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Vapor pressure estimation for polar compounds is very important in environmental chemistry. Most vapor

pressure estimation equations are based on the Clausius-Clapeyron equation.
accurate above the boiling point, but cannot be used for polar compounds around 1 Pa-100 Pa.

Such equations are extremely
A new poly-

nomial expansion type of vapor pressure was developed. Such a non-linear expression has many solutions and

the global minimal answer is difficult to obtain.
cients of the polynomial expansion equation.

The Genetic Algorithm (GA) was applied to determine the coeffi-
The accuracy of this polynomial expansion equation for vapor
pressure is much better than the Riedel equation under the boiling point for polar compounds.

This method was

also applied for acentric factor estimation and an estimation equation with better accuracy than the Edmister equa-

tion is proposed.
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Table A-1 Vapor Pressure and Thermochemical Data

Name 1Pa 10 Pa 100 Pa 1 kPa 10kPa T, [K] 7. [K] P [bar] o
Acetic acid 230.35 246.45 265.15 287.35 329.05 390.65 592.7 57.86 0.443
Propionic acid 273.15 308.25 353.05 413.95 612 53.99 0.537
n-Butylic acid 286.05 325.35 374.55 436.45 628 52.69 0.671
Isobutylic acid 243.05 264.95 291.25 323.65 366.05 427.15 609.1 40.53 0.609
1-Hexanal 217.15 236.15 260.15 292.15 335.75 400.95 591 34.6 0.378
Metyl hydrazine 242.15 268.45 306.05 364.15 567 82.39 0.454
Dipropylamine 225.15 248.15 279.15 320.65 381.95 555.8 29.9 0.377
Dibutylamine 236.15 257.15 283.15 317.15 363.95 432.25 607.5 26.39 0.495
Diisobutylamine 216.15 237.15 264.15 298.65 345.35 412.15 584.2 26.35 0.450
Methyl phenyl amine 257.15 279.15 307.15 343.45 394.25 468.95 701 51.98 0.470
o-Toluidine 274.15 291.95 315.75 349.25 398.75 473.05 694 37.49 0.431
m-Toluidine 276.95 295.15 319.35 353.25 401.95 476.05 709 41.54 0.403
p-Toluidine 350.25 399.35 473.05 685.5 35.15 0.464
N,N-Dimethylaniline 301.15 339.15 391.25 466.75 687 36.27 0.403
Dibenzopyrrole 527.85 627.15 901.8 31.3 0.453
1-Naphthylamine 335.15 372.15 420.05 483.85 573.25 850 50 0.493
2-Naphthylamine 309.45 339.05 376.15 424.05 488.25 578.65 850 49 0.531
Ethyl acetate 190.15 207.15 228.15 255.15 293.55 349.95 523.2 383 0.355
Isobutyl formate 204.15 220.15 242.15 270.15 310.55 370.75 554 38.81 0.363
n-Propyl acetate 204.15 222.15 244.15 273.15 314.05 374.35 549.4 33.33 0.382
Ethyl propionate 204.15 221.15 243.15 272.15 312.05 371.85 546 33.64 0.384
Methyl butyrate 205.15 223.15 245.15 274.05 314.85 375.45 554.5 34.75 0.371
Ethyl butyrate 224.15 239.15 259.15 287.45 328.35 394.25 569 29.6 0.411
Penty] acetate 215.15 234.15 259.15 293.15 343.25 422.15 600 26.8 0.444
Pentanoic acid, methyl ester 292.35 336.85 400.55 567 31.9 0.543
Propylether 193.15 210.15 232.15 261.15 301.95 362.85 530.6 30.3 0.360
Phenetole 264.15 290.15 324.15 372.15 442.45 647 34.25 0.410
Methyl isobutyl ketone 212.15 230.15 252.15 282.15 324.65 389.25 571 32.73 0.377
2-Hexanone 230.15 252.15 271.35 307.65 335.05 400.35 587 33.21 0.385
3-Hexanone 233.15 257.15 288.15 331.65 396.25 582.8 332 0.371
2-Heptanone 251.15 276.15 309.15 355.35 423.75 611.5 34.39 0.475
Methyl phenyl ketone 309.15 346.15 398.45 474.65 714 40.6 0.351
Furfural 247.15 265.15 289.15 320.15 365.55 434.55 670 58.9 0.382
2-Ethoxyethyl acetate 248.15 265.15 287.15 317.75 361.15 428.75 607.3 31.66 0.536
2-(2-Ethoxyethoxy)ethylacetate ~ 257.15 283.75 317.05 359.35 414.45 489.75 663 273 0.743
2-Methoxyethanol 216.15 236.15 261.15 294.15 336.95 397.45 597.6 52.85 0.450
2-(2-Methoxyethoxy ethanol 285.15 313.15 349.15 397.35 466.85 672 36.7 0.515
2-(2-Ethoxyethoxy )ethanol 313.15 353.45 405.55 474.55 670 31.67 0.554
Methanol 186.15 204.15 225.65 252.75 288.35 337.35 512.6 80.89 0.555
Ethanol 200.15 217.15 239.15 266.15 302.35 351.15 513.9 61.4 0.640
1-Propanol 219.15 235.15 257.15 283.15 320.15 370.05 536.7 51.67 0.618
Isopropyl alcohol 208.15 224.15 245.15 271.85 306.75 355.15 508.3 47.62 0.658
n-Butanol 236.15 253.15 273.15 301.15 337.15 390.55 562.9 44.18 0.587
2-Butanol 223.15 239.15 259.15 285.75 321.35 372.35 536 41.94 0.572
2-Methyl-1-propanol 234.15 249.15 268.15 294.05 329.15 380.75 547.7 42.96 0.586
t-Butanol 307.55 355.25 506.2 39.72 0.604
1-Pentanol 246.15 263.15 285.15 314.15 352.95 410.55 588.2 39.1 0.567
2-Methyl-1-butanol 246.15 262.15 282.15 309.35 346.55 401.45 571 33.39 0.537
3-Methyl-1-butanol 251.15 266.15 286.15 312.25 348.85 403.25 579.5 39.3 0.553
2-Methyl-2-butanol 268.15 290.85 323.75 374.85 545 39.51 0.496
Cyclohexanol 307.15 334.15 372.35 433.85 625.1 37.49 0.519
1-Hexanol 278.15 301.15 329.95 370.45 430.25 610 40.53 0.642
1-Heptanol 290.15 313.15 343.25 385.65 449.15 633 304 0.545
1-Octanol 285.15 303.15 326.15 357.15 401.35 467.95 652.5 28.6 0.578
2-Ethylhexanol 318.15 348.15 391.45 457.35 640.2 27.56 0.538

(continued on next page)
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(continued from previous page)

Name 1Pa 10 Pa 100 Pa 1 kPa 10kPa T, [K] 7. [K] P [bar] 1)
1,4-Butanediol 318.15 350.15 389.15 437.85 500.75 727 62.2 0.689
1-Nonanol 313.15 337.15 370.05 414.15 486.15 671 26.25 0.597
1-Undecanol 325.35 353.15 355.15 391.15 440.75 517.25 703.6 21.47 0.584
1-Tridecanol 34475 374.15 376.15 413.15 465.45 546.25 734 19.35 0.607
1-Tetradecanol 353.15 383.65 422.75 425.15 478.45 559.85 747 18.1 0.616
1-Hexadecanol 372.65 403.75 445.05 448.15 502.15 584.85 770 16.1 0.641
Cyclopentanol 260.15 284.65 315.35 355.65 413.15 619.5 49 0.435
2-Methyl-3-pentanol 302.95 341.95 399.15 576 34.6 0.478
Phenol 263.45 282.75 307.25 342.05 386.85 454.55 694.2 61.3 0.435
Benzyl alcohol 281.15 301.15 327.15 361.15 407.85 478.05 720.2 43.99 0.374
0-Cresol 266.75 285.95 313.35 345.45 393.45 463.65 697.6 50.05 0.427
m-Cresol 293.95 306.75 325.55 355.75 403.75 474.95 705.8 45.59 0.448
p-Cresol 272.95 293.85 325.85 356.25 403.85 474.65 704.6 51.47 0.499
Acridine 397.55 449.35 519.15 618.55 891.1 32.1 0.454

208 49088 + 5.7874 b
=4, + 5.
y X 0.40 0.45 0.50 0.55
T T
u <O EXP.
© Riedel
-2.5 & Clausius - Clapeyron
T
™
. = 0.60 065 0.7¢
S -3.5 o
i —~ &
66
0 ' ' ,
0 1 2 3 -4.5
w .
Fig. 3 Corresponding State Expression of Bromo-chloro-
Fig. 1 Relationship between Acentric Factor (w) and Riedel’s ¢, difluoromethane
T, 0 Ty/T. 0.7 TJ/T,
0.60 0.62 0.64 0.66 log(P/P.) == 0
-2.0 T ; -
2.1t | 1
: / -0~ EXP. } o
.22 -0 Riedel /'
&g a  Clausius - Clapeyron log(0.1/P -1.633
ol 2.3k T e g
\6/0 15() S 0.67 0.69 gﬂﬂ II
=94 s 7 Boiling point
//j/ -7 . 9630 L
25 ot —Large o
-1.9
26 / L Small

21

Fig. 2 Corresponding State Expression of 2-Methyl-1-propanol

WZIEFISE W E 2 D,
© = 04295 (log P.)"* = 1.0

ZDiER%E Lee-Kesler ® 0 b & ® Fig. 51278 F o RERE
RWICIFEDOHEL IZIZF LHELZ R &b r b, L
L, HED2TZ—FEL, URAHP0ITENT &0 5 GA PRM
L72Eq.9) " —FEENTWDLEE 25, T2, RoFLLT
b IEH I HA T Lee Kesler #:1I EHMETo vy LR L2 &
I 2 GA & V7= LA RBEIIIER I AR & fEET

J. Jpn. Petrol. Inst.,

Fig. 4 Acentric Factor Definition Chart

XLTENHLNE Lo T,

4.3. ZEXBREICLZIRTEHEXDEE

WIZ, ZDOLIERIRIE 2 o CHEALOMER 2 HE L7,
FAR L7z &9 12 Riedel RUFHAMZ RALKER R EREO L
WRTI T, AT SRV ET E TIERIC & < EBRE A 3
T b &2 TARIMIETIE, Riedel LTHIED TR WVAT HJET,
BICEFE» G OIRE (10kPa LIT) FEOIAE 2 HH T 5%
SIEROHHEZ HIE L, Eq.(11) THEE DL LIRE L TSI R
INZ T B &) WER R PE L 72,

Vol. 50, No. 3, 2007



w
=3
1

LK o y = 1.0247x - 0.0085 R*=0.9931
2 51| Edmister » Yy =0.9452x +0.0247 R*=0.9927
This Work  y =0.9975x - 0.0017 R? = 0.9931
3 2.0 ‘: ot
g £
B15
=
2 * LK-w
S 1.0 il I
O Edmister
05 « This Work
0.0 :

[ 1 1
00 05 10 15 20 25 30
Acentric factor ( ® )

Fig. 5 Acentric Factor Estimation

Table 1 Coefficients for Eq. (11) Determined by GA
Cy=-21.023426
Ci o Bi Yi i £
i=1 3811 —0.515 —0.029 —0.091 -0.502 —0.894
i=2 -1.190 -1.376 0.235 —0.036 —0.039 0.064
i=3 20.383  0.096 0.016 0.035 0.024  0.055
my%_a+2c( ]TTM?M (11)
i=1
WHEOESEA TR T.(=TIT.) %) T LD%wnwps, 22T
W TIT, * V7o SIS BROIEEE 2 2056, BRAIRE

OFEBRMEIZIEFICATLIZL WD b, F400KD % ZAED
10kPa ATOIKIETH S Z L 06 TIT, * liVi7ze 72, 22
TO 0 lEEq.(9) CHELZMIOHFEH W, iDfELX2~4
FCHETLA2E A, i=2CTETHLERENEONL o T,
T/, i=4TIENHEPEFIESHEED Thholze £2 T,
i=3L LTGAICE o TRREDR/NE D 1985 E KD 72,
GA D/NT A —4 — & L CITERERIER07, KAMEF0.2,
TRy 7ER, ) — MMEE Tt s T 52000, AL EL
300,000 TEHR 21T o 72,

GA DR, KF 572 Eq. (11) D184 % Table 112

4.4. SEABRBEAKEXDOMHEERER

RO - 7-EKE T — %13 “CRC Handbook” 1ZZER
JEF =7 P s T, »olRiEE, BREDE L ER
filihsd 1), Eq.(9) TEHEENAROHETH036 I (k) o
LB DIELFET — 5 Thbo TDWNFE Table 2127R T,
COLI)BILEME LTI T VI — MEE AR R B 3
CEDbhb. BENTREE Mo THEXN ML L LEY
DHEZIEDOHB &5t L7z Table 312”37 VTe F
¥, TAFIVE 7HVI— VETELEAEBEEESTEA
Riedel R & DV HEE o 720 I, TV Ia—LEWTIX
127 =89 RA Y D) H11TT7—F KA b TLIENERHE
HLAEXDOREEA Riedel % L F > Twr/z,

S5, FHlT 2 EKIEOKRNE SIS 2 IRGEHE A G L7,
Tmm4u?¢i5’ JEHIMNE S | Pa 2 R T A2
79% &\ ) FETEHIEARMMAERLER D H A Riedel K & D
uhfwtowpréﬂﬁféé JETID3E £ 72 % 1 kPa ~

FLDd,

J. Jpn. Petrol. Inst.,

121

Table 2 Types of Compounds Used for Building of Eq. (11)

Type n
Acid 4
Aldehyde 1
Amine 13
Ether 2
Ketone 5
Alcohol 30
Ester 8
Complex 6
Total 69

Table 3 Categorical Average Errors of Vapor Pressures Using Eq.
(11) and Riedel Equation

n Eq. (11) Riedel
Alcohol 132 0.246 0.400
Acid 16 0.197 0.159
Aldehyde 5 0.068 0.076
Amine 50 0.307 0.204
Ester 37 0.173 0.180
Ether 9 0.066 0.059
Ketone 21 0.199 0.183
Complex 27 0.291 0.220

Z‘log (Pup.exp.) —1og (Pop.cate. )‘/n

Table 4 Dependency of Pressure Range to Average Deviations
Using Eq. (11) and Riedel Equation

Pressure 1Pa 10 Pa 100 Pa 1 kPa 10 kPa
n 43 54 64 67 69
Ratio [%] 79.1 75.9 59.4 46.3 449
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Fig. 6 Vapor Pressure Estimation by Eq. (11)
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