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Ebulliometric Determination of PTx Data and GE for Acetone +

Methyl Acetate from 20 to 60 °C

James D. Olson

Research and Development Department, Unlon Carbide Corporation, South Charleston, West Virginia 25303

An ebulllometer was used to measure total vapor-pressure
(Px) data on 21 mixtures of acetone + methy! acetate
(and the pure components) at 5 °C Intervals between 20
and 60 °C. A two-parameter Redlich—Kister G® model fit
the individual isotherms via Barker’s method with an
average standard error of 0.05% In pressure. Equimolar
GE values thus derlved vary 33% depending on which
virial coefficlent correlation Is used to calculate the
mixture fugacity coefficlents. Use of the
Hayden-0’Connell virlal correlation ylelds Gt values
whose temperature dependence Is consistent with
calorimetrically determined HE datla. The azeotroplc
composition decreases from 0.78 mole fraction acetone at
20 °C to 0.57 at 60 °C.

Measurement of PTx data as a route to vapor-fiquid equilibria
is an alternative to direct measurement of PTxy data in equi-
librium stills. Use of PTx data requires rigorous and complete
thermodynamic analysis of the equations and methods used to
compute GE and y (7, 16). This is possible with the advent of
digital computers.

Px data are usually measured isothermally in a static va-
por-pressure apparatus (tensimeter). However, in this work,
data were obtained from experiments in an ebuliometer which
is a one-stage totalrefiux boller equipped with a vapor-lift pump
to spray slugs of equilibrated liquid and vapor upon a ther-
mometer well. Swietoslawski showed (74) that, although
ebulliometry uses steady-state boiling rather than gradient-free
static equilibrium, vapor-pressure data measured in an ebul-
liometer for pure components agree well with data from iso-
thermal static measurements. The purpose of this work is
twofold: (i) to compare ebulliometrically determined Px data at
50 °C for the system acetone (1) + methyl acetate (2) with
recent measurements of DiElsi, Patel, Abbott, and Van Ness (6)
which were determined isothermally in a static tensimeter and
{ii) to present Pxdata and GF for this system in 5 °C increments
from 20 to 60 °C. Heat-of-mixing data, HF, computed from the
temperature siope of the GE data are compared to calorimetric
HE data to test thermodynamic consistency.

Experimental Section

The acetone and methyl acetate were chromatoquality
(99.5+ mol %) reagents from Matheson Coleman and Bell used
as received. No volatile impurities were detected in the acetone
by our own gas chromatography (FID) analysis; however, a
small peak (0.1 area %) was detected from the methyi acetate.
This impurity was found by GC/MS to be benzene. Karl Fischer
titration revealed 0.053 wt % water present in the acetone and
0.27 % in the methyl acetate. Care was taken during the ex-
periments not to expose the chemicals to the humid iaboratory
atmosphere. Of course, no degassing is necessary for ex-
periments in an ebulliometer.

The ebulliometer (9) is shown in Figure 1. The boiler, which
was constructed from concentric pieces of giass tubing, has
sintered glass fused to the heated surface.to promote smooth
ebullition. A nichrome wire heats the boller electrically. Twin
vapor-lift pumps spray liquid and vapor siugs on the thermom-
eter well which is wrapped with a glass spiral to promote
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Table I. Vapor Pressures (torr) of Acetone and Methyl Acetate®

T, °C acetone? methyl acetate®
20.000 185.373 172.450
25.000 230.677 216.278
30.000 285.423 269.695
35.000 349,110 332.225
40.000 424,747 406.823
45.000 512.497 493.835
50.000 615.340 596.524
55.000 732.397 713.700
60.000 868.087 850.190

@ Antoine equation constants (log,, P2t = A4; ~ [B;/(C; +
T(C))]: acetone, 4, = 7.10485, B, = 1202.05, C, = 228.510,
&p = 0.28 torr; methyl acetate, A, =7.15892, B, = 1202.20,C, =
224.246, 6p=0.36 torr. b Mean of three replicates, standard
error at each temperature, 0.02-0.06%. € Mean of five replicates,
standard error at each temperature, 0.02-0.07%.

thermal equilibrium. The ebulllometer is connected to the ma-
nostat through a standard condenser which is cooled with a -20
°C glycol-water mixture. The entire apparatus is insulated
except the condenser and condensed-vapor return. Finally, the
side view shows a septum-covered stopcock where materials
can be introduced into the apparatus.

The pressure was controlled with a Mensor Model 10205
quartz manometer/manostat. This instrument is equipped with
a direct-reading option for 0-1000 torr (1 torr = 133.3224 Pa)
with resolution of 0.01 torr. Pressures derived from the dial
reading and the calibration chart are accurate to £(0.01% +
0.02 torr) for a recently calibrated instrument.

Temperatures on the IPTS-68 scale were measured with a
Hewlett-Packard Model 2801A quartz thermometer. This
thermometer was calibrated at each of the experimental tem-
peratures by comparison to a Leeds and Northrup primary-
standard platinum resistance thermometer traceable to NBS.

Experimental Procedure. The ebulliometer was flushed with
dry nitrogen, and the condenser coolant circulation started. A
Hamilton gas-tight syringe (capacity = 50 cm?®) was flushed wih
nitrogen, and a sample of methyl acetate was drawn from the
reagent container through a septum. The methyl acetate was
then injected Into the ebulliometer through the septum-covered
port. This procedure was repeated with a clean syringe for the
desired amount of acetone. The syringes were weighed on a
Voland balance to =1 mg before and after each addition which
gave the total mass of each component added to the ebul-
liometer. The ebulliometer was then connected to the manostat
which was set at the approximate vapor pressure of mixture
at 20 °C, and the electrical heater turned on. After steady-state
boiling was observed (30-45 min), the manostat dial was ad-
justed until the ebulliometer temperature read exactly 20.000
£ 0.0005 °C. The corrected manostat reading was then re-
corded as the solution vapor pressure. Data were obtained
similarly at 5 °C increments to 60 °C by manipulation of the
manostat control pressure. Equilibration was rapld (10-15 min)
at each new point. In this fashion, data for two mixtures were
measured per 8-h day.

Results

Table I contains vapor-pressure data from measurements on
the pure components. These data are essential for meaningtul
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Figure 1, Front and side cross-sectional views of ebulliometer: (a)
to manostat; (b) condenser; (c) thermometer well; (d) vapor-iift pump
(two-arm); (e) boiler; (f) stopcock; (g) condensed vapor return; (h)
cor;denser coolant inlet; (i) septum; (---) indicates liquid level ~75
cm®.
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Figure 2. Acetone vapor pressure residual from Antoine equation: (©)
experimental point; (—) indicates devlation from data of ref 2.

mixture experiments to insure that the derived GE represents
only the mbcture nonideality, not systematic errors in the pure-
component vapor pressures (7, 76). Note the agreement be-
tween the vapor pressures of acetone and the data of Ambrose
et al. (2) as shown in Figure 2. No such definitive reference
data are available for methyl acetate.

Raw data for calculation of the liquid-phase mole fraction, x,
are given in Table II. These data are essentlal to compute x
from z, the overall mole fraction charged to the ebulliometer.
A materlal-balance correction was computed to take into ac-
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Table II. Experimental Data for Composition Calculations

run® m,, g m,, g z,
1 24.070 42.889 0.4172
2 47.396 15.236 0.7987
3 34.965 29.023 0.6058
4 6.853 65.550 0.1177
5 25.048 39.752 0.4456
6 40.219 23.190 0.6887
7 16.644 51.354 0.2925
8 11.588 56.287 0.2080
9 53.893 8.358 0.8916
10 31.818 32.955 0.5519
11 28.680 36.256 0.5022
12 37498 26.092 0.6470
13 56.960 5.729 0.9269
14 3.925 66.740 0.0698
15 9.494 60.808 0.1661
16 50.048 12.127 0.8404
17 14.488 53.870 0.2554
18 41.962 18.577 0.7423
19 14.967 53.006 0.2648
20 55.960 5.741 0.9256
21 19.849 47.271 0.3488

@ Chronological order of experiments. VT=210 cm3. V€Y=
2.0 cm?®.
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Figure 3. Pressure deviation from Raoult's law for acetone (1) +
methyl acetate (2) at 50 °C: (@) this work; (A) ref 6.

count the composltion change due to the vapor space and the
presence of a film of condensed vapor (holdup) on the upper
walls of the ebulliometer (7). This correction is small, as seen
by comparing zin Table II to xin Table III. The vapor-liquid
equiibrium model used to compute this correction was obtained
from a preliminary analysis of the data in which x = z.

Results for 188 PTx measurements are shown in Table III.
Note that y, the vapor-phase composttion, is a calculated value
based on the Redlich-Kister G* model and the Hayden—O'-
Connell virlal correlation. The PTx data at 50 °C may be
compared to the resuits of DIElsi et al. (6) by computing AP,
the difference between the measured mixture vapor pressure
and the pressure predicted by Raoult's law (x P + x,P,™").
This deviation-pressure comparison minimizes the effect of
small differences in the measured pure-component vapor
pressures. Figure 3 is a plot of APvs. x. Note that the two
sets of data agree within experimental error except near the
equimolar point where differences of 4-6% in AP are ob-
served.

Values of GE and y were computed by a Gauss-Newton
nonlinear least-squares fit to the experimental mixture vapor
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Table HII. Pressure-Temperature-Composition Data

x, P, torr ».° X, P, torr »,°
T=20°C T=35°C
0.0 172.45 0.0 0.0 332.23 0.0
0.06941 174.81 0.0823 0.069 46 336.20 0.0802
0.117 14 176.54 0.1359 0.11721 338.83 0.1327
0.16543 178.23 0.1881 0.165 53 34147 0.1840
0.207 25 179.36 0.2319 0.207 37 343.31 0.2272
0.254 68 180.61 0.2803 0.254 80 345.11 0.2751
0.264 04 180.45 0.2897 0.264 17 344.98 0.2845
0.291 74 181.17 0.3173 0.291 88 346.01 0.3119
0.348 07 182.52 0.3724 0.34821 348.29 0.3667
0.416 57 183.63 0.4380 041672 349.75 0.4322
0.444 99 183.86 0.4649 0.44514 350.03 0.4592
0.50174 184.66 0.5182 0.501 89 351.17 0.5127
0.55148 185.31 0.5647 0.55162 351.92 0.5594
0.605 49 185.76 0.6151 0.605 63 352.25 0.6102
0.646 82 185.86 0.6539 0.646 95 352.31 0.6493
0.68855 186.19 0.6930 0.688 68 352.49 0.6889
0.74229 186.50 0.7439 0.74240 352.69 0.7404
0.798 70 186.32 0.7981 0.798 81 352.22 0.7953
0.84041 186.26 0.8387 0.84048 351.85 0.8362
0.891 66 186.17 0.8893 0.89171 351.29 0.8877
0.92562 185.75 0.9235 0.92565 350.29 0.9224
0.92697 185.81 0.9248 0.92701 350.41 0.9238
1.000 00 185.37 1.000 1.000 00 349.11 1.0000
T=25°C T=40°C
0.0 216.28 0.0 0.0 406.82 0.0
0.06943 219.13 0.0815 0.06948 411.50 0.0795
0.11717 221.03 0.1348 0.11724 414.50 0.1317
0.16546 223.09 0.1867 0.165 55 417.53 0.1828
0.207 30 224.40 0.2303 0.207 40 419.66 0.2259
0.25472 225.84 0.2785 0.254 84 421.71 0.2737
0.264 09 225.69 0.2879 0.264 21 421.46 0.2830
0.29179 226.51 0.3154 0.29192 422.81 0.3103
0.34812 228.13 0.3704 0.348 26 425,23 0.3651
0.41662 229.39 0.4360 0.416 76 426.69 0.4307
0.44504 229.66 0.4629 0.44518 427.20 0.4576
0.50180 230.67 0.5163 0.50194 428.41 0.5112
0.55153 231.27 0.5628 0.551 66 429.18 0.5580
0.605 54 231.69 0.6134 0.60567 42946 0.6089
0.646 86 231.80 0.6522 0.64698 429.54 0.6480
0.688 59 232.05 0.6916 0.68868 429.64 0.6877
0.742 34 232.30 0.7428 0.74243 429.73 0.7394
0.79875 232.15 0.7971 0.798 83 428.98 0.7944
0.84043 232.01 0.8379 0.84050 428.46 0.8357
0.89168 231.78 0.8888 0.89173 427.64 0.8873
0.92563 231.23 0.9231 0.92567 426.36 0.9220
0.926 98 231.30 0.9245 0.927 02 426.51 0.9234
1.000 00 230.68 1.000 1.000 00 424.75 1.000
T=130°C T=45°C
0.0 269.70 0.0 0.0 493.84 0.0
0.069 45 273.05 0.0808 0.06949 499.24 0.0790
0.11719 275.34 0.1337 0.11725 502.70 0.1309
0.16550 271.66 0.1853 0.165 58 506.05 0.1817
0.207 34 279.25 0.2287 0.20743 508.46 0.2247
0.254 76 280.87 0.2767 0.254 87 510.86 0.2723
0.264 13 280.70 0.2861 0.264 24 510.65 0.2816
0.291 84 281.64 0.3135 0.291 95 512.03 0.3088
0.34817 283.51 0.3685 0.34829 514.61 0.3635
0.416 67 284.92 0.4340 0.416 80 516.72 0.4291
0.44509 285.18 0.4609 0.44523 516.84 0.4560
0.501 85 286.30 0.5144 0.501 98 518.10 0.5096
0.55158 286.96 0.5611 0.55170 518.92 0.5565
0.605 58 287.36 0.6118 0.605 71 519.18 0.6076
0.64691 28745 0.6507 0.64702 519.11 0.6468
0.688 63 287.62 0.6902 0.68873 519.07 0.6867
0.742 34 288.02 0.7415 0.74246 519.13 0.7385
0.79878 287.64 0.7962 0.798 86 517.95 0.7938
0.84046 287.35 0.8371 0.84052 517.27 0.8352
0.89170 286.99 0.8883 0.89174 516.16 0.8869
0.92564 286.22 0.9227 0.925 68 514.56 0.9218
0.92699 286.34 0.9241 0.92703 514.71 0.9232
1.000 00 285.42 1.000 1.00000 512.50 1.000



Table III. (Continued)
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X, P, torr »,° X, P, torr »,°
T=50°C T=55°C

0.0 596.52 0.0 0.502 06 743.90 0.5069
0.069 50 602.68 0.0784 0.55178 744.72 0.5540
0.11727 606.69 0.1300 0.60577 744.50 0.6052
0.165 60 610.38 0.1806 0.64709 744.28 0.6446
0.20746 613.10 0.2234 0.688 80 743.97 0.6847
0.254 90 615.72 0.2709 0.74253 743.48 0.7368
0.264 28 615.51 0.2802 0.79891 741.67 0.7924
0.29198 617.17 0.3075 0.840 57 740.40 0.8341
0.348 33 620.12 0.3621 0.891 77 738.26 0.8862
0.416 84 622.04 0.4277 0.92570 735.74 0.9213
0.44527 622.33 0.4547 0.92705 736.55 0.9227
0.502 02 623.61 0.5084 1.00000 732.40 1.0000
0.55174 624.51 0.5553 T=60°C
0.605 77 624.54 0.6065

0.0 850.19 0.0
0.64702 624.42 0.6457

0.117 30 863.34 0.1287
0.68877 624.34 0.6857

0.165 64 868.20 0.1789
0.742 50 624.02 0.7377

0.20751 871.35 0.2214
0.798 89 622.64 0.7930

0.254 96 875.10 0.2687
0.840 54 621.62 0.8345

0.264 33 874.70 0.2779
0.89176 620.09 0.8865

0.29204 876.63 0.3051
0.92567 618.11 0.9215

0.34840 880.04 0.3596
0.927 04 618.37 0.9229

0.41691 882.44 0.4250
1.000 00 615.34 1.0000 0.445 34 882.16 0.4520

T=55°C 0.50209 883.79 0.5058

0.0 713.70 0.0 0.55182 884.49 0.5527
0.069 51 721.73 0.0780 0.605 82 884.14 0.6042
0.11729 725.37 0.1293 0.64713 883.74 0.6437
0.16562 729.39 0.1798 0.688 84 882.79 0.6838
0.20749 732.54 0.2224 0.742 56 882.49 0.7361
0.254 93 735.59 0.2698 0.798 94 879.74 0.7918
0.264 31 735.24 0.2790 0.840 59 878.19 0.8336
0.29202 737.11 0.3062 0.89179 875.90 0.8858
0.34836 740.38 0.3608 0.92571 872.22 0.9210
0.41687 742.85 0.4262 0.92706 873.02 0.9224
0.445 30 742.49 0.4532 1.000 00 868.09 1.0000

¢ Calculated by Barker’s method.

pressures coupled with a bubble-point calculation during each
iteration (Barker’s method). No attempt was made to correct
for the presence of the trace water. The equation which de-
scribes the thermodynamic equilibrium between the phases at
a particular temperature T and equillbrium pressure Pis eq 1,

¢, ¥ P= v, x P*¢, exp[(P- P*)V,/(RT)] I=1,2
(1)

where ¢ is the vapor-phase fugacity coefficient, v is the lig-
uid-phase activity coefficient (reference state: pure liquid at
system Tand P), P*! is the pure-component vapor pressure,
and Vis the pure-component saturated-liquid molar volume.
The exponential pressure correction terms contain usual ap-
proximations ( 72) for the pressure dependence of the volu-
metric properties of the liquid phase.
The GE model was the Redlich-Kister equation

GE = xX,[A+ B(xy - x)) + Clx; - xF +..] (2

RTIn v, = G + x(0G®/x)re ihj=12 (3

where A, B, C, ... are parameters to be estimated in the
least-squares fit.

The equation of state for the vapor-phase mixture was the
pressure-explicit virial equation truncated to the first correction
term

Z=1+ ByP/(RT) 4)
By =y?By + 2y1y,Bi + ¥*By (5)

where B,,, B, and B, are the pure-component and mixed

Table IV, Physical Properties and Virial Correlation Data for the
Acetone (1) + Methyl Acetate (2) System?

compd To, K Pgatm Ve cm® mol™? p®,gem™  (dp/dT)?°
Physical Property Data

1 508.1 464 209 0.7900 -0.00100
2 506.8 46.3 228 0.9339 -0.00130
w a b k,'j
Tsonopoulos Correlation Parameters
1 0.309 —-0.0309 0.0 0.10
2 0.324 —-0.0109 0.0 0.10
10%%u, O M3)¥2  10°R’, cm nii nij
Hayden-O’Connell Correlation Parameters
1 9.044 2.740 0.900 1.10
2 5534 2.862 0.850 1.10

2 Molecular weights of acetone and methyl acetate are 58.080
and 74.080, respectively.

second virlal coefficlents. The vapor-phase fugacity coefficlents
may be calculated from eq 6. Two correlations were used to

2
In¢,= (2 1_2:1 By - BwlP/(RT)] (6)

estimate the second virial coefficients: the method of Tsono-
poulos ( 75) and the method of Hayden and O'Connell (8). Data
used in these correlations and liquid density data are listed in
Table 1V.

The PTx data at 50 °C were fit with the one-, two-, and
three-constant Redlich-Kister models as shown in Table V.
Two parameters are sufficlent to describe GF, as was found by
DiElsi et al. (8). The two parameters from their Margules model
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Figure 4. Mixture pressure residual for acetone (1} + methyl acetate
(2) at 50 °C.

Table V. Redlich-Kister Parameters at 50 °C

no. parm® A, Jmol' B,Imol™ C Jmol! &p,torr
1 275.948 0.447
2 275.666 ~21.484 0.250
3 274.982 —21.866 2.79 0.258

% Number of Redlich-Kister parameters, eq 2.

Table VI. Redlich~Kister Parameters for Acetone
(1) + Methy! Acetate (2)

T,°C A, Tmol"' B, Jmol' &p,torr max Pgey, torr
20 290.070 —-21.909 0.123 0.232

25 286.979 —~22.963 0.136 0.237

30 284.461 —22.781 0.169 0.291

35 282.428 -22.893 0.186 0.366

40 280.732 —22.256 0.207 0413

45 277.740 ~24.462 0.232 0.449

50 275.666 —21.484 0.250 0.510

55 275.391 -25.986 0.368 0.731

60 274.976 -25.730 0.430 0.982

may be calculated from the Rediich-Kister A and B constants
by eq 7 and 8. Subsequent fitting used only the two-parameter

A = (A- B)/(RT) (7)
Az = (A+ B)/(RT) 8

model. The pressure-residual scatter plot shown in Figure 4
indicates that the residuals are free from systematic runs.

Table VI contains results from fitting the two-parameter
Redlich-Kister model to Px data at each temperature. Good-
ness of fit is indicated by the standard root-mean-square error
in the calculated pressures and the maximum (P - Pgyy). Other
models were tested, including the Wilson and van Laar equa-
tions, but they offered no particular advantage over the two-
parameter Redlich-Kister equation.

Data given in Table VII compare the thermodynamic results
at 50 °C of DiElsi et al. (6) and our data using (i) the Tsono-
poulos correlation and (i) the Hayden—-O’Connell correlation.
The equimolar GE values computed from these two cholces of
virial correlation differ by ~33%. Although there is no reason
to pick one method over the other for data at a single tem-
perature, the Gt vs. T data computed by using the Hayden-

Table VII. Effect of Virial Correlation on GE at 50 °C
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Figure 5. Gt/(RT) from Barker's method analysis. (B} ref 6.

O’Connell correlation are more consistent with HE, the heat-
of-mixing, known from calorimetry as discussed in the next
section.

Discussion

The precision of the results is indicated by (i) the root-
mean-square standard error for replicates during the pure-
component vapor-pressure experiments (Table I), (if) the fitting
error of the Antoine equation (Table I), and (iii) the fitting error
for the mixture data (Table VI). On this basis the precision
expressed as standard error at each temperature is ~0.04%
in pressure. The overall (between temperatures) standard error
is probably 0.05-0.1%.

The evaluation of the accuracy of experimental measure-
ments in the absence of exactly known reference values is a
difficutt and ill-defined process ( 70). If systematic errors (bias)
are absent, the experimental uncertainty is the same as the
uncertainty expected from random errors, 0.05-0.1%. The
overall integrity of the experimental method is shown by (i) the
agreement of the acetone vapor-pressure data with the refer-
ence data of Ambrose et al. (2) and (ii) the agreement of the
50 °C mixture data with the data of DiElsi et al. (6). These
comparisons indicate that serious systematic errors are absent
from the procedure.

The thermodynamic consistency of the temperature depen-
dence of the GE values can be tested by comparison to cal-
orimetrically determined HE data according to eq 9, where g =

HE = _RT¥3g/dT), (9)

G5/(RT). The value of the equimolar HE determined from ca-
lorimetry at 50 °C is 86.5 J mol™' (717). Figure 5 shows gvs.
T from analysis of our PTx data which used, in the one case,
the Tsonopoulos virlal coefficient correlation and, in the other,

&p, torr max Pgey, torr  GE,S J mol™ e v »,@
this work? 0.250 0.510 68.9 1.1169 1.0992 0.508 35
this work 0.251 0.539 91.6 1.1547 1.1374 0.50853
ref 6% 0.29 0.71 94.1 1.1588 1.1421

@ Used Hayden-O’Connell virial correlation. ° Used Tsonopoulos virial correlation. € Equimolar value, x, =x, = 0.5. d Calculated value

for experimental point, x, = 0.50202.
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Figure 8. Calculated excess second virlal coefficient of acetone (1)
+ methyl acetate (2).

TaBle VIII. Acetone (1) + Methyl Acetate (2) Azeotrope

this work lit.

T,°C x,AZ  PAZ torr x,AZ  pPAZ torr ref
20 0.7788 186.36 0.7960 182.2 4
25 0.7539 232.19
30 0.7202 287.79 0.6880 282.3 4
35 0.6949 352.58
40 0.6686 429.70 0.5935% 4237 4
4S5 0.6427 519.27
50 0.6204 624.66 0.6272 624.40 6
50 0.6214¢ 624.67¢  0.78 13
50 0.6555°¢ 623.81°¢ 5
5§ 0.5934 744.78
60 0.5727 884.38

4 Calculated with Tsonopoulos virial correlation. ? Estimated
value; x = y data point not given. € Data of Severns et al. reana-
lyzed by DiElsi, ref 5.

the Hayden-O'Connell virial coefficient correlation. Use of the
Hayden-0'Connell method leads to a value of ~88 J mol™' for
the 50 °C equimolar HE while use of the Tsonopoulos method
gives an athermal or slightly exothermic equimolar HE at 50 °C.
On this basis, I conclude that use of the Hayden—0'Connell virial
correlation leads to a more realistic representation of the va-
por-phase mixture properties.

The ditference between mixture virial coefficients predicted
by the Tsonopoulos and Hayden-O'Connell methods can be
seen by plotting the temperature dependence of the excess
second virial coefficient 8, defined by eq 10, as shown in Figure

0= By -(By+ Bp)/2 (10)

6. As seen, d6/dT is negative for Tsonopoulos and positive
for Hayden-0O'Connell. This is the reason for the dramatically
different Gt vs. T plots in Figure 5. Note also that Hayden—
O'Connell predicts negative values of §, which indicates chem-
ical interaction (solvation) between acetone and methyl acetate
in the vapor phase. A k;value of -0.04 used in the Tsono-
poulos method gives approximately the same 6 vs. T as Hay-
den-0'Connell. Moreover, the rough guide for prediction of k;
given by Tsonopoulos ( 75) does not include ketone + ester
systems; the most chemically similar choice is ketone + ether
where k; = 0.13. A value of 0.10 is the k,used for data shown
in Figure 6 and apparently also used by DiElsi et al. (6). Tso-
nopoulos points out that a negative k;is observed in systems
when chemical effects are present.

A direct measurement of 6, perhaps by the Knobler method
(77), would eliminate the possibility that the more realistic G¢
temperature dependence obtained from use of the Hayden-
O'Connell method is an artifact. Finally, note that, even though
the equimolar GE values are 33% different for the different
choices of virial correlation, the goodness of fit to pressure and
the calculated y values are virtually unaffected (Table VII).
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Table VIII contains calculated azeotrope compositions and
pressures from 20 to 60 °C based on a second-order Lagran-
gian interpolation of the data of Table III and the calculated
pressures. These data are compared with previous work (4,
6, 13).
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Glossary

a, b polar contribution parameters, Tsonopoulos virial
correlation, ref 15

A Ap Margules GE model parameters

A, B, Redlich-Kister GE model parameters, J mol™"

C, ..
A, B, Antoine vapor-pressure equation parameters, logg,
o) torr, °C

By second virial coefficient, interaction between mole-
cules /and J, cm® mol™’

By mixture second virial coefficient, cm® mol'

9 GE/(RT)

GE liquid-phase molar excess Gibbs energy, J mol™'

HE liquid-phase excess enthalpy (heat of mixing), J mot™

ky interaction parameter, Tsonopoulos virial correlation,
ref 15

m mass of component / added to ebulliometer, g

P pressure, torr

P oica pressure calculated from Antoine equation (Figure
2) or from Barker method fit to mixture data (Fig-
ure 4)

P dev P-P caicd

R gas constant, 8.31433 J mol™’

R’ radius of gyration, Hayden-O’Connell virial correla-
tion, ref 8, cm

T absolute temperature, K

v! volume of phase /, cm?®

v saturat1ed liquid molar volume of component /, cm®
mol”

X; liquid-phase mole fraction of component /

Y vapor-phase mole fraction of component i

Z total mole fraction of component / added to ebui-
liometer

V4 compressibility factor of vapor

Greek Letters

Y liquid-phase activity coefficient of component /(ref-
erence state: pure liquid at system Tand P)

8 excess second virial coefficient, cm® mol™'

AP difference of mixture pressure from Raoult’s law,
torr

ny chemical interaction parameter, Hayden-0O’'Connell

virial correlation, ref 8

u molecular dipole moment, Hayden-O’Connell virial
correlation, ref 8, (J m®)"?

p liquid—-phase density, g cm®

Op standard root-mean-square error of least-squares fit

to pressure, torr

b, fugacity coefficient of component /
w acentric factor, Tsonopoulos virlal correlation, ref 15
Subscripts

1 of component 1, acetone

2 of component 2, methyl acetate

M of the mixture

c at the liquid-vapor critical point
Superscripts

AZ at azeotrope

cV in the condensed vapor phase

T total in system (ebulliometer)
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sat pure saturated liquid
L at infinite dilution
20 value at 20 °C
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Ultrasonic Velocitles, Densities, and Viscosities of Triethylamine in

Methanol, Ethanol, and 1-Propanol

A. Kumar, O. Prakash, and S. Prakash*

Chemical Laboratories, Unlversity of Allahabad, Allahabad, Indla

Ultrasonic velocltles, denslties, and viscosities of
trlethylamine In methanol, ethanol, and 1-propanol have
been measured at 25 °C. From experimental data
isentropic compressiblilly, molar volume, and thelr excess
values along with excess viscosily and excess molar
Gibbs free energy for the actlvation of flow have been
computed and presented as functions of composition. The
parameter d of the Grunberg and Nissan expression has
also been calculated. The results indicate A-B-type
interaction which decreases In strength with an Increase
in the chain length of alcohols.

Introduction

Considerable interest has been stimulated by the ultrasonic
and viscosity investigations of binary liquid mixtures. The non-
ideal behavior of liquid mixtures has been predicted by Tuom-
ikoski and Nurmi (7), Fort and Moore (2, 3), Flory and co-
workers (4, 5), Prakash et al. (6), Nigam and Singh (7), and
Raman and Naidu (8). The deviations from the law of additivity
in the values of various parameters indicate the existence of
specific interaction between unlike molecules. Triethylamine
(TEA) is a weakly polar liquid, whereas alcohols are polar and
assoclating. The present work deals with the study of ultrasonic
velocity, isentropic compressibility, molar volume, viscosity, and
excess values along with excess molar Gibbs free energy for
activation of flow and the Grunberg and Nissan (9) term d for
the systems (I) triethylamine (TEA)-methanol, (II) TEA-ethanal,
and (III) TEA-1-propanol at 25 °C.

Experimental Section

Uitrasonic velocity at 2 MHz was measured by a singie-
crystal variable-path interferometer. The transducer was a
goid-plated quartz cyrstal. The accuracy of velocity measure-
ment was £0.18%.

Density was determined by a double-walled pycnometer
having capillaries of narrow bore provided with welk-fitted glass

Table I. Densities of Chemicals
density at 25 °C

compd exptl lit. ref
triethylamine 0.7255 0.7254 16
methanol 0.7868 0.7870 3
ethanol 0.7851 0.78506 17
propanol 0.7996 0.79968 18

caps in order to avoid changes in composition due to evapo-
ration of the more volatile liquid. The accuracy in denslty is of
the order of 0.03%. (See Table 1.)

The suspended level Ostwaid viscometer callbrated with
benzene and double-distilled water was used for determining the
viscosities. The values are accurate to 0.001 cP. The tem-
perature was maintained constant by a thermostatic bath.

Ethanol (BCPW) and TEA, methanol, and 1-propanol (all BDH
AR grade) were purified by Copp and Findlay’s method ( 70).
The mixtures were prepared by mixing weighed amounts of
pure liquids and left for 2 h,

The isentropic compressibllity 3, is given by

Bo=vip-1 (1

where v is the ultrasonic velocity and p is the density. The
molar volume V of a mixture is defined as

v=M/p 2)

where M = xM, + (1 — x)M,, M, and x being the molecular
weight and the mole fraction of the first component, respec-
tively, and M, and (1 — x) the molecular weight and the mole
fraction of the second component, respectively. The viscosity
was determined from eq 3, where t and 7 represent the time

v = kinematic viscostty = /p = at- b/t 3)

of flow in seconds and the viscosity in centipoise, respectively,
of the mixtures, whereas a and b are the constants of the
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