1) 3353 128.6 L 3547 1433 L 3741 1575 L
295.4 13  y(P1) 3158 149  y (P1) 336.3 129.4 L 355.7  144.1 L 3751 1582 L
296.4 20  yo(P1) 3168 155  yo (P1) 337.3  130.2 L 356.7 144.8 L 376.2 159.0 L
297.4 26 o (P1) 3179 16.3  yo (P1) 338.3 1310 L 357.7 1455 L 377.2  159.8 L
298.5 32  y(P1) 3189 17.0 v (P1) 339.3 1319 L 358.8  146.2 L 378.2  160.6 L
299.5 39 gy (PI)  319.9 17.7  yo (P1) 3404 1327 L 359.8 146.9 L 379.2 161.4 L
300.5 46  yo(P1) 3209 185 ¥ (P1) 341.4 1335 L 360.8 147.7 L 380.2 1622 L
3015 52  yo(P1) 3220 19.2 ¥ (P1) 342.4 1343 L 361.8 148.4 L 381.3  163.0 L
302.5 59 yo(P1)  323.0 199  yo (P1) 3434 135.1 L 3629 149.2 L 3823 163.7 L
303.6 6.6 yo(P1) 3240 207 y,(P1) 3445 135.9 L 3639 149.9 L 383.3 1645 L
304.6 73 o (P1) 3250 216 o-RII(R3m) 3455 136.8 L 364.9 150.6 L 3843 165.3 L
305.6 79  yo(P1) 3260 443  o-RII (R3m) 3465 1375 L 365.9 151.3 L 3854 166.0 L
306.6 86 yo(P1) 3270 591 o-RII(R3m) 3475 1383 L 366.9 152.0 L 386.4 166.8 L
307.6 9.3  y(P1) 3281 60.7 a-RII (R3m) 3485 139.0 L 368.0 152.8 L 3874 1675 L
308.7 100 yo(P1)  329.1 738 L 349.6  139.7 L 369.0 153.5 L 388.5 168.3 L
309.7 107  ypo(P1) 3301 1243 L 350.6 140.5 L 370.0 154.4 L 389.5 169.1 L
3107 114  yo(P1) 3312 1251 L 351.6 1412 L 371.0 1552 L 390.5 169.9 L
311.7 121  yo(P1) 3322 1260 L 352.6 1419 L 3721  156.0 L 3915 170.6 L
3128 127  yo(P1) 3332 1269 L

Table 13. Thermodynamic Data of Cy;: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k\]-mol‘l; %
diff: 1.5%); Phase Name

K kJ:mol~!*  phase K kJmol-*  phase K kJ-mol! phase K kJ'mol~! phase K kJ:mol~! phase
293.4 0.0 o (Pbcm) 313.8 16.6  f'o (Pbcm) 3343 138.9 L 353.7 158.8 L 373.1  179.7 L
294.4 0.8 Po (Pbcm) 314.8 175  p'o (Pbcm) 335.3 140.0 L 354.7 159.9 L 374.2 180.8 L
295.4 1.5  Bo (Pbcm) 3158 184 B, (Pbcm) 3363 141.0 L 355.7 160.9 L 375.2 181.9 L
296.4 2.3 o (Pbcm) 316.9 19.4  f'o (Pbcm) 337.3 1421 L 356.8 161.9 L 376.2 183.0 L
297.4 3.1 Po (Pbcm) 317.9 20.3 o (Pbcm) 338.3 1431 L 357.8 163.0 L 3772 1841 L
2985 39  Bo(Pbcm) 3189 213  Bo(Pbcm) 3393 1442 L 358.8  164.1 L 3782 185.2 L
299.5 4.7 Bo (Pbcm) 319.9 22.6 B (Aa) 340.4 145.2 L 359.8 165.2 L 379.3 186.4 L
300.5 55 o (Pbcm) 321.0 246 B (Aa) 341.4 146.3 L 360.9 166.4 L 380.3 1875 L
301.5 6.3 Bo (Pbem) 322.0 25.7 B (Aa) 3424 1473 L 3619 1675 L 381.3 188.7 L
302.5 7.1 o (Pbcm) 323.0 286 B(Aa) 3435 1484 L 362.9 168.6 L 3824 189.9 L
303.6 7.9 o (Pbcm) 324.0 28.6 B (Aa) 3445 1495 L 363.9 169.7 L 383.4 191.0 L
304.6 8.7 Bo (Pbcm) 325.0 300 RIV 3455 150.5 L 365.0 170.8 L 384.4 1921 L
305.6 9.6 Bo (Pbcm) 326.1 51.7 RIV 346.5 151.6 L 366.0 171.9 L 385.4 1933 L
306.6 10.4 o (Pbcm) 327.1 61.0 RIV 3475 152.6 L 367.0 173.0 L 386.5 1944 L
307.6 11.2 Po (Pbcm) 328.1 629 RIV 348.6  153.7 L 368.0 1741 L 387.5 1955 L
308.7 12.1 Po (Pbcm) 329.1 64.5 RIV 349.6 154.7 L 369.0 175.3 L 388.5 196.6 L
309.7 13.0 Bo (Pbcm) 330.1 66.1 RIV 350.6 155.8 L 370.0 176.3 L 3895 197.7 L
310.7 13.9 o (Pbcm) 331.2 679 L 351.6 156.8 L 371.1 1775 L 390.6 198.9 L
311.8 14.8 Bo (Pbcm) 3322 1368 L 352.7 157.8 L 372.1 178.6 L 391.6 200.1 L

3128 157  Po(Pbcm) 3332 1379 L

Table 14. Thermodynamic Data of Cys: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H§g3A4/kJ-moI*1; %
diff: 1.5%); Phase Name

K kJmol~!  phase K kJ-mol~!  phase K kJmol~! phase K kJmol~! phase K kJ:mol~! phase
293.4 0.0 do (P21/a) 313.8 14.9 do (P21/a) 3343 1223 L 353.7 1498 L 373.1 1675 L
294.4 0.7 o6o(P2i/a) 3148 157 & (P2i/a) 3352 1333 L 354.7 150.6 L 3741 1685 L
295.4 1.5 do (P21/a) 315.8 16.5 do (P21/a) 336.3 134.2 L 355.7 151.5 L 375.1 169.4 L
296.4 2.2 do (P21/a) 316.9 17.2 do (P21/a) 337.3 1351 L 356.7 1524 L 376.1 1704 L
297.4 29 & (P2a) 3179 180 Oy (P2i/a) 3383 136.0 L 357.7 153.3 L 3772 1713 L
298.5 3.7 do (P24/a) 318.9 18.8 o (P21/a) 339.3 137.0 L 358.8 154.2 L 378.2 172.3 L
299.5 4.3 do (P21/a) 319.9 195 do (P21/a) 340.4 137.9 L 359.8 1551 L 379.3 1732 L
300.5 5.1 do (P21/a) 320.9 20.3 do (P21/a) 341.4 138.8 L 360.8 156.8 L 380.2 174.2 L
3015 5.8 do (P21/a) 321.9 21.2 o (P21/a) 3424 139.8 L 361.8 157.7 L 381.3 175.1 L
302.5 6.5 do (P21/a) 323.0 22.0 do (P21/a) 343.4 140.7 L 3629 158.6 L 382.3 1761 L
303.6 7.2 do (P21/a) 324.0 22.8 do (P21/a) 344.4 1417 L 363.9 1595 L 383.3 177.0 L
304.6 8.0 do (P2:/a) 325.0 23.6 o (P24/a) 3455 1426 L 364.9 160.4 L 384.3 178.0 L
305.6 87 0o(P2i/a) 3260 244 S, (P24/a) 3465 143.6 L 3659 161.3 L 3854  179.0 L
306.6 9.4 o (P21/a) 327.0 25.3 do (P21/a) 3475 1445 L 367.0 162.2 L 386.4 179.9 L
307.6 10.1 do (P21/a) 328.1 26.2 o (P21/a) 348.5 1453 L 368.0 163.1 L 387.4 180.9 L
308.7 10.9 do (P24/a) 329.1 27.0 o (P21/a) 349.6 146.3 L 369.0 163.9 L 388.5 1818 L
309.7 11.7 do (P21/a) 330.1 28.0 RIII 350.6 147.2 L 370.0 164.8 L 3895 18238 L
310.7 12.5 do (P21/a) 3311 61.1 RIII 351.6 148.0 L 371.1 165.7 L 390.5 183.3 L
311.7 13.3 0o (P21/a) 332.2 66.2 RIV 352.6 148.9 L 372.1 166.6 L 3915 156.8 L

312.8 14.0 do (P21/a) 333.2 67.9 L
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Table 15. Thermodynamic Data of Cy9: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (HggsA/kJ-moI*l; %
diff: 1.5%); Phase Name

T % T & T M _r & T M
K kJ-mol=*  phase K kJ'mol~!  phase K kJ'mol~! phase K kJ-mol~! phase K kJ-mol~! phase

293.4 0.0 Bo (Pbcm) 313.8 16.3 Po (Pbcm) 334.2 70.5 RIII 353.7 33.8 L 373.1 1647 L
294.4 0.8 Bo (Pbcm) 314.8 17.1 B'o (Pbcm) 335.3 71.9 RIII 354.7 48.5 L 3741 165.7 L
295.4 1.6 Bo (Pbcm) 315.8 18.1 o (Pbcm) 336.3 857 L 355.7 67.1 L 375.1 166.6 L
296.4 2.3 Po (Pbcm) 316.9 19.0 B'o (Pbcm) 337.3 1410 L 356.7 68.8 L 376.1 167.6 L
297.4 3.1 Bo (Pbcm) 317.9 19.9 B'o (Pbcm) 3383 1420 L 357.8 70.5 L 377.2 1685 L
298.5 3.9 Bo (Pbcm) 318.9 20.7 o (Pbcm) 339.3 1429 L 358.8 71.9 L 378.2 1695 L
299.5 4.7 Bo (Pbcm) 319.9 21.7 B'o (Pbcm) 3404 1439 L 359.8 85.7 L 379.2 1705 L
300.5 5.4 Bo (Pbcm) 321.0 22.6 B'o (Pbcm) 3414 1448 L 360.8 1534 L 380.2 1715 L
301.5 6.3 Bo (Pbcm) 322.0 23.6 B'o (Pbcm) 3424 1458 L 361.8 1544 L 3813 1724 L
302.5 7.1 Bo (Pbcm) 323.0 245 B'o (Pbcm) 3434 1467 L 362.9 1553 L 382.3 1733 L
303.6 7.9 Bo (Pbcm) 324.0 255 B (Aa) 3445 1476 L 363.9 156.3 L 383.3 1743 L
304.6 8.6 Bo (Pbcm) 325.0 277 B (Aa) 3455 1486 L 3649 157.2 L 3843 1752 L
305.6 95 Bo(Pbcm) 3261 296 B (Aa) 3465 1495 L 365.9 158.2 L 385.3 176.2 L
306.6 10.3 3 (Pbcm) 3271 306 B(Aa) 3475 1505 L 366.9 159.1 L 386.4 177.2 L
307.7 11.2 Bo (Pbcm) 328.1 31.6 B (Aa) 3485 1515 L 368.0 160.1 L 3874 178.2 L
3087 120 Bo(Pbcm) 3291 326 B (Aa) 3496 1524 L 369.0 161.0 L 3884 179.2 L
309.7 128 Sy (Pbcm) 330.1 33.8 B(Aa) 350.6 306 L 370.0 161.9 L 389.5 180.2 L
310.7 13.7 Bo (Pbcm) 331.1 48.5 RIII 351.6 316 L 371.0 1629 L 3905 181.2 L
311.8 145 Bo (Pbcm) 332.2 67.1 RIII 352.6 326 L 3721 1637 L 3915 1821 L

3128 153  Bo(Pbcm) 3332 688 RII

Table 16. Thermodynamic Data of Cz: Temperature (T + 0.5)/K; Enthalpy Values Referred to 293.4 K (Hjo, /kJ-mol=2; %
diff: 1.5%); Phase Name

K kJmol~!  phase K kJ-mol~!  phase K kJmol~! phase K kJ:mol~! phase K kJ:mol~! phase
293.4 0.0 do (P21/a) 313.8 18.8 do (P21/a) 334.2 72.8 RIN 353.7 171.0 L 373.1 1894 L
294.4 1.0 do (P21/a) 314.8 19.7 do (P21/a) 335.3 81.6 RII 354.7 1719 L 374.1 190.3 L
295.4 2.0 do (P21/a) 315.8 20.8 do (P21/a) 336.3 83.8 RIV 355.7 172.9 L 375.2 191.3 L
296.4 2.9 do (P24/a) 316.9 21.9 o (P2:/a) 337.3 87.0 RIV 356.7 173.8 L 376.2 192.3 L
297.4 3.8 do (P24/a) 317.9 22.9 o (P2:/a) 338.3 117.1 L 357.8 174.8 L 377.2 193.2 L
298.5 4.7 do (P21/a) 318.9 24.1 o (P21/a) 339.3 157.3 L 358.8 175.7 L 378.2 194.3 L
299.5 56 0o(P2i/a)  319.9 251 & (P24/a) 3404 1583 L 359.8 176.7 L 379.3 195.3 L
300.5 65 Oo(P2i/a)  321.0 262 & (P24/a) 3414 1594 L 360.8 177.7 L 380.3 196.3 L
3015 7.5 do (P24/a) 322.0 271 o (P21/a) 3424 1604 L 361.8 178.7 L 381.3 197.3 L
302.6 84 0o(P2i/a)  323.0 28.0 & (P24/a) 3434 1614 L 3629 179.7 L 3823 1984 L
303.6 9.3 90 (P2i/a) 3240 29.0 o (P2i/a) 3445 1624 L 363.9 180.6 L 383.3 1995 L
3046 103 8 (P2/a) 3250 30.1 & (P2i/a) 3455 1634 L 364.9 181.6 L 384.4  200.5 L
3056 11.3 6o (P2i/a) 3260 311 g (P2i/a) 3465 1644 L 366.0 182.5 L 385.4 201.6 L
306.6 12.2 0o (P21/a) 327.1 32.2 o (P21/a) 3475 1653 L 367.0 1835 L 386.4 202.7 L
307.7 13.1 do (P21/a) 328.1 33.3 o (P21/a) 348.6 166.2 L 368.0 184.4 L 387.5 203.8 L
308.7 14.0 do (P21/a) 329.1 34.6 o (P21/a) 349.6 1672 L 369.0 1854 L 388.5 204.8 L
309.7 15.0 do (P21/a) 330.1 35.9 o (P21/a) 350.6 168.2 L 370.0 186.4 L 389.5 205.9 L
310.7 15.9 do (P21/a) 331.2 37.3 do (P21/a) 351.6 169.1 L 3711 1874 L 390.5 2071 L
311.8 16.9 do (P21/a) 332.2 39.5 RIII 352.6 170.0 L 372.1 1884 L 391.6 208.2 L

312.8 17.8 do (P21/a) 333.2 58.2 R

Table 17. Thermodynamic Data of C31: Temperature (T + 0.5)/K; Enthalpy Values Referred to 293.3 K (H§93.3/kJ-moI‘1; %
diff: 1.5%); Phase Name

K kJ-mol-!  phase K kJ'mol-!  phase K kJ'mol~! phase K kJ'mol~! phase K kJ'mol~! phase
293.3 0.0  Bo(Pbcm) 319.9 226 fo (Pbcm) 3465 164.7 L 372.1 1918 L 397.7 2211 L
294.4 0.8 o (Pbcm) 320.9 23.7 o (Pbcm) 3475 165.8 L 373.1 193.0 L 398.8 2223 L
295.4 1.6 o (Pbcm) 322.0 24.7 o (Pbcm) 348.5 166.9 L 3741 1941 L 399.8 2234 L
296.4 2.4 Po (Pbcm) 323.0 25.7 o (Pbcm) 349.5 168.0 L 3752 1953 L 400.8 224.6 L
297.4 3.2 Bo (Pbem) 324.0 26.7 o (Pbcm) 350.6 169.1 L 376.2 196.4 L 4019 2257 L
2985 40  Bo(Pbem) 3250 277 fBo(Pbcm) 3516 170.2 L 3772 197.6 L 4029 226.8 L
299.5 48  Bo(Pbcm) 3260 287  Bo(Pbcm) 3526 1713 L 3782 198.8 L 4039 228.0 L
300.5 56 fo(Pbcm) 3271 298 S, (Pbcm) 353.6 1723 L 379.3  200.0 L 4050 229.3 L
301.5 6.4 o (Pbcm) 328.1 315 B (Aa) 354.7 1734 L 380.3 2011 L 406.0 2305 L
302.5 7.3 o (Pbcm) 329.1 342 B (Aa) 355.7 1745 L 381.3 2023 L 407.0 2316 L
303.6 8.1 Po (Pbcm) 330.1 354 B (Aa) 356.7 175.7 L 3823 2034 L 408.0 232.8 L
304.6 9.0 Po (Pbcm) 331.2 36.6 B (Aa) 357.7 176.9 L 383.4 2045 L 409.1 2341 L
305.6 9.8 Bo(Pbcm) 3322 377 B(Aa) 358.8 178.0 L 3844 205.8 L 4101 2353 L
306.6 107 fBo(Pbcm) 3332 389 B (Aa) 359.8 179.1 L 3854 207.0 L 4112 2365 L
307.7 11.6 Bo (Pbcm) 334.2 40.1 B (Aa) 360.8 180.1 L 386.4 208.2 L 412.2 237.7 L
308.7 125 o (Pbcm) 335.2 416 Rl 361.8 181.1 L 3875 2094 L 413.2 238.9 L
309.7 13.3 o (Pbcm) 336.3 78.1 RIN 362.9 182.2 L 388.5 210.6 L 4142  240.1 L
310.7 14.2 Po (Pbcm) 337.3 80.3 RIN 363.9 183.3 L 3895 2117 L 415.3 2413 L
311.8 15.0 Po (Pbcm) 338.3 823 RIN 364.9 1844 L 390.5 2129 L 416.3 2425 L
312.8 15.9 Bo (Pbcm) 339.3 84.2 RIN 365.9 185.6 L 3916 2141 L 417.3 243.6 L
313.8 16.9 Bo (Pbcm) 3404 1045 L 366.9 186.6 L 3926 2153 L 418.3 2448 L
314.8 17.8 Bo (Pbcm) 341.4 159.1 L 368.0 187.7 L 393.6 216.4 L 419.4  246.0 L
315.8 18.7 o (Pbcm) 3424 1602 L 369.0 188.8 L 3947 217.6 L 420.4 2472 L
316.9 19.6 o (Pbcm) 3434 1613 L 370.0 189.8N L 395.7 2187 L 421.4 2484 L
317.9 20.6 Po (Pbcm) 3444 1624 L 371.1 190.8 L 396.7 219.9 L 4225 249.7 L
318.9 21.6 Bo (Pbcm) 3455 1635 L
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Table 18. Thermodynamic Data of Csz: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (HggsA/kJ-moI*l; %
diff: 1.5%); Phase Name
T M T _Hisa T M T _Hisa T _Hisa

K kJ'mol™!  phase K kJmol~t  phase K kJ'mol~*  phase K kJ:mol~! phase K kJ-mol~! phase
293.4 0.0 o (P21/a) 313.8 17.4 0o (P2;1/a) 334.2 37.3 0o (P21/a) 354.6 178.5 L 374.0 198.2 L
294.4 0.8 do (P21/a) 314.8 18.3 oo (P2;1/a) 335.2 38.6 do (P2,/a) 355.6 179.5 L 375.0 199.2 L
2954 1.7 o (P21/a) 315.8 19.2 0o (P2;1/a) 336.2 39.8 0o (P21/a) 356.6 180.5 L 376.0 200.3 L
296.4 2.5 do (P21/a) 316.8 20.1 0o (P2;1/a) 337.2 41.3 do (P2,/a) 357.7 181.5 L 377.1 201.4 L
297.4 3.3 o (P21/a) 317.9 21.0 0o (P21/a) 338.3 48.0 RIII 358.7 182.6 L 378.1 202.5 L
298.4 4.2 do (P21/a) 318.9 21.9 0o (P2;/a) 339.3 85.1 RIII 359.7 183.6 L 379.1 203.5 L
299.5 5.0 o (P21/a) 319.9 22.8 0o (P241/a) 340.3 87.1 RIII 360.7 184.6 L 380.1 204.6 L
300.5 5.9 do (P21/a) 320.9 23.7 0o (P2;1/a) 341.3 89.0 RIII 361.7 185.7 L 381.2 205.7 L
301.5 6.7 9o (P21/a) 321.9 24.5 0o (P241/a) 342.4 114.9 L 362.8 186.8 L 382.2 206.8 L
302.5 7.6 do (P21/a) 322.9 25.4 do (P2;1/a) 343.4 167.2 L 363.8 187.8 L 383.2 207.9 L
3035 85  0o(P2i/a) 3240 263 0o (P2i/a) 3444 1683 L 364.8 188.8 L 3842  209.0 L
304.6 9.4 do (P21/a) 325.0 27.2 do (P2;1/a) 345.4 169.3 L 365.8 189.9 L 385.3 210.1 L
3056 103 0o (P2i/a) 3260 282 0o (P2i/a) 346.4 1704 L 366.8  190.9 L 386.3 211.2 L
306.6 11.2 do (P21/a) 327.0 29.3 do (P2;1/a) 347.5 171.4 L 367.9 192.0 L 387.3 212.3 L
307.6 120 g (P2i/a) 3280 304  Oo(P2i/a) 3485 1724 L 368.9 193.0 L 388.3 2134 L
308.7 12.9 o (P21/a) 329.1 31.6 do (P2;1/a) 349.5 173.4 L 369.9 194.1 L 389.4 214.6 L
309.7 138 o (P2i/a)  330.1 328 o (P2i/a) 3505 1745 L 3709  195.1 L 3904 215.6 L
310.7 14.7 o (P21/a) 3311 33.8 do (P2;1/a) 351.5 175.5 L 372.0 196.2 L 3914 216.7 L
311.7 15.6 9o (P21/a) 332.1 35.0 0o (P21/a) 352.6 176.5 L 373.0 197.2 L 392.4 217.8 L
312.7 16.5 o (P21/a) 333.1 36.1 do (P21/a) 353.6 177.5 L
Table 19. Thermodynamic Data of Cs3: Temperature (T £ 0.5)/K; Enthalpy Values Referred to 293.4 K (Hgg3.4/kJ-moI*1; %
diff: 1.5%); Phase Name

T H—2r93.4 T H§93.4 T HgQBA T H§93.4 T H;93.4

K kJmol~!  phase K kJmol™*  phase K kJ-mol~! phase K kJ'mol~! phase K kJ:mol~! phase
293.4 0.0 o (Pbcm) 319.9 26.9  fo(Pbcm) 346.5 177.8 L 3721 205.5 L 397.7 232.3 L
294.4 1.0 Bo (Pbcm) 321.0 28.0 o (Pbcm) 347.5 179.0 L 373.1 206.6 L 398.8 2333 L
295.4 2.0 o (Pbcm) 322.0 29.2 o (Pbcm) 348.6 180.1 L 374.2 207.7 L 399.8 234.4 L
296.4 2.9 Bo (Pbcm) 323.0 30.3 o (Pbcm) 349.6 181.2 L 375.2 208.8 L 400.8 235.6 L
297.4 3.8 o (Pbcm) 324.0 315  fo(Pbcm) 350.6 182.4 L 376.2 209.7 L 401.9 236.7 L
298.5 4.7 Bo (Pbcm) 325.0 32.7 Po (Pbcm) 351.6 183.5 L 377.2 210.7 L 402.9 237.8 L
299.5 5.7 o (Pbcm) 326.1 33.9  fo(Pbcm) 352.7 184.6 L 378.2 211.7 L 403.9 238.9 L
300.5 6.7 Bo (Pbcm) 3271 35.2 o (Pbcm) 353.7 185.7 L 379.3 212.8 L 404.9 240.0 L
301.5 7.6 Bo (Pbcm) 328.1 36.4 o (Pbcm) 354.7 186.8 L 380.3 213.8 L 406.0 241.2 L
302.5 8.6 o (Pbcm) 329.1 37.7 o (Pbcm) 355.7 187.9 L 381.3 214.8 L 407.0 242.4 L
303.6 9.7 Bo (Pbcm) 330.1 39.0 B (Aa) 356.8 189.1 L 382.3 215.8 L 408.0 243.6 L
304.6 10.7 o (Pbcm) 331.2 40.2 B (Aa) 357.8 190.2 L 383.4 216.9 L 409.1 244.8 L
305.6 117 o (Pbcm) 332.2 416 B (Aa) 358.8 191.2 L 384.4 218.0 L 410.1  246.1 L
306.6 12.8 o (Pbcm) 333.2 43.1 B (Aa) 359.8 192.4 L 385.4 219.1 L 4111 247.3 L
307.7 139 o (Pbcm) 334.2 446 B (Aa) 360.8 193.6 L 386.4 220.1 L 4122  248.7 L
308.7 14.9 o (Pbcm) 335.3 46.1 C (A2) 361.9 194.7 L 387.5 221.2 L 413.2 250.0 L
309.7 159 o (Pbcm) 336.3 479 C(A2) 362.9 195.8 L 3885 2223 L 4142 2514 L
310.7 17.0 o (Pbcm) 337.3 50.3 C (A2) 363.9 196.9 L 389.5 223.4 L 415.3 252.6 L
311.8 18.0 Bo (Pbcm) 338.3 55.6 RITI 364.9 198.1 L 390.6 224.6 L 416.3 253.9 L
312.8 19.1 o (Pbcm) 339.4 77.9 RITI 366.0 199.2 L 391.6 225.7 L 417.3 255.3 L
313.8 20.2 Bo (Pbcm) 340.4 85.2 RITI 367.0 200.3 L 392.6 226.8 L 418.4 256.7 L
314.8 21.3 o (Pbcm) 3414 87.2 RITI 368.0 201.4 L 393.6 227.9 L 419.4 258.0 L
315.9 224 Bo (Pbcm) 342.4 89.2 RITI 369.0 202.4 L 394.7 228.9 L 420.4 259.3 L
316.9 23.5 o (Pbcm) 343.5 93.9 L 370.1 203.5 L 395.7 230.0 L 4215 260.7 L
317.9 24.7 Bo (Pbcm) 344.5 175.5 L 3711 204.5 L 396.7 2311 L 4225 262.1 L
3189 258  fo (Pbcm) 3455 1767 L
Table 20. Thermodynamic Data of Czs: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H§g3.4/kJ-moI*1; %
diff: 1.5%); Phase Name

T H§93.4 T H;93.4 T H;93.4 T H;-93.4 T H—2I-93.4

K kJ'mol~!  phase K kJ'mol™*  phase K kJmol~! phase K kJ'mol~! phase K kJmol~! phase
293.4 0.0 00 (P21/a) 319.9 24.5 9o (P21/a) 346.5 181.7 L 372.1 2114 L 397.7 242.6 L
294.4 0.8 0o (P21/a) 321.0 25.7 9o (P21/a) 347.5 182.9 L 373.1 212.6 L 398.8 243.7 L
2954 1.6 0o (P21/a) 322.0 26.8 0 (P21/a) 348.6 184.0 L 374.1 213.8 L 399.8 245.0 L
296.4 2.3 o (P21/a) 323.0 27.9 o (P21/a) 349.6 185.2 L 375.2 215.0 L 400.8 246.1 L
297.4 3.2 00 (P21/a) 324.0 29.1 o (P21/a) 350.6 186.3 L 376.2 216.2 L 401.9 247.3 L
298.5 4.0 0o (P21/a) 325.0 30.2 o (P21/a) 351.6 187.4 L 377.2 2175 L 402.9 248.5 L
299.5 4.8 00 (P21/a) 326.1 31.3 0 (P21/a) 352.7 188.6 L 378.2 218.8 L 403.9 249.7 L
300.5 5.7 9o (P21/a) 327.1 32.4 9o (P21/a) 353.7 189.8 L 379.3 220.0 L 405.0 250.9 L
301.5 6.6 00 (P21/a) 328.1 33.6 o (P21/a) 354.7 191.0 L 380.3 221.2 L 406.0 252.1 L
302.5 7.5 o (P21/a) 329.1 34.8 o (P21/a) 355.7 192.3 L 381.3 2225 L 407.0 253.4 L
303.6 8.4 0o (P21/a) 330.1 36.1 9o (P21/a) 356.7 193.4 L 382.3 223.8 L 408.1 254.5 L
304.6 9.3 o (P21/a) 331.2 37.4 o (P21/a) 357.8 194.6 L 383.4 2251 L 409.1 255.8 L
305.6  10.2 & (P2i/a) 332.2 387  6o(P2i/a) 358.8 195.8 L 384.4  226.4 L 410.1  257.0 L
306.6 111 0o (P21/a) 333.2 40.0 o (P21/a) 359.8 197.0 L 385.4 227.7 L 411.1 258.2 L
307.7 12.0 0o (P21/a) 334.2 41.4 9o (P21/a) 360.8 198.1 L 386.5 228.9 L 412.2 259.4 L
308.7 13.0 00 (P21/a) 335.3 42.8 o (P21/a) 361.9 199.3 L 387.5 230.2 L 413.2 260.7 L
309.7 139  &o(P2i/a) 336.3 443 o (P2i/a) 362.9  200.5 L 388.5 2315 L 4142 261.9 L
310.7 14.9 00 (P21/a) 337.3 459 o (P21/a) 363.9 201.7 L 389.5 232.8 L 415.3 263.2 L
311.8 15.8 0o (P21/a) 338.3 47.5 9o (P21/a) 364.9 202.8 L 390.6 234.1 L 416.3 264.4 L
312.8 16.8 00 (P21/a) 339.4 49.3 o (P21/a) 366.0 204.0 L 391.6 2354 L 417.3 265.7 L
313.8 17.8 0o (P21/a) 340.4 51.2 9o (P21/a) 367.0 205.2 L 392.6 236.6 L 418.3 266.9 L
314.8 18.8 00 (P21/a) 341.4 54.0 RIII 368.0 206.4 L 393.6 237.8 L 419.4 268.2 L
315.8 19.9 0o (P21/a) 342.4 90.0 RIII 369.0 207.6 L 394.7 239.0 L 420.4 269.4 L
316.9 211 00 (P21/a) 3435 92.3 RII 370.0 208.8 L 395.7 240.2 L 421.4 270.7 L
317.9 22.3 00 (P21/a) 3445 95.1 RIII 3711 210.1 L 396.7 2414 L 422.5 271.9 L
318.9 23.4 00 (P21/a) 3455 111.9 L
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Table 21. Thermodynamic Data of Css: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (Hzg“/k‘]-molfl; %
diff: 1.5%); Phase Name

K kJ-mol~1 phase K kJ-mol~1 phase K kJ-mol~!  phase K kJ-mol~!  phase
293.4 0.0 Bo (Pbcm) 326.1 33.6  fo(Pbcm) 3588  204.3 L 391.6 2415 L
294.4 0.9 Bo (Pbcm) 327.1 34.7 o (Pbcm) 359.8  205.6 L 3926 2428 L
295.4 1.8 Bo (Pbcm) 328.1 36.0  fo (Pbcm) 3608  206.7 L 393.6  244.0 L
296.4 2.8 o (Pbcm) 329.1 37.2 B (Aa) 361.8 208.0 L 394.6 2453 L
297.4 3.7 Bo (Pbcm) 330.1 38.8 B (Aa) 3629  209.3 L 3957 2465 L
298.5 4.6 Bo (Pbcm) 331.2 404 B (Aa) 363.9 2104 L 396.7 2478 L
299.5 5.6 Bo (Pbcm) 3322 417 B (Aa) 3649 2117 L 397.7  249.1 L
300.5 6.6 Bo (Pbcm) 333.2 43.0 B (Aa) 3659 2129 L 398.7  250.3 L
301.5 7.6 Bo (Pbcm) 334.2 44.3 B (Aa) 367.0 214.1 L 399.8 251.6 L
302.5 8.6 Bo (Pbcm) 335.3 455 B (Aa) 368.0  215.4 L 400.8 2529 L
303.6 9.6 Bo (Pbcm) 336.3 46.9 B (Aa) 369.0 216.7 L 401.8 254.1 L
304.6 10.6 Bo (Pbcm) 337.3 48.2 B (Aa) 370.0 217.7 L 402.8 255.4 L
305.6 11.7 Bo (Pbcm) 338.3 50.2 C (A2) 371.1 218.9 L 403.9 256.6 L
306.6 12.7 Bo (Pbcm) 339.3 53.0 C (A2) 372.1 220.1 L 404.9 257.9 L
307.7 13.7 Bo (Pbcm) 340.4 54.9 C (A2) 373.1 221.2 L 405.9 259.2 L
308.7 14.8 Bo (Pbcm) 341.4 56.7  C(A2) 3741 2222 L 407.0 2605 L
309.7 15.8 o (Pbcm) 342.4 58.6 C (A2) 375.1 223.3 L 408.0 261.8 L
310.7 16.9 Bo (Pbcm) 343.4 60.7  C(A2) 376.2 2243 L 409.0  263.1 L
311.8 17.9 o (Pbcm) 344.5 63.3 RIN 377.2 225.4 L 410.1 264.4 L
312.8 19.0 Bo (Pbcm) 3455 98.8 RI 378.2 226.4 L 411.1 265.7 L
313.8 20.2 o (Pbcm) 346.5 102.6 L 379.2 227.6 L 412.1 267.0 L
314.8 21.2 Bo (Pbcm) 3475 185.5 L 380.3 228.6 L 413.1 268.3 L
315.8 22.3 o (Pbcm) 348.6 192.3 L 381.3 229.8 L 414.2 269.6 L
316.9 235 Bo (Pbcm) 349.6 193.6 L 382.3 231.0 L 415.2 270.9 L
317.9 24.5 o (Pbcm) 350.6 194.7 L 383.3 232.1 L 416.2 272.2 L
318.9 25.6 Bo (Pbcm) 351.6 195.9 L 384.4 233.3 L 417.3 273.6 L
319.9 26.8 o (Pbcm) 352.6 197.0 L 385.4 234.4 L 418.3 274.9 L
321.0 27.9 Bo (Pbcm) 353.7 198.2 L 386.4 235.4 L 419.3 276.3 L
322.0 29.0 Bo (Pbcm) 354.7 199.4 L 387.4 236.6 L 420.3 277.6 L
323.0 30.1 Bo (Pbcm) 355.7 200.6 L 388.5 237.7 L 421.4 279.0 L
324.0 31.2 Bo (Pbcm) 356.7 201.8 L 389.5 238.9 L 422.4 280.3 L
325.0 324 Bo (Pbcm) 357.8 203.1 L 390.5 240.2 L
Table 22. Thermodynamic Data of Czs: Temperature (T + 0.5)/K; Enthalpy Values Referred to 293.4 K (

HJgs #/kJ-mol=1; % diff: 1.5%); Phase Name

T H§93.4 T H—£93,4 T H—21-93.4 T H§93.4

K kJ-mol-1 phase K kJ-mol-1 phase K kJ-mol~1  phase K kJ-mol~1  phase
293.4 0.0 3o (P21/a) 326.1 385 & (P2i/a) 358.8  209.7 L 3915 2478 L
294.4 1.1 0o (P21/a) 327.1 39.9 0o (P21/a) 359.8 211.0 L 392.6 249.0 L
295.4 2.1 do (P21/a) 328.1 41.5 0o (P21/a) 360.8 212.3 L 393.6 250.1 L
296.4 3.2 0o (P21/a) 329.1 43.0 0o (P2i1/a) 361.9 213.6 L 394.6 251.3 L
297.4 43 8o (P21/a) 330.2 447 & (P21/a) 362.9  214.8 L 3956 2525 L
298.5 5.3 do (P21/a) 331.2 46.4 0o (P21/a) 363.9 216.1 L 396.7 253.7 L
299.5 6.4 8o (P21/a) 332.2 48.1 & (P24/a) 364.9 2173 L 397.7 2549 L
300.5 7.6 do (P21/a) 333.2 49.9 0o (P21/a) 366.0 218.6 L 398.7 256.1 L
301.5 8.7 8o (P21/a) 334.2 51.8 0o (P24/a) 367.0  219.9 L 399.7  257.3 L
302.5 9.8 do (P21/a) 335.3 53.4 0o (P21/a) 368.0 221.1 L 400.8 258.4 L
303.6 11.0 8o (P21/a) 336.3 55.0 0o (P21/a) 360.0 2225 L 4018  259.7 L
304.6 12.2 do (P21/a) 337.3 56.8 0o (P21/a) 370.0 223.6 L 402.8 260.9 L
305.6 13.4 8o (P21/a) 338.3 585 0o (P2i/a) 3711 2247 L 4039 2622 L
306.6 14.6 3o (P21/a) 339.4 60.5 o (P21/a) 3721 2259 L 4049 2635 L
307.7 15.7 8o (P21/a) 340.4 62.6 0o (P21/a) 3731 2271 L 4059  264.8 L
308.7 16.8 do (P21/a) 341.4 64.9 0o (P21/a) 374.1 228.2 L 406.9 266.2 L
309.7 18.0 8o (P21/a) 342.4 674 0 (P2i/a) 3751 2293 L 4080 2675 L
310.7 19.2 do (P21/a) 343.4 70.0 RIN 376.2 230.4 L 409.0 268.9 L
311.8 20.4 0o (P21/a) 344.5 73.1 RIN 377.2 2315 L 410.0 270.3 L
312.8 21.6 do (P21/a) 345.5 76.9 RIN 378.2 232.6 L 411.1 271.6 L
313.8 22.9 0o (P21/a) 346.5 94.5 L 379.2 233.7 L 412.1 273.0 L
314.8 24.1 do (P21/a) 347.5 118.1 L 380.3 234.8 L 413.1 274.4 L
315.9 25.4 0o (P21/a) 348.6 156.1 L 381.3 235.9 L 414.2 275.7 L
316.9 26.5 do (P241/a) 349.6 198.0 L 382.3 237.2 L 415.2 2771 L
317.9 27.8 do (P21/a) 350.6 199.2 L 383.3 238.3 L 416.2 278.5 L
318.9 29.1 do (P241/a) 351.6 200.5 L 384.4 239.5 L 417.2 279.9 L
319.9 30.3 do (P21/a) 352.7 201.7 L 385.4 240.7 L 418.3 281.3 L
321.0 31.6 0o (P21/a) 353.7 203.1 L 386.4 241.8 L 419.3 282.7 L
322.0 32.9 do (P21/a) 354.7 204.3 L 387.4 242.9 L 420.3 284.1 L
323.0 34.2 do (P21/a) 355.7 205.6 L 388.4 244.1 L 421.4 285.5 L
324.0 35.6 0o (P21/a) 356.7 207.0 L 389.5 2453 L 422.4 286.9 L
325.0 37.0 0o (P21/a) 357.8 208.4 L 390.5 246.6 L
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Table 23. Thermodynamic Data of C3;: Temperature (T + 0.5)/K; Enthalpy Values Referred to 293.4 K (HI%A/kJ-moI*l; %
diff: 1.5%); Phase Name

K kJ-mol-1 phase K kJ:mol~!  phase K kJ:mol~1  phase K kJ-mol~1  phase
293.4 0.0 Bo (Pbcm) 326.1 34.8 B(Aa) 358.8  213.0 L 3916 2555 L
294.4 1.0 Bo (Pbcm) 327.1 36.6 B(Aa) 359.8 214.2 L 392.6 256.7 L
295.4 2.1 o (Pbcm) 328.1 37.9 B(Aa) 360.8 215.6 L 393.6 258.0 L
296.4 3.1 Bo (Pbcm) 329.1 39.2 B(Aa) 361.9 216.9 L 394.6 259.2 L
297.4 4.0 Bo (Pbcm) 330.1 405  B(Aa) 362.9 2183 L 3957  260.3 L
298.5 5.0 Bo (Pbcm) 331.2 41.7 B(Aa) 363.9 219.6 L 396.7 261.7 L
299.5 6.0 Bo (Pbcm) 332.2 42.9 B(Aa) 364.9 220.9 L 397.7 262.9 L
300.5 7.0 Bo (Pbcm) 333.2 441 B(Aa) 3659 2223 L 3087  264.1 L
301.5 8.0 Bo (Pbcm) 334.2 45.4 B(Aa) 367.0 223.6 L 399.8 265.3 L
302.5 9.0 Bo (Pbcm) 335.3 46.7 B(Aa) 368.0 225.0 L 400.8 266.5 L
303.6 10.0 Bo (Pbcm) 336.3 48.1 B(Aa) 369.0  226.3 L 4018  267.8 L
304.6 11.1 Bo (Pbcm) 337.3 495  C(A2) 370.0 2276 L 402.8  268.9 L
305.6 12.1 Bo (Pbcm) 338.3 52.6 C(A2) 371.1 228.8 L 403.9 270.1 L
306.6 13.2 Bo (Pbcm) 339.4 54.3 C(A2) 372.1 230.2 L 404.9 271.3 L
307.7 14.2 Bo (Pbcm) 340.4 56.0  C(A2) 3731 2316 L 4059 2726 L
308.7 15.3 Bo (Pbcm) 341.4 57.7 C(A2) 374.1 233.0 L 407.0 273.9 L
309.7 16.4 o (Pbcm) 342.4 59.5 C(A2) 375.2 234.3 L 408.0 275.1 L
310.7 17.5 Bo (Pbcm) 343.5 61.3 C(A2) 376.2 235.6 L 409.0 276.3
311.8 18.6 Bo (Pbcm) 344.5 632  C(A2) 3772 236.9 L 4100 2776 L
312.8 19.7 o (Pbcm) 345.5 65.2 C(A2) 378.2 238.2 L 411.1 278.8 L
313.8 21.0 o (Pbcm) 346.5 67.3 C(A2) 379.2 239.5 L 412.1 280.1 L
314.8 22.2 Bo (Pbcm) 347.5 69.6 RIN 380.3 240.8 L 413.1 281.3 L
315.8 23.2 Bo (Pbcm) 348.6 72.4 RITI 381.3 242.2 L 414.2 282.7 L
316.9 24.5 o (Pbcm) 349.6 109.6 L 382.3 243.6 L 415.2 283.9 L
317.9 255 Bo (Pbcm) 350.6 193.5 L 383.4 244.9 L 416.2 285.3 L
318.9 26.6 Bo (Pbcm) 351.6 203.7 L 384.4 246.3 L 417.2 286.7 L
319.9 27.8 Bo (Pbcm) 352.7 205.0 L 385.4 247.6 L 418.3 288.0 L
321.0 28.9 o (Pbcm) 353.7 206.4 L 386.4 249.0 L 419.3 289.2 L
322.0 30.0 Bo (Pbcm) 354.7 207.7 L 387.4 250.3 L 420.3 290.5 L
323.0 31.2 Bo (Pbcm) 355.7 209.1 L 388.5 251.7 L 421.4 291.8 L
324.0 32.4 o (Pbcm) 356.7 210.4 L 389.5 253.0 L 422.4 293.1 L
325.0 33.5 Bo (Pbcm) 357.8 211.7 L 390.5 254.3 L

Table 24. Thermodynamic Data of Czs: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H;%A/k.]-morl; %
diff: 1.5%); Phase Name

K kJ-mol~1 phase K kJ-mol~1 phase K kJ:mol~!  phase K kJ-mol~!  phase
293.4 0.0 Bo (Phca) 326.1 355  fo (Pbca) 358.8  218.1 L 3916  261.1 L
294.4 1.0 Bo (Pbca) 327.1 368  fo(Pbca) 350.8  219.4 L 392.6 2625 L
295.4 2.0 o (Pbca) 328.1 38.1 Po (Pbca) 360.8 220.8 L 393.6 263.9 L
296.4 2.9 Bo (Pbca) 329.1 39.3  Bo(Pbca) 3618 2221 L 3947  265.4 L
297.4 3.9 Bo (Pbca) 330.2 406 fo(Pbca) 362.9 2234 L 395.7  266.8 L
298.5 458 Bo (Pbca) 331.2 42.0  Po(Pbca) 3639 2248 L 396.7  268.2 L
299.5 5.8 Bo (Pbca) 3322 43.4  Po (Pbca) 3649  226.1 L 397.8  269.6 L
300.5 6.8 Bo (Pbca) 333.2 44.8  Bo (Pbca) 366.0 2275 L 3988  271.0 L
3015 7.9 Bo (Pbca) 334.3 46.2  Po(Pbca) 367.0 2288 L 399.8  272.4 L
3025 8.9 Bo (Pbca) 335.3 47.7  Po(Pbca) 368.0  230.2 L 4008  273.8 L
303.6 9.9 Bo (Pbca) 336.3 49.2  Po(Pbca) 360.0 2315 L 4019 2752 L
304.6 11.0 Bo (Pbca) 337.3 50.8  Bo (Pbca) 3700 2328 L 4029  276.6 L
305.6 12.0 Bo (Pbca) 338.3 524  Bo(Pbca) 3711 2342 L 4039  278.0 L
306.6 13.1 Bo (Phca) 339.4 541  fo(Pbca) 3721 2355 L 4050 2795 L
307.7 14.1 Bo (Phca) 340.4 558  fo (Pbca) 3731 2368 L 406.0  280.9 L
308.7 15.2 Bo (Pbca) 341.4 57.6  Bo(Pbca) 3741 2382 L 4070 2824 L
309.7 16.3 Bo (Phca) 342.4 595  fo (Pbca) 3752 2395 L 408.0  283.9 L
310.7 175 Bo (Phca) 343.5 61.6  fo(Pbca) 376.2  240.8 L 409.1  285.3 L
311.8 18.6 Bo (Pbca) 344.5 63.8  Bo (Pbca) 3772 2421 L 4101  286.7 L
312.8 19.8 Bo (Pbca) 345.5 66.1  fo(Pbca) 3782 2435 L 4111 288.2 L
313.8 20.9 Po (Pbca) 346.5 68.7 Po (Pbca) 379.2 244.8 L 412.2 289.7 L
314.8 22.2 o (Pbca) 347.5 71.7 Po (Pbca) 380.3 246.1 L 413.2 291.1 L
315.8 23.4 Po (Pbca) 348.6 75.5 RIN 381.3 247.5 L 414.2 292.6 L
316.9 24.6 o (Pbca) 349.6 81.6 RIN 382.3 248.8 L 415.2 294.0 L
317.9 25.8 Bo (Pbca) 350.6 1220 L 3834  250.1 L 4163 2955 L
318.9 26.9 o (Pbca) 351.6 208.8 L 384.4 251.5 L 417.3 297.0 L
319.9 28.1 o (Pbca) 352.6 210.2 L 385.4 252.9 L 418.3 298.5 L
321.0 29.3 o (Pbca) 353.7 2115 L 386.4 254.2 L 419.4 300.0 L
322.0 30.5 o (Pbca) 354.7 212.8 L 387.5 255.6 L 420.4 301.5 L
323.0 31.7 o (Pbca) 355.7 214.2 L 388.5 257.0 L 421.4 303.0 L
324.0 33.0 fo (Pbca) 356.7 215.5 L 389.5 258.4 L 422.4 304.6 L
325.0 34.3 fo (Pbca) 357.8 216.8 L 390.6 259.7 L
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Table 25. Thermodynamic Data of Cs1: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (Hzg“/k‘]-molfl; %
diff: 1.5%); Phase Name

K kJ-mol~1 phase K kJ-mol-1 phase K kJ-mol~!  phase K kJ-mol~1  phase
293.4 0.0 Bo (Pbcm) 326.0 36.6 S (Pbcm) 358.7 2238 L 3904  267.3 L
294.4 1.0 Bo (Pbcm) 327.0 37.9 o (Pbcm) 359.7 225.2 L 391.4 268.7 L
295.4 2.1 Bo (Pbcm) 328.1 39.2  Bo(Pbcm) 360.7 2265 L 392.4 2701 L
296.4 3.1 Bo (Pbcm) 329.1 405  Bo (Pbcm) 3617 2279 L 3935 2716 L
297.4 41 Bo (Pbcm) 330.1 418 Bo (Pbcm) 3628 2292 L 3945 2732 L
298.5 5.2 Bo (Pbcm) 331.1 431 Bo (Pbcm) 363.8 2306 L 3955  274.7 L
299.5 6.3 Bo (Pbcm) 332.2 444 Bo (Pbcm) 3648 2319 L 3965  276.3 L
300.5 7.4 Bo (Pbcm) 333.2 458  Bo (Pbcm) 365.8 2334 L 397.6 2778 L
301.5 8.5 Bo (Pbcm) 334.2 47.1 o (Pbcm) 366.8 234.7 L 398.6 279.4 L
302.5 9.5 Bo (Pbcm) 335.2 48.6  Bo (Pbcm) 367.9 2359 L 399.6  281.0 L
303.6 10.6 Bo (Pbcm) 336.2 50.0  fo (Pbcm) 368.9  237.2 L 400.7 2826 L
304.6 11.7 o (Pbcm) 337.3 51.4 B(Aa) 369.9 238.6 L 401.7 284.2 L
305.6 12.8 Bo (Pbcm) 338.3 52.9  B(Aa) 3709 2399 L 4027 2857 L
306.6 13.9 Bo (Pbcm) 339.3 54.4 B(Aa) 371.9 241.3 L 403.8 287.3 L
307.7 15.0 o (Pbcm) 340.3 56.0 B(Aa) 373.0 242.6 L 404.8 288.9 L
308.7 16.2 Bo (Pbcm) 341.3 57.6 B(Aa) 374.0 243.9 L 405.8 290.5 L
309.7 17.4 Bo (Pbcm) 342.4 59.2  B(Aa) 375.0 2452 L 406.9 2921 L
310.7 18.5 o (Pbcm) 343.4 60.9 B(Aa) 376.0 246.6 L 407.9 293.6 L
311.7 19.7 o (Pbcm) 344.4 62.6 B(Aa) 377.1 247.9 L 408.9 295.3 L
312.8 20.9 Bo (Pbcm) 345.4 645  B(Aa) 3781  249.2 L 4100  296.8 L
313.8 22.1 Bo (Pbcm) 346.4 66.3 C(A2) 379.1 250.5 L 411.0 298.4 L
314.8 23.3 o (Pbcm) 347.5 68.3 C(A2) 380.1 251.9 L 412.0 300.0 L
315.8 24.4 Bo (Pbcm) 348.5 70.3 C(A2) 381.2 254.6 L 413.1 301.6 L
316.9 25.6 Bo (Pbcm) 349.5 724  C(A2) 3822  256.0 L 4141 3032 L
317.9 26.8 o (Pbcm) 350.5 74.6 C(A2) 383.2 257.3 L 415.1 304.8 L
318.9 28.0 Bo (Pbcm) 351.5 76.8  C(A2) 3842 2587 L 416.1  306.5 L
319.9 29.2 Bo (Pbcm) 352.6 79.1 RI 385.3 260.0 L 417.2 308.1 L
320.9 30.4 Bo (Pbcm) 353.6 81.4 RIN 386.3 261.3 L 418.2 309.7 L
322.0 31.7 o (Pbcm) 354.6 83.9 L 387.3 262.8 L 419.2 311.4 L
323.0 32.9 Bo (Pbcm) 355.6 155.1 L 388.3 264.3 L 420.3 313.0 L
324.0 34.2 Bo (Pbcm) 356.6 220.9 L 389.3 265.8 L 421.3 314.7 L
325.0 35.4 Bo (Pbcm) 3577 2224 L

Table 26. Thermodynamic Data of Caa:
diff: 1.5%); Phase Name

Temperature (T + 0.5)/K; Enthalpy Values Referred to 298.3 K (HzggslkJ-moI*l; %

K kJ-mol—1 phase K kJ-mol~1 phase K kJ:mol~!  phase K kJ:mol~1  phase
298.3 0.0 Bo (Pbca) 333.0 50.1  fo (Pbca) 367.7  267.1 L 4025  316.9 L
299.4 1.3 Bo (Phca) 334.0 520  fo(Pbca) 368.7 2685 L 4036 3185 L
300.4 2.5 Bo (Pbca) 335.0 54.0  Po(Pbca) 360.8  269.9 L 4046  320.0 L
301.4 3.7 Bo (Pbca) 336.0 56.1  fo (Pbca) 370.8 2713 L 4056  321.6 L
302.4 5.0 Bo (Pbca) 337.1 583  C(A2) 371.8 2727 L 406.7  323.1 L
303.4 6.2 o (Pbca) 338.1 60.7 C(A2) 372.8 274.0 L 407.7 324.9 L
304.5 7.4 Bo (Pbca) 339.1 63.1  C(A2) 3738 2755 L 408.7  326.7 L
305.5 8.6 Bo (Pbca) 340.1 658  C(A2) 3749 2769 L 4008 3285 L
306.5 9.9 Bo (Pbca) 341.2 68.5  C(A2) 3759 2785 L 4108 3303 L
307.5 11.2 o (Pbca) 342.2 71.4 C(A2) 376.9 280.0 L 411.8 332.1 L
308.5 12.5 Po (Pbca) 343.2 74.0 C(A2) 377.9 281.3 L 412.8 333.8 L
309.5 13.8 Bo (Pbca) 344.2 764  C(A2) 379.0  282.8 L 4139  335.6 L
310.6 15.2 fo (Pbca) 345.2 78.7 C(A2) 380.0 284.2 L 414.9 337.4 L
311.6 16.5 o (Pbca) 346.3 81.2 C(A2) 381.0 285.8 L 415.9 339.3 L
312.6 17.9 Bo (Pbca) 347.3 837  C(A2) 382.0  287.3 L 4170 3411 L
313.6 19.3 o (Pbca) 348.3 86.4 C(A2) 383.1 288.6 L 418.0 342.9 L
314.7 20.7 o (Pbca) 349.3 89.1 C(A2) 384.1 290.0 L 419.0 344.7 L
315.7 22.2 Po (Pbca) 350.3 92.1 C(A2) 385.1 291.5 L 420.0 346.5 L
316.7 235 Bo (Pbca) 351.4 951  C(A2) 386.1  293.0 L 4211 348.3 L
317.7 25.0 fo (Pbca) 352.4 98.4 C(A2) 387.1 294.4 L 422.1 350.0 L
318.7 26.5 Bo (Pbca) 3534  101.8  C(A2) 3882  295.8 L 4231 3517 L
319.7 28.0 Bo (Pbca) 3544 1056  C(A2) 389.2  297.3 L 4242 3534 L
320.8 29.6 fo (Pbca) 355.4 110.2 C(A2) 390.2 298.7 L 425.2 355.2 L
321.8 311 o (Pbca) 356.5 116.5 C(A2) 391.2 300.3 L 426.2 357.0 L
322.8 32.7 Po (Pbca) 357.5 127.3 C(A2) 392.3 301.8 L 427.3 358.8 L
323.8 34.3 Po (Pbca) 358.5 160.9 L 393.3 303.3 L 428.3 360.5 L
324.8 36.0 fo (Pbca) 359.5 255.8 L 394.3 304.8 L 429.3 362.3 L
325.8 37.6 Bo (Pbca) 3605  257.2 L 3954  306.4 L 4304  364.2 L
326.9 39.3 o (Pbca) 361.6 258.7 L 396.4 307.9 L 431.4 366.1 L
327.9 41.0 fo (Pbca) 362.6 260.1 L 397.4 309.3 L 432.4 367.8 L
328.9 42.8 o (Pbca) 363.6 261.6 L 398.4 310.9 L 433.5 369.6 L
329.9 44.6 Po (Pbca) 364.6 263.0 L 399.5 312.4 L 434.5 371.5 L
330.9 46.4 Po (Pbca) 365.7 264.4 L 400.5 313.9 L 435.5 373.2 L
332.0 48.2 fo (Pbca) 366.7 265.8 L 401.5 315.4 L 436.5 375.0 L
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Table 27. Thermodynamic Data of Css: Temperature (T £ 0.5)/K; Enthalpy Values Referred to 293.4 K (Hzg“/k‘]-molfl; %

diff: 1.5%); Phase Name

L & L M ; & ; & ; M

K kJ'mol*  phase K kJ-mol*  phase K kJ-mol~! phase K kJ-mol~! phase K kJ-mol~! phase
293.4 00 fo(Pca2;) 3199 369 fo(Pca2;) 3454 864 C(A2) 371.0 292.7 L 396.6 335.0 L
294.4 1.3 fo(Pca2;)) 3209 385 fy(Pca2;) 3465  89.4 C(A2) 3720 294.4 L 397.7 336.7 L
295.4 2.7 Bo(Pca2,) 3219 39.9  f (Pca2;) 3475 915 C(A2) 373.0 296.1 L 398.7 3385 L
296.4 40  Bo(Pca2y) 323.0 414  fo(Pca2y) 3485 939 C(A2) 3741  297.7 L 399.7 340.2 L
297.4 53  Bo(Pca2y) 3240 429  fo(Pca2y) 3495 962 C(A2) 3751  299.4 L 400.7 341.9 L
298.5 6.6 Po (Pca2;) 325.0 44.5 Po (Pca2;) 350.6 98.5 C(A2) 376.1 301.0 L 401.8 3437 L
299.5 7.9 Po (Pca2;) 326.0 46.0 Po (Pca2;) 351.6 100.9 C(A2) 377.1 3027 L 402.8 3454 L
300.5 93 fo(Pca2;)  327.0 475 fBo(Pca2;) 3526 103.3 C(A2) 378.2 304.4 L 403.8 347.1 L
3015 107  fo(Pca2) 3281  49.0 o (Pca2y) 353.6 1059 C(A2) 379.2  306.1 L 404.9 3489 L
3025 121 fo(Pca2,) 329.1 505 [ (Pca2;) 3546 1083 C(A2) 380.2 307.7 L 405.9 350.7 L
3035 136 o (Pca2i) 330.1 521 o (Pca2y) 355.7 1109 C(A2) 381.2 309.5 L 406.9 352.4 L
304.6 151 B, (Pca2i) 331.1 538 o (Pca2y) 356.7 1135 C(A2) 3823 311.2 L 408.0 354.2 L
305.6 16.5 Po (Pca2;) 332.2 55.3 Po (Pca2;) 357.7 116.1 C(A2) 383.3 3128 L 409.0 356.0 L
306.6 17.9 Po (Pca2;) 333.2 57.0 Po (Pca2;) 358.7 1189 C(A2) 384.3 3145 L 410.0 357.7 L
307.7 194  fo(Pca2;) 3342 588 fo(Pca2;)  359.7 1226 C(A2) 3853 316.2 L 411.0 3595 L
308.7 209 o (Pcazy) 3352 605 o (Pca2y) 360.8 127.0 L 3864 317.9 L 4121  361.3 L
309.7 22.3 Po (Pca2;) 336.2 64.2 Po (Pca2;) 361.8 259.8 L 387.4 319.6 L 413.1 3631 L
310.7 23.7 Po (Pca2;) 337.3 64.2 Po (Pca2;) 3628 2793 L 388.4 3212 L 4141  365.0 L
311.7 25.2 Po (Pca2;) 338.3 66.3 Po (Pca2;) 363.8 2810 L 389.4 3229 L 4152 366.8 L
312.8 26.6 Po (Pca2;) 339.3 68.8 Po (Pca2;) 3649 2827 L 390.5 3246 L 416.2 368.6 L
313.8 28.1 Po (Pca2;) 340.3 711 Po (Pca2;) 3659 2844 L 3915 326.3 L 417.2 3705 L
3148 295 fo(Pca2;) 3414 735 C(A2) 366.9 286.0 L 3925 328.0 L 4182 3723 L
3158 310 fo(Pca2;) 3424 760 C(A2) 3679 2877 L 3935 329.7 L 4193 3741 L
316.8 325  f (Pca2,) 3434 79.0 C(A2) 3689 289.4 L 3946 331.4 L 420.3  376.0 L
317.9 33.9 Po (Pca2;) 344.4 82.6 C(A2) 370.0 2911 L 395.6 3332 L 421.3 377.8 L
3189 354 By (Pca2i)
Table 28. Thermodynamic Data of Csp: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.3 K (H§93.3/kJ-moI‘1; %
diff: 1.5%); Phase Name

T Hgg3.3 T H;93.3 T H593.3 T Hgg3.3 T Hgg3.3

K kJ-mol-*  phase K kJ'mol-*  phase K kJ'mol' phase K kJ'mol! phase K kJ'mol~' phase
293.3 00 o (Pca2y) 319.9 362 o (Pca2y) 3465 859 C(A2) 3720 305.4 L 397.7 3523 L
294.4 1.3 o (Pca2,) 3209 377  fo(Pca2y) 3475 881 C(A2) 3731 307.3 L 398.7 354.2 L
295.4 2.7  Bo(Pca2y) 321.9 393 o (Pca2y) 3485 902 C(A2) 3741  309.0 L 399.8 356.1 L
296.4 4.1 Po (Pca2;) 323.0 40.8 Po (Pca2;) 349.6 92.3 C(A2) 375.1 3109 L 400.8 358.1 L
297.4 5.4 Po (Pca2;) 324.0 42.3 Po (Pca2;) 350.6 945 C(A2) 376.1 3128 L 401.8 360.1 L
298.4 6.7 fo(Pca2;) 3250 439 fo(Pca2;) 3516 967 C(A2) 377.2 3147 L 402.9 362.0 L
299.5 81 po(Pca2;) 3260 454  fy(Pca2;)  352.6 989 C(A2)  378.2 3166 L 403.9 364.0 L
300.5 9.5 o (Pca2,) 3270 47.0 o (Pca2;) 3536 101.2 C(A2) 379.2 3185 L 404.9 365.9 L
3015 11.0 o (Pca2i) 328.1 487  fo(Pca2y) 354.7 1035 C(A2) 380.2 320.3 L 405.9 367.9 L
3025 123 By (Pca2i) 329.1 504  fo(Pca2y) 355.7 1059 C(A2) 381.3 3221 L 407.0 369.9 L
303.6 13.7 Po (Pca2;) 330.1 52.2 Po (Pca2;) 356.7 108.2 C(A2) 382.3 3239 L 408.0 371.9 L
304.6 15.0 Po (Pca2;) 331.2 53.9 Po (Pca2;) 357.7 1106 C(A2) 383.3 32538 L 409.0 373.9 L
3056 163 fo(Pca2;) 3322 557 fo(Pca2;)  358.8 1137 C(A2) 3844 327.7 L 410.1 375.8 L
306.6 17.6 o (Pca2y) 3332 576 C(A2) 359.8 1160 C(A2) 3854 329.7 L 4111 377.7 L
307.6 189  f (Pca2,) 3342 59.6 C(A2) 360.8 1183 C(A2) 386.4 331.6 L 4121 379.7 L
308.7 20.4 Po (Pca2;) 335.2 61.9 C(A2) 361.8 120.6 C(A2) 387.4 3335 L 4131 3817 L
309.7 21.9 Po (Pca2;) 336.3 64.4 C(A2) 362.8 123.0 C(A2) 388.5 3354 L 4142  383.8 L
310.7 23.2 Po (Pca2;) 337.3 66.8 C(A2) 363.9 1255 C(A2) 389.5 3373 L 4152  385.9 L
311.7 24.6 Po (Pca2;) 338.3 69.3 C(A2) 3649 1294 L 390.5 3391 L 416.2  388.0 L
3128 259 fo(Pca2;) 3393 714 C(A2) 3659 2952 L 3915 341.0 L 417.3  390.0 L
313.8 275 Po (Pca2;) 3404 73.5 C(A2) 3669 297.0 L 392.6 3429 L 418.3 392.0 L
314.8 29.0 Po (Pca2;) 341.4 75.6 C(A2) 367.9 298.6 L 393.6 3448 L 419.3 394.0 L
315.8 30.4 Po (Pca2;) 342.4 7.7 C(A2) 369.0 3003 L 394.6 346.7 L 4204 396.1 L
316.9 31.9 Po (Pca2;) 343.4 79.8 C(A2) 370.0 3020 L 395.6 3485 L 4214 398.1 L
317.9 33.3 Po (Pca2;) 344.4 81.8 C(A2) 371.0 3037 L 396.7 3504 L 422.4  400.2 L
318.9 347  fo(Pcaz,) 3455 839 C(A2)

The measurements were carried out by sequential enthalpy variations in relation to the temperature were

programming of the temperature as a function of the time:
(i) the rising temperature period, t;, was set at 200 s and
corresponded to a temperature jumpequalto T, — T, =1
K (Figure 2); (ii) the temperature level length, t;, depends
on a computer test, checking that the calorimeter signal
returned to a constant value, corresponding to a steady
state.

The C,’s were obtained from Fluka and had the stated
purities reported in Table 1. First the samples were melted
in stainless steel crucibles which were sealed before their
introduction into the calorimeter cell. Figures 3 and 4 show
the enthalpy increment through curves as a function of the
increasing temperature, obtained for the even C,g and the
odd C,q, respectively. The repeatability and the accuracy
of temperature and enthalpy measurements were deter-
mined by using C;g and Cy, for which the experimental

compared with the literature data’¢ (Tables 2 and 3):
experimental data are in good agreement with the litera-
ture results, and this agreement justifies the experimental
method used (percent difference < 1.5%); the accuracy of
temperature measurements is equal to 0.5 K.

Results

The enthalpy (H{]/kJ-moI*l; To = 293.4 K or 298.3 K)
variations with respect to the temperature are listed for
each Cp, (from Cig to Csg, Ca1, Cag, Cus, Cso, Csa, and Cgp) in
Tables 4—30, where the phase type and the transition
temperatures are specified.

The temperatures and enthalpies of the order—disorder
transition and of the fusion as well as the total enthalpy
variation from the order—disorder temperature up to the
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Table 29. Thermodynamic Data of Css: Temperature (T £+ 0.5)/K; Enthalpy Values Referred to 293.4 K (H293 JkJ-mol~1; %

diff: 1.5%); Phase Name

L & L M ; & ; & ; M
K kJ'mol*  phase K kJ-mol*  phase K kJ-mol~! phase K kJ-mol~! phase K kJ-mol~! phase

293.4 0.0 o (Pcazy) 319.9 404  fo (Pca2y) 3465  98.0 C(A2) 3721 3447 L 397.7 396.4 L
294.4 15  fo(Pca2y) 321.0 421 fo(Pca2y) 3475 1025 C(A2) 373.1 346.6 L 398.7 398.6 L
295.4 2.7 Bo(Pca2y) 3220 439  py(Pca2y) 348.6 1053 C(A2) 3741 3486 L 399.8  400.8 L
296.4 41 Bo(Pca2y) 3230 454 [y (Pca2:) 3496 108.1 C(A2) 375.1 350.8 L 400.8  402.9 L
297.4 55  Bo(Pca2i) 3240 469 o (Pca2,) 350.6 110.8 C(A2) 376.2 352.9 L 401.8  404.9 L
298.5 7.1 Po (Pca2;) 325.0 48.7 Po (Pca2;) 351.6 113.6 C(A2) 377.2 355.0 L 402.9 407.0 L
299.5 8.5 Po (Pca2;) 326.1 50.5 Po (Pca2;) 352.7 116.3 C(A2) 378.2 357.1 L 403.9 409.1 L
3005 10.1 o (Pca2y) 3271 523  fo(Pca2y) 353.7 119.1 C(A2) 379.2  359.2 L 404.9 411.2 L
3015 117 o (Pca2y) 3281 542  po(Pca2y) 3547 1221 C(A2) 380.3 361.3 L 405.9 413.2 L
302.5 13.2 Po (Pca2;) 329.1 56.0 Po (Pca2;) 355.7 1249 C(A2) 381.3 363.6 L 407.0 4153 L
3036 14.6 o (Pca2;) 330.1 579 [ (Pca2;) 356.7 127.8 C(A2) 382.3 365.6 L 408.0 4175 L
3046 161 [ (Pca2;) 331.2 59.8 [ (Pca2;) 357.8 1309 C(A2) 383.3 367.8 L 409.0 419.5 L
305.6 17.7 Po (Pca2;) 332.2 61.7 Po (Pca2;) 358.8 134.0 C(A2) 384.4 369.9 L 410.1 4216 L
306.6 19.4 Po (Pca2;) 333.2 63.5 Po (Pca2;) 359.8 137.1 C(A2) 385.4 3721 L 4111 423.6 L
307.7 210 o (Pca2y) 3342 655  f,(Pca2y) 360.8 140.0 C(A2) 386.4 374.1 L 4121 4258 L
308.7 225 o (Pcazy) 3353 67.6 o (Pcazy) 361.9 1428 C(A2) 387.4 376.0 L 4131 427.9 L
309.7 240  fo(Pca2y) 336.3 69.6 o (Pca2y) 362.9 1458 C(A2) 3885 378.0 L 4142 430.0 L
310.7 257  fo(Pca2;) 337.3 717 o (Pca2;) 3639 148.7 C(A2) 389.5 380.1 L 4152 4322 L
3118 273 o (Pca2,) 3383 738 [y (Pca2;) 3649 151.8 C(A2) 390.5 382.4 L 416.2 434.2 L
312.8 28.9 Po (Pca2;) 339.4 76.0 Po (Pca2;) 365.9 154.8 C(A2) 3915 3844 L 417.3 436.3 L
313.8 30.5 Po (Pca2;) 340.4 78.3 Po (Pca2;) 367.0 158.0 C(A2) 392.6 386.4 L 418.3 4384 L
3148 321 By (Pcazy) 341.4 805 o (Pca2y) 368.0 1621 L 393.6 388.4 L 4193 4405 L
3159 338 [ (Pcazy) 3424 830 o (Pcazy) 369.0 3047 L 394.6  390.4 L 420.4 4427 L
3169 354 [ (Pca2,) 3434 857 [y (Pca2;) 3700 3409 L 395.7 392.4 L 421.4 4449 L
317.9 37.0 Po (Pca2;) 344.5 88.5 C(A2) 371.1 3428 L 396.7 3944 L 422.4 4471 L
3189 387  fo (Pca2;) 3455 922 C(A2)

Table 30. Thermodynamic Data of Ceo: Temperature (T £+ 0.5)/K; Enthalpy Values

diff: 1.5%); Phase Name

Referred to 298.3 K (Hgg 5/kJ-mol=1; %

K kJ-mol-*  phase K kJ'mol-*  phase K kJ'mol' phase K kJ'mol! phase K kJ'mol~' phase
298.3 00 fo(Pca2;) 3269 457 fy(Pca2;) 3545 103.0 C(A2) 3821 3445 L 409.9  405.0 L
299.4 1.7  PBo(Pca2;)  327.9 474 fy(Pca2;) 3555 1052 C(A2) 383.2 346.8 L 4109 407.2 L
300.4 34  Bo(Pca2;) 3289 491 Bo(Pca2;)  356.6 107.6 C(A2) 384.2  349.0 L 411.9 409.5 L
301.4 5.1 Po (Pca2;) 330.0 50.8  fo (Pca2;) 357.6 110.0 C(A2) 385.2 351.3 L 413.0 4117 L
302.4 6.7 Po (Pca2;) 331.0 52.4 [y (Pca2;) 358.6 112.2 C(A2) 386.2 3535 L 414.0 4139 L
303.4 84  Bo(Pca2;)  332.0 542 fo(Pca2;)  359.6 1145 C(A2)  387.3 3557 L 4150 416.2 L
3045 100  fo(Pca2y) 333.0 55.9  fo (Pca2;) 360.6 116.6 C(A2) 388.3 358.0 L 416.1 4185 L
305.5 11.7 Po (Pca2;) 334.1 57.7  fo (Pca2,) 361.7 119.0 C(A2) 389.3 360.2 L 417.1  420.8 L
3065 134 fo(Pca2;) 3351 593 fBo(Pca2;) 3627 1213 C(A2) 3904 3625 L 418.1 423.1 L
3075 150 fo(Pca2;)  336.1 612 fBo(Pca2;))  363.7 1237 C(A2) 3914 364.8 L 419.2 4254 L
308.6 16.7 Po (Pca2;) 337.1 63.1 C(A2) 364.7 126.1 C(A2) 3924 367.0 L 420.2 427.8 L
309.6 18.3 Po (Pca2;) 338.2 65.1 C(A2) 365.8 128.6 C(A2) 3934 369.3 L 421.2  430.1 L
3106 199 Bo(Pca2;) 3392  67.1 C(A2) 366.8 131.3 C(A2) 3945 3715 L 4223 4324 L
311.6 215 Po (Pca2;) 340.2 69.3 C(A2) 367.8 1343 C(A2) 3955 37338 L 423.3 4346 L
312.6 23.1 Po (Pca2;) 341.2 71.7 C(A2) 368.8 137.5 C(A2) 396.5 376.0 L 424.3  436.9 L
313.6 24.6 o (Pca2,) 342.2 75.0 C(A2) 369.8 1415 C(A2) 3975 3783 L 4253  439.2 L
314.7 26.3 o (Pca2,) 343.3 79.7 C(A2) 3709 1469 C(A2) 398.6 380.6 L 426.4 4414 L
315.7 27.9 Po (Pca2;) 344.3 81.9 C(A2) 3719 1584 C(A2) 399.6 3828 L 427.4 4437 L
316.7 29.5 Po (Pca2;) 345.3 83.8 C(A2) 3729 2333 L 400.6  385.0 L 428.4  446.0 L
317.7 311 Bo(Pca2;) 3463 859 C(A2) 3739 3396 L 4017 387.2 L 4295 4482 L
3187 328 Bo(Pca2;) 3473 879 C(A2) 3750 3417 L 4027 3895 L 4305 450.5 L
319.8 34.4 Po (Pca2;) 348.4 90.1 C(A2) 376.0 344.0 L 403.7 391.7 L 4315 452.8 L
320.8 36.0 o (Pca2,) 349.4 92.1 C(A2) 377.0 346.2 L 404.8 393.9 L 432.6  455.0 L
321.8 37.6 o (Pca2,) 350.4 94.2 C(A2) 378.0 3485 L 405.8 396.0 L 433.6  457.3 L
322.8 39.2 Po (Pca2;) 351.4 96.4 C(A2) 379.1 3378 L 406.8 398.3 L 4346  459.6 L
323.8 40.8 Po (Pca2;) 352.5 98.6 C(A2) 380.1 3401 L 407.8  400.5 L 435.7  461.9 L
3249 424  By(Pca2;) 3535 100.8 C(A2) 3811 3423 L 408.9  402.7 L 436.7 464.2 L
3259 441 B, (Pca2;)

melting temperature (AHTf“S) are reported in Table 31
and compared to literature data.® The experimental results
are in agreement with those of the literature,?* especially
for the C,'s whose carbon atom numbers are lower than or
equal to 26. For the C,'s, whose carbon atom numbers are
higher than 26, the experimental results are slightly higher
than those of the literature (Figure 5, Table 31); however,
the literature data of those C,'s are determined by dif-
ferential thermal analyses, using a continuous mode of
temperature programming. In this last case, it is more
difficult to determine with accuracy the baseline of the
calorimetric signal in the course of the solid—solid or solid—
liquid transitions. Moreover, for the heavy Cy's (n > 40), a
higher enthalpy consumption in relation to that of light
Cy's is observed, certainly due to the progressive appear-

ance of a higher quantity of conformation defects™ in the
course of the heating.

The AHT'US,i enthalpy variations from the T,_4 order—
disorder transition temperature up to the Tgs melting
temperature are shown in Figure 5, where the mean values
of the literature®* and the new experimental data are also
shown. All these values increase linearly with respect to
the n. carbon atom number from n, = 4 to n. = 60 in a
manner independent of the n. parity.

The linear equation of the variations of AHTf“S enthalpy
values as a function of the n. carbon number is ‘established
by linear least-squares fitting, and the result is as follows:

4 <n, < 60: AHTf“S/kJ -mol ™ = 4.10n, — 10.98
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Table 31. Comparison of Transition Enthalpy between the Experimental Results and the Mean Values of the

Literature®s (lit.)a

melting order/disorder total

molar Tfus(“t-)83 Tfus AfusH(Iit-)83 AfusH To—d(“t-)83 To—d AHo—d(“t-)83 AHo—d AHtot("t-)% AHtot
nc. mass K K kJ-mol—1 kJ-mol~1 K K kJ-mol~1 kJ-mol~1 kJ-mol~1 kJ-mol—1
18 254.50 301.2 300.2 61.3 61.5 b 61.3 61.5
19 268.53 304.9 303.7 45.6 44.5 295.5 294.4 13.7 11.8 65.5 66.5
20 282.55 309.5 308.7 69.7 73.5 b 69.7 73.5
21  296.58 313.2 312.6 47.7 47.5 305.6 304.4 16.3 16.6 73.0 75.8
22  310.60 316.8 314.9 48.8 315.2 314.9 29.0 77.6 80.5
23  324.63 320.4 319.9 53.1 52.9 315.6 312.8 21.7 22.4 82.5 86.5
24 338.66 323.6 323.0 54.4 57.2 320.7 319.9 31.7 29.9 88.3 92.4
25 352.69 326.3 324.7 57.1 58.7 320.3 318.8 26.7 28.6 90.7 92.8
26 366.71 329.2 328.9 60.0 61.4 326 325.0 33.8 36.5 97.5 100.6
27 380.74 331.7 331.2 61.1 68.9 326.3 325.0 26.8 29.5 96.6 107.6
28  394.77 334.2 333.2 65.1 63.5 330.5 330.1 35.1 36.9 102.2 104.7
29  408.79 336.2 336.0 68.2 67.8 330.8 330.3 30.8 33.0 103.8 106.9
30 422.82 338.2 337.5 68.3 69.8 332.2 332.1 37.0 40.8 108.9 118.9
31 436.85 341.1 340.0 73.3 336.5 335.2 36.6 117.4
32 450.87 3425 341.9 75.8 77.0 337.2 338.0 40.8 44.2 126.5
33  464.90 344.3 343.4 79.5 80.7 340.9 337.9 31.2 37.9 125.8
34 478.93 345.6 345.3 79.4 84.5 342.2 341.1 48.0 45.4 137.0
35 492.95 347.7 346.5 86.3 86.4 344.2 344.2 41.1 44.1 136.4
36 506.98 348.9 87.7 347 346.1 31.1 134.0 136.1
37 521.01 349.8 348.8 349.0 140.0
38 535.03 351.7 133.2 350.2 349.9 133.2 146.5
41  577.11 354.8 354.3 149.2
44  619.20 358.7 358.0 149.6 143.1 357.7 18.2 167.8 167.3
46  647.25 360.7 360.7 176.0 156.6 176.0 180.5
50 703.36 365.2 364.9 162.4 167.1 1711 191.6
54  759.46 368.1 368.0 177.2 216.2
60 843.62 372.4 372.0 193.2 204.1 193.2 225.3

a Trus (£0.5)/K and AgsH/kJ-mol~1 (% diff: 3%), temperature and enthalpy of fusion; To—q (£0.5)/K and AH,—g/kJ-mol~1 (% diff: 3%),
temperature and enthalpy of order—disorder transition; AH = AHE‘E = AHo—q + ([E'f; Cp dT + AfusH/kI-mol~t (% diff: 3%). b No solid/

solid transition.

240

20 f .
AH ™ =4.10.n,-10.98
200 o-d

Standard deviation = 2.3 kJ.mol”
180 |

160 |
140

120

AH / kJ.mol™

100 |
80
60 F

40 A literature™

20 | m this study

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65
nc carbon atom number
Figure 5. AHI'O“jd variations in relation to the carbon atom
number of the Cn chain: AH™ = AHo-q + /1% Cp dT + AnsH
(Figures 3 and 4).

with a standard deviation ¢ = 2.3 kJ-mol~! and AH" =
AHo—q + [ Cp dT + AgsH.

Conclusion

The calorimetric measurement method, using a discon-
tinuous mode of temperature programming, allows us to
determine the enthalpy variations with respect to the
increasing temperature in the thermodynamic equilibrium
state. For the light C.’s (18 < n < 26), the experimental
results are in agreement with those of the literature and
justify the measurement method for the thermodynamic
data variations of heavier C,'s (27 < n < 38, 41, 44, 46, 50,

54, and 60). These new thermodynamic data will enable
us to establish new predictive models about the behavior
of multi-C, mixtures and solid—liquid equilibria of crude
oil cuts.

Notation

Crystallographic Structure

Ordered Phases of n-Alkanes at “Room Temperature”

Bo(Cop+1) = orthorhombic phase Pbcm of odd-numbered
C2p+1 (nc = 2p + l) _

v0(Czp) = triclinic phase P1 of even-numbered Cyp (Nc =
2p < 26)

00(C2p) = monoclinic phase P2;/a of even-numbered Cyp
(28 = n. = 2p =< 36)

Bo(Czp) = orthorhombic phase Pbca of even-numbered
Cop (38 = nc = 2p =< 44)

Bo(C2p) = orthorhombic phase Pca2; of even-numbered
Cop (46 = ne = 2p)

Disordered Phases at “High Temperature”

B(Fmmm) = orthorhombic phase; this phase presents
the “Rotator” state, called -RI

a-RIl = rhombohedral Rotator phase (R3m)
RI11 = triclinic disorder phase
R1V = monoclinic disorder phase

Thermodynamic Data

To-d/K, AHo—g/kJ-mol~ = temperature and enthalpy of
the order—disorder transition (o—d transition)

Trs/K, ArusH/kJ-mol~! = temperature and enthalpy of
the melting (disordered phase — liquid)
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AH?“S /kJ-mol~1 = enthalpy variation from the order—

disorder transition temperature (T,—g) to the melting
Tfus

temperature (Tys) (ordered phase — liquid): AH™
= AHg—q + /1% Cp dT + AgsH

Literature Cited

(1) Domalski, E. S.; Hearing E. D. Heat capacities and entropies of
organic compounds in the condensed phase. Volume Il. J. Phys.
Chem. Ref. Data 1990, 19, 881—1009.

Dreisbach, R. R. Physical properties of chemical compounds-I1,

comprehensive data on 476 straight-chain compounds in system-

atic tabular form, n° 22 of the advances in chemistry series. The
advances in Chemistry Series; ed. by the staff of Industrial and

Engineering Chemistry; 1959.

Lide, D. R. CRC Handbook of Chemistry and Physics, 76th ed.;

CRC Press: Boca Raton, FL, 1995—-1996.

Timmermans, J. Physicochemical constants of pure organic

compounds; Elsevier Publishing Company: Amsterdam—London—

New York, 1965; Vol. 2, pp 1-61.

(5) T.R.C. Databases American National Standard, Standard Test
Method for Purity of Hydrocarbons from Freezing Points, ANSI/
ASTM D 1016-74, Reapproved 1979; pp 481—497.

(6) T.R.C. Databases for Chemistry and Engineering; TRC Source

Database; Texas Engineering Experiment Station, Texas A & M:

1998.

Messerly, J. F.; Guthrie, G. B.; Todd, S. S.; Finke, H. L. Low-

temperature thermal data for n-pentane, n-heptadecane and

n-octadecane, revised thermodynamic functions for the n-alkanes,

Cs5—Cjg. J. Chem. Eng. Data 1967, 12, 338—346.

(8) Atkinson, C. M. L.; Richardson, M. J. Phase behavior of n-alkanes

and polyethylene. Trans. Faraday Soc. 1969, 654, 1749—1763.

Seyer, W. F.; Patterson, R. F.; Keays, J. L. The density and

transition points of the n-paraffin hydrocarbons. J. Am. Chem.

Soc. 1944, 66, 179—182.

(10) Finke, H. L.; Gross, M. E.; Waddington, G.; Huffman, H. M. Low-
temperature thermal data for the nine normal paraffin hydro-
carbons from octane to hexadecane. J. Am. Chem. Soc. 1954, 76,
333—-341.

(11) Bosselet, F.; Letoffe, J. M.; Claudy, P.; Esson, S.; Valentin, P.
Etude du comportement thermique des n-alcanes dans des
milieux hydrocarbonés complexes par analyse calorimétrique
différentielle. I. Etude du comportement thermique des n-alcanes
en programmation linéaire de température. Thermochim. Acta
1983, 70, 7—18.

(12) Snow, R. L.; Ott, J. B.; Goates J. R.; Marsh K. N.; O’shea, S;
Stokes, R. H. (Solid + liquid) and (vapor + liquid) phase equilibria
and excess enthalpies for (benzene + n-tetradecane), (benzene +
n-hexadecane), cyclohexane + tetradecane) and (cyclohexane +
n-hexadecane) at 293.15, 298.15 and 308.15 K comparison of G®y,
calculated from (vapor + liquid) and (solid + liquid) equilibria.
J. Chem. Thermodyn. 1986, 2, 107—130.

(13) Fredricks, R. E. Thermal and thermodynamic characteristics of
the hydrocarbon components of industrial paraffin waxes. J. Am.
Chem. Soc. 1986, 54, 634—637.

(14) Broadhurst, M. G. An analysis of the solid-phase behavior of the
normal paraffins. J. Res. Natl. Bur. Stand., A: Phys. Chem. 1962,
66, 241—249.

(15) Doucet, J.; Denicolo, I.; Craievich, A. F. X-ray study of the
“Rotator” phase of the odd-numbered paraffins: Ci7H3s, C19Ha0
and Cz1Has. J. Chem. Phys. 1981, 75, 1523—529.

(16) Schaerer, A.; Busso, C. J.; Smith, A. E.; Skinner, L. B. Properties
of pure normal alkanes in the C,; to Cz range. J. Am. Chem.
Soc. 1955, 77, 2017—2019.

(17) Koleskinov, S. I.; Syunyaev, Z. I. Phase transitions in the melting
and crystallization of n-CigHsg and n-CyoHaz. J. Appl. Chem.
U.S.S.R. 1986, 2097—2101.

(18) Ksiazczak, A.; Parczewska, B. Vapour pressures of binary three-
phase (solid + liquid + vapour) mixtures. I. Melting temperatures
of polymorphic phases. J. Chem. Thermodyn. 1988, 20, 785—790.

(19) Barbillon, P.; Schuffenecker, L.; Dellacherie, J.; Balesdent, D.;
Dirand, M. Variation d’enthalpie subie de 260 K a 340 K par les
n-paraffines comprises entre I'octadécane (n-Cyg) et I'hexacosane
(n-Cz). J. Chim. Phys. 1991, 88, 91—-113.

(20) Chang, S.; Maurey, J. R.; Pummer, J. Solubilities of two n-alkanes
in various solvents. J. Chem. Eng. Data 1983, 28, 197—202.

(21) Domanska, U. Solubility of n-paraffin hydrocarbons in binary
solvent mixtures. Fluid Phase Equilib. 1987, 35, 217—223.

(22) Hoffman, J. D.; Decker, B. F. Solubilities of two n-alkanes in
various solvents. J. Phys. Chem. 1953, 57, 520—529.

(23) Koleskinov, S. I.; Syunyaev, Z. I. Phase transitions in the melting
and crystallization of n-CigHsg and n-CyoHaz. J. Appl. Chem.
U.S.S.R. 1986, 2097—2101.

(2

—

3

=

(4

=

@

-

©

-

(24) Ksiazczak, A.; Parczewska, B. Vapour pressures of binary three-
phase (solid liquid + vapour) mixtures. I11. Melting temperatures
of n—eicosane phases. J. Chem. Thermodyn. 1989, 21, 1231—-1236.

(25) Bosselet, F.; Letoffe, J. M.; Claudy, P.; Esson, S.; Valentin, P.
Etude du comportement thermique des n-alcanes dans des
milieux hydrocarbonés complexes par analyse calorimétrique
différentielle. I11. Etude en programmation discontinue de tem-
pérature. Thermochim. Acta 1983, 70, 35—47.

(26) Domanska, U. Int. DATA Ser., Sel. Data Mixtures, Ser. A 1987,
4, 269—-276.

(27) Heyding, R. D.; Russell, K. E.; Varty, T. L.; St-Cyr, D. The normal
paraffins revisited. Powder Diffr. 1990, 5, 93—100.

(28) Maroncelli, M.; Qi, S. P.; Strauss, H. L.; Snyder, R. G. Nonplanar
conformers and the phase behavior of solid n-alkanes. J. Am.
Chem. Soc. 1982, 104, 6237—6247.

(29) Aoulmi, A.; Solimando, R.; Rogalski, M. Thermodynamics of
mixtures formed by polycyclic aromatic hydrocarbons with long
chain alkanes. Fluid Phase Equilib. 1995, 110, 283—297.

(30) Company, J. C. Mesure et interprétation des équilibres de
cristallisation de solutions de paraffines lourdes et d’hydrocarbures
aromatiques. Chem. Eng. Sci. 1973, 28, 318—323.

(31) Domanska, U. Int. DATA Ser., Sel. Data Mixtures, Ser. A 1989,
3, 188—-192.

(32) Strobl, G.; Fischer, E. W. Synthese und Eigenschaften Moleku-
lareinheitlicher n-Paraffine bis zum Ci4oH2g>. Makromol. Chem.
1972, 162, 63—79.

(33) Ksiazczak, A. Vapour pressures of binary three-phase (solid +
liquid + vapour) mixtures. I1. Melting temperatures of n—eicosane
phases. J. Chem. Thermodyn. 1989, 21, 789—792.

(34) Parks, G. S.; Todd, S. S. Heats of fusion of some paraffin
hydrocarbons, industrial and engineering chemistry. Ind. Eng.
Chem. 1929, 21, 1235—1237.

(35) Sirota, E. B.; King, H. E.; Singer, D. M.; Shao, H. H. Rotator
phases of the normal alkanes: an X-ray scattering study. J. Chem.
Phys. 1993, 98, 5809—5824.

(36) Templin, P. R. Coefficient of volume expansion for petroleum
waxes and pure n-paraffins. Ind. Eng. Chem. 1956, 154—161.

(37) Mazee, W. M. On the properties of paraffin wax in the solid state.
J. Inst. Pet. 1949, 35, 97—-102.

(38) Garner, W. E.; Van Bibber, K.; King, A. M. CCXI — The melting
points and heats of crystallization of the normal long-chain
hydrocarbons. J. Chem. Soc. 1931, 1539—1541.

(39) Robles, L.; Mondieig, D.; Haget, Y.; Cuevas-Diarte, M. A. Mise
au point sur le comportement énergétique et cristallographique
des n-alcanes Il. Série de CyHas & Co7Hs6. J. Chim. Phys. 1998,
95, 92—-111.

(40) Schaerer, A. A.; Bayle, G. G.; Mazee, W. M. Thermodynamics of
n-alkanes. Recueil 1956, 529—541.

(41) Hasnaoui, N.; Dellacherie J.; Schuffenecker L.; Dirand, M.
Evolution structurale en fonction de la température des phases
intermédiaires f'; et ', du systéme docosane n-C,,-tétracosane
n-Cz4. J. Chim. Phys. 1988, 85, 675—683.

(42) Ungar, G. Structure of rotator phases in n-alkanes. J. Chem.
Phys. 1983, 87 (4), 689—695.

(43) Bonsor, D. H.; Bloor, D. Phase transition of n-alkanes systems.
Part 1: calculation of heats of transition of the order—disorder
phase transition of pure paraffins. J. Mater. Sci. 1977, 12, 1552—
1558.

(44) Domanska, U.; Kniaz, K. Int. DATA Ser., Sel. Data Mixtures, Ser.
A 1990, 3, 194—206.

(45) Domanska, U.; Kniaz, K. Int. DATA Ser., Sel. Data Mixtures, Ser.
A 1990, 2, 83—93.

(46) Andon, R. J. L.; Martin, J. F. Thermodynamic properties of
hexacosane. J. Chem. Thermodyn. 1976, 8, 1159—1166.

(47) Kern, R.; Dassonville, R. Growth inhibitors and promoters
exemplified on solution growth of paraffin crystals. J. Cryst.
Growth 1992, 116, 191—203.

(48) Lourdin, D.; Roux, A. H.; Grolier, G.; Busine, J. M. Thermobaro-
metric and differential scanning calorimetric study of the poly-
morphism of some even and odd paraffins (Czs, C27, Ca0, Coeo).
Thermochim. Acta 1992, 204, 99—110.

(49) Josefiack, C.; Wurflinger, A.; Schneider, G. M. Under high
pressure. Colloid Polym. Sci. 1977, 255, 170—171.

(50) Dorset, D. L. Chain length and the cosolubility of n-paraffins in
the solid state. Macromolecules 1990, 23, 623—633.

(51) Doucet, J.; Denicolo, I.; Craievich, A. F.; Germain, C. X-ray study
of the rotator phase of paraffins (IV): Cy;Hss, C2gHss, Co9Heo,
CsoHe2 and CasH7o. J. Chem. Phys. 1984, 80, 1647—1651.

(52) Ksiazczak, A.; Parczewska, B. Vapor pressures of binary three-
phase (solid + liquid + vapor) mixtures. I. Melting temperatures
of polymorphic phases. J. Chem. Thermodyn. 1989, 20, 785—790.

(53) Oyama, T.; Takamizawa, K.; Urabe, Y.; Ogawa, Y. Synthesis of
higher n-alkanes and their transition phenomena. Il. Carbon
number dependence of transition temperature of odd n-alkanes.
Kyushu Daigaku Kogaku Shuho 1979, 52, 129—-137.



(54)

(55)

(56)

(67

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)
(67)
(68)

(69)

(70)

(71)

(72)

(73)

74

Journal of Chemical and Engineering Data, Vol. 48, No. 3, 2003 513

Oyama, T.; Takamizawa, K.; Ogawa, Y. Studies on phase transi-
tions of higher odd n-alkanes. I. Effects of purity on phase
transitions of higher odd n-alkanes. Kobunshi Ronbunshu 1980,
37, 711—720.

Ewen, B.; Fischer, E. W.; Piesczek, W.; Strobl, G. R. Defect
structure and molecular motion in the four modifications of
n-tritriacontane Il1. Study of molecular motion using infrared
spectroscopy and wide-line nuclear magnetic resonance measure-
ments. J. Chem. Phys. 1974, 61, 5265—5272.

Piesczek, W.; Strobl, G. R.; Malzahn, K. Packing of paraffins
chains in the four stable modifications of n-tritriacontane. Acta
Crystallogr. 1974, B30, 1278—1289.

Jin, Y.; Wunderlich, B. Heat capacities of paraffins and polyeth-
ylene. J. Phys. Chem. 1991, 95, 900—1007.

Kim, Y.; Strauss, H. L.; Snyder, R. G. Conformational disorder
in crystalline n-alkanes prior to melting. J. Phys. Chem. 1989,
93, 7520—7526.

Paunovic, I.; Mehrotraa. Liquid—solid-phase transformation of
Ci6Ha3a, C2gHsg and Ci14Hgs and their binary and ternary mixtures.
Thermochim. Acta 2000, 7, 356, 27—38.

Mazee, W. M. Paraffin, seine zusammensetzung und das phasen-
verhalten seiner wichtigsten komponenten, der normalen alkane.
Erdol Kohle 1960, 13, 88—96.

Srivastava, S. P.; Butz, T.; Oschmann, H. J.; Rahimian, I. Study
of the temperature and enthalpy of thermally induced phase-
transitions in n-alkanes, their mixtures and Fisher-Tropsch
waxes. Pet. Sci. Technol. 2000, 18, 493—518.

Slowinski, E. J.; Walter, H.; Miller, R. L. On the determination
of methyl content in polyethylenes. J. Polym. Sci., XIX 1956, 353—
358.

Ungar, G.; Stejny, J.; Keller, A.; Bidd, I.; Whiting, M. C. The
crystallization of Ultralong Normal Paraffins: The onset of chain
folding. Science 1985, 229, 386-389.

Craig, S. R.; Hastie, G. R.; Roberts, K. J.; Sherwood, J. N.

Investigation into the structures of some normal alkanes within
the homologous series Ci3Hag to CeoH122 USing high-resolution syn-
chrotron X-ray powder diffraction. Mater. Chem. 1994, 4, 977—981.
Nyburg, S. C.; Potworowski, J. A. Prediction of unit cells and
atomic coordinates for the n-alkanes. Acta Crystallogr. 1973, B29,
347-352.

Smith, A. E. The crystal structure of the normal paraffin
hydrocarbons. J. Chem. Phys. 1953, 21, 2229—-2231.

Muller, A.; Lonsdale, K. The low-temperature form of CigHzgs Acta
Crystallogr. 1948, 1, 129—-131.

Nyburg, S. C.; Luth, H. n-Octadecane: a correction and refinement
of the structure given by Hayashida. Acta Crystallogr. 1972, B28,
2992—-2995.

Shearer, H. M. M.; Vand, V. The crystal structure of the
monoclinic form of n-hexatriacontane. Acta Crystallogr. 1956, 9,
379—384.

Boistelle, R.; Simon, B.; Pépe, G. Polytypic structures of n-C,gHsg
(octacosane) and n-CssHz4 (hexatriacontane). Acta Crystallogr.
1976, B32, 1240—1243.

Teare, P. W. The crystal structure of orthorhombic hexatriacon-
tane. Acta Crystallogr. 1959, 12, 294—300.

Chevallier, V.; Petitjean, D.; Ruffier-Meray, V.; Dirand, M.
Correlation between the crystalline long c-parameter and the
number of carbon atoms of pure n-alkanes. Polymer 1999, 40,
5953—-5956.

Miller, A. Crystal structure of the normal paraffins at temper-
atures ranging from that of liquid air to the melting point. Proc.
R. Soc. London 1930, A127, 417—430.

Muller, A. An X-ray investigation of normal paraffins near their
melting points. Proc. R. Soc. London 1932, A138, 514—530.

(75)

(76)

77

(78)

(79)
(80)

(81)

(82)

(83)

(84)

(85)

(86)
87

(88)

(89)

(90)

Snyder, R. G.; Maroncelli, M.; Qi, S. P.; Strauss, H. L. Phase
transitions and nonplanar conformers in crystalline n-alkanes.
Science 1981, 214, 188—190.

Nozaki, K.; Higashitani, N.; Yamamoto, T.; Hara, T. Solid—solid-
phase transitions in n-alkanes Cy3Hasg and CasHsp: X-ray powder
diffraction study on new layer stacking in phase V. J. Chem. Phys.
1995, 103, 5762—5766.

Takamizawa, K.; Ogawa, Y.; Oyama, T. Thermal behavior of
n-alkanes from n-Cs;Hes to N-CgoH162, Synthesized with attention
paid to high purity. Polym. J. 1982, 14, 441—456.

Sullivan, P. K.; Weeks, J. J. The intensity as a function of
temperature of the low angle X-ray diffraction maxima of the
n-paraffins: hexatriacontane, tetratetracontane and tetranona-
contane. Natl. Bur. Stand. (U.S.) 1970, 74A, 203-214.

McClure, D. W. Nature of the rotational phase transition in
paraffin crystals. J. Chem. Phys. 1968, 49, 1830—1839.
Broadhurst, M. G. The melting temperature of the n-paraffins
and the convergence temperature for polyethylene. J. Res. Natl.
Bur. Stand. 1966, A70, 6, 481—486.

Pak, J.; Wunderlich, B. Thermal Analysis of Paraffins as Model
Compounds for Polyethylene. J. Polym. Sci., Part B: Polym. Phys.
2000, 38, 2810—2821.

Domanska, O.; Lachwa, J.; Morawski, P.; Malanowski, S. Phase
equilibria and volumetric properties in binary mixtures containing
branched chain ethers (Methyl 1,1-Dimethylethyl Ether or Ethyl
1,1-Dimethylethyl Ether or Methyl 1,1-Dimethylpropyl Ether or
Ethyl 1,1-Dimethylpropyl Ether). J. Chem. Eng. Data 1999, 44,
974-984.

Chevallier, V.; Bouroukba, M.; Petitjean, D.; Barth, D.; Dupuis,
P.; Dirand, M. Temperatures and enthalpies of solid—solid and
melting transitions of the odd-numbered n-alkanes Cj1, Cz3, Cys,
C,7 and Cyg. J. Chem. Eng. Data 2002, 46, 1114—1122.

Dirand, M.; Bouroukba, M.; Briard, A. J.; Chevallier, V.; Petitjean,
D.; Behar, E.; Ruffier-Meray, V. Normal alkanes, multi-alkane
synthetic model mixtures and real petroleum waxes: crystal-
lographic structure thermodynamic properties and crystallization.
J. Chem. Eng. Data 2002, 47, 115—143.

Van Miltenburg, J. C.; Harry, A.; Oonk, J.; Metivaud, V. Heat
capacities and derived thermodynamic functions of n-nonadecane
and n-eicosane between 10 K and 390 K. J. Chem. Data 1999,
44, 715—720.

Calvet, E.; Prat, H. E. Microcalorimétrie: applications physico-
chimiques et biologiques; Masson: Paris, 1956.

Hanrot, F.; Ablitzer, D.; Houzelot, J. L.; Dirand, M. Experimental
measurement of the true specific heat of coal and semi-coke
during carbonization. Fuel 1994, 73, 305—309.
Achour-Boudjema, Z.; Bouroukba, M.; Balesdent, D.; Provost, E.;
Dirand, M. Variation of the enthalpy of the system (n-Czs: n-Cag)
versus temperature and composition. J. Therm. Anal. 1997, 50,
685—704.

Jouti, B. M.; Bouroukba, M.; Balesdent D.; Dirand, M. Enthalpy
variation of the nine solid phases of the binary molecular alloys
(n-tricosane: n-pentacosane) versus temperature. J. Therm. Anal.
1998, 54, 785—802.

Ditmars, D. A,; Ishihara, S.; Chang, S. S.; Bernstein, G.; Wast,
D. E. Enthalpy and heat-capacity standard reference material:
synthetic sapphire (a-Al203) from 10 to 2250 K. J. Res. Natl. Bur.
Stand. 1982, 87, 159—163.

Received for review July 19, 2002. Accepted January 22, 2003.

JE0201368



