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Vapor Pressure Determination of the Aliphatic G to Cg 1-Alcohols

Karamat Nasirzadeh,* Roland Neueder! and Werner Kunz*

Institute of Physical and Theoretical Chemstry, University of Regensburg, D-93040, Regensburg, Germany, and Department of
Chemistry, Azarbaijan University of Tarbiat Moallem, Tabriz, Iran

A precise static method is used to measure vapor pressures of 1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol
from 298.15 up to the boiling points of these alcohols. The vapor pressure data are correlated with the Antoine
and Wagner equations. From the measured vapor pressures, the enthalpies of vaporization are calculated. The
results are compared with literature values.

Introduction Table 1. Experimental Vapor Pressures of 1-Pentanol, 1-Hexanol,
The vapor pressure of a pure substance is an importam1—Heptano|, and 1-Octanol at Different Temperatures
thermodynamic property that is essential in chemical process p/kPa
design and fate analysis of environmental contaminants. Ex-  T/K 1-pentanol 1-hexanol 1-heptanol 1-octanol
perimental da;a over a wide temperature range, h_o_weverz are 29s.15 0.337 0.11% 0.029 0.01F
scarce, especially for the alcohols with a higher boiling point.  303.15 0.488 0.17® 0.045 0.017
Besides, the available results on vapor pressures and enthalpies 308-15 0.694 0.25¢ 0.063 0.027
atioA-—4 Cal istent as thev should  13-15 0.969 0.362 0.104 0.042
of vaporlzatlo are not always as consis _en ) Yy ou 318.15 1.359 0.5%7 0.156 0.063
be when these data are used for comparison with predictive 323.15 1.866 0.729 0.23¢ 0.093
calculations. In our previous worR§the vaporization enthalpies 32815 2.528 1.015 0.335 0.138
d f methanol, ethanol, 1-propanol, 2-pro- 333.15 3.381 1.395 o.481 0.200
and vapor pressures o , » 1-Propanol, 2-pro- 33g 15 4.467 1.895 0.681 0.287
panol, 1-butanol, 2-butanol, propylene carbonate, Bt 343.15 5.873 2.544 0.951 0.408
dimethylformamide were measured by a static method. As a ggg}g ;-ggg 2431;; i%% 8-%2
continuation, the vapor pressures and the standard molar 35575 12520 5759 5403 1072
enthalpies of 1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol 363.15 15.808 7.408 3.194 1.446
are studied in this work. 368.15 19.861 9.436 4.196 1.929
373.15 24.685 11.911 5.451 2.544
i i 378.15 30.467 14.905 7.005 3.319
Experlm_ental Sec“?” o 383.15 37.357 18.500 8.910 4.285
Materials. The purity of the alcohols after distillation under 388.15 45.451 22.786 11.223 5.479
dry nitrogen and drying with molecular sieves was checked with  393.15 54.875 27.863 14.002 6.938
gas chromatography (HP-6890) equipped with a flame ionization 398.15 65.845 33.842 17.315 8.706
he . . 403.15 78.450 40.846 21.230 10.830
detector (FID). The purities were determined with GC as 40315 49.015 25 822 13.362
follows: for 1-pentanol (Fluka, min 99 %) 99.97 %, 1-hexanol  413.15 58.504 31.170 16.357
(Lancaster, min 99 %) 99.81 %, 1-heptanol (Merck, min 99 %) 418.15 69.487 37.361 19.876
o . . 0 423.15 82.163 44.485 23.986
99.90 %, and 1-octanol (A'drlCh, min 99 /.0, anhy(-jl'OL!S) 9995 428.15 52.641 28.758
%. The water content detected by Karl Fischer titration (mci, 433.15 61.936 34.271
model CA-02) was less than 0.011 %, 0.014 %, 0.013 %, and ﬁg-ig gi-ggg 33'2%
0.007 % for 1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol, 44575 ’ 56.167
respectively. All alcohols were degassed prior to making the 453.15 65.454
measurements. 458.15 75.948
463.15 87.733

Vapor Pressure MeasurementEhe vapor pressure measure-
ments were performed with a precise vapor pressure apparatus 2Data not used for fitting.
that.ylelds total \_/apor pressure of solutions. The apparatus WasTable 2. Constants of the Antoine Equation Inp/kPa) = A — B/(T/K
designed especially for vapor pressure measurements of pure, 5)
fluids and of electrolyte solutions over a wide temperature range emp
from T = (278.15 to 473.15) K with an pverall uncgrtalnty N ompound  range/K A 5 c SDYkPa
temperature of 0.01 K and a reproducibility of 0.1 % in pressure.

- : 1-pentanol 318403 14.9571 3231.225 —98.138  0.043
Due to uncertainties of the zero point pressure of the manometer, 7 Lo oo 328423 151869 3545833 —94.190  0.032

volatile impurities, incomplete degassing of the samples, and 1-heptanol 348443 13.2516 2604.808 —147.696  0.014
leakage, an overall uncertainty of at least 5 Pa can be estimated.1-octanol 358463 13.6860 2985.671 —139.026  0.014

The temperature is based on the international temperature scale asp= [5(p — pead?(n — 3)]°S, wheren is the number of experimental

points.
* Corresponding author. E-mail: Werner.Ku@zhemie.uni-regensburg.de.
Fax: +49 941 943 4532. .
t University of Regensburg. ITS-90. The apparatus and the measuring method as well as
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Table 3. Constants of the Wagner Equation (Ing,) = (1/T;)(ar + br'® + cr?> + dr®)

temp
compound range/K pf/MPa TAK a b c d SDP/kPa
1-pentanol 318403 3.897 588.1 —11.806 12.0699 —20.477 13.884 0.014
1-hexanol 328423 3.417 610.3 —10.738 8.9016 —15.725 4.070 0.137
1-heptanol 348443 3.058 632.6 —10.255 6.7106 —10.331 —15.240 0.022
1-octanol 358463 2.777 652.5 —8.413 1.6281 —5.078 —17.052 0.015

aRef 8.5SD = [J(p — pea)?(n — 4)°3, wheren is the number of experimental points.
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Figure 1. Comparison of literature vapor pressures for 1-pentanol with Figure 3. Comparison of literature vapor pressures for 1-heptanol with
those obtained using the Wagner equation and the parameters listed in Tabldn0se obtained using the Wagner equation and the parameters listed in Table
3: O, our experimental data;, data from Kemme and Kre3®, Ambrose 3: O, our experimental datax, data from Kemme and Krefs; - -,

and Sprakeé? - - -, calculated with the Antoine correlation of Wilhoit and ~ Calculated from the Antoine correlation of Wilhoit and Zwolindki;-,
Zwolinskill calculated from the Antoine correlation of Stephenson and Malano\ski;

A, N'Guimbi et all®

2.0 T T T T T T T

480

20 1 1 1 1 1 1
360 380 400 420 440 460
T/K

420
T/K
Figure 2. Comparison of literature vapor pressures for 1-hexanol with those Figure 4. Comparison of literature vapor pressures for 1-octanol with those
obtained using the Wagner equation and the parameters listed in Table 3:0btained using the Wagner equation and the parameters listed in Table 3:

360 380 400

O, our experimental datas, data from Kemme and Kre3s®, Ambrose
and Spraké? - - -, calculated from the Antoine correlation of Wilhoit and
Zwolinski;** —, calculated from the Antoine correlation of Stephenson and
Malanowski*? a, N'Guimbi et al'®

O, our experimental data, data from Kemme and Kregs; - -, calculated
from the Antoine correlation of Wilhoit and Zwolinskl—, calculated from
the Antoine correlation of Stephenson and Malanow3i®, Hovorka et
al.13 a, Rose and Supin¥;*, Wieczorek and Stecki® +, N'Guimbi et
al.;’® v, Reddy et af®

wherep is pressureT is temperature; and, B, andC are the

Antoine constants. These constants are given in Table 2. To
Iobtain reliable fitting parameters, all vapor pressures below 1
kPa were excluded from the calculations.

For the Wagner equatiotthe fitting parameters were derived
by a nonlinear least-squares fit of the vapor pressures listed in
Table 1 using the formulation given by Poling et al.:

Results and Discussion

The temperature-dependent vapor pressure of pure 1-pentano
1-hexanol, 1-heptanol, and 1-octanol were measured Trem
(298.15 to 403.15) K for 1-pentandl, = (298.15 to 423.15)
for 1-hexanol,T = (298.15 to 443.15) for 1-heptanol, aiid=
(298.15 to 453.15) K for 1-octanahi5 K intervals. The results
are reported in Table 1.

The data of Table 1 are fitted with the help of the Antoine
equation:

In(p,) = (L/T,)(ar + br*® + cr®° + di) 2)

wherep; is the reduced vapor pressum,= p/pc; T, is the
reduced temperaturd; = T/T¢; andt is 1 — T,. The critical

In(p/kPa)= A — B/(T/K + C) (1)



Table 4. Comparison of the Enthalpy of Vaporization Values for
1-Pentanol, 1-Hexanol, 1-Heptanol, and 1-Octanol with Literature
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deviation is equal to about 9 Pa in vapor pressure for 1-hexanol
at 298.15 K.

Values (3) Concerning 1-heptanol, precise temperature-dependent
compound  TK  AygHlkImol™t  AvaHiikImol™  0AvagH" literature data over all the temperature range studied are rare.
1-pentanol 298 55.4 574 -35 Figure 3 shows the comparison of relative deviation of literature

55.4 0.0 vapor pressures values for 1-heptanol with those obtained using
56.9 —26 the Wagner equation and the parameters listed in Table 3. For
313 54.8 55.7 1.6 : .
302 539 56.9 a1 temperatures higher than 360 K, there is good agreement
328 53.2 549 -1.8 between our data and values calculated from the Antoine
343 52.4 52.8 -0.8 constants of Wilhoit and Zwolinskit At temperatures lower
358 50.7 519 —06 than 360 K, there are larger deviations from literature val-
g;g i?:g 3?:1 2:(15 ues?11.12.16/t gppears again that Stephenson and Maland#ski
1-hexanol 298 59.9 61.1 —20 used the data of Kemme and Krépghen reporting the Antoine
613 —26 constants for 1-heptanol.
59.1¢ 1.4 (4) For 1-octanol, several vapor-pressure measurements are
2(1)'?? :;'2 reported in the literature. As shown in Figure 4, there is good
313 58.7 575 17 agreement between our measurements and literature Yalities
323 58.3 57.9 0.7 in the given temperature range.
328 58.1 58.3 —04 The Clapeyron equation is a general equation originally
gig 22-8 gg-”’ _é-g relating vapor pressure, temperature, volume change, and
358 548 55 04 enthalpy of vaporization of a pure liquid in equilibrium with
368 53.9 53.8 0.2 the gas phase. If the volume of the liquid is much smaller than
1-heptanol 298 67.1 655 2.4 that of the gas and therefore is neglected and the gas-phase
67 01 behavior is treated as ideal, then this equation becBmes
310 66.8 65.2 25
2 . * _
240 o 65.0 26 din®E) _ ~Avf 3)
351 62.7 62.89 0.2 d(am) R
378 58.4 *
398 54.8 * where p is the vapor pressurepypH is the enthalpy of
418 51.7 * vaporization, T is the absolute temperature, aRds the gas
1 438 494 - constant. A linear relationship betweengph@nd 11 as we
-octanol 298 69.3 70.1 -1.1 . .
71.6 —32 found in our measurements shows that the enthalpy of vaporiza-
71.0 —24 tion is only weakly temperature-dependent in the temperature
303 69.3 69.6 —0.4 range studied. The corresponding values for the alcohols studied
gig gg-g gg-g :8-2 are given in Table 4 together with a comparison with literature
358 651 675 36 values. Some of the values compared are from calorimetric
380 61.2 61.6 —06 measurement$;2=27 and there is good agreement between our
401 57.9 58.5¢ —-0.7 calculated data and literatures values at some temperatures.
412 56.4 565 —0.4 Enthalpy of vaporization or sufficient data in the literature for
ﬁg gg:g 505 08 the calculation of the enthalpy of vaporization is not available
458 507 * at some temperatures.

aRef 4.2 0AvagH = (AvagH — AvagHit) x 100/AvaHii. © Ref 21.9 Ref Acknowledgment
22.¢Ref 23."Ref 24.9 Ref 9." Ref 25.1 Ref 18.] Ref 26.k Ref 12.! Ref
11.mRef 27." Ref 14.° Ref 16.P Ref 20.9 Ref 10." An asterisk indicates

not a sufficient number of literature data in the measured range.
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Nasirzadeh, who died in a traffic accident November 2004.
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