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Critical Point Measurements for n-Alkyl Benzoates (G to Ci3)
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The critical temperatures and critical pressures ohsatkyl benzoates gHsCOO(CH,),H with n = 1 to 6 have

been measured. All the substances are thermally unstable at their critical points. The method of pulse-heating of
a wire probe placed into the liquid under study has been used. Residence times are from (0.03 to 1) ms, which
results in little decomposition of the liquid in the course of measuring. The experimental critical properties of
alkylbenzoates have been compared with the values estimated by the group contribution methods of Constantinou
and Gani and Marrero and Gani.

Introduction Table 1. Sources and Purities of Compounds Used in Critical Point
Measurement
The paper reports the critical temperatures and pressures of ourity/%
the esters of benzoic acid with a straight alkyl chagh§COO-
(CHy)H from methyl benzoaten(= 1) to hexyl benzoaten(= m‘;g;"ufﬁng m:;tseljrmg
6). For methyl benzoate, the critical temperature and the critical critical critical
density have been determined by Steele éfam differential constants constants

scanning calorimetry results; sample decomposition was reduced compound  CASRN  supplier  suppli€r GC PMS GC PMS

by employing a single continuous heat at a heating rate of 0.333methyl benzoate 93-58-3  Aldrich >99.9 99.9 99.9 99.9 99.9

K-s™1. Then, the critical pressure was derived from vapor etrZyl ?ngw(;?:te 32'1%95%6 AA'I%TSA 3%‘30 %%% %%-% %%% %%-%
pressure measurements. However, extensive sample decompos;ﬂ-un‘;’lybenzoate 136.60-7  Aldrich 999 999 999 999 999
tion precluded the achievement of near-critical temperatures for pentyl benzoate 2049-96-9 AlfaAesar  99.6 99.0 99.2 99.0 99.1
ethyl benzoate, and its critical properties were estimated from hexyl benzoate  6789-88-4 AlfaAesar  99.2 99.8 99.6 99.8 99.5
the measurement of vapor pressure and two-phase heat capacity.

Therefore, it is reasonable to assume that all the benzoates
studied by us are thermally unstable at their critical points. The liquid layer near it were heated to the temperature of spontane-

pulse-heating method with ultralow residence times was used ;o boiling-up (attainable superheat). The time from the start
for our measurements. of a pulse to the moment of boiling-up was from (0.03 to 1.0)
ms. At the moment of boiling-up, a probe temperature perturba-
tion arises from an abrupt change of the conditions of heat
Materials. The samples of benzoates were of commercial ori- transfer from the probe to the liquid. The probe temperature
gin and were used without further purification. The sources, Was determined from its resistance at that moment. The probe
purities, and Chemical Abstract Service Registry Numbers temperature perturbation may be both positive and negative.
(CASRN) are given in Table 1. Before and after the measure- The pressure in the liquid increased until the negative temper-
ments, the purities of the samples were determined by gas chro-ature perturbation dropped to the level of the apparatus
matography (Shimadzu GS-Ha) and proton magnetic spectros-Sensitivity (21073 K). This pressure is taken to be equal to the
copy (Bruker DRX 400). The purity of the samples is not signif- measured value of the critical presspgé and the temperature
icantly changed in the course of measuring the critical properties. of the attainable superheat at this pressure is taken to be equal
Method. The pulse-heating apparatus and procedures usedto the measured value of the critical temperatfe An
for the measurements have been described in detail in previoughherent feature of the pulse-heating method is the fact that the
publications?# A liquid under study filled a Teflon cup with ~ values ofpy and T" are always less than the true critical
thin walls, and the pressure outside the cup was created by aproperties and should be corrected. The true critical constants
press and measured by a dial gauge. A platinum wire probe, of a stable compound are calculated by the following equations
2:1073 cm in diameter and (1 to 3) cm in length, was placed in
the liquid. The probe was heated by pulses of electric current p.=polmy T,=Tlt, Q)
in such a way that by the end of a pulse the probe and the thin

a Chemical Abstracts Service Registry NumbeFor a given lot.

Experimental Section

Here 1fro and 1t are correction factorsThe correction factors
* Corresponding author. E-mail: e-nikitin@mail.ru. Fax:7-343-2678800. vary from 1litp = 1.031 and I, = 1.003 for methyl benzoate
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Table 2. Critical Temperatures and Pressures oh-Alkyl 750 . . T T
Benzoates: Experimental and Calculated Values
TJdK pJ/MPa 740
compound exptl ref12 ref13 exptl ref12 ref13 730
methyl benzoate 69% 72 684.1 676.6 3.46: 0.1 3.568 3.589
7024 1 4.020+ 0.200 x 720
ethyl benzoate  70& 72 698.0 692.5 3.0530.09¢ 3.180 3.191 =
707+ 10° 3.480+ 0.500 710
propyl benzoate 71& 72 7109 7075 2.6&:0.088 2.854 2.867
butyl benzoate 72572 723.0 7215 2.4& 0.0 2578 2.600 700
pentyl benzoate 73& 78 734.3 734.7 2.1 00" 2.342 2378
hexyl benzoate 74& 72 745.0 747.2 1.98&0.06¢ 2.139 2191 690 1
AAPE? 0.48 0.81 6.6 7.7
MAPE® 1.6 2.7 9.8 11 n
400 T T T T n

a This work. ® Data from ref 1.¢ Estimated from the measurement
of vapor pressure and two-phase heat capacity in ref AAPE =
(UN)(3 ¥ = Y4y &®)-100, whereN is the number of experimental
data points, Y>™is the experimental value of the critical property,
and Y is the calculated value of the critical proper§MAPE =
()Ycexptl _ Ycalcc1ma)!YcexptV)_loo.

Cc

p/MPa

to l/mo = 1.044 and Mp = 1.004 for hexyl benzoate. The
thermophysical properties required for calculating the correction
factors are estimated by the principle of corresponding states
using the formulas given in a previous papéfrhe formulas n

contain a similarity parameter of the compound under investiga- Figure 1. Critical temperatures (a) and pressures (b)-afkyl benzoates
tion: the acentric factor or the analogous parameter suggestedosHsCOO(CH)H vs the number of Chigroups,n, in the alkyl radical:
by FilippO\ﬁ m, this work; O, ref 1.

P,p(T/T, = 0.625) N
A=100—-—""— The apparent critical constants of a thermally unstable
Pe compound measured as described above may depend on the
. time from the beginning of a heating pulse to the moment of
wherep,, is the vapor pressure at a reduced temperature equalboiling-up,t*, due to the decomposition of a compound under
t0 0.625. study in the course of heating. The critical parameters of alkyl

The Filippov parameters and the c[riticall constants of ben- benzoates were measured with the help of probes (1, 2, and 3)
zoates studied were calculated by an iteration method. For the, i length at heating times = (0.03, 0.06, 0.11, 0.22, 0.45

first iteration,pf'and T, were used as the critical constants, and
the vapor pressure of methyl and propyl benzoates was
calculated by the Antoine equation using parameters taken from
the NIST Chemistry WebBookThe vapor pressure of the rest
of the benzoates was estimated by the following equation

and 1.00) ms. From two to four samples of each compound
were used. All the benzoates studied by us are unstable at their
critical points! However, in our experiments, the benzoates
behaved as stable substances and no dependence of the apparent
critical properties on the heating tintewas detected; hence,

c the experimental data were averaged over all the probe lengths,

Inp,=B— T (2) heating times, and samples.
Uncertainties. The uncertainties of the critical constants

The parameterB andC were determined from the values of ~measured by the pulse-heating method were discussed in
p™ and T and the normal boiling points. For ethyl, butyl, and detail in our previous papet8*As a rule, the pulse-heating
pentyl benzoates, the normal boiling temperatures were takenMethod underestimates the critical temperature and pres-
from the NIST Chemistry WebBookand for hexyl benzoate, ~ Sure so that the results of measurements lie within the interval
the normal boiling point was taken according to the Alfa Aesar Y — 0110 Y + 02, whereY is the critical temperature or the
recommendatiorThen, from the values ofandrpand using ~ cfitical pressure and, > 61 > 0. We have determined the
eq 1,pc and T, were calculated. For the second iteration, the Vvalue ofd2 by comparing the values of the critical constants
Filippov parameter and the critical temperature and pressureobtained by the pulse-heating technique and the literature data
were calculated using the values obtained after the first iteration. for several “standard” compounds (pentane, hexane, heptane,
We restricted ourselves to two iterations because the correctiontoluene, water, and naphthalene). For all of these substances,
factors showed little sensitivity to variations of the Filippov the pulse-heating method gives values lower than the liter-
parameter. ature ones. We cannot give a reliable estimatioddfecause

In calculating the correction factors, two quantities are also the cases when the pulse-heating method overestimates the
needed: the ideal gas heat capacity of a substance undecritical properties are sufficiently rare. In this situation, we are
investigation and the factddr = 9 In J/aT, wherel is the rate forced to give the uncertainties in the forih+ 6, where
of bubble nucleation in a superheated liquid. The ideal gas heatd = d,. We estimate the uncertainties foralkyl benzoates
capacity was estimated by the method of Rihani and Do- studied at 0.03p. and 0.01 T, where T is the absolute
raiswamy as presented by Reid et?arhe factor Gr was temperature. It corresponds to from# 0.10 to &+ 0.06)
measured in one experiment with the critical constants as MPa for the critical pressure and t87 K for the critical
described previoustyand estimated at 1.5 K. temperature.
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0.32[ ' ' ' ' pressure equation suggested by Steele et al., we shalldgave
= 3.695 MPa, but Steele and co-workers obtaipgeF 4.02
3. MPa. The decomposition of ethyl benzoate precluded critical
E 0.28 temperature measurements, and both the critical temperature and
£ the critical pressure of this compound were determined by Steele
2 et al. using a simultaneous least-squares fit of the vapor pressures
'-g 0.24 and the two-phase heat capacities. The critical constants of ethyl
g benzoate measured by us are lower than those derived by Steele
2 et al., but they lie in the range of the combined uncertainties.
E 0.20 The well-known correlation by Lyders&rpredicts that the
quantity (M/pc)2 is a linear function of the number of GH
groups in a molecule of alkyl benzoate. Figure 2 shows that
n the points corresponding to the critical pressures determined
Figure 2. Correlation of the critical pressure ofalkyl benzoates gHs- by us fall on a straight line with acceptable accuracy. As noted
COO(CH)-H as a function of the number of GHjroups,n, in the alkyl above, the pulse-heating method has a tendency to underestimate
radical and molar massH, this work; O, ref 1. the critical pressure and the critical temperature, but possible
underestimation does not exceed the uncertainty of the critical
3 constants and cannot explain the difference between the data
' ' ' ' ' ' by us and Steele et al. Figure 2 demonstrates that, more likely,
" @) the critical pressures of methyl and ethyl benzoates determined
o2t

V

K, respectively.

The critical constants afi-alkyl benzoates were also calcu-
lated by the group contribution methods of Constantinou and
Gani2 and Marrero and GaHi (Table 2). Percent deviations
of the experimental critical constants from the values estimated

= by these methods are shown in Figure 3. Both of the methods
) . 0 . ) | give the critical temperatures ofalkyl benzoates which are
1 2 3 4 5 6 only slightly lower than the experimental values (except for
n propyl benzoate for the method of ref 11) so that the average
: absolute percent errors (AAPE) do not exceed the uncertainties
E/N of the experimental data. Both of the methods predict the critical
(b) 7 pressures that are higher than the experimental values, and
AAPE is more than twice the uncertainty of the experimental
6L ] critical pressures.

c

100 ( T:XP'T cale,
| |
\l
O 1

by Steele and coauthors are somewhat overestimated owing to
] the use of long-distance extrapolation, for about 185 and 166

o/\o\ Conclusion

M -/\_ N The reliable critical temperatures and pressures-afkyl
benzoates from methyl benzoatetbexyl benzoate have been
measured using the pulse-heating technique. These data are
useful for estimating the precision of the current predictive

| |
4 5 6 methods and developing new correlations for calculating the
critical temperature and pressure.

100( pcexp_ ccalc)l pcexp

Figure 3. Percent deviations of the experimental critical temperatures (a) | . .

and pressures (b) ofalkyl benzoates gHsCOO(CH).H from the values Literature Cited

calculated by group contribution methods as a function of the number of (1) Steele, W. V.; Chirico, R. D.; Cowell, A. B.; Knipmeyer, S. E.;

CHz groups,n, in the alkyl radical. GC methodsO, ref 12; M, ref 13. Nguyen, A. Thermodynamic properties and ideal-gas enthalpies of

formation for methyl benzoate, ethyl benzoat®)-(+)-limonene tert-

amyl methyl ethertrans-crotonaldehyde, and diethylene glycdl.

. . Chem. Eng. Dat2002 47, 667—688.

Results and Discussion (2) Nikitin, E. D.; Pavlov, P. A.; Skripov, P. V. Measurement of the critical
The critical temperatures and pressureﬂ_alky| benzoates properties of thermally unstable substances and mixtures by the pulse-

included in this study are given in Table 2 and Figure 1. heating methodJ. Chem. Thermodyr1993 25, 869-880.
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results. They also measured the vapor pressure at temperatureg4) Nikitin, E. D._;_Paltvlov, P. A; fSIEUtin, hA G. Ag?ustict:) me;tgog of

H measuring critical propertles of thermal Yy unstable substarkda

fquom V\5358.4 to 516_.7) KTand c_a_lcullated the crltlcalbpr_essaui)e by Phase Equilib1999 161 119-134,
_t e Wagner equation. e critical temperature o tam_e y us (5) Nikitin, E. D.; Pavlov, P. A.; Bessonova, N. V. Critical constants of
is lower than that of Steele and co-workers, but the difference n-alkanes with from 17 to 24 carbon atomd.Chem. Thermodyn.
between them does not exceed the combined uncertainties. 1994 26, 177-182. o
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