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1. Introduction
1.1. Scope and Obijectives

This report, the second in a series, provides a compila-
tion of a consistent sct of cvaluated physical and thermo-
dynamic properties of a selected group of organic
nitrogen compounds. The critical evaluation of the ther-
modynamic and physical properties of chemical
substances in-the crystal, liquid and gas state, including
the ideal gas state has been a principal research product
at the Thermodynamics Research Center (TRC) for
many years. The evaluations presented in this report
constitute part of a research contract entitled “Selected
Values of Properties of Chemical Compounds: Organic
Nitrogen Compounds” between TRC and the Office of
Standard Reference Data of the National Institute for
Standards and Technology.

Part II (this report) contains thermodynamic data of
the following organic nitrogen compounds: 1- and
2-butanamine, 2-methyl-1-propanamine, 2-methyl-2-
propanamine, pyrrole, 1-, 2-, and 3-methylpyrrole,
pyridine, 2-, 3-, and 4-methylpyridine, pyrrolidine, pipe-
ridine, indole, quinoline, isoquinoline, carbazole,
acridine, phenanthridine, 1- and 2-naphthalenamine, and

30. Percent deviation of experimental saturated
liquid densities for 2-methyl-2-propanamine
fromEq (6) ....oovveviiiiii 766

31. Percent deviation of experimental saturated
liquid densities for pyrrole from Eq. (6) ..... 767

32. Percent deviation of experimental saturated
liquid densities for pyridine from Eq. (6) .... 767

33. Percent deviation of experimental saturated
liquid densities for 2-methylpyridine from
T () TS 768

34. Percent deviation of experimental saturated
liquid densities for 3-methylpyridine from
e R () N 768

35. Percent deviation of experimental saturated
liquid densities for 4-methylpyridine from
o R () S 769

36. Percent deviation of experimental saturated
liquid densities for pyrrolidine from Eq. (6). 769

37. Percent deviation of experimental saturated
liquid densities for piperidine from Eq. (6)... 770

38. Percent deviation of experimental saturated
liquid densities for quinoline from Eq. (6) ... 770

39. Percent deviation of experimental saturated
liquid densities for isoquinoline from Eq. (6). 771

40. Percent deviation of experimental saturated
liquid densities for carbazole from Eq. (6) ... - 771

41. Percent deviation of experimental saturated
liquid densities for 1-naphthalenamine from
e R () 772

9-methylcarbazole. Literature measurements were evalu-
ated for the following properties: normal boiling, freezing
and triple point temperatures, critical constants, vapor
pressure, enthalpy of vaporization, density, second virial
coefficient, solid, liquid, and gas heat capacity and
cnthalpy of combustion. The idcal gas thermodynamic
properties were calculated by statistical mechanical
methods.

Estimates of precision were assigned to all the experi-
mental results, and temperature dependent selected
values were obtained from smoothing equations. Coeffi-
cients of the smoothing equations are listed. Where
appropriate, estimates of inaccuracy limits are provided
for recommended values.

1.2. Organization of the Report

The details of the smoothing equations, the recom-
mended coefficients as well as the recommended values
at selected temperatures for each compound are
discussed for each property in the appropriate sub-
sections of Sec. 2. Merits of the available experimental
and spectroscopic measurements are discussed for each
compound in Sec. 3. The organization is by property
rather than compound.
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1.3. References and Literature Coverage

Most of the selected values are based on experimental
measurements of either thermophysical and thermody-
namic properties or spectra. The majority of the informa-
tion is from pertinent journals and periodicals.
Additional information came from private and govern-
ment reports, theses and other sources. The majority of
the values was taken from the original documents. Chem-
ical Abstracts, other reviews, and the TRC Source files
were used to obtain references to the primary sources.

1.4. Symbols, Units, Standard States, Temperature
Scale and Naming Conventions

Symbols used are those recently recommended by the
International Union of Pure and Applied Chemistry.
(IUPAC) (1988-121) (1982-150), and the units used are
either multiples or sub-multiples of the base SI units. The
fundamental constants recommended by the Committee
on Data for Science and Technology (CODATA) of the
International Council of Scientific Union (ICSU) in 1987
(1987-158) and the relative atomic masses recommended
by IUPAC in 1989 (1991-109) were used for all calcula-
tions. Some of the results are in dimensionless forms
derived with the gas constant of 8.31451 J-mol K~ The
relative molar masses are listed in Table 23. The standard
state pressure was taken to be 0.1 MPa. The standard
states of the elements used in the calculation of the
enthalpy of formation were the ideal gas at 0.1 MPa for
H, and N; and graphite for carbon. Where there was
adequate documentation for the temperature scale used,
vapor pressure and heat capacity data were converted to
the International Practical Temperature Scale of 1990
(ITS-90) (1990-427). There was a slight statistical advan-
tage in making the temperature scale corrections to vapor
pressure measurements. In most cases, the corrections
were less than the experimental uncertainties. Correc-
tions due to the change of temperature scale to ITS-90
were as much as 0.1 percent for condensed phase heat
capacity values at high temperatures (which is of the
same order of magnitude as the experimental uncertain-
ties). However, the corrections are negligible for the
integrated thermodynamic functions.

IUPAC nomenclature (1979-194) is used for the
compound names. The accepted names, Chemical
Abstracts registry numbers, empirical formulas, and some
of the more commonly used synonyms are as follows:

1-butanamine, 109-73-9, CHuN, 1-aminobutane,

butylamine;

2-butanamine, 13952-84-6, C;H;N, 2-aminobutane,

sec-butylamine;

2-methyl-1-propanamine, 78-81-9, C;H;;N, 1-amino-2-

methylpropanamine, isobutylamine;
2-methyl-2-propanamine, 75-64-9, C;HuN, tert-buty-
lamine, 2-amino-2-methylpropane;

pyrrole, 109-97-7, C,;H;N, azole, 1 H-pyrrole, imidole;

1-methylpyrrole, 96-54-8, CsH;N, methyl-1 H -pyrrole,

N-methylpyrrole; ’
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2-methylpyrrole, 636-41-9, CsH;N, 2-methyl-1
H-pyrrole;
3-methylpyrrole, 616-43-3, CsH;N, 1H-pyrrole,
3-methyl-;

pyridine, 110-86-1, CsH;N, azine;

2-methylpyridine, 109-06-8, CsH;N, 2-picoline, a-picoline;

3-methylpyridine, 108-99-6, CsH-N, 3-picoline, B-
picoline;

4-methylpyridine, 108-89-4, CsH;N, 4-picoline, y-
picoline;

pyrrolidine, 123-75-1, CJHuN, tetrahydropyrrole,
tetramethyleneimine;

piperidine, 110-89-4, CsH;N, cyclopentimine,
cypentylhexahydropyridine, azocyclohexane;

indole, 120-72-9, GCgH;N, 1-benzazole, . 2,3-benza-
pyrrole, 1 H-indole;

quinoline, 91-22-5, C;H;N, benzo[b]pyridine, 1-ben-
zazine;

isoquinoline, 119-65-3, GC:H;N, benzo[c]pyridine,
2-benzazine;

carbazole, 86-74-8, Ci2HsN, 9 H-carbazole, dibenzo-
pyrrole, 9-azafluorene;

acridine, 260-94-6, C;sHgN, dibenzo[b,c]pyridine,
10-azaanthracene;

phenanthridine, 229-87-8 C;3HoN, 3,4-benzoquinoline,
9-azaphenanthrene, benzo[c]quinoline;

1-naphthalenamine, 134-32-7, C;eHsN, 1-naphthy-
lamine, a-naphthylamine, 1-aminonaphthalene;

2-naphthalenamine, 91-59-8, Ci;HsN, 2-naphthy-
lamine, B-naphthylamine, 2-aminonaphthalene;

9-methylcarbazole, 1484-12-4, C;HsN, 9-methyl-9 H-
carbazole;

1.5. Procedures for Evaluation, Processing
and Selection of Data

The following steps were used in this compilation.

(1) Search the scientific literature, identify the
sources of data and record the pertinent nu-
merical values in the TRC Source Database.

(2) Rate and evaluate the available data on the
basis of accuracy and reliability and sort out
the “best” numerical values.

(3) Convert the data to a uniform set of units and
conditions and adjust them to the current set
of fundamental constants and relative molar
masses.

(4) Make preliminary choice of “reliable” values
and, where appropriate, fit them to standard
functions of temperature, pressure or other
variables for further testing.

(5) Test the preliminary choices for internal ther-
modynamic consistency and make necessary
adjustments to achieve consistency to within
the experimental uncertainty.

(6) Calculate the values of the derived properties
from the final choices of the basic input data.

(7) Estimate the uncertainties in the selected
values.
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The evaluation of the available data was based entirely
on the judgment of the compilers, and no rigorous rules
can be stated. Considerations were given to sample purity
and experimental technique as described in the publica-
tions, as well as to the reputation of the authors for reli-
able work. Normally, more weight was given to a value
obtained as the principal objective of an investigation
rather thap as a by-product of some other study. Often
the best values were obvious. However, in many cases, af-
ter eliminating the obviously inconsistent data, several re-
ported values of about comparable reliability were left. In
such cases a properly weighted combination of the values
was chosen. In some situations it was necessary to com-
bine measurements of different reliability to obtain the
final selections. For example, a series of accurate mea-

surements of the vapor pressure of a specific compound

was available over a certain range of temperature and an-
other series of less reliable values was available outside
that range. To obtain a smoothed set of selected values
over the extended temperature range it was nccessary to
fit both sets of results to the same function of tempera-
ture. It was more common: to have several sets of results
of varying reliability for wvarious temperature ranges
which partially or completely overlapped. In fitting all of
these results to a single function of temperature, more
weight was given to the more reliable values. However, in
some cases, the resulting equation did not reproduce the
best results as well as desired, so the less reliable results
were rejected. While there are cases in which the values
of density or vapor pressure, as calculated from the se-
lected equation, do not reproduce all results to within the
imprecisions of the original results, such discrepancies
are small and not much greater than the experimental un-
certainty. .

1.6. Fitting to Equations |

Coefficients to smoothing equations were determined
by weighted least squares- where the weights in the
squared deviation functions were the reciprocals of the
variances in the deviation functions (1967-292), and the
variances were determined from estimates of the impreci-
sions in the observed variables. Data were given zero
weight either if they were obviously discordant with sets
deemed most reliable, or if their inclusion would place
undue weight on a particular point or region in the fit.
Estimates of imprecision o(x) in the experimental obser-
vations x are given in the form:

o(x) = o(x) + xor(x) 1

where the values of the constants a.(x) and oy(x) are tab-
ulated in the tables that summarize sources and ranges of
the measurements.

Imprecisions in the values derived from the fitting
equations were determined by propagation of errors with
the inverse of the normal equations for the weighted least
squares process, variance-covariance matrix (1944-236),
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(1986-789). The square roots from the principal diagonal
of these matrices were used to calculate the standard de-
viations, o(A4;), listed with each -of their associated
parameters, A4;, in the appropriate tables. The off-diago-
nal elements were normalized by dividing the elements in
each row and each column by the respective square root
of the diagonal belonging to the row or column to give
elements C(A4;,4;) in the correlation matrix. The diago-
nal elements of the correlation matrix, C(4i,4;), are
unity. Imprecision in the values for a function,
Y(A,,A42,...), of the parameters, A1,4,,..., was calculated
from:

oY) =
{Ei) ?, (3Y/0A:)o(A:)C (A1, A))(3Y 104 )o (AN (2)

In many instances the parameters, A4;, are highly corre-
lated so that the absolute values of C(A4;,4;) are close to
unity and the right hand side of Eq. (2) is close to a per-
fect squarc with mixed signs on the cross product terms.
The extent of these correlations required that the num-
ber of digits listed for the constants is greater than is ap-
parently warranted by the imprecision in each of the
parameters.

In instances where parameters with known
imprecisions were constrained to predetermined values,
the contributions from their imprecisions were deter-
mined by perturbing each constrained parameter in ques-
tion by its imprecision and then repeating the least
squares process. The estimated imprecisions of the
derived values of the properties are shown on the plots of
deviations from the fitting equations.

2. Recommended Values

2.1. Freezing, Normal Boiling and Critical
Temperatures with Critical Pressure
and Volume

The selected freezing (Tm), normal boiling (Ty) (at
101.325 kPa) and critical temperatures (7¢), with the se-
lected critical pressure (p.) and critical volume (V;) and
the estimated uncertainties are listed in Table 1. The
measurements considered in the selections are discussed
in Sec. 3.1. The values for the normal boiling temperature

were derived from the Cox equation used for fitting the
vapor pressure results.

2.2. Vapor Pressure

The vapor pressure (ps) measurements were
smoothed with the Cox equation (1936-431):
]n(psa(/pref) = Ax{l - 1/(T/Trcf)}7 (33)
where :
Indy = Ao + AT /Twr) + Az(T/T,ef)z. (3b)

Tees and py.; are a reference temperature and pressure, re-
spectively. In this work, the boiling temperature T at

J. Phys. Chem. Ref. Data, Vol. 22, No. 3, 1993
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atmospheric pressure (101.325 kPa) was chosen as the
reference temperature Trr. Values of the parameters A;
and T, with their associated imprecisions are listed in
Table 2, and the correlation matrix for the Cox equation
coefficients is listed in Table 2a. The values of vapor pres-
sures at selected temperatures are listed in Table 3.

We also report constants for the Antoine equation be-
cause the equation is commonly used to fit vapor pressure
measurements over a limited pressure range, and the ma-
jority of TRC tables contain values calculated from either
the Antoine or extended Antoine equation (1988-191).
The coefficients of the Antoine equation were deter-
mined for the following three pressure ranges: a, triple
point pressure py, to 20 kPa; b, 20 kPa to 200 kPa; and c,
130 kPa to the critical pressure p.. For the first two pres-
sure ranges, the three parameter Antoine equation was
used.

In (psat/kpa) = Aa_Ba/(T/K + Ca) (4)

For the higher pressure range, an extended Antoine
equation was used:

logi(psa/kPa) =
A.=BJ(T/K + C.) + DX2 + EX8 + F.X2  (5)

where X, = (T —T3)/T., D. = logwe = 0.43429, T. is the
critical temperature and T3 was determined from the
nearest integer value of Celsius temperature at which the
vapor pressure is 130 kPa. The coefficients for the
medium and high pressure Antoine equation were ad-
justed to yield the same normal boiling temperature as
the Cox equation within the uncertainty of the values.
The coefficients are listed in Table 4. For solids, the va-
por pressure was fitted to a three parameter Antoine
equation [Eq. (4)]. Vapor pressures for the solids given in
Table 3a were calculated from this equation using the co-
efficients given in Table 4.

2.3. Saturated Liquid and Vapor Denslty

The selected experimental values for the density along
the saturation curve p; were fitted to the equation:

= pc{l +A 1xﬁ+x2Aix(i-2)lm} (6)

where i =2 to 3, m =2, € =0.35, x =(1-T/T.), p: is the
saturated liquid density, and p. is the density at the criti-
cal temperature, T.. The upper limit on the sum de-
pended upon the extent of the data available. Various
values of € and m were tested; however, the available data
were not sufficiently precise nor measured in sufficient
detail near the critical point to provide adcquatc scnsitiv-
ity to the choice of the values. The results indicated that
there is a statistical advantage to using nonzero values of
€ and values of m greater than 1. The value of e is a com-
monly accepted approximation (1975-232). Equation (6)
was used to reproduce the most significant terms from
the complete expansion by Ley-Koo and Green (1977-
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189) for the liquid density near the critical point as well
as terms for classical equations of state (1970-254). The
coefficients, standard errors and correlation matrix for
Eq. (6) are listed in Tables 5 and 5a. The smoothed val-
ues of the densities from Eq. (6) are listed in Table 6.

For compounds for which no density measurements
exit, the densities were estimated using the extended cor-
responding states equation of Riedel (1954-91), as for-
mulated by Hales and Townsend (1972-87).

pi=pc{1+0.85x + (1.692 + 0.986w)x**} (6a)

where the acentric factor @ = —logi(p/pc) —1 where p is
the vapor pressure at T, = T/T.=0.7

Experimental values of the critical density were not
available for several of the substances considered here. In
such cases they were estimated from extrapolations of the
rectilinear density

(o1+pg)2 = pe+om(1~T/T.) @)

where p. and an, are tabulated in Table 7 with their stan-
dard errors and correlation coefficient. The ratios am/p.
are also listed to show the approximate constancy of their
values. The selected values of T. were used in these fits.
The liquid densities (pi) were the experimental values se-
lected in Sec. 3.3, and the vapor densities (pg) were deter-
mined from the second virial coefficients selected in
Sec. 2.4 and values of the vapor pressure derived from the
Cox equation. The range of the data was limited to the
region where the compressibility factor of the vapor (Dsa/
RTpg) was greater than 0.8. For many compounds, second
virial coefficients were not available, so the range was
limited to where the vapor pressure was less than 1 bar.
This procedure was tested on systems where critical
densities were available, see Table 15, and was shown to
give reasonable agreement with experimental values of
the critical density.

2.4. Second Virlal Coefficients

The data available for densities below vapor saturation
are limited and only second virial coefficients B,, in the

equation of state

were evaluated. For all the compounds, the second virial
coefficients were first estimated using the corresponding-
states equation of Pitzer and Curl (1957-639).

B,=
(RT/P:){1.445+0.073w — (0.330 — 0.46) 77!
~ (01385 + 0.50w)T7% — (0.0121 + 0.097w)T;*
- 0.00730T7%. )

For those compounds where some virial coefficients data
existed, either from direct measurements or calculated
from the enthalpy of vaporization, the Pitzer and Curl
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equation parameters were selectively adjusted to fit these
results. The selected values of the second virial coeffi-
cient were smoothed using

Bun= Ay+Cre®D, (10)

The coefficients to Eq. (10) are listed in Table 8. _
Values of the second virial coefficient at selected tem-
peratures are listed in Table 9.

2.5. Enthalpy of Vaporization or Sublimation

Enthalpies of vaporization from the literature were
tested for consistency through the Clapeyron equation
with our selections of vapor pressure, liquid density and
second virial coefficient results. Values listed are the mo-
lar cnthalpy of vaporization from the condensed phase, x,
to the ideal gas, ASH , rather than to the saturated vapor,
A H. Recommended values are listed in Table 10.

2.6. Enthalpy of Combustion and Formation

The enthalpy of combustion were usually available for
the substances in the condensed phase (either liquid or
crystal). Accepted values for the enthalpies of formation
for the combustion products at 298.15 K, listed in
Table 21 (1978-115), were used to derive enthalpies of
formation. Enthalpies of vaporization and sublimation
given in this report were used to derive enthalpies of for-
mation for the ideal gas. Recommended values of en-
thalpies of formation in the condensed and ideal gas state
at 298.15 K are listed in Table 11.

2.7 Condensed Phase Heat Capacities and
Related Thermal Properties

Where calorimetric results for the condensed phases
were available to near 10 K, the dimensionless thermody-
namic functions Cy/R, AISY/R, ATHSYRT, and AJGS/RT
along the vapor saturation lines were evaluated. The re-
sults are listed in Table 12.

2.8 Ideal Gas Thermodynamic Properties

The thermodynamic properties for the ideal gas state
for all the compounds except 9-methylcarbazole were
calculated from spectroscopically derived results by stan-
dard statistical mechanical methods using the rigid rota-
tor-harmonic oscillator model with modifications for
internal rotation. Modifications were made for calculat-
ing the contributions concerned with inversion about the
nitrogen atom for both 1- and 2-naphthalenamine. The
ideal gas thermodynamic properties in dimensionless
units include the heat capacity (Csw/R), entropy AJSS/R,
Gibbs energy AJG3/RT, enthalpy function AJH3/ RT, en-
thalpy of formation AdHx/RT, and Gibbs energy of forma-
tion A\G5/RT. Calculations were made from 0 to 150¢ K
at a standard state pressure-of 0.1 MPa. Wherever possi-
ble, the calculated entropies and heat capacities were
compared with those derived from calorimetric measure-
ments and with results of previous statistical mechanical
calculations.

The calculated results are listed in Table 13. Details of
the calculations and the selection of the spectroscopic re-
sults are given in Sec. 3.8.

TaBLE 1. Selected freezing, normal boiling, and critical temperatures with critical pressure and volume

Tfus Tb Tc < Vc
Compound X K K —1\% cm>mol ~!
1-Butanamine 22405 = 0.02 350.15 = 0.03 5319 = 1.0 425 = 0.02 277 = 2
2-Butanamine 168.7 + 0.5 33588 + 0.01 5143 + 10 4.20 + 0.02 278 = 4
2-Methyl-1-propanamine 186.5 = 0.5 340.90 = 0.01 519. £ 2 4.07 + 0.08 278 = 4
2-Methyl-2-propanamine 206.20 = 0.01® 317.19 + 0.02 4839 = 1.0 384 = 0.02 202 2
Pyrrole 249.75 = 0.06* 402.94 = 0.01 639.7 = 1.0 6.34 = 0.02 200 1
1-Methylpyrrole 21691 = 0.04 385.96 + 0.02 5960 + 10 4.86 + 0.02 271 = 2
2-Methylpyrrole 2376 = 0.3 420.7 = 0.5 654. = 5 5.08 = 0.10 266 = 4
3-Methylpyrrole 2248 = 0.3 4160 = 1 647. = § 5.08 = 0.10 266 = 4
Pyridine 231.49 = 0.05° 388.38 = 0.004 620. = 1 5.67 = 0.02 243+ 1
2-Methylpyridine 20647 + 0.052 402.53 + 0.02 621. = 1 4.60 = 0.02 202 = 4
3-Methylpyridine 255.01 = 0.04° 417.29 = 0.01 645. = 1 4.65 = 0.02 288 + 4
4-Methylpyridine 276.81 = 0.03* 418.51 = 0.01 646, + 1 470 = 0.02 292 = 4
Pyrrolidine 215.31 %= 0.06* 359.71 = 0.01 568. =1 6.00 = 0.05 238 =+ 2
Piperidine 262.12 = 0.02 379.37 = 0.01 594, = 1 4.94 = 0,02 288 + 4
Indole 325.7 = 0.5 526.7 = 0.6 794. = 2 48 = 0.1 356 = 4
Quinoline 258.37 = 0.03® 51031 + 0.01 782. = 2 4.86 = 0.02 37+ 2
Isoquinoline 299.62 + 0.03° 516.37 = 0.01 803. = 2 5.10 = 0.05 374 £ 2
Carbazole 5193 = 0.5 627.84 = 0.04 9018 = 1 3.13 = 0.02 454 = 4
Acridine 383.24 = 0.01 618.01 = 0.06 891.1 = 0.5 3.21 = 0.02 548 = 4
Phenanthridine 379.94 + 0.02 6220 = 0.5 895. =1 36 =02 548 = 5
1-Naphthalenamine 3224 = 05 5738 = 0.1 850. = 1 5.0 = 0.1 438 = 5
2-Naphthalenamine 386. = 1 579.3 = 0.1 850. = 1 49 = 0.1 438 £ 5
9-Methylcarbazole 362.49 = 0.04° 616.79 + 0.02 890. = 1 3.38 = 0.05 572+ 4

*Triple point temperature.
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TasLE 2. Coefficients of the Cox equation [Eq. (3)] for vapor pressure
Compound Phase Ao a(4o)® A, o(4,)? A o(4,)? Tei’K o(Teer)/K*  rmswd®
1-Butanamine 1 2.83162 0.03451  —0.55983 0.06389 0.17802 0.02772 350.149 0.031 0.78
2-Butanamine i 2.89461 0.03497  —0.72541 0.06304 0.25157 0.02689 335.884 0.012 0.20
2-Methyl 1 2.86131 0.02473  —0.65537 0.04391 0.22123 0.08125 340.898 0.003 2.69
-1-propanamine
2-Methyl 1 2.92246 0.00363  —0.76454 0.00600 0.25785 0.00237 317.190 0.002 0.08
-2-propanamine
Pyrrole . 1 2.83096 0.02569  —0.48317 0.04869 0.13878 0.02223 402.936 0.001 139
1-Methylpyrrole 1 2.81368 0.01194  -0.56311 0.02251 0.18959 0.01009 385.966 0.002 1.86
Pyridine 1 2.78616 0.00439  -0.54161 0.00832 0.17874 0.00372 388.385 0.004 0.57
2-Methylpyridine 1 2.81466 0.02617  —0.59817 0.04470 0.20669 0.01798 402.531 0.029 1.49
3-Methylpyridine 1 2.78574 0.00659  —0.55164 0.01178 0.18836 0.00487 417.293 0.001 0.42
4-Methylpyridine 1 2.81858 0.00454  —0.61515  0.00979 0.21835 0.00524 418.506 0.001 0.01
Pyrrolidine 1 2.98748 0.00767  —0.86004 0.01279 0.31261 0.00502 359.708 0.005 1.78
Piperidine 1 2.91085 0.00380  —0.78039 0.00799 0.27995 0.00415 379.370 0.000 0.28
Quinoline 1 2.86328 0.00273  —0.68489 0.00727 0.25411 0.00468 510.305 0.010 2.85
Isoquinoline 1 2.83900 0.00304  —0.62328 0.00790 0.21764 0.00496 516.375 0.010 241
Carbazole 1 2.35952 0.05274 0.31890 0.09539  —0.19072 0.04086 627.837 0.026 0.83
Acridine 1 2.88411 0.00197  —0.66939 0.00467 0.24229 0.00234 618.006 0.063 0.63
Phenanthridine 1 2.92109 0.00632  —0.74247 0.01787 -0.29531 0.00982 622.467 0.238 0.20
1-Naphthalenamine 1 2.66976 0.02669  —0.23961 0.05860 0.07744 0.27835 573.786 0.264 0.23
2-Naphthalenamine | 2.72383 0.02763  ~0.36375 0.05857 0.14377 0.02744 579.282 0.206 0.31
9-Methylcarbazole | 2.94053 0.00074  —0.73537 0.00174 0.26792 0.00100 616.966 0.001 0.88
*See Sec. 1.6.
“rmswd = root-mean-squared-weighted deviation
TABLE 2a. Correlation matrix® for the Cox equation coefficients
Cornpound Phase C(Au,A 1) C(A(),Az) C(Au, Tb) C(Al,Az) C(A 1s T\,) C(Az, Tb)
1-Butanamine 1 —0.99839 0.99327 0.38689 ~—0.99804 -0.41919 0.43620
2-Butanamine 1 -0.99840 0.98969 0.63884 ~0.99613 -0.64041 0.62651
2-Methyl-1-propanamine i - 0.99869 0.99584 0.05795 ~0.99909 —-0.05452 0.05150
2-Methyl-2-propanamine 1 —0.99961 0.99887 -0.77995 ~0.99980 0.77812 —-0.77576
Pyrrole 1 —0.99782 0.98801 —0.01585 ~0.99592 0.01375 -0.01172
1-Methylpyrrole 1 —0.99490 0.97265 —0.00753 —0.99053 -0.00231 0.00163
Pyridine | —0.99676 0.98374 —-0.07541 ~0.99461 0.04834 ~0.02692
2-Methylpyridine 1 —0.99861 0.99616 —0.55866 ~0.99935 —0.30209 0.31504
3-Methylpyridine 1 -0.99913 0.99773 ~0.03469 ~0.99964 0.03235 -0.03074
4-Methylpyridine I —0.99930 0.99688 0.49310 ~0.99913 —0.50079 0.50459
Pyrrolidine 1 —0.99919 0.99785 —0.64028 ~0.99968 0.63273 —-0.62624
Piperidine 1 ~0.99956 0.99805 —0.00001 ~0.99946 0.00001 -0.00001
Quinoline 1 —0.99691 0.98726 0.52607 ~0.99643 —-0.54757 0.54763
Isoquinoline l —0.99702 0.98852 0.59174 ~0.99702 —0.61445 0.61899
Carbazole 1 ~0.99941 0.99843 —0.16825 ~0.99976 0.15770 —0.15006
Acridine 1 -0.99423 0.98609 ~0.65533 ~—0.99822 0.72760 —0.76565
Phenanthridine 1 —0.99887 0.99763 —0.98160 ~0.99977 0.98951 —-0.99235
1-Naphthalenamine | ~0.99695 0.99254 —0.78488 ~0.99896 0.82654 —0.84705
2-Naphthalenamine 1 ~0.99640 0.99054 —0.59245 ~0.99849 0.64906 —0.68018
9-Methylcarbazole 1 —0.99889 0.99552 0.67022 ~0.99883 —-0.68046 0.68299

2See Sec. 1.6.
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TABLE 3. Values of vapor pressures of liquid calculated from the Cox equation [Eq. (3)] at selected temperatures
I Dsar Dt I Dsat I Dt I Dar I Psar
K kPa kPa K kPa K kPa K kPa K kPa
1-Butanamine
224.05 0.077 280 4.82 330 49.50 390 323.0 450 1187. 510 3141.
230 0.133 290 8.30 340 71.54 400 414, 460 1421. 520 3616.
240 0.315 298.15 12.52 350 100.8 410 523. 470 1688. 530 4144,
250 0.688 300 13.69 360 138.8 420 653. 480 1991. 5319 4251.
260 1.39 310 21.72 370 187.3 430 805. 490 2331.
270 2.66 320 3331 380 248.1 440 982. 500 2714,
2-Butanamine
168.65 0.00018 240 0.762 300 25.42 370 280.2 440 1293. 510 3952.
180 0.00112 250 1.580 310 38.89 380 362.4 450 1544. 512 4200.
190 0.00469 260 3.06 320 57.59 390 461.7 460 1832. 5143 4160.
200 0.0165 270 5.59 330 82.83 400 580. 470 2158.
210 0.0508 280 9.69 340 116.1 410 720. 480 2529.
220 0.138 290 16.02 350 158.9 420 883. 490 2947.
230 0.339 298.15 23.41 360 213.0 430 1073. 500 3419.
2-Methyl-1-propanamine
186.45 0.00204 250 1.209 300 20.68 360 183.5 420 790. 480 2299.
200 0.0119 260 2.37 310 31.98 370 243.3 430 965. 490 2681.
210 0.0369 270 4.39 320 47.85 380 317.0 440 1166. 500 3111,
220 0.1019 280 7.69 330 69.52 390 406.5 450 1397. 510 3592.
230 0.253 290 12.88 340 98.34 400 513.9 460 1661. 519. 4074,
240 0.575 298.15 19.00 350 135.81 410 641. 470 1960.
2-Methyl-2-propanamine
206.20 0.1143 260 7.54 300 52.85 350 282.7 400 925. 450 2285.
220 0.4267 270 13.14 310 78.03 360 369.5 410 1128. 460 2679.
230 0.9833 280 21.79 320 111.8 370 474.8 420 1362. 470 3125.
240 2.0812 290 34.60 330 155.8 380 600.8 430 1630. 480 3627.
250 4.091 298.15 49.00 340 2121 390 749.9 440 1937. 483.9 3840.
Pyrrole
249.75 0.0297 310 2.252 380 48.61 450 346.5 520 1335. 590 3596.
260 0.0731 320 3.85 390 67.82 460 432.9 530 1566. 600 4060.
270 0.163 330 6.34 400 92.76 470 5349 540 1824. 610 4566.
280 0.341 340 10.10 410 124.54 480 654. 550 2112, 620 5116.
290 0.673 350 15.58 420 164.44 490 791. 560 2431. 630 5712.
298.15 1127 360 2335 430 213.7 500 950. 570 2783. 635 6033.
300 1.261 370 34.09 440 2739 510 1131, SR0 3171. 639.7 6338,
1-Methylpyrrole
216912 0.00436 290 1.818 350 3047 420 2532 490 1063. 560 3070.
230 0.0178 298.15 2.884 360 43.80 430 321.1 500 1259. 570 3503.
240 0.0464 300 3.190 370 61.51 440 402.1 510 1481. 580 3983.
250 0.1109 310 5.37 380 84.57 450 497.8 520 1732. 590 4513.
260 0.245 320 8.70 390 114.06 460 610.0 530 2013. 596. 4857.
270 0.506 330 13.62 400 151.16 470 740. 540 2328.
280 0.985 340 20.66 410 197.1 480 890. 550 2679.
Pyridine
231.49 0.0210 298.15 2772 360 41.09 430 296.2 500 1144, 570 3128.
240 0.0467 300 3.063 370 57.54 440 370.1 510 1343, 580 3543.
250 0.1103 310 5.133 380 78.91 450 457.3 520 1567. 590 4005.
260 0.2418 320 8.279 390 106.16 460 559.2 530 1817. 600 4509.
270 0.4955 330 1291 400 140.35 470 677.3 540 2096. 610 5063.
280 0.957 340 19.51 410 182.62 480 813.1 550 2406. 615 5359.
290 1.753 350 28.67 420 234.15 490 968.3 560 2749. 620.0 5669.
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TABLE 3. Values of vapor pressures of liquid calculated from the Cox equation [Eq. (3)] at selected temperatures — Continued

I Pat I P I Paat I Paa I P I P
K kPa K kPa K kPa K kPa K kPa K kPa
2-Methylpyridine
206.47 0.000456 290 0.935 360 25.94 440 260.9 520 1183. 600 3577.
220 0.00247 298.15 1.517 370 36.97 450 325.7 530 1381. 610 4038.
230 0.00747 300 1.685 380 51.52 460 402.1 540 1604. 620 4546.
240 0.0203 310 2.90 390 70.36 470 491.5 550 1853. 621. 4600.
250 0.0504 320 4.80 400 94.33 480 595. 560. 2130.
260 0.1155 330 7.67 410 124.3 490 714. 570 2439.
270 0.246 340 11.85 420 161.4 500 851. 580 2781.
280 0.493 350 17.77 430 206.5 510 1007. 590 3159.
3-Methylpyridine
255.01 0.0375 320 2.749 390 45.58 460 283.6 530 1029. 600 2738.
270 0.1250 330 4.479 400 62.00 470 350.2 540 1201. 610 3096.
280 0.2573 340 7.056 410 82.86 480 427.9 550 1395. 620 3490.
290 0.500 350 10.78 420 108.95 490 518.1 560 1611. 630 3922,
298.15 0.826 360 16.02 430 141.14 500 622.0 570 1851. 640 4396.
300 0.922 370 23.21 440 180.35 510 740.9 580 2117. 645. 4649.
310 - 1625 380 32.87 450 227.58 520 876.2 590 2412.
4-Methylpyridine
276.81 0.1896 340 6.74 410 80.14 480 416. 550 1367. 620 3473.
290 0.465 350 10.32 420 105.47 490 504. 560 1581. 630 3914,
298.15 0.774 360 15.38 430 136.7 500 605. 570 1820. 640 4401.
300 0.865 370 2233 440 174.9 510 722. 580 2086. 645.7 4700.
310 1.53 380 31.68 450 220.8 520 855. 590 2382.
320 2.61 390 4399 460 275.6 530 1006. 600 2709. .
330 4.26 400 59.90 470 340.3 540 1176. 610 3072.
Pyrrolidine
21531 0.0139 290 5.46 350 73.55 420 500.5 490 1877. 560 5353.
230 0.0661 298.15 8.41 360 102.27 430 620.9 500 2206. 568.2 5999.
240 0.1673 300 9.24 370 139.13 440 762.2 510 2579.
250 0.3867 310 14.98 380 185.59 450 927. 520 3004.
260 0.8254 320 23.37 390 243.22 460 1118. 530 3485.
270 1.643 - 330 35.26 400 3137 470 1337. 540 4031.
280 ) 3.078 340 51.62 410 398.8 480 1589. 550 4650.
Piperidine
262.12 0.566 310 7.381 370 76.30 430 364.4 490 1134. 550 2779.
270 0.739 320 11.76 380 103.21 440 451. 500 1333. 560 3180.
280 1.418 330 18.09 390 137.02 450 551. 510 1559. 570 3630.
290 2.576 340 26.97 400 178.83 - 460 668. 520 1814. 580 4132,
298.15 4.040 350 39.09 410 229.81 470 803. 530 2099. 590 4692.
300 4.456 360 55.25 420 291.2 480 958. 540 2420. 594. 4940.
Quinoline
258.37 0.00026 350 0.3552 450 21.21 550 2282 650 1091. 750 3501.
270 0.00088 360 0.6055 460 28.44 560 2742 660 1242. 760 3885.
280 0.00232 370 0.997 470 37.58 570 3271 670 1410. 770 4304.
290 0.00568 380 1.592 480 48.96 580 3877 680 1594. 780 4761.
298.15 0.01118 390 2.469 490 62.98 590 456.6 690 1797. 782. 4858.
300 0.01296 400 3.732 500 80.05 600 534.6 700 2020.
310 0.02779 410 5.504 510 100.63 610 622.5 710 2265.
320 0.0564. 420 7.940 520 125.20 620" 721.1 720 2534,
330 0.1088 430 11.222 530 15427 630 8314 730 2828.
340 0.2007 440 15.564 540 188.41 640 954.4 740 3150.
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TABLE 3. Values of vapor pressures of liquid calculated from the Cox equation [Eq. (3)] at selected temperatures — Continued
I Peat I Pat I Peat I Do I P I Pest
K kPa K kPa K kPa K kPa K kPa K kPa
Isoquinoline
299.62 0.00953 390 2.015 480 42.19 570 290.7 660 1109.9 750 3064.
310 0.02127 400 3.066 490 54.52 580 3451 670 1258.2 760 3386.
320 0.04353 410 4.554 500 69.60 590 4071 680 1421.1 710 373s.
330 0.0847 420 6.613 510 87.84 600 471.2 690 1599.7 780 4113.
340 0.1575 430 9.406 520 109.69 610 556.1 700 1794. 790 4521.
350 0.2810 440 13.125 530 135.62 620 644.7 710 2007. 800 4963,
360 0.4829 450 17.992 540 166.13. 630 743.5 720 2240. 803. 5102.
370 0.8016 460 24.262 550 201.79 640 853.5 730 2492.
380 1.289 470 3222 560 243.12 650 975.3 740 2766.
Carbazole
519.3 8.08 590 46.72 660 181.7 730 532. 800 1246. 870 2432.
530 10.86 600 57.89 670 215.2 740 608. 810 138s. 880 2641.
540 14.16 610 71.22 680 2535 750 692. 820 1534, 890 2860.
550 18.30 620 87.01 690 297.0 760 785. 830 1693. 900 3088.
560 23.42 630 105.59 700 346.1 770 886. 840 1863. 901.3 3130.
570 29.73 640 127.32 710 401.4 780 997. 850 2042.
580 3741 650 152.5 720 463. 790 1116. 860 2232.
Acridine
383.24 0.0360 480 2.942 580 46.72 680 288.6 780 1060. 880 2904.
390 0.0534 490 4.127 590 57.94 690 3349 790 1184. 890. 3178.
400 0.0927 500 5.696 600 71.24 700 386.7 800 1320. 891.1 3209.
410 0.1560 510 7.743 610 86.9 710 444.6 810 1468.
420 0.2551 520 10.377 620 105.2 720 508.9 820 1628.
430 0.4059 530 13.723 630 126.4 730 580.3 830 1802.
440 0.6299 540 17.922 640 1509 740 659.1 840 1990.
450 0.9551 550 23.14 650 179.0 750 745.9 850 2193.
460 1.4173 560 29.54 660 2111 760 841.2 860 2412,
470 2.061 570 37.33 670 2475 770 945.8 870 2649.
Phenanthridine
379.94 0.0226 470 1.73 560 26.3 650 167. 740 645. 830 1869.
390 0.0414 480 2.49 570 334 660 198. 750 734. 840 2080.
400 0.0729 490 352 580 42.0 670 233. 760 833. 850 2309.
410 0.1242 500 4.89 590 52.4 680 273. 770 942. 860 2560.
420 0.2052 510 6.69 600 64.7 690 318. 780 1063. 870 2833.
430 0.3298 520 9.03 610 79.4 700 370. 790 1196. 880 3131.
440 0.5168 530 12.0 620 97. 710 4217. 800 1342. 890 3456.
450 0.790 540 15.8 630 117. 720 492, 810 1502. 895. 3629.
460 118 550 20.5 640 140. 730 564. 820 1677.
1-Naphthalenamine
322.35 0.0042 420 0.994 520 282 620 251. 720 1176. 820 3721.
330 0.0073 430 1.499 530 36.4 630 300. 730 1339. 830 4120.
340 0.0145 440 2215 540 46.8 640 356. 740 1519. 840 4543,
350 0.0275 450 3212 550 59.4 650 421. 750 1718. 845 4767.
360 0.0504 460 4.576 560 74.8 660 494. 760 1936. 850. S000.
370 0.0891 470 6.41 570 93.3 670 578. 770 2174,
380 0.152 480 8.85 580 1155 680 672. 780 2435.
3% 0.253 490 12.05 590 141.8 690 778. 790 2719.
400 0.409 500 16.19 600 172. 700 896. 800 3029.
410 0.645 21.47 610 209. 710 1029. 810 3364.
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TABLE 3. Values of vapor pressures of liquid calculated from the Cox equation [Eq. (3)] at selected temperatures — Continued

I Psst I Paxt I Diat I Dsat I Piat I Pt
K kPa K kPa K kPa K kPa K kPa kPa
2-Naphthalenamine
386 0.171 470 5.57 550 52.6 630 269. 710 941. 79 2571.
400 0.342 480 7.72 560 66.4 640 320. 720 1079. 800 2878.
410 0.544 490 10.54 570 83.0 650 379. 730 1233. 810 3215.
420 0.843 500 14.20 580 102.8 660 446. 740 1405. 820 3583.
430 1.280 510 18.88 590 126.4 670 523. 750 1594. 830 3984.
440 1.901 520 24.80 600 154.4 680 610. 760 1804. 840 4422,
450 277 530 3222 610 187. 690 708. 770 2036. 845 4656.
460 3.96 540 414 620 225. 700 818. 780 2291. 850. 4900.
- 9-Methylcarbazole
362.49 0.0079 450 0.8887 540 17.782 630 129.37 720 530. 810 1547.
370 0.0131 460 1.3317 550 23.060 640 154.80 730 605. 820 1718.
380 0.0250 470 1.9542 560 29.568 650 184.02 740 688. 830 1904.
390 0.0458 480 2.8126 570 37.512 660 217.43 750 779. 840 2106,
400 0.0809 490 3.9754 580 47.118 670 255.42 760 880. 850 2324,
410 0.1383 500 5.5250 590 58.631 680 298.4 770 991. 860 2560.
420 0.2292 510 7.5585 600 72.318 690 346.8 780 1112. 870 2816.
430 0.3694 520 10.1892 610 88.463 700 401.2 790" 124s. 880 3092.
440 0.5799 530 13.548 620 107.372 710 461.9 800 1389. 890. 3389.
TABLE 3a. Values of vapor pressures of crystal calculated from the Antoine equation [Eq. (4)] at selected temperatures
I Dat I Dsat I Psa r Dsar r Pay I Dsat
K kPa K kPa K kPa K kPa K kPa K kPa
Indole

270 0.000079 290 0.000719 310 0.0045 325.65 0.0152
280 0.000252  298.15 0.001575 320 0.0100
Carbazole
340 0.000075 380 0.00167 420 0.018 460 0.116 500 0.525
350 0.000177 390 0.00319 430 0.030 470 0.174 510 0.733
360 0.000394 400 0.0059 440 0.048 480 0.256 519.3 0.987
370 0.00083 410 0.0104 450 0.075 490 0.370
Acridine
280 0.000001 310 0.000026 340 0.00053 370 0.0060
290 0.000002 320 0.000078 350 0.00126 380 0.0120
298.15 0.000006 330 0.000211 360 0.00282 383.24 0.0149
Phenanthridine
290 0.000001 310 0.000012 330 0.00011 350 0.0007 370 0.0033
298.15 0.000003 320 0.000040 340 0.00029 360 0.0016 379.94 0.0065
2-Naphthalenamine
260 0.0000017 290 0.000134 320 0.00269 350 0.0241 380 0.1284
270 0.0000096  298.15 0.000336 330 0.00602 360 0.0442 386 . 0.171
280 0.0000379 310 0.00111 340 0.0125 370 0.0770
9-Methylcarbazole
300 0.0000108 320 0.000118 340 0.00095 360 0.0060
310 0.0000371 330 0.000346 350 0.00246 362.04 0.0075
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TaBLE 4. Coefficients® of the Antoine equation [Eqgs. (4) and (5)] over the following ranges: a, below 20 kPa; b, 20 kPa to 200 kPa; c, 100 kPa to
critical pressure.

Compound Range A, B, C. TJ/K n E, F, T./K
1-Butanamine b 6.0335 1139.32 -67.37
c 6.0335 1139.32 -67.37 350 1.7439 746.9 —64397. 5319
2-Butanamine b 5.9843 1088.84 -62.22
2-Methyl-1-propanamine a 7.579 1708.7 -235
b 5.9799 1094.48 —65.32
2-Methyi-2-propanamine b 5.9062 992.361 -62.77
Pyrrole a 7.578 1982.2 -30.
b 6.4267 1506.33 -62.20
c 6.4267 1506.33 -62.20 420.15 2.5692 985.4 —-87777. 639.7
1-Methylpyrrole a 5.533 11244 -76.9
b 6.2136 1370.97 -60.09
Pyridine a 6.009 1282.3 —68.0
b 6.1853 1384.77 -57.09
c 6.1853 1384.77 -57.09 400.15 2.8467 —36.98 3621.2 620.0
2-Methylpyridine h 6.1756 1427.97 —-60.10
3-Methylpyridine b 6.1921 1493.72 - 60.49
4-Methylpyridine b 6.1703 1483.15 -62.37
Pyrrolidine (Liquid) b 6.0330 1170.97 —-68.95
c 6.0330 1170.97 —68.95 380 1.7344 5.662 —4088.8 568.2
Piperidine (Liquid) b 5.9823 1239.80 - 67.60
Indole (Crystal) a 6.0670 1953.27 -77.93
Quinoline (Liquid) a 6.5441 2044.06 ~57.68
6.1960 1811.50 -77.99
c 6.1960 1811.50 —-77.99 520 2.5640 5996.0 —914620. 7820
Isoquinoline (Liquid) a 6.5781 2090.06 ~56.83
b 6.2009 1835.64 —-78.84
Carbazole (Crystal) a 5.0414 2605.21 -81.23
(Liquid) b 7.0858 3098.85 -17.85
Acridine (Crystal) a 7.2884 2875.70 -67.71
(Liquid) a 6.5979 2403.62 ~73.18
b 6.2653 2217.00 -97.58
Phenanthridine (Crystal) a 5.6401 2123.69 —-108.55
(Liquid) a 6.4508 2406.19 -8331
1-Naphthalenamine (Liquid) b 6.5715 2299.03 -71.20
2-Naphthalenamine (Crystal) a 4.4950 1360.41 —127.43
(Liquid) o b 6.6401 2392.46 -64.01
9-Methylcarbazole (Crystal) a 10.5610 4333.69 -20.93
(Liquid) a 6.6823 2515.35 —76.41
(Liquid) b 6.0973 2048.59 —117.32

*In Eq. (5), D,=logis e =0.43429
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TABLE 5. Coefficients® and their standard deviations® for Eq. (6) representing densities of the liquids

Compound Ax o(A,) A o(Az) As a(A3) rmswd®
1-Butanamine 2.26401 0.02029 ~0.26241 0.08934 0.75811 0.08227 1.77
2-Butanamine 2.03447 0.06467 . 0.56635 0.11274 127
2-Methyl-1-propanamine 2.22424 0.01942 ~0.11770 0.08726 0.62276 0.08106 1.53
2-Methyl-2-propanamine 2.04443 0.07198 0.77552 0.13304 1.38
Pyrrole 1.89559 0.02717 0.66646 0.04039 2.79
1-Methylpyrrole 2.11648 0.00407 0.72005 0.00676 2.89
Pyridine 2.29807 0.06843 —0.39016 0.25162 1.00456 0.20379 1.27
2-Methylpyridine 1.96644 0.00379 0.74341 0.00599 0.84
3-Methylpyridine 1.94310 0.02768 0.71321 0.04146 1.39
4-Methylpyridine 1.93973 0.01678 0.77039 0.02520 1.93
Pyrrolidine 1.97615 0.00057 0.70678 0.00093 1.48
Piperidine 1.94106 0.02044 0.76342 0.03169 0.32
Quinoline 2.70629 0.27610 ~'1.88961 0.93450 2.09401 0.70955 2.89
Isoquinoline 2.22340 0.03865 —0.22074 0.13336 0.83498 0.10278 5.24
Carbazole 2.09926 0.01343 0.43435 0.02486 2.34
Acridine 1.94869 0.03438 2.38558 0.19172 —1.51823 0.20529 5.47
Phenanthridine 2.37296 0.00347 0.41201 0.01865 0.30526 0.01947 1.59
1-Naphthalenamine 1.52939 0.15919 1.70572 0.22951 1.33
2-Naphthalenamine 2.41268 0.00507 0.32107 0.02880 0.40011 0.03141 1.89
9-Methylcarbazole 2.33411 0.00464 0.37455 0.02468 0.34165 0.02559 1.85

2See Table 7 for values of p. and Table 1 for T..

*See Sec. 1.6.

‘rmswd = root-mean-squared-weighted deviation.

TABLE 5a. Correlation matrix* for coefficients in Eq. (6) representing densities of the liquids

Compound C(A,AL) C(Ay,A43) C(A2,43)
1-Butanamine -0.99080 0.97509 -0.99595
2-Butanamine -0.99964

2-Methyl-1-propanamine —01.99020 0.97432 ~0.99598
2-Methyl-2-propanamine -0.99964 :

Pyrrole -0.99982

1-Methylpyrrole ~0.97706

Pyridine ~0.99962. 0.998R86 -0.99979
2-Methylpyridine -0.99908

3-Methyipyridine ~0.99989

4-Methylpyridine -0.99980

Pyrrolidine -0.99995

Piperidine -0.99962

Quinoline -0.99929 0.99784 -0.99960
Isoquinoline -0.99895 0.99696 —-0.99948
Carbazole -0.99913

Acridine —0.94319 0.88218 —0.98690
Phenanthridine —-0.95754 0.90824 —0.98908
1-Naphthalenamine -0.99933

2-Naphthalinamine ~0.94741 0.88888 —0.98724
9-Methyicabazole —~0.94968 0.89307 —0.98761

2See Sec. 1.6
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TABLE 6. Densities of saturated liquid calculated from Eq. (6) at selected temperatures
T pi T p T pr__ T _p__ I _» I P
K kgm™? K kgm™? K kgm™" K kgm~ K kgm™’ K kgm-3
1-Butanamine
224.05 805. 298.15 739.3 370 670.0 450 575.4 521 416. 529 359.
230 800. . 300 7377 380 659.6 460 560.7 522 411. 530 346.
240 791. 310 728.4 390 648.8 470 544.9 523 405. 531 327.
250 782, 320 719.1 400 637.8 480 527.5 524 400. 531.9 264.
260 774 330 709.6 410 626.3 490 508. 525 393.
270 764.7 340 700.0 420 614.4 500 485, 526 386.
280 755.8 350 690.2 430 602.1 510 458. 527 379.
290 746.8 360 680.2 440 589.1 520 420. 528 370.
2-Butanamine
168.65 828. 240 771, 300 718.2 . 370 647. 440 555. 510 364.
180 819. 250 762. 310 708.8 380 635. 450 539. 511 35s.
190 811. 260 754. 320 699.2 39 624. 460 521. 512 344,
200 803. 270 745. 330 689. 400 611. 470 502. 513 329,
210 795. 280 736.5 340 679. 410 598. 480 480. 514 302.
220 787. 290 727.5 350 668. 420 585. 490 453. 5143 263.
230 779. 298.15 720.0 360 658. 430 571 500 419.
2-Mcthyl-1-propanamine
186.45 827. 260 763.4 330 697.9 410 610.6 490 476. 516 359.
190 824. 270 754.4 340 688.0 420 597.8 500 446. 517 346.
200 816. 280 7453 350 677.8 430 584.5 510 404. 518 328.
210 807. 290 736.3 360 667.4 440 570.3 511 398. 519 263.
220 798. 298.15 728.5 370 656.8 450 555.1 512 392.
230 790. 300 726.8 380 645.8 460 538.6 513 385.
240 781. 310 7173 390 634.5 470 520. 514 377.
250 772. 320 707.7 400 622.8 480 500. 515 369.
2-Methyl-2-propanamine
206.2 782. 280 709.5 350 629. 430 508. 474 385. 482 324
210 778. 290 698.9 360 617. 440 488. 475 379. 483 306.
220 769. 298.15 690.1 370 603. 450 465. 476 374. 483.9 250.
230 759. 300 688.1 380 590. 460 438. 477 368.
240 750. 310 677.0 390 575. 470 403. 478 361.
250 740. 320 665. 400 560. 471 398. 479 354.
260 730. 330 654. 410 544. 472 394. 480 346.
270 719. 340 642, 420 527. 473 389. 481 336.
Pyrrole
249.75  1006. 320 946.1 400 870. 480 782. 560 670. 635 450.
260 998.0 330 937.0 410 860. 490 770. 570 -652. 636 441.
270 989.6 340 927.9 420 849, 500 7517. 580 633. 637 429.
280 981.1 350 918.7 430 839. 510 744. 590 612. 638 415.
290 972.5 360 909.3 440 828. 520 730. 600 589. 639 393.
298.15 965.4 370 899. 450 817. 530 716. 610 562. 639.7 335.
300 963.8 380 890. 460 806. 540 702. 620 530.
310 955.0 390 880. 470 794. 550 686. 630 48s.
1-Methylpyrrole
216.91 9717. 298.15 904.5 370 832. 450 739. 530 616. 590 428.
230 966. 300 902.7 380 822. 460 726. 540 596. 3592 410.
240 9570. 310 893.2 390 811. 470 713. 550 574. 594 386.
250 948. 320 883.5 400 799. 480 698. 560 549. 596 300.
260 939, 330 873.6 410 788. 490 684. 570 520.
270 930.6 340 963.7 420 7176. 500 668. 575 503.
280 9214 350 853.5 430 764. 510 652. 580 483.
290 912.1 360 843, 440 752. 520 635. 585 460.
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TABLE 6. Densities of saturated liquid calculated from Eq. (6) at selected temperatures — Continued

T o T _a I _m I _po T _o T o
K kgm~ X kgm™3 K kgm™ K kgm-3 K kgm™3 X kgm~3
Pyridine
23149 1045, 300 976.1 380 893.0 460 802.4 540 690.6 615 463.
240 1036. 310 966.0 390 882.2 470 790.1 550 673.2 616 454,
250 1026. 320 955.8 400 871.3 480 777.4 560 654.3 617 441.
260 1016. 330 945.5 410 860.3 490 764.4 570 633.6 618 426.
270 1006. 340 935.2 420 849.1 500 750.9 580 610.2 619 405.
280 996.3 350 924.8 430 '837.8 510 736.9 590 5829 620 326.
290 986.3 360 914.2 440 826.2 520. 7222 600 549.0 ‘
298.15 978.0 370 903.7 450 814.4 530 706.9 610 501.3
2-Methylpyridine
206.47.  1020. 290 947.1 360 880.3 440 794.2 520 688.5 600 517.
220 1009. 298.15 939.6 370 870.2 450 7823 530 672.8 610 47s.
230 1000. 300 937.9 380 859.9 460 770.2 540 656.2 615 443,
240 991.5 310 928.6 390 849.5 470 757.7 550 638. 620 384.
250 982.8 320 919.2 400 838.9 480 744.8 560 619. 621 318.
260 974.0 330 909.7 410 828.0 490 731.6 570 598.
270 965.1 340 900.0 420 817.0 500 717.8 580 575.
280 956.2 350 890.2 430 805.7 510 703.5 590 549.
3-Methylpyridine
255.01 989. 330 923.9 410 847. 490 759. 570 645. 641 430.
270 976.1 340 914.9 420 837. 500 747. 580 627. 642 419.
280 967.6 350 905.7 430 827. 510 734, 590 607. 643 406.
290 959.1 360 896.4 440 816. 520 721. 600 586. 644 388.
298.15 952.0 370 887.0 450 805. 530 707. 610 561. 645 323,
300 950.4 380 871. 460 794. 540 693. 620 533.
310 941.7 390 867. 470 783. 550 678. 630 496.
320 932.9 400 857. 480 771. 560 662. 640 439.
4-Methylpyridine
276.81 969. 350 902.9 430 823. 510 729. 590 603. 643 411,
290 957.2 360 893.5 440 812. 520 716. 600 581. 644 397.
298.15 950.1 370 883.9 450 801. 530 702. 610 557. 645 376.
300 948.5 380 8742 460 790. 540 688. 620 529. 645.7 319.
310 939.6 390 864.3 470 778. 550 673. 630 493,
320 930.6 400 854.3 480 767. 560 657. 640 439,
330 921.5 410 844.1 490 754. 570 640. 641 431.
340 912.3 420 833.8 500 742.. 580 622. 642 422
Pyrrolidine
215.31 929. 280 871.0 340 812. 410 734. 480 639. 550 482.
220 925. 290 861.6 350 802. 420 722. 490 622. 560 436.
230 916. 298.15 853.8 360 791. 430 710. 500 605. 565 396.
240 908. 300 852.0 370 780. 440 697. 510 586. 566 384,
250 899, 310 8423 380 769. 450 683. 520 565. 567 367.
260 889. 320 8324 390 758. 460 669. 530 542, 568.2 299.
270 880. 330 822. 400 746. 470 654. 540 515.
Piperidine
262.12 888.9 320 836.6 390 767.2 460 686. 530 582. 591 386.
270 882.0 330 8272 400 756. 470 673. 540 563. 592 374.
280 873.2 340 817.6 410 745. 480 660. 550 542. 593 357.
290 864.2 350 807.9 420 734. 490 646. 560 518. 594 295.
298.15 856.8 360 798.0 430 723. 500 631. 570 490.
300 855.1 370 787.9 440 711. 510 616. 580 455.
310 846.0 380 7716 450 699. 520 600. 590 396.

.1 Phva. Chem. Ref. Data. Val. 22. No. 3. 1993
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TaBLE 6. Densities of saturated liquid calculated from Eq. (6) at selected temperatures — Continued
T e T _p I _p I o I _o I —o
X kgm-> K kg'm—3 K kgm™ K kgm™ K kgm=3 X kgm™3
Quinoline
25837 1124, 350 1048. 450 967. 550 88s. 650 792. 750 634.
270 1114. 360 1040. 460 959. 560 876. 660 781. 760 602.
280 1106. 370 1032. 470 951. 570 868. 670 769. 770 557.
290 1098. 380 1024. 480 943. 580 859. 680 757. 775 522
298.15 1091, 39 1016. 490 934, 590 850. 690 744. 780 462.
300 1089. 400 1008. 500 926. 600 841. 700 730. 781 438.
310 1081. 410 999. 510 918. 610 832. 710 715. 782 348.
320 1073. 420 991. 520 910. 620 822. 720 699.
330 1064. 430 983. 530 902. 630 812. 730 680.
340 1056. 440 975. 540 893. 640 802. 740 659.
Isoquinoline
299.62 1094, 400 1014. 500 930. 600 838. 700 724. 800 454.
310 1086. 410 1006. 510 921. 610 828. 710 710. 801 440.
320 1078. 420 997. 520 913. 620 818. 720 695. 802 420.
330 1070. 430 989. 530 904. 630 807. 730 679. 803 346.
340 1062. 440 981. 540 895. 640 796. 740 661.
350 1054. 450 973. 550 886. 650 78s. 750 642.
360 1046. 460 964. 560 876. 660 774. 760 621.
370 1038. 470 956. 570 867. 670 762. 770 596.
380 1030. 480 947. 580 857. 680 750. 780 566.
390 1022. 490 939. 590 848. 690 737. 790 526.
Carbazole
5193 1007. 600 947. 680 879. 760 796. 840 680. 898 476.
530 999. 610 939. 690 870. 770 784. 850 660. 900 446.
540 992. 620 931. 700 860. 780 772. 860 637. 901.8 368.
550 985. 630 923. 710 850. 790 758. 870 611.
560 978. 640 914. 720 840. 800 745. 880 580.
570 970. 650 906. 730 830. 810 730. 890 536.
580 962. 660 897. 740 819. 820 714. 895 504.
5%0 955. 670 888. 750 808. 830 698. 896 496.
Acridine
383.24 1081. 470 1024. 560 955. 650 871. 740 767. 830 620.
390 1077. 480 1017. 570 946. 660 KA1. 750 753. 840 599.
400 1071. 490 1010. 580 937. 670 850. 760 739. 850 575.
410 1064. 500 1002. 590 928. 680 839. 770 725. 860 547.
420 1058. 510 995. 600 919. 690 828. 780 709. 870 515.
430 1051. 520 987. 610 910. 700 816. 790 694, 880 473.
440 1045. 530 979. 620 901. 710 804. 800 677. 885 443,
450 1038. 540 971. 630 891. 720 792. 810 659. 890 389.
460 1031. 550 963. 640 881. 730 780. 820 641, 891.1 327.
Phenanthridine
379.94  1088. 480 1014. 580 934. 680 842, 780 721. 875 535.
3% 1080. 490 1006. 590 925. 690 832. 790 713. 880 514.
400 1073. 500 998. 600 916. 700 822. 800 698. 885 490.
410 1066. 510 991. 610 908. 710 811. 810 683. 890 454,
420 1059. 520 983. 620 899. 720 800. 820 666. 892 433,
430 1051. 530 97s. 630 890. 730 789. 830 648. 894 399.
440 1044. 540 967. 640 881. 740 778. 840 629. 895 327.
450 1036. 550 959. 650 871. 750 766. 850 607.
460 1029. 560 950. 660 862. 760 753. 860 582.
470 1022. 570 942. 670 852. 770 740. 870 553.
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TABLE 6. Densities of saturated liquid calculated from Eq. (6) at selected temperatures — Continued
T o I _a I o I _m T o I n
K kg'm K kgm™3 K kgm™? K kegm™3 K kgm™3 K kgm™3
1-Naphthalenamine
322.35 1096. 420 1003. 520 902. 620 794. 720 671. 820 501.
330 1089. 430 993. 530 892. 630 782. 730 657. 830 474,
340 1079. 440 983. 540 881. 640 7. 740 643. 835 458.
350 1070. 450 973. 550 871. 650 759. 750 629. 840 439.
360 1060. 460 963. 560 860. 660 747. 760 613. 845 412,
370 1051. 470 953. 570 849. 670 735. 770 598. 848 338.
380 1041. 480 943. 580 838. 680 723. 780 581. 850 327.
390 1032. 490 933. 590 827. 690 710. 790 564.
400 1022. 500 923. 600 816. 700 697. 800 454,
410 1012. 510 913. 610 805.” 710 684. 810 524.
2-Naphthalenamine
386 1075. 480 1000. 570 921. 660 831. 750 n7. 835 521,
400 1064. 490 992. 580 911. 670 820. 760 702. 840 495,
410 1056. 500 983. 590 902. 680 809. 770 683. 845 458.
420 1048. 510 974. 600 892, 690 797. 780 667. 848 422,
430 1041. 520 965. 610 883. 700 785. 790 648. 850 327.
440 1033. 530 957. 620 873. 710 773. 800 627.
450 1025. 540 948. 630 862. 720 759. 810 603.
460 1016. 550 939. 640 853. 730 746. 820 576.
470 1008. 560 930. 650 842. 740 732. 830 542.
Y-Methyicarbazole
36249 1052 460 984. 560 908, 660 823. 760 717. 860 547.
370 1047. 470 971. 570 900. 670 813. 770 705. 865 532.
380 1040. 480 970. 580 892. 680 8U4. 780 692. 870 516.
390 1033. 490 962. 590 883. 690 794. 790 678. 875 496.
400 1027. 500 955. 600 875. 700 784. 800 664. 880 472.
410 1020. 510 947. 610 867. 710 774. 810 648. 884 446.
420 1013. 520 939. 620 858. 720 763. 820 632. 888 404.
430 1006. 530 931. 630 850. 730 752. 830 614, 890 317.
440 999. 540 924. 640 841. 740 741. 840 595.
450 992. 550 916. 650 832. 750 729. 850 573.
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TABLE 7. Coefficients and standard deviations® of Eq. (7) for the rectilinear diameter line (from low reduced temperature density data)

E s Ec! 0’! Om ,
Compound kg'ncl'a k;-m =3, kg:::—z kgm—3 C(pe,otm) %
1-Butanamine 264. 0.5 240.99 13 -0.962726 0.9137
2-Butanamine 263. 3.9 232.10 93 -0.999103 0.8832
2-Methyl-1-propanamine 263. 0.6 238.21 1.5 —0.962835 0.9063
2-Methyl-2-propanamine 250. 4.4 249.41 113 —0.999149 0.9974
Pyrrole 335. 24 275.76 4.4 —0.999587 0.8220
Pyridine 326. 0.3 313.78 0.5 —0.997543 0.9621
2-Methylpyridine 318. 0.3 291.20 0.6 —0.997799 0.9144
3-Methylpyridine 323. 1.9 284.56 35 —0.999722 0.8809
4-Methylpyridine 319. 1.1 289.53 2.1 —0.999507 0.9069
Pyrrolidine 299. 0.1 269.92 0.4 —0.999886 0.9039
Piperidine 295. 14 267.29 2.7 —0.999094 0.9050
Quinoline 348. 1.7 319.57 3.0 —0.994981 0.9192
Isoquinoline 346. 0.5 321.19 0.8 —0.996737 0.9292
Carbazole 368. 0.4 322.09 1.0 —0.997918 0.8761
*See Sec. 1.6.
*Data not used for adopted p; experimental data available.
TaBLE 8. Coefficients of Eq. (10) with their correlation coefficients® for the second virial coefficients
Compound cm3flrol -1 cm‘;-(gr))l -1 cmlﬁ:’ol -1 cm(;-(rgg -1 P]Zb ﬂl%l rmswd “0,C) (Ao.Dv) (CosDs)
1-Butanamine 542.07 16.31 —296.34 9.68 663.43 9.04 036 —0.996377 —0.984553 0.995863
2-Butanamine 395.00 15.91 —223.86 9.15 64043 10.63 046  —0.995297 -—0.982252 0.995780
2-Methyl-1-propanamine  431.44 22.76 —243.09 14.06 624.71 15.04 0.49 -0.997194 —0.986862 0.996039
2-Methyl-2-propanamine  396.29 14.61 —226.18 8.90 591.39 9.55 036 —0.996604 —0.983836 0.995062
Pyrrole 205.34 34.57 -121.71 15.15 996.49 39.72 148  —0.996700 —0.992453 0.998733
1-Methylpyrrole 371.66 13.91 —-210.70 7.87 752.11 11.30 043  —0.995011 —0.981867 0.995864
Pyridine 307.58 19.37 —185.38 10.59 746.77 16.70 0.76  —0.995768 —0.984558 0.996462
2-Methylpyridine 320.82 24.95 -184.57 12.80 841.07 21.58 0.98  —0.998368 —0.993845 0.998536
3-Methylpyridine 493.57 28.54 —~285.57 17.69 773.96 18.69 040 —0.997282 -0.989362 0.997172
4-Methylpyridine 356.72 17.79 —198.04 8.83 893.10 13.79 049  —0.996903 —0.991863 0.998388
Pyrrolidine 350.83 13.14 —200.26 7.84 693.91 10.82 0.49 —0.997586 —0.987483 0.995932
Piperidine 380.95 13.84 —-220.94 8.32 714.13 10.93 0.33 —0.996943 —0.986388 0.996030
Quinoline 583.65 31.49 —-318.13 17.95 981.68 21.92 029  —0.997144 -0.990168 0.997728
Isoquinoline” 496.85 12,79 —280.86 7.34 990.79 10.27 0.15 —0.997056 —0.989418 0.997440
Carbazole® 1088.23 10.69 —549.96 621 11512 5.28 028  —0.998459 —0.995024 0.998963
Acridine® 952.78 9.25 —450.73 518 11834 5.39 0.03 —0.998298 —0.994639 0.998917
Phenanthridine® 963.48 7.92 —466.21 4.57 11726 4.64 002 —0.998526 —0.995246 0.999015
1-Naphthalenamine® 592.11 9.25 —283.32 4.96 1166.2 7.73 0.08 —0.997207 —0.990907 0.998055
2-Naphthalenamine® 613.41 10.25 —284.59 527 11893 8.29 0.09 -0997062 —0.990574 0.998016
9-Methylcarbazole® 1003.97 14.99 —494.46 8.08 13137 823 006 —0.997492 —0.992251 0.998439
“See Sec. 1.6,

“*rmswd = root-mean-squared-weighted deviation.
“Values used in fit calculated from Eq. (9).
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TABLE 9. Second virial coefficients calculated from Eq. (10) at selected temperatures
T Ba T Ba T B T Ba T Bu T By,
K cm®mol ! X cmmol ! X cm*mol™! K cm>mol ! K cm*mol~! K  cm’mol~?
1-Butanamine
280 -3176. 340 —~1585. 400 —964. 460 ~636. 520 —434, 580 -299.
290 —2764. 350 —1446. 410 —896. 470 —596. 530 —~408. 590 —280.
300 —2433. 360 —1325. 420 ~835. 480 —559. 540 ~383. 600 —263.
310 —2161. 370 —-1218. 430 -778. 490 -524. 550 -360. 610 —247.
320 —-1936. 380 ~-1124. 440 -727. 500 —492, 560 -338. 620 -231
330 —1747. 390 —1040. 450 —680. 510 —462. 570 -~318. 630 -216.
2-Butanamine
260 —2564. 320 -1300. 380 —818. 440 —-561. 500 —-401. 560 -292.
270 —2230. 330 ~-1192. 390 —765. 450 ~529. 510 -~ 380. 570 =271
280 —1965. 340 ~1097. 400 —-716. 460 —500. 520 ~—360. 580 —-263.
290 —1751. 350 -1015. 410 —672. 470 —472. 530 -342. 590 -250.
300 -1574. 360 —942. 420 —632. 480 —447. 540 ~324. 600 -237.
310 —1426. 370 —876. 430 —595. 490 -423. 550 ~308. 610 —-225.
2-Methyl-1-butanamine
270 —-2138. 330 ~1176. 390 ~770. 450 —543. 510 —-398. 570 -297.
280 —1895. 340 —1087. 400 —~724. 460 —-515. 520 -378. 580 —283.
290 —1697. 350 ~1009. 410 —682. 470 —488. 530 -360. 59  -270.
300 -1533. 360 -939. 420 —643. 480 -463. 540 —343. 600 -257.
310 —1395. 370 —877. 430 —-607. 490 —440. 550 ~327. 610 —245.
320 -12717. 380 -821. 440 —-574. 500 —418. 560 -311. 620 -234,
2-Methyl-2-butanamine
240 —2389. 300 —1206. 360 —764. 420 -529. 480 —381. 540 —-281.
250 —-2071. 310 ~1107. 370 -716. 430 -500. 490 -362. 550 -267.
260 -1822. 320 -1021. 380 -672. 440 —473. 500 -344. 560 —254,
270 —-1622. 330 —945. 390 —631. 450 —-447. 510 -327. 570 —242,
280 —1458. 340 —878. 400 —594. 460 — 424, 520 —~311. 580 —230.
290 —1322. 350 —818. 410 —560. 470 —402. 530 -295.
Pyrrole
320 —2505. 390 ~-1247. 460 -775. 530 —-527. 600 -375. 670 =272,
330 —-2216. 400 —1155. 470 -730. 540 -501. 610 —~358. 680 —260.
340 —-1979. 410 -1073. 480 —690. 550 —477. 620 —-341. 690 —248.
350 1782. 420 —1000. 490 —652. 560 — 454, 630 —326. 700 —237.
360 -1616. 430 —935. 500 —617. 570 —432. 640 -311. 710 -227.
370 —-1475. 440 —876. 510 —585. 580 —412. 650 —298. 720 —-217.
380 —1353. 450 —823. 520 —555 590 —393. 660 —-284. 730 -207.
1-Methylpyrrole
300 —2378. 370 —1231. 440 ~785. 510 —546. 580 -395. 650 -291.
310 —2116. 380 —1145, 450 —743. 520 —520. 590 —378. 660 —279.
320 ~1900. 390 —-1068. 460 -704. 530 ~496. 600 —-361. 670 -268.
330 -1721. 400 - 1000. 470 —667. 540 -473. 610 - 346. 680 -257.
340 —1569. 410 -938. 480 —634. 550 —452. 620 -331. 690 —246.
350 1440. 420 —883. 490 —602. 560 —432. 630 -317. 700 —236.
360 -1328. 430 —-832. 500 —-573. 570 —413. 640 —304.
Pyridine
310 -1910. 380 —1043. 450 - 687. 520 —490. 590 —363. 660 —276.
320 -1717. 390 -97s. 460 —653. 530 —-469. 600 —349. 670 —265.
330 —1556. 400 -914. 470 - 620. 540 — 449, 610 -335. 680 -255.
340 —1421. 410 —860. 480 591. 550 430. 620 - 322 690 —246.
350 —1305. 420 -811. 490 —563. 560 —412. 630 -310. 700 -237.
360 —1206. 430 —766. 500 ~537. 570 -395. 640 —298. 710 -228.
370 -1119. 440 —1725. 510 -513. 580 -379. 650 -286. 720 -219.

J. Phys. Chem. Ref. Data, Vol. 22, No. 3, 1993



THERMODYNAMIC PROPERTIES OF ORGANIC NITROGEN COMPOUNDS 679
TABLE 9. Second virial coefficients calculated from Eq. (10) at selected temperatures — Continued
T B T Bw T By . I B T B T Bm
X cm*mol ! K cm*mol ~? K cm*mol™' K em®mol ™! K cm*mol”! K cm*mol~!
2-Methylpyridine
320 —-2311. 390 —1276. 460 —840. 530 —596. 600 —439. 670 —329.
330 -2084. 400 —1194. 470 -1797. 540 —569. 610 —421. 680 -317.
340 - 1894, 410 —1120. 480 -757. 550 —544. 620 —404. 690 -304.
350 -1732. 420 —1053. 490 ~721. 560 —-521. 630 ~387. 700 —292.
360 —1594, 430 —-992. 500 —686. 570 —498. 640 -372. 710 —281.
370 —1474, 440 -937. 510 —654 580 —477. 650 —357. 720 -270.
380 —1369, 450 —887. 520 —624 590 —458. 660 —343.
3-Methylpyridine
340 —2420. 410 —1373. 480 —912. 550 —650. 620 —479. 690 -360.
350 —2196. 420 —1286. 490 —866. 560 —621. 630 —~460. 700 - 346.
360 —2005. 430 —1209. 500 —824. 570 —594. 640 —441. 710 —~333.
370 —1842. 440 —-1138. 510 —784. 580 —568. 650 —423. 720 -320.
380 -1701. 450 -1074. 520 ~747. 590 —544. 660 —407. 730 —-307.
3% —-1578. 460 —1016. 530 -713. 600 —522. 670 -390. 740 —295.
400 —1469. 470 —962. 540 -~ 680. 610 - 500. 680 —-375. 750 —284.
4-Methylpyridine
340 —2412. 410 -1351. 480 —891. 550 —630. 620 —462. 690 —-345.
350 —2184. 420 —1265. 490 — 845, 560 —602. 630 —443. 700 -332.
360 —1990. 430 -1187. 500 —803. 570 —-575. 640 —425. 710 —-318.
370 —1825. 440 —1116. 510 —764. 580 —550. 650 —407. 720 —306.
380 —1683. 450 —1052. 520 —1727. 590 —-527. 680 —-391. 730 —294.
390 —1558. 460 —-994. 530 —693. 600 - 504. 660 —375. 740 —282.
400 —1449. 470 —940. 540 —661. 610 —483. 670 -360. 750 -271.
Pyrrolidine
280 —2173. 350 —1088. 420 —688. 490 —-475. 560 —-343, 630 —253.
290 —1918. 360 —1010. 430 —650. 500 —453, 570 —328. 640 —242.
300 -1711. 370 —941. 440 —615. 510 ~432. 580 —314. 650 -232.
310 —1542. 380 —880. 450 —583. 520 ~412. 590 -300. 660 —222.
320 -1400. 390 - 824, 460 —553. 530 —393. 600 —287.
330 —1280. 400 —774. 470 —525. 540 —-375. 610 —27s.
340 —-1178. 410 —729. 480 —499. 550 —-359. 620 —264.
Piperidine
300 -2107. 370 —1127. 440 —733. 510 -516. 580 —-378. 650 —283.
310 —1886. 380 -1051. 450 —694. 520 —492. 590 -362. 660 -271.
320 -1703. 390 —984. 460 —659. 530 —471. 600 -~347. 670 —261.
330 ~1550. 400 -924. 470 ~626. 540 —450. 610 —-333. 680 —-250.
340 —1420. 410 —869. 480 —596. 550 —430. 620 -319. 690 -240.
350 -1309. 420 -819. 490 —-567. 560 —-412. 630 -307.
360 -1212, 430 -774. 500 —541. 570 -394, 640 —294.
Quinoline
440 -2579. 520 —-1538. 600 —1035. 680 -7317. 760 —540. 840 —401.
450 —2392. 530 —1457. 610 ~990. 690 —708. 770 —520. 850 —386.
460 —2226. 540 —1382. 620 —-947. 700 —681. 780 -501. 860 -372.
470 —2080. 550 —-1313. 630 - -907. 710 —655. 790 —483. 870 —-359.
480 —1948. 560 —1250. 640 —869. 720 —630. 800 —465. 880 —346.
490 —1830. 570 —-1190. 650 —834. 730 - 606. 810 —448.
500 -1723. 580 —1135. 660 —800. 740 —583. 820 —432.
510 —1626. 590 —1084. 670 -~ 768. 750 —-561. 830 —416.
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TABLE 9. Second virial coefficients calculated from Eq. (10) at selected temperatures — Continued

T Bw T B T Bm T B r Bw T B
X cm*mol ! X cm*mol ~! K cm®mol ~! K cm>mol ~? K cm>mol ~! K  cm*mol-!?
Isoquinoline
440 —2221. 520 —1381. 600 —-963. 680 -710. 760 —540. 840 ~417.
450 -2071. 530 —1314, 610 ~925. 690 —685. 770 -522. 850 ~ 404,
‘460 —1939. 540 —1252. 620 -~ 889. 700 ~662. 780 —505. 860 ~392,
470 —-1821. 550 -1195. 630 —855. 710 —-639. 790 —489, 870 ~380.
480 -1715. 560 —1142. 640 —823. 720 —617. 800 - —474. 880 ~368.
490 —1619. 570 -1093. 650 -793. 730 —597. 810 —459. 890 - 357.
500 -1532. 580 —~1047. 660 —~764. 740 ~577. 820 —445. 900 ~346.
510 —1453. 590 —1004. 670 - 736. 750 —~558. 830 —431,
Carbazole
600 —2291. 670 —-1672. 740 —1268. 810 —983. 880 -772. 950 ~610.
610 —2183. 680 —1604. 750 —1221. 820 —949. 890 —747. 960 -~ 590.
620 -2083. 690 —1540. 760 -1177. 830 -917. 900 -722. 970 ~571.
630 —1989. 700 - 1480. 770 -1134, 840 —885. 910 —698. 980 -552.
640 -1902. 710 -1422. 780 ~1094. 850 —855. 920 -675. 990 ~534,
650 —1820. 720 ~1368. 790 -1055. 860 —827. 930 - 653. 1000 ~517.
660 —-1744. 730 -1317. 800 —-1018. 870 -799. 940 ~631.
Acridine

590 —2384. 660 -1735. 730 -1313, 800 —1016. 870 -797. 940 ~628.
600 -2271. 670 —1664. 740 —1264. 810 - 981. 880 ~770. 950 - 607.
610 —2166. 680 —-1598. 750 —1218. 820 —947. 890 —744. 960 ~587.
620 —2068. 690 —1534. 760 -1174. 830 —-914. 900 -7109. 970 - 568.
630 -1976. 700 —1475. 770 -1132, 840 —883. 910 -695. 980 —~549.
640 —1891. 710 —1418. 780 —1092. 850 —853. 920 —672.

650 —1811. 720 —1364. 790 -1053. 860 —824. 930 - 650.

Phenanthridine

610 —2231. 680 —1649. 750 — 1262, 820 —9835. 890 —778. 960 - 618.
620 —2131. 690 —1585. 760 -1217. 830 —-952. 900 -753. 970 -~ 598.
630 —2037. 700 —1524. 770 —-1174. 840 -920. 910 ~728. 980 -579.
640 - 1950. 710 —1466. 780 —1133, 850 - 889. 920 -1705. 990 -~560.
650 — 1868. 720 —1411. 790 —1093. 860 — 860. 930 - 0682. 1000 -542.
660 - 1790. 730 -1359. 800 - 1056. 870 —832. 940 ~660.

670 -1718. 740 —1309. 810 —1020. 880 —804. 950 —638.

1-Naphthalenamine

510 —2223. 590 —1447. 670 ~1021. 750 —1750. . 830 ~564. 910 ~428.
520 -2092. 600 —1380. 680 ~-981. 760 ~723. 840 —545. 920 ~414,
530 —1974. 610 —1319. 690 —-942. 770 —6Y8. ¥50 —3526. 930 —400.
540 —1867. 620 —-1261. 700 ~ 906. 780 —673. 860 —508. 940 ~387.
550 —1768. 630 -1207. 710 ~872. 790 —649. 870 —491, 950 ~374.
560 —1678. 640 —1156. 720 —839. 800 —627. 880 —475.

570 —1595. 650 —1108. 730 ~808. 810 . —605. 890 —459.

580 —-1518. 660 —1063. 740 ~779. 820 —584. 900 —443,

2-Naphthalenamine

510 —2345. 590 —1515. 670 ~1063. 750 -771. 830 —580. 910 —438.
520 —2205. 600 —1444. 680 -1020. 760 ~748. 840 - 560. 920 ~423.
530 —2078. 610 —1379. 690 ~980. 770 -721. 850 —541. 930 —408.
540 —1963. 620 -1317. 700 ~942, 780 —695. 860 =522, 940 ~394.
550 —1858. 630 —1260. 710 ~905. 79 - 670. 870 —504. 950 -~ 381.
560 —1762. 640 —1206. 720 -871. 800 —646. 880 —486.

570 —1673. 650 ~1155. 730 - 838. 810 —624. 890 —470.

580 —1591. 660 —1108. 740 ~807. 820 —602. 900 —454,
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TaBLE 9. Second virial coefficients calculated from Eq. (10) at selected temperatures — Continued
T B, T B T B, T B T B T B,
X cm*mol ! X cm*mol ~} K cmdmol~! K cm>mol ™! K cm*mol™? K cm*mol~!
9-Methylcarbazole
600 —2361. 670 —1746. 740 —1339. 810 - 1049, 880 —832. 950 - 664.
610 —2254. 680 —1678. 750 -1292. 820 —1014. 890 ~805. 960 —643.
620 —215s. 690 —1614. 760 —1246. 830 —980. 900 —780. 970 —623.
630 —2063. 700 —1553. 770 -1203. 840 —948. 910 —1755. 980 ~604.
640 —1976. 710 —1496. 780 -1162. 850 —-918. 920 ~731. 990 —585.
650 - 1895. 720 —1441. 790 -1123. 860 —888. 930 ~708.
660 —1818. 730 —1389. 800 —1085. 870 —859. 940 —686.

TaBLE 10. Enthalpy of vaporization or sublimation and conversion to

the ideal gas at 298.15 K

Compound Phase x A% /kI'mol—%2
1-Butanamine 1 35.70+0.10
2-Butanamine 1 32.85+0.10
2-Methyl-1-propanamine 1 33.81x0.10
2-Methyl-2-propanamine 1 29.64+0.10
Pyrrole 1 45.09:0.20
1-Methylpyrrole 1 40.65+0.20
2-Methylpyrrole 1 50.7x0.5
3-Methylpyrrole 1 49.7x0.5
Pyridine 1 40.21+0.20
2-Methylpyridine 1 42.47x0.20
3-Methylpyridine 1 44.44+0.20
4-Methylpyridine 1 44.56 +0.20
Pyrrolidine 1 37.52+0.20
Piperidine 1 39.29+0.20
Indole cr 69.9+1.0
Quinoline 1 59.3x1.0
Isoguinoline 1 60.3£1.0
Acridine cr 94.5+4.0
Carbazole cr 99.0+4.0
Phenanthridine cr 98.6+4.0
1-Naphthalenamine cr 65.0+40
2-Naphthalenamine cr 74.1x4.0
cr 95.5+4.0

9-Methylcarbazole

alIncertainties are standard error estimates.
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TABLE 11. Selected enthalpies of formation®® at 0 and 298.15 K for the ideal gas and condensed phases

Ideal gas Liquid or crystal
Temperature 0K ) 298.15K 298.15 K
Compound AH°/kJ-mol ™! Phase*
1-Butanamine -60.59+ 1.27 -91.90x 1.27 —127.60+1.26 1
2-Butanamine ~-71.11+ 1.06 —104.65x 1.06 -137.50+1.05 1
2-Methyl-1:propanamine : —-65.64= 0.51 —98.74+ 0.51 —132.55+0.50 1
2-Methyl-2-propanamine ~87.11x 0.52 —120.98x 0.52 ~150.62+0.50 1
Pyrrole 124.85+ 0.81 108.18x 0.81 63.09+0.80 I
1-Methylpyrrole 125.88 = 0.60 103.14x 0.54 62.38£0.50 I
2-Methylpyrrole 96.5+ 2.3 740 2.2 233x20 1
3-Methylpyrrole 927+ 2.3 ©70.2x 22 20.5%x2.0 ]
Pyridine 157.20 0.54 140.37% 0.54 100.16 £ 0.50 1
2-Methylpyridine 121.66x 0.79 99.16+ 0.78 56.69x0.75 1
3-Methylpyridine 128.86 = 0.61 106.36 = 0.61 61.92+0.58 |
4-Methylpyridine 12629+ 0.91 103.76 = 0.90 59.20+0.88 1
Pyrrolidine 26.89+ 0.82 -3.59+ 0.80 —41.11+0.80 1
Piperidine -9.04= 0.62 —47.15% 0.62 —86.44+0.58 1
Indole 179.57+ 1.30 156.50+ 1.25 86.65+0.75 cr
Quinoline 223.42+ 140 200.52+ 1.36 141.22£0.92 1
Isoquinoline 22749+ 1.35 204.61x 1.33 144.35x0.88 I
Carbazole 2328 = 5.2 200.7= 4.9 101.7 £2.8 cr
Acridine 3024+ 4.3 2739+ 4.1 179.41+1.04 cr
Phenanthridine 268.8 + 4.4 2405 = 4.2 141.93 =1.36 cr
1-Naphthalenamine 1599 = 7.0 1328 = 6.7¢ 67.8 £5.4 cr
2-Naphthalenamine 161.1 = 54 1343 + 5.2¢ 60.2 £3.3 cr
9-Methylcarbazole 234.1 = 43 201.0x 4.1 105.52+1.05 cr

#For formation reactions n C(graphite) + (m/2)Hx(g) + (1/2)Nz(g)— C.H,,N(cr, }, or g)°
SUncertainties are two standard error estimates.

‘cr for crystal, and | for liquid.

dEstimated.

TaBLE 12. Thermodynamic properties for the condensed phases at TABLE 12. Thermodynamic properties for the condensed phases at

vapor saturation.® vapor saturation® — Continued
T C. Alls NG AlH T o ALS AIG ATH
K R R TRT RT K R R " RT RT
Pyrrole (crILI) Pyrrole (crILI) — Continued
0 0.000 0.000 0.000 0.000 180 7.416 9.571 4.934 4.638
10 0.195 0.066 0.017 0.049 190 7.755 9.981 5.188 4.793
15 0.574 0.211 0.055 0.156 200 8.121 10.388 5.438 4,950
20 1.068 0.443 0121 0.322 210 8.506 10.793 S.683 5.110
25 1.604 0.738 0.214 0.524 220 8.932 11.199 5.925 5.274
30 2.118 1.077 0.329 0.748 230 9.391 11.606 6.163 5.443
35 2.601 1.440 0.462 0.978 240 9.850 12.015 6.398 5.617
40 3.046 1.817 0.608 1210 249.74 10.297 12416 6.625 5.791
45 3.440 2.199 0.763 1.436
50 3.796 2.580 0.926 1.654 Pyrrole (1)
60 4,423 3.329 1.265 2.065
64 4.681 3.622 1.402 2.220 249.74 13.954 16.224 6.625 9.599
65.5 5.038 3.735 1455 2.280 250 13.960 16.237 6.633 9.603
66 4.739 3.772 1.472 2.300 260 14,235 16.791 7.015 9.776
70 4.788 4,052 1.612 2.441 270 14.529 17.330 7.383 9.947
80 5.031 4.707 1.958 2.749 280 14.827 17.863 7.748 10.115
90 5.273 5.314 2298 3.016 290 15.121 18.392 8.109 10.283
100 5.492 5.880 2.628 3.252 298.15 15.367 18.815 8.396 10.419
110 5.696 6.413 2.948 3.465 300 15.422 18.910 8.461 10.450
120 5.897 6.917 3.258 3.659 310 15.722 19.419 8.804 10.615
130 6.105 7.398 3.558 3.840 320 16.023 19.922 9.143 10.780
140 6.324 7.858 3.849 4.009 330 16.323 20.420 9.477 10.943
150 6.559 8.302 4131 4171 340 16.624 20.913 9.808 11.106
160 6.822 8.734 4.405 4.329 350 16.920 21.401 10.134 11.267

170 7.107 9.156 4.672 4.483 360 17.221 21.879 10.450 11.429
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TaABLE 12. Thermodynamic properties for the condensed phases at TABLE 12. Thermodynamic properties for the condensed phases at

vapor saturation® — Continued vapor saturation® — Continued
T Car als &G AH T Ca ags &G am
X R R “RT RT K R R RT RT
Pyrrole (I) — Continued 1-Methylpyrrole (cr)
370 17.522 22.357 10.768 11.589 0 U.000 0.000 0.000 0.000
380 ., 17.823 22.825 11.075 11.750 10 0.204 0.068 0.017 0.051
39 "18.124 23.293 11.384 11.909 15 0.621 0.224 0.058 0.166
400 18.425 23.756 11.687 12.068 20 1.186 0.476 0.128 0.348
i 25 1.830 0.809 0.229 0.579
2-Methyl-2-propanamine (crIII) 30 2.482 1.200 0.357 0.842
- 35 3.109 1.630 0.508 1122
0 0.000 0.000 0.000 0.000 40 3.693 2.084 0.677 1.408
10 0.298 0.100 0.025 0.076 45 4.225 2.550 0.860 1.691
15 0.867 0.322 0.083 0.239 50 4.703 3.020 1.052 1.969
20 1.569 0.665 0.183 0.482 60 5.527 3.953 1.458 2.496
25 2:268 1.091 0.321 0.770 70 6.177 4.856 1.880 2.976
30 2.897 1.561 0.488 1.073 80 6.683 5.715 2.306 3.409
35 3.438 2.049 0.676 1.373 9 7.098 6.527 2.730 3.796
40 3.912 2.540 0.879 1.662 100 7.473 1.295 3.148 4.146
45 4.323 3.025 1.090 1.935 110 7.797 8.023 3.559 4.463
50 4.703 3.501 1.308 2.193 120 8.086 8.713 3.960 4.753
60 5.430 4.422 1.751 2.67 130 8.370 9.371 4.350 5.021
70 6.174 5.313 2.196 3.117 140 8.669 10.002 4.732 5.270
80 7.042 6.193 2.641 3.552 150 8971 10.611 5.104 5.507
90 7.976 7.075 3.084 3.991 160 9.307 11.200 5.466 5.734
91.30 8.107 7.191 3.142 4.049 170 9.646 11.775 5.821 5.954
180 10.017 12.336 6.167 6.169
2-Methyl-2-propanamine (crlI) 190 10.430 12.889 6.507 6.382
200 10.855 13.435 6.840 6.595
91.30 7.217 7.340 3.142 4.198 210 11318 13.975 7.166 6.809
100 7.643 8.016 3.537 4.479 216.912 11.652 14.347 7.389 6.958
110 8.217 8.7711 3.978 4.792
120 8.808 9511 4.409 5.103 ' 1-Methylpyrrole (1)
130 9.403 10.239 4.829 5411
140 10.009 10.959 5.241 5.717 216 .912 16.363 18.685 7.389 11.296
150 10.621 11.670 5.646 6.024 220 16.411 18.917 7.549 11.368
160 11.259 12.375 6.044 6.331 230 16.560 19.650 8.060 11.590
170 11.932 13.078 6.438 6.640 240 16.722 20.358 8.558 11.801
180 12.686 13.781 6.826 6.955 250 16.912 21.044 9.043 12.002
190 13.579 14.490 7.211 7.279 260 17.125 21.713 9.519 12.194
200 14.625 15.212 7.593 7.620 270 17.350 22.363 9.982 12,381
202.27 14.884 15.379 7.679 7.700 280 17.586 22.998 10435 12.563
290 17.834 23.619 10.879 12,740
2-Methyl-2-propanamine (crl) 298.15 18.048 24.117 11.235 12.882
300 18.098 24.228 11.314 12.914
202.27 20.099 18.977 7.679 11.298 310 18.369 24.826 11.740 13.086
206.20 20.252 19.364 7.900 11.464 320 18.641 25414 12.159 13.255
330 18.915 25.992 12.569 13.423
2-Methyl-2-propanamine (I) 340 19.200 26.560 12.972 13.588
350 19.498 27.121 13.368 13.753
206.20 21.289 19.877 7.900 11.977 360 19.787 27.675 13.758 13.917
210 21.442 20.265 8.122 12.143 370 20.092 28221 14142 14.079
220 21.764 21.272 8.695 12.577
230 22.024 22.249 9.264 12.985 Pyridine (cr)
240 22223 23.190 9.822 13.368
250 22.392 24.102 10.376 13.726 [i] 0.000 0.000 0.000 0.000
260 22.527 24.983 10.924 14.059 10 0.249 0.084 0.021 0.063
270 22.655 25.834 11458 14377 15 0.721 0.267 0.069 0.198
280 22.790 26.660 11.986 14.674 20 1.302 0.554 0.153 0.402
290 22.939 27.461 12.504 14.956 25 1.905 0.909 0.267 0.642
298.15 23.062 28.100 12.922 15.178 30 2.485 1.309 0.407 0.902
300 23.092 28.241 13.018 15.223 35 3.003 1.731 0.566 1.165
310 23.276 29.001 13.521 15.480 40 3.457 2127 0.704 1424
320 23.490 29.746 14.019 15.726 45 3.816 2.593 0.921 1.672
330 23.720 30.470 14.502 15.968 50 4.174 3.016 1.110 1.906
340 23.960 31.185 14.985 16.199 60 4.720 3.827 1.495 2332
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TaBLE 12. Thermodynamic properties for the condensed phases at TABLE 12. Thermodynamic properties for the condensed phases at

vapor saturation® — Continued vapor saturation® — Continued
T [ Afs _alG AlH r o Als _AlG AlH
K R R RT RT K R R RT RT
Pyridine (cr) Pyrrolidine (crl)
70 5.136 4.587 1.883 2.703 207 .14 10.710 13.278 6.648 6.630
80 5.482 5.296 2.266 3.029 210 11.089 13427 6.739 6.688
90 5.796 5.959 2.640 3.319 215.31 11.785 13.714 6.909 6.805
100 6.084 6.585 3.004 3581
110 6.367 7.178 3.356 3822 Pyrrolidine (1)
120 6.652 7.784 3.698 4.046
130 6.944 8.288 4.031 4257 215 31 17.986 18.503 6.909 11.595
140 7.251 8.814 4.460 4354 220 18.104 18.892 7.160 11.732
150 7.570 9325 4.657 4.668 230 18.338 19.698 7.683 12.015
160 7.906 9.824 4975 4.849 240 18.497 20.483 8.201 12282
170 8.265 10314 5.275 5.040 250 18.594 21.244 8.711 12.533
180 8.646 10.797 5.568 5.229 260 18.654 21.974 9.207 12.767
190 9.065 11276 5.856 5.420 270 18.692 22,679 9.693 12.986
200 9.497 11.752 6.139 5.613 280. 18.733 23.359 10.168 13.191
210 9.951 12226 6.417 5.809 290 18.781 24.013 10.631 13.383.
20 10447 12.700 6.692 6.008 208.15 18.834 24537 11.006 13.531
230 10.974 13.176 6.964 6212 300 18.844 24.652 11.089 13.563
231.49 11.055 13.246 7.002 6.244 310 18923 2527 11.536 13.735
: 320 19.012 25.875 11977 13.899
Pyridine (1) 330 19.121 26.459 12.404 14.055
231.49 14577 17.545 7.002 10.543 340 19.260 27.033 12.827 14.206
240 14719 18.073 7383 10.689 350 19.425 27.59 13.243 14.353
250 14.901 18.677 7.823 10.854 —
260 15.106 19.266 8.253 11.013 * 2-Methylpyridine (cr)
: } 672 11.169
20 a1 o404 oo 11 o 000 0000 000 0000
290 15.771 20.953 9.483 11.470 10 0220 0.074 0.018 0.056
298.15 15.965 21.396 9.805 11.591 15 0.655 0242 0.062 0.180
300 16.010 21.492 9.874 11.618 2 1.206 0.504 0.138 0.366
310 16.256 22,020 10257 11763 % 1.807 0.837 0.244 0.594
320 16511 22.538 10.631 11.908 30 2406 1.220 0.374 0.846
230 16976 108 11,000 205 35 2,975 1.635 0.525 1.110
340 17.047 23.555 11360 12.195 40 3.509 2.067 0.690 1.378
350 17322 24.053 11.716 12.337 45 - 3993 2.509 0.868 1.642
: 50 4.441 2,953 1.054 1.900
— 60 5.255 3.836 1.444 2392
Pyrrolidine (erll) 70 5.942 4.699 1.848 2.852
0 0.000 0.000 0.000 0.000 80 6.547 5.533 2257 3.276
10 0.194 0.065 0.016 0.049 ) 7.097 6.337 2.666 . 3.671
15 0.598 0213 0.055 0.158 100 7.589 7.110 3.071 4.038
20 1.153 0.459 0123 0.336 110 8.037 7.855 3473 4382
25 1.792 0.794 0.231 0.562 120 8.456 8.572 3.868 4704
30 2.437 1.167 0.346 0821 130 8.854 9.265 4257 5.008
35 3.032 1.589 0.493 1.096 140 9.232 9.935 4.639 5.296
40 3.571 2.030 0.658 1372 150 9.612 10.585 5.013 5.571
45 4.038 2477 0.835 1.642 160 9.994 11217 5.381 5.836
50 4.446 2923 1.021 1.902 170 10.380 11.834 5.743 6.092
60 5.134 3.797 1412 2.386 180 10.768 12.439 6.098 6341
70 5.668 4.631 1813 2.818 190 11.166 13.032 6.448 6.584
80 6.106 5.416 2214 3.202 200 11573 13.615 6.792 6.823
9 6.488 6.158 2.612 3.546 206.45 11.837 13.987 7.011 6.976
100 6.825 6.859 3.002 3.857
110 7.140 7.524 3.383 4.141 2-Methylpyridine (1)
120 7451 8.160 3755 4.404
130 7.756 8.767 4117 4.650 206.45 17.017 19.650 7.011 12.640
140 8.065 9.353 4470 4.883 210 17.054 19.938 7.224 12714
150 8.392 9.921 4.815 5.106 220 17.178 20733 7.820 12.914
160 8.729 10.474 5.152 5322 230 17.346 21.504 8.401 13.103
170 9.087 11.013 5.480 5.533 240 17.545 22.244 8.960 13.284
180 9.488 11.543 5.802 5.741 250 17.763 22.964 9.506 13.458
190 9.939 12.068 6.119 5.950 260 17.999 23.664 10.035 13.629
200 10.445 12591 6.429 6.162 270 18.259 24.349 10.554 13.795
207.14 10.849 12.964 6.648 6.316 280 18.531 25.019 11.059 13.960
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TABLE 12. Thermodynamic properties for the condensed phases at
vapor saturation® ~ Continued

T Caut Afs _AlG AlH T [ Als _ale AH
X R R RT RT K R R RT RT
2-Methylpyridine (I) — Continued 4-Methylpyridine (crlI)
290 18.816 25673 11.551 14122 0 0.000 0.000 0.000 0.000
298.15 19.056 26.201 11.948 14.254 10 0.541 0.201 0.052 0.148
300 19.111 26317 12.034 14.284 15 1.160 0.542 0.155 0.386
310 19.421 26.946 12.502 14.445 20 1.731 0.954 0302 0.652
320 19.737 27.570 12.965 14.605 25 2317 1.404 0.478 0.926
330 20.057 28.184 13.419 14.765 30 2.874 1.876 0.671 1.206
340 20388 28.788 13.862 14.926 35 3.385 2.358 0.877 1.482
350 20.723 29.382 14.295 15.087 40 3.849 2.841 1.093 1.749
360 21.064 29.970 14723 15.248 45 4.264 3319 1313 2.006
370 21390 30.554 15.144 15410 50 4.631 3.788 1.538 2.250
60 5.251 4.689 1.988 2.701
3-Methylpyridine (cr) 70 5773 5.537 2.435 3.102
- Yo 50 Py o 80 6225 6.339 2.874 3.465
: : . : 6.641 096 3.301 3.
10 0.178 0.059 0015 0045 . o T S o
15 0.567 0.197 0.050 0.147 110 7430 8.509 122 387
2 1166 0436 0.114 0323 120 7.838 9.174 4516 4.658
25 1.837 0.767 0.211 0.557 130 8.207 9.816 4.899 4.917
30 2.528 1.164 0.335 0.829 140 8.597 10.438 527 5.166
35 3.178 1.603 0.485 1118 150 8.992 11.045 5.636 5.408
40 3.774 2067 0653 1414 160 9.407 11.638 5.992 5.645
45 4.296 2542 0.837 1.706 170 9.835 12.221 6.342 5.878
50 4755 3.019 1.031 1.988 180 10288 12796 6534 5111
60 5.532 3.958 1441 2517 150 10.760 13.365 7.021 6.343
70 6.127 4.857 1.865 2992 200 11271 13.930 7.353 6.576
80 6.607 5.707 2293 3414 210 11.818 14.493 7.680 6.812
90 7.026 6.510 2718 3.792 220 12430 15.056 8.001 7,054
100 7.403 7270 3.135 4.135 230 13.136 15.624 8.321 7.303
110 7757 7.992 3.544 4.448 40 13.987 16200 g oo
120 8.102 8.682 3.944 4.738 250 15.329 16.795 8.952 7.843
;ig g';g g-gg‘; ::7‘:;: g‘z’ég 255.000 17.452 17.115 9.108 8.007
160 ows  itxe  see s 4-Metbylpyridine (1)
:gg 13-2;‘3’ ggg iji’gf; Zggg 255.000 13.886 17.115 9.108 8.007
190 10.646 12.927 6.495 6.432 ;gg :Zg;: :;gg; ;?;‘5‘ g;ﬁ
200 11.037 13.483 6.830 6.652 ) y y -
o i s s s 276.818 14.629 18.285 9.786 8.499
220 11.856 14.573 7.484 7.089 —
230 12.281 15.108 7.805 7.304 4-Methylpyridine (1)
M omm o em o onwom eSS Bse o mme e
255.01 13.427 16.433 8.586 7.847 290 18897 4627 10401 14181
3-Methylpyridine (1) 298.15 19.122 25.148 10.835 14313
300 19.173 25.267 10.924 14343
255.01 18.020 23.120 8.586 14.535 310 19.461 25.900 11.396 14.504
260 18.130 23473 8871 14.602 320 19.763 26.523 11.860 14.663
270 18355 24.158 9421 14737 330 20.077 27.136 12314 14.822
280 18.602 24832 0.962 14.870 340 20.394 27.740 12.758 14.982
290 18.866 25.487 10.483 15.004 350 20.719 28.336 13.195 15.141
298.15 19.091 26.015 10.903 15.112 360 21.047 28.924 13.624 15.300
300 19.146 26.131 10.994 15.138 370 21.380 29.505 14.045 15.460
310 19.431 26.765 11.492 15273 380 217117 30.080 14.460 15.620
320 19.731 27.389 11.985 15.404 390 22.074 30.648 14.867 15.781
330 20.042 27.998 12.458 15.540 400 22428 31212 15.269 15.943
340 20352 28.602 12921 15.681 —
350 20.663 29.196 13.379 15.817 Piperidine (cr)
360 20.984 29.784 13.827 15.957
370 21315 30.363 14.265 16.098 0 0.000 0.000 0.000 0.000
380 21.636 30.936 14.697 16.239 10 0.188 0.063 0.016 0.047
390 21.952 31.500 15.120 16.380 15 0.591 0.208 0.053 0.155
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TAaBLE 12. Thermodynamic properties for the condensed phases at TABLE 12. Thermodynamic properties for the condensed phases at

vapor saturation® — Continued ' vapor saturation® — Continued
T Cu Afs MG AH T Cau Afs NG AH
X R R RT RT K R R “RT RT
Piperidine (cr) — Continfued Quinoline (crIl) — Continued
20 1.162 0.453 0.120 0.333 120 8.356 9.079 4.329 4.749
25 1.788 0.779 0.217 0.561 130 8.865 9.767 4721 5.046
30 2.383 1.158 0.342 0.815 140 9.382 10.443 5.106 5.337
35 2918 1.567 0.487 1.080 150 9.916 11.108 5.484 5.624
40 3.384 1.988 0.650 1.339 160 10475 11.766 5.856 5.910
45 3.787 2.410 0.822 1.589 170 11.026 12.417 6.222 6.195°
50 4147 2.828 1.002 ©1.826 180 11.592 13.064 6.585 6.479
60 4.760 3.640 1374 2.267 19 12.161 13.706 6.943 6.763
70 5.276 4413 1753 2.660 200 12.740 14.344 7.297 7.047
80 5.734 5.148 2132 3.016 210 13.363 14.980 7.647 7.333
9 6.157 5.848 2.506 3.341 220.000 14.004 15.617 7.996 7.621
100 6.594 6.519 2.874 3.644 —
110 7.014 7.168 3235 3.932 Quinoline (crl)
120 7.411 7.794 3.588 4.206 220.000 14.566 15.654 7.996 7.658
130 . 7.808 8.403 3.936 4.467 230 15.343 16.318 8.343 7.975
140 8.202 8.997 4.277 4.720 240 16.118 16.988 8.690 8.299
150 8.602 9.576 4.611 4.965 250 16.892 17.662 9.035 8.627
160 9.015 10.144 4.938 5.206 258.369 17.625 18.239 9.323 8.906
170 9.439 10.704 5.262 5.442
180 9.875 11.255 5.579 5.676 Quinoline (f)
190 10329 11.801 5.892 5.909 258.369 21.776 23.193 9.323 13.870
200 10.789 12.343 6.202 6.141 2%0 21842 2331 0411 13.920
210 11.269 12.881 6.507 6.374 270 92952 2163 8942 14231
220 11.778 13417 6.809 6.609 280 22,674 24.979 10.464 14515
230 12.291 13.951 7.107 6.845 29 23.005 25782 10.978 14.804
240 12.832: 14.486 7.404 7.083 298.15 23,440 26.427 11.392 15.035
250 13.383 15.022 7.698 7324 300 23521 26.572 11.485 15.087
260 13.953 15.557 7.990 7.567 310 23.965 27.351 11.985 15.366
262.124 14.076 15.672 8.052 7.620. 320 24.398 28.119 12477 15.642
Piperidine (1) 330 24.858 28.876 12.962 15.914
—~ 340 25.312 29.625 13.441 16.184
262.124 21.409 22487 8.052 14.435 350 25.775 30.336 13.885 16.451
270 21.430 23.121 8.482 14.639 360 26.216 31.098 14382 16.716
280 21472 23.901 9.019 14.882 370 26.669 31.822 14.843 16.979
290 21.549. 24.656 9.546 15.110 380 27127 32.540 15.300 17.240
298.15 21.632 25.254 9.967 15.287 390 27.576 33.250 15.751 17.499
300 21.653 25.388 10.061 15.327 400 28.025 33.954 16.197 17.757
310 21.789 26.100 10.567 15.533 410 28.458 34.651 16.638 18.013
320 21.956 26.794 11.063 15.731 420 28.891 35.342 17.075 18.267
330 22.149 27473 11.551 15.922 430 29.327 36.027 17.508 18.519
340 22.387 28.137 12.028 16.109 440 29.757 36.706 17.937 18.769
350 22.671 28.790 12.498 16.292 450 30.192 37.380 18.362 19.018
360 22.970 29.433 12.959 16.474 460 30.635 38.048 18.782 19.266
370 23.281 30.067 13.414 16.653 - 470 31.073 38.712 19.200 19.512
— 480 31.507 39371 19.613 19.758
Quinoline (crIl) 490 31.940 40.025 20.023 20.002
o 0.000 0.000 0.000 0.000 500 32.374 40.674 20.429 20.245
10 0.380 0.136 0.035 0.101 Isoquinoline (crlID)
15 0.971 0.399 0.108 0.291
20 1.621 0.766 0.224 0.542 0 0.000 0.000 0.000 0.000
25 2.210 1.192 0.375 0.816 10 0.235 0.079 0.020 0.059
30 2.827 2.826 1177 1.650 15 0.720 0.259 0.067 0.192
35 3.342 2125 0.740 1.386 20 1.365 0.550 0.147 0.403
40 3.807 2.603 0.944 1.660 25 2.026 0.927 0.265 0.661
45 4.226 3.075 1.154 1922 30 2.634 1351 0.410 0.941
50 4,602 3.540 1.369 2172 35 3172 1.798 0.576 1.223
60 5.282 4.442 1.807 2.635 40 3.639 2253 0.758 1.496
70 5.858 5.299 2.245 3.054 45 4.078 2.707 0.949 1.759
80 6.389 6.117 2,679 3.438 50 4.459 3.157 1.148 2.010
% 6.886 6.898 3.105 3.793 60 5.113 4.030 1.555 2475
100 7.365 7.648 3.521 4.127 70 5.735 4366 1.970 2.896
110 7.857 8373 3.930 4.443 80 6.256 5.666 2,382 3.284
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TabLE 12. Thermudynamic properties for the condensed phases at TabLE 12. Thermodynamic properties for the condensed phases at
vapor saturation® — Continued vapor saturation® — Continued
T Cunt Afs _AG AlH i Cent Als _AG AlH
X R R RT RT K R R RT RT
Isoquinoline (crIIl) — Continued 40 4.239 2.855 1.032 1.824
45 4.744 3.385 1.264 2.121
90 6.755 6.432 2.790 3.642 50 5.198 3.908 1.502 2.406
100 7.223 7.168 3.190 3.977 60 6.041 4.932 1.989 2.943
110 7.709 7.879 3.584 4.294 70 6.785 5.918 2.480 3.438
120 8.229 8.572 3972 4.600 80 7.483 6.870 2970 3.900
‘130 8.737 9.250 4351 4.899 % 8.162 7.791 3.455 4336
140 9.247 9.917 4.726 5.191 100 8.823 8.685 3.933 4752
150 9.768 10572 5.093 5.479 110 9.495 9.558 4.406 5.152
160 10.320 11.220 5.456 5.764 120 10.177 10.412 4.869 5.543
170 10.879 11.862 5.814 6.048 130 10.877 11.254 5.328 5.926
180 11.453 12.500 6.168 6.332 140 11.591 12.087 5.782 6.305
190 12.198 13.138 6.518 6.620 150 12.308 12.911 6.229 6.682
200 13.417 13.792 6.865 6.927 160 13.072 13.729 6.672 7.057
210 15.115 14.487 7211 7.276 170 13.843 14.545 7.112 7.433
220 18.036 15.240 7.559 7.681 180 14.629 15.358 7.547 7811
221.00 18.733 15323 7.594 7.729 190 15.428 16.171 7.980 8.191
Isoquinoh;ne (criD) 200 16.240 16.083 8.410 8.573
210 17.071 17.795 8.837 8.958
221.00 14.811 15323 7.59 7.729 220 17.906 18.608 9.263 9.345
%0 15211 15921 7909 8012 230 18.751 19.423 9.687 9.736
240 15.809 16.581 §.256 8.326 240 19.602 20.239 10.110 10.129
250 16.484 prapeds 8602 8,638 250 20.474 21.056 10.531 10.526
%60 17184 P 8.947 8953 260 21.341 21.877 10.952 10.925
70 18.405 18.568 o 9277 270 22.207 22.699 11.372 11.327
275.00 19.416 18915 9.463 9.452 280 23.086 23.522 11.791 11.731
290 23.959 24.348 12.210 12.138
— 298.15 24.664 25.021 12.551 12.470
Isoquinoline (crT) 300 24.824 25.174 12.628 12.546
275 .00 19.415 18915 9.463 9.452 310 25.690 26.002 13.046 12.956
280 19.601 19.267 9.635 9.632 320 26.580 26.832 13.464 13.368
200 20,486 19.971 9.979 9.992 330 27.483 27.664 13.882 13.782
298.15 21371 20.550 10.260 10.290 M0 28.363 28.497 14,299 14.198
299620  21.563 20.656 10311 10.345 350 29256 29.332 14.717 14.615
360 30.160 30.169 15.134 15.035
Tsoquinoline (1) 370 31.101 31.008 15.552 15.456
380 32,047 31.850 15.970 15.880
299 620 23.653 26.093 10311 15782 383.242 32.347 32.123 16.105 16.018
300 23.668 26.123 10.331 15.792 —
310 24.048 26.905 10.853 16.052 Acridine (1)
320 24.479 27.675 11.366 16.309
330 24.905 28.435 11.872 16.563 383.242 36.966 38.614 16.105 22.509
340 25.343 29.185 12370 16.815 3% 37.403 39.265 16.502 22.763
350 25.781 29.926 12.861 17.065 400 37.992 40.219 17.082 23.137
360 26.226 30.659 13.346 17.313 410 38.578 41.164 17.658 23.506
370 26,668 31383 13.823 17.560 420 39.157 42.101 18.229 23.872
380 27.106 32.100 14.295 17.805 430 39.714 43.029 18.795 24.234
390 27.565 32.810 14.760 18.050 440 40.274 43.948 19.356 24.592
400 27.993 33514 15.221 18293 450 40.847 44.860 19.913 24.947
410 28.427 34.210 15.675 18.535 460 41.422 45.764 20.465 25.299
420 28.864 34.900 16.125 18.775 470 41.995 46.661 21.013 25.648
430 29.299 35.585 16.570 19_015 480 42.568 47.551 21.556 25.995
440 29.741 36.263 17.009 19.254 490 43.142 48.434 22.095 26.339
450 30.180 36.937 17.445 19.492 500 43.715 49.312 22.632 26.680
Acridine (cr) Phenanthridine (crll)

0 0.000 0.000 0.000 0.000 0 0.000 0.000 0.000 0.000
10 0.421 0.151 0.039 0.112 10 0.358 0.124 0.031 0.093
15 1.049 0.436 0.120 0.316 15 0.947 0.376 0.101 0.275
20 1.754 0.833 0246 0.587 20 1.650 0.742 0.212 0.530
25 2.447 1.300 0.410 0.890 25 2.363 1.187 0.361 0.825
30 3.095 1.804 0.600 1.205 30 3.042 1.679 0.541 1.139
35 3.689 2.326 0.809 1.518 35 3.667 2.195 0.740 1.456
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TABLE 12. Thermodynamic properties for the condensed phases at TABLE 12. Thermodynamic properties for the condensed phases at

vapor saturation® — Continued vapor saturation® — Continued
T G Ms NG AW T Cu afs MG A
K R R RT RT K R R “RT RT
Phenanthridine (cill) — Continued 9-Mcthylcarbazole (cr)
40 4.237 2722 0.954 1.769 0 0.000 0.000 0.000 0.000
45 4.760 3.253 1.180 2.073 10 0.526 0.183 0.046 0.136
50 5.230 3.779 1.414 2.365 15 1.353 0.552 0.148 0.403
60 6.090 4.809 1.894 2915 20 2.205 1.056 0.309 0.747
70 6.835 5.804 2.382 3.422 25 3.017 1.636 0.516 1121
80 7.541 6.764 287 3.893 30 3.756 2.254 0.754 1.500
90 8.193 7.690 3.355 4.335 35 4.413 2.883 1.013 1.870
100 8.841 8.587 3.834 4.753 40 5.021 3512 1.285 2227
110 9.506 9.461 4.306 5.155 45 5.579 4.136 1.568 2.568
120 10.167 10.316 4771 5.545 50 6.105 4.751 1.855 2.896
130 10.846 11.156 5.229 5.927 60 7.065 5.951 2438 3513
140 11.532 11.985 5.682 6.303 70 7.923 7.105 3.024 4,081
150 12.240 12.805 6.130 6.675 80 8.703 8.215 3.604 4.611
160 12.976 13.618 6.572 7.046 90 9.440 9.282 4.175 5.107
170 13.721 14.427 7.011 7.416 100 10.182 10.313 4.738 5.577
180 14.483 15.233 7.446 7.787 110 10.900 11.320 5.291 6.029
190 15.261 16.037 7.877 8.160 120 11.599 12.298 5.835 6.464
200 16.048 16.839 8.304 8.535 130 12.298 13.254 6.369 6.886
210 16.858 17.642 8.730 8.912 140 13.008 14.191 6.893 7.298
220 17.682 18.445 9.153 9.292 150 13.727 15:113 7.411 7.702
230 18.501 19.249 9.575 9.674 160 14.463 16.022 7.920 8.102
240 19.332 20.054 9.995 10.059 170 15.220 16.922 8.424 8.498
250 20.188 20.860 10.413 10.448 180 16.002 17.814 8.921 8.893
260 21.027 21.668 10.831 10.838 190 16.798 18.700 9.412 9.288
270 21.876 22479 11.248 11.231 200 17.608 19.582 9.898 9.684
280 22.724 23.289 11.662 11.627 210 18.432 20.461 10.381 10.080
290 23.586 24.102 12.078 12.024 220 19.268 21.338 10.859 10.479
298.15 24.280 24.765 12.415 12.350 230 20.116 22.213 11.334 10.879
300 24.434 24.916 12.492 12.424 240 20.980 23.087 11.805 11.282
310 25272 25.731 12.906 12.825 250 21.859 23.961 12.274 11.688
320 26.134 26.547 13.320 13.227 260 22.746 24.837 12.741 12.096
330 26.983 27.364 13.733 13.631 270 23.639 25.712 13.205 12.507
340 27.827 28.182 14.146 14.036 280 24.536 26.588 13.667 12.921
350 28.669 29.001 14.559 14.442 290 25.453 27464 14.127 13.337
354.00 29.007 29.328 14.723 14.605 298.15 26.200 28.180 14,502 13.678
300 26.369 28.343 14.587 13.756
Phenanthridine (crl) 310 27.280 29.922 15.744 14.178
320 28.213 30.103 15.501 14.602
354.00 29.330 29.335 14.723 14.612 330 29.167 30.986 15.958 15.028
360 30.004 29..71 14.971 14.863 340 30.120 31.871 16.413 15.458
370 31.109 30.671 15.384 15.287 350 31.083 32.758 16.867 15.891
379.740 32.185 31.493 15.786 15.707 360 32.005 33.646 17.320 16.326
362.490 32.252 33.868 17.434 16.434
Phenanthridine (1)
9-Methylcarbazole (1)
379.740 36.656 38.724 15.786 22.938
380 36.670 38.750 15.803 22.947 362.490 37.197 39.560 17.434 22.126
390 37.247 39.710 16.404 23.306 370 37.583 40.326 17.890 22.436
400 37.816 40.660 16.998 23.662 380 38123 41.335 18.494 22.841
410 38.362 41.600 17.586 24.014 3%0 38.670 42.332 19.092 23.240
420 38.936 42.532 18.170 24.362 400 39.039 43.317 19.686 23.631
430 39.496 43.454 18.746 24.708
440 40.052 44.369 19.319 25.050 *The percentage imprecision in the listed properties is 2 for 10 to 50 K
450 40.609 45.275 19.885 25.390 and 0.2 above 50 K.
460 41.167 46.174 20.447 25.727
470 41.724 47.065 21.004 26.061
480 42.281 47.949 21.556 26.393
490 42.839 48.827 22.104 26.723
500 43.396 49.698 22.647 27.051
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TABLE 13. Thermodynamic propertics for the idcal gas at 0.1 MPa

T —AlG® A3H° ags® G AH® AG®
X RT “RT R R RT RT
1-Butanamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 22.54 4.41 26.95 5.51 —161.212 —128.287
100 26.01 5.80 31.81 8.63 —88.943 —44.053
150 28.61 7.04 35.65 10.26 —63.031 —-13.573
200 30.77 8.00 38.77 11.48 —49.942 2.587
273.15 33.44 9.20 42.64 13.56 —39.487 16.447
298.15 3427 9.60 43.87 14.37 -37.072 19.787
300 3432 9.63 43.95 14.43 -36.908 20.026
400 37.32 11.25 48.57 17.82 —30.128 29.624
500 40.00 12.89 52.89 20.97 ~25.709 35.850
600 42.49 14.47 56.96 23.70 —22.49% 40.240
700 44.84 15.96 60.80 26.05 —19.976 43.504
800 47.06 17.35 64.41 28.08 -17.924 46.086
900 49.18 18.64 67.82 29.85 ~16.201 48.044
1000 5121 19.84 71.05 31.39 -14.720 49.670
1100 53.16 20.95 74.11 32.74 —13.435 51.005
1200 55.01 21.99 77.00 33.91 —12.298 52.142
1300 56.82 22.94 79.76 34.94 -11.304 53.076
1400 58.55 23.83 82.38 35.84 ~10.416 53.879
1500 60.22 24.66 84.88 36.62 —9.619 54.572
. 2-Butanamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 23.72 4.21 27.93 4.69 —186.715 —-154.770
100 26.84 492 31.76 6.69 -102.474 —57.532
150 29.01 5.86 34.87 8.76 ~72.645 —22.408
200 30.83 6.82 37.65 10.64 —57.447 -3.799
273.15 33.16 8.22 41.38 13.49 —45.098 12.096
298.15 33.90 8.70 42.60 14.49 —42.216 15.914
300 33.95 8.74 42.69 14.57 —42015 16.178
400 36.73 10.69 47.42 18.44 —33.851 27.051
500 39.33 12.58 51.91 21.77 —28.549 33.989
600 41.78 14.35 56.13 24.52 —-24.718 38.841
700 44.12 15.97 60.09 26.80 —21.773 42.417
800 46.34 17.45 63.79 28.75 —19.406 45.225
900 48.48 18.80 67.28 30.43 -17.447 - 47.339
1000 50.53 20.04 70.57 31.90 —15.785 49.085
1100 52.49 21.18 73.67 3318 ~—14.356 50.525
1200 54.37 22.23 76.60 3430 —-13.112 51.728
1300 56.20 23.19 79.39 35.28 -12.027 52.723
1400 57.94 24.09 82.03 36.13 —11.060 53.586
1500 59.63 24.92 84.55 36.88 —10.203 54.318
2-Methyl-1-propanamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 23.19 4.26 2745 4.83 -173.522 -141.097
100 26.36 5.05 3141 6.93 -95.773 —50.483
150 28.60 6.03 34.63 9.01 —68.094 -17.617
200 3047 7.01 3748 10.87 -53972 -0.153
273.15 32.86 8.41 41.27 13.58 -42.503 14.801
298.15 33.61 8.88 4249 14.52 -39.832 18.408
300 33.67 8.91 42.58 1459 —39.655 18.649
400 36.49 10.80 47.29 18.23 —32.098 28.934
500 39.10 12.61 S17 2142 -217.205 35.534
600 41.55 14.31 55.86 24.11 —23.663 40.166
700 43.87 15.88 59.75 26.40 -20.925 43.605
800 46.09 17.32 63.41 28.37 -18.714 46.296
900 48.21 18.64 66.85 30.09 —16.877 48.339
1000 50.24 19.86 70.10 31.59 —15.308 50.032
1100 52.19 20.99 73.18 32,90 —13.948 51.423
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TABLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continued

I - AJG® AfH® Afs® G A" AG®
K RT RT R R RT RT
2-Methyl-1-propanamine — Continued
1200 54.06 22.03 76.09 34.05 —12.764 52.586
1300 55.86 23.00 78.86 35.06 -11.712 53.568
1400 57.60 23.89 81.49 35.93 -10.791 54.395
1500 59.27 24.72 83.99 36.70 —9.965 55.116
2-Methyl-2-propanamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 21.08 4.07 25.15 4.29 —225.361 —190.636
100 24.04 4.62 28.66 6.28 —122.027 -73.987
150 26.08 5.57 31.65 8.61 —85.770 -32.313
200 27.83 6.59 34.42 10.69 —-67.304 -10.426
273.15 30.10 8.07 38.17 13.53 —-52.297 8.107
298.15 30.83 8.57 39.40 14.49 —48.803 12.526
300 30.88 8.61 39.49 14.56 —48.563 12.831
400 33.63 10.56 44.19 ' 18.25 —38.794 25.337
500 36.18 12.44 48.62 21.52 -32.540 | 33.289
600 38.61 14.19 52.80 24.29 —28.087 38.802
700 40.92 15.80 56.72 26.62 —24.694 42.866
800 43.13 17.28 60.41 28.62 -21.982 46.028
90 45.24 18.64 63.88 30.34 —=19.746 48.439
1000 47.27 19.89 67.16 31.84 —17.860 50.419
1100 49.23 21.03 70.26 33.14 -16.256 52.035
1200 51.10 22.09 73.19 34.28 —14.856 53.394
1300 3291 23.07 75.97 35.26 —13.628 34.542
1400 54.65 23.97 78.62 36.13 -12.555 55.501
1500 56.33 24.81 81.14 36.88 -11.596 56.335
Pyrrole
0 0.00 0.00 0.00 0.00 infinite infinite
50 19.78 4.00 23.78 4.00 294.288 302.371
100 22.56 4.01 26.57 4.09 143.119 156.905
150 24.19 4.11 28.30 4.61 93.179 109.695
200 25.40 4.36 29.76 5.68 68.204 86.656
273.15 26.85 4.99 31.84 7.82 48.147 68.676
208.15 27.30 5.26 32.56 8.61 43.640 64.657
300 2133 5.28 32.61 8.67 43.333 64.390
400 29.02 6.51 35.53 11.67 31.197 53.757
500 30.61 7.80 38.41 14.16 24.162 47.616
600 32.14 9.03 41.17 16.13 19.632 43,640
700 33.62 10.16 43.78 17.70 16.506 40.860
800 35.04 11.19 46.23 18.98 14.244 38.839
900 36.42 12.11 48.53 20.05 12.531 37.234
1000 3774 12.95 50.69 20.95 11.210 35.986
1100 39.01 13.72 52.73 21.72 10.168 34.969
1200 40.24 14.41 54.65 22.39 9.312 34.116
1300 41.41 15.05 56.46 22.96 8.616 33.410
1400 42.55 15.63 58.18 23.46 8.023 32.787
1500 43.64 16.17 59.81 23.90 7.526 32.256
1-Methylpyrrole
0 0.00 0.00 0.00 0.00 infinite infinite
50 21.45 4.34 25.79 4.59 293.809 309.250
100 24.54 4.63 29.17 5.26 141.302 164.717
150 26.48 4.98 31.46 6.15 91.248 118.264
200 2197 5.43 33.40 7.48 66.239 95.784
273.15 29.79 6.30 36.09 10.00 46.166 78.425
298.15 30.36 6.65 37.01 10.93 41.606 74.582
300 30.40 6.68 37.08 11.00 41.304 74.327
400 3253 8.22 40.75 14.65 29.153 64.285
500 34.54 9.83 44.37 17.80 22.167 58.592
600 36.47 11.38 4185 20.38 17.725 54.971
700 38.33 12.82 51.15 22.50 14.707 52.483
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TABLE 13. Thermodynamic properties for the ideal gas at U.1 MPa — Continued
T —alG® ATH® afs® c AH° AG®
X RT RT R R RT RT
1-Methylpyrrole — Continued
800 40.13 14.15 54.28 24.25 12.570 50.698
900 41.87 15.35 57.22 25.74 10.982 49.279
1000 43.54 16.46 60.00 27.00 9.793 48.192
1100 45.16 17.46 62.62 28.07 8.857 47.301
1200 46.72 18.39 65.11 28.99 8.128 46.563
1300 48.23 19.23 67.46 29.79 7.528 45.934
1400 49.68 20.01 69.69 30.47 7.038 45.394
1500 51.09 20.73 71.82 31.07 6.631 44.916
2-Methylpyrrole
¢ 0.00 0.00 0.00 0.00 infinite infinite
50 21.95 4.51 26.46 4.54 223.287 238.058
100 25.14 4.64 29.75 5.13 105.967 128.802
150 27.05 4.97 32.02 6.21 67.674 94.131
200 28.54 5.46 34.00 7.66 48.597 71.541
273.15 30.38 6.38 36.76 10.23 33.307 64.896
298.15 30.94 6.75 37.69 11.16 29.851 62.147
300 30.99 6.77 37.76 11.23 29.612 61.955
400 33.15 8.34 41.49 14.83 20.437 54.829
500 35.19 9.96 45.15 17.93 15.228 50.872
600 37.14 11.51 48.65 20.47 11.964 48.410
700 39.03 12.94 51.97 22.55 9.778 46.734
800 40.84 14.25 55.09 24.27 8.252 45.570
900 42.59 15.45 58.04 25.73 7.155 44.632
1000 44.27 16.54 60.81 26.96 6.339 43.928
1100 45.89 17.54 63.43 28.02 5.724 43.358
1200 47.46 18.45 65.91 28.93 5.242 42.877
1300 48.97 19.29 68.26 29.72 4.869 42.475
1400 50.43 20.06 70.49 30.41 4.563 42.119
1500 51.84 20.77 72.61 31.00 4.314 41.810
3-Methylpyrrole
0 0.00 0.00 0.00 0.00 infinite infinite
50 21.97 4.50 2647 4.53 214.196 228.957
100 25.12 4.64 29.76 5.13 101.426 124.25t
150 27.06 4.97 32.03 6.21 64.647 91.094
200 28.56 545 34.01 7.66 46.316 75.251
273.15 30.38 6.38 36.76 10.22 31.644 63.233
298.15 30.96 6.74 37.70 11.14 28.319 60.604
300 30.99 6.77 37.76 11.21 28.098 60.441
400 33.15 8.34 41.49 14.81 19.302 53.694
500 35.19 9.95 45.14 17.91 14.310 49.964
600 37.14 11.49 48.64 20.45 11.187 47.643
700 39.02 12.93 51.95 2253 9.119 46.095
800 40.84 14.24 55.08 24.26 7.674 45.002
900 42.58 15.44 58.02 25.72 6.641 44.137
1000 44.27 16.53 60.80 26.96 5.875 43.474
1100 45.89 17.53 63.42 28.02 5.301 42.945
1200 4745 18.44 65.89 28.93 4.854 42.509
1300 48.96 19.28 68.24 29.72 4.510 42.136
1400 50.42 20.05 70.47 3041 4229 41.805
1500 51.83 20.76 72.59 31.00 4.002 41.517
Pyridine

0 0.00 0.00 0.00 0.00 infinite infinite
50 20.67 4.00 24.67 4.00 372.081 379.305
100 23.44 4.05 27.49 4.27 181.994 194.974
150 25.11 4.24 29.35 5.04 119.102 134.798
200 26.38 4.58 30.96 6.24 87.645 105.268
273.15 2791 5.32 3323 8.51 62.387 82.091
298.15 2839 5.62 34.01 9.35 56.625 76.883
300 28.43 5.64 34.07 9.41 56.235 76.529
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TABLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continued

T —AlG" AfH" ags G Adi® AG*
K RT RT R R RT RT
Pyridine — Continued
400 30.23 7.00 37.23 12.71 40.785 62.693
500 31.94 8.44 40.38 15.53 31.761 54.648
600 33.60 9.82 43.42 17.82 25.906 49.412
700 35.21 11.10 46.31 19.65 21.841 45.742
800 36.78 12.26 49.04 21.15 18.871 43.041
900 38.28 13.32 51.60 2239 16.631 40.937
1000 39.74 14.28 54.02 2343 14.885 39.273
1100 41.14 15.15 56.29 2431 13.910 37.925
1200 42.49 15.95 58.44 25.05 12.361 36.804
1300 43.80 16.67 60.47 25.69 11.417 35.851
1400 45.06 17.34 62.40 26.25 10.628 35.030
1500 46.27 17.95 64.22 26.72 9.950 34.326
2-Methylpyridine
0 0.00 0.00 0.00 0.00 infinite infinite
50 22.69 4.33 27.02 4.81 283.632 297.874
100 25.81 4.73 30.54 5.52 135.858 158.018
150 27.81 517 32.98 6.69 87.911 113.638
200 29.37 5.74 35.11 8.24 63.781 91.986
273.15 31.31 6.77 38.08 11.00 44.405 75.280
298.15 3191 7.17 39.08 12.01 40.001 71.597
300 31.96 7.20 39.16 12.08 39.705 71.345
400 34.27 8.92 43.19 16.05 27.957 61.697
500 36.45 10.70 47.15 19.50 21.200 56.248
600 38.55 1241 50.96 2233 16.908 52.792
700 40.58 14.00 54.58 24.65 14.000 50.422
800 42.56 15.45 58.01 26.57 11.930 48.712
900 44.45 16.78 61.23 28.17 10.416 47.375
1000 46.28 17.99 64.27 29.52 9.271 46.342
1100 48.05 19.09 67.14 30.68 8.381 45.499
1200 49.75 20.10 69.85 31.66 7.682 44.806
1300 51.4U 21.02 72.42 32.50 7.1106 44.212
1400 52.99 21.87 74.86 33.23 6.652 43.696
1500 54.52 22.65 7717 33.85 6.263 43.254
3-Mcthylpyridinc
0 0.00 0.00 0.00 0.00 infinite infinite
50 22.69 4.52 2721 4.60 301.141 315.193
100 25.88 4.73 30.61 5.40 . 144917 167.007
150 27.87 5.16 33.03 6.67 93.674 119.351
200 29.43 5.73 35.16 8.26 68.101 96.256
273.15 31.36 6.77 38.13 11.02 47.575 78.400
298.15 31.97 7.17 39.14 12.03 42.905 74.441
300 32.01 7.20 39.21 12.10 42.592 74.181
400 34.32 8.92 43.24 16.05 30.122 63.811
500 36.51 10.70 47.21 19.49 22.932 57.920
/00 3R.61 12.41 51.02 2232 18351 54.176
700 40.64 14.00 54.64 24.64 15.237 51.599
800 42.61 15.45 58.06 26.56 13.012 49.745
900 44.50 16.78 61.28 28.16 11.378 48.287
1000 46.33 17.99 6432 2952 10.137 47.158
1100 48.10 19.09 67.19 30.67 9.169 46.236
1200 49.81 20.09 69.90 31.65 8.394 45.467
1300 5145 21.02 7247 32.50 7.782 44.828
1400 53.05 21.86 74.91 33.22 7.260 44.254
1500 54.58 22.64 7722 33.85 6.831 43.772
4-Methylpyridine
0 0.00 0.00 0.00 0.00 infinite infinite
50 21.99 4.52 26.51 4.61 294.947 309.698
100 25.18 4.74 29.92 5.41 141.830 164.609
150 27.17 5.16 3233 6.66 91.609 117.986

J. Phys. Chem. Ref. Data, Vol. 22, No. 3, 1993



THERMODYNAMIC PROPERTIES OF ORGANIC NITROGEN COMPOUNDS 693
TabLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continued
T —AlG® ATH® Afse o3 Ad° AG®
X RT RT R R RT RT
4-Methylpyridine — Continued
200 28.74 5.72 34.46 8.24 66.542 95.397
273.15 30.67 6.76 37.43 11.01 46.431 77.956
298.15 31.27 7.16 3843 12.02 41.857 74.102
300 31.32 7.19 38.51 12.09 41.549 73.839
400 33.62 8.92 42.54 16.05 29.347 63.737
500 35.80 10.70 46.50 19.49 22.313 58.010
600 37.90 12.41 50.31 22.32 17.835 54370
700 39.94 13.99 53.93 24.64 14.784 51.856
800 41.90 15.45 57.35 26.56 12.625 50.068
900 43.80 16.77 60.57 28.16 11.024 48.643
1000 45.63 17.98 63.61 29.52 9.817 47.548
1100 47.40 19.08 66.48 30.67 8.877 46.654
1200 49.10 20.09 69.19 31.66 8.136 45.919
1300 50.74 21.02 71.76 32.50 7.544 45.300
1400 52.34 21.86 74.20 33.23 7.039 44,743
1500 53.87 22.64. 76.51 33.85 6.624 44.275
Pyrrolidine
0 0.00 0.00 0.00 0.00 infinite infinite
50 21.23 4.54 25.717 522 52.626 77.303
100 24.56 5.07 29.63 5.85 19.147 54.102
150 26.67 5.38 32.05 6.18 8.935 48.562
200 28.26 5.66 33.92 6.94 3.748 46.764
273.15 30.10 6.26 36.36 9.00 —0.498 46.301
298.15 30.67 6.52 37.19 9.88 —1.448 46.374
300 30.70 6.55 37.25 9.94 -1.501 46.394
400 32.76 7.86 40.63 13.711 -3.779 47.168
500 34.68 9.39 44.07 17.21 —4.714 48.135
600 36.53 10.95 4748 20.18 -5.011 49.028
700 38.33 12.45 50.78 22.67 —4.982 49.803
800 40.09 13.86 53.95 24.76 -4.779 50.493
900 41.79 15.18 56.97 26.54 —4.477 51.008
1000 43.46 16.39 59.85 28.05 —-4.143 51.455
1100 45.07 17.51 ) 62.58 29.35 -3.792 51.839
1200 46.65 18.54 65.19 30.46 —3.445 52.143
1300 48.16 19.50 67.66 31.42 —-3.099 52418
1400 49.64 20.38 70.02 32.25 -2.782 52.630
1500 51.07 21.20 72.27 32.97 —2.476 52.814
Piperidine

0 0.00 0.00 0.00 0.00 infinite infinite
50 21.82 4.02 25.84 4.11 -37.615 -3.550
100 24.68 434 29.02 5.36 —28.471 19.323
150 26.55 4.94 31.49 6.92 —23.940 29.907
200 28.07 5.64 337 8.60 -21.532 36.427
273.15 29.99 6.83 36.82 11.67 -19.532 42.827
298.15 30.61 728 37.89 12.85 —19.020 44.510
300 30.65 7.32 37.97 12.94 —18.978 44.632
400 33.03 9.34 42.37 17.83 —17.166 49.834
500 35.34 11.49 46.83 22.25 —15.530 53.491
600 37.63 13.60 51.23 25.94 —14.027 56.180
700 - 39.87 15.59 55.46 28.98 —12.651 58.245
800 42.08 17.42 59.50 31.51 —11.410 59.895
900 44.23 19.11 63.34 33.65 —-10.275 61.123
1000 46.32 20.66 66.98 35.46 —9.245 62.157
1100 48.37 22.07 70.44 37.00 —8.323 62.981
1200 50.34 23.37 73.711 38.32 —7.484 63.675
- 1300 52.26 24.57 76.83 39.46 —6.716 64.243
1400 54.12 25.67 79.79 40.45 —-6.032 64.712
1500 55.93 26.68 82.61 41.30 ~5.415 65.101
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TaBLE 13. Thermodynamic properties for the ideal gas-at 0.1 MPa — Continued
T ~afGe AGH® afs G ad° AG*
K RT RT R R RT RT
Indole
0 0.00 0.00 0.00 0.00 infinite infinite
50 23.28 4.02 27.30 4.14 422.570 436.593
100 26.14 433 30.47 527 205.359 227.817
150 28.00 4.93 3293 7.07 133.811 160.048
200 29.53 5.74 35.27 9.38 98.139 126.925
273.15 31.53 7.23 38.76 13.24 69.613 101.018
298.15 32.18 7.79 39.97 14.58 63.132 95.218
300 3224 7.83 40.07 14.68 62.694 94.818
400 34.80 10.19 44.99 19.71 45.381 79.417
500 37.34 12.52 49.86 23.86 35.308 70.448
600 39.81 14.70 54.51 27.16 28.803 64.633
700 42.23 16.67 58.90 29.79 24.293 60.548
800 44.57 1845 63.02 31.92 21.023 57.564
900 46.84 20.05 66.89 33.68 18.558 55.202
1000 49.02 21.49 70.51 35.15 16.645 53.359
1100 51.13 22.79 73.92 36.39 15.124 51.847
1200 53.17 23.97 77.14 3745 13.890 50.580
1300 55.13 25.04 80.17 38.36 12.869 49.515
1400 57.02 26.02 83.04 39.15 12.008 48.588
1500 58.85 26.92 85.77 39.82 11.278 41.7719
Quinoline
0 0.00 0.00 0.00 0.00 infinite infinite
50 23.77 4.07 27.84 4.34 528.094 541.608
100 26.71 452 31.23 5.67 258.225 280.038
150 28.67 5.20 33.87 7.57 169.101 194.628
200 30.28 6.09 36.37 10.01 124.630 152.687
273.15 324 7.68 40.09 14.10 88.999 119.680
298.15 33.10 8.28 41.38 15.53 80.889 112.256
300 33.16 8.32 4148 15.64 80.339 111.749
400 35.89 10.84 46.73 21.03 58.590 91.934
500 38.58 13.35 51.93 25.53 45.863 80.338
600 4122 15.69 56.91 29.11 37.583 72.761
700 43.80 17.82 61.62 31.98 31.816 67.426
800 46.31 19.74 66.05 34.30 27.600 63.496
900 48,74 21.96 70.20 36.21 24.396 60.403
1000 51.08 23.02 74.10 31.79 21.905 57.971
1100 53.34 2442 7.7 39.12 19.905 5597
1200 55.52 25.70 81.22 40.25 18.282 54.322
1300 57.62 26.36 84.48 41.21 16.935 52.921
1400 59.66 2791 87.57 42.04 15.782 51.690
1500 61.61 28.88 90.49 42.74 14.806 50.642
Isoquinoline

0 0.00 0.00 0.00 0.00 infinite infinite
50 23.78 4.07 2785 435 537.873 551.377
100 26.72 4.53 31.25 5.71 263.124 284.917
150 28.68 523 33.91 7.63 172.391 197.877
200 30.30 6.12 36.42 10.03 127.105 155.112
273.15 3244 7.70 40.14 14.07 90.809 121.440
298.15 33.14 8.29 41.43 15.49 82.539 113.856
300 33.19 8.34 41.53 15.59 81.989 113.349
400 35.93 10.84 46.77 20.96 59.812 93.116
500 38.62 13.33 51.95 25.46 46.821 81.276
600 41.26 15.66 56.92 29.06 38.368 73.536
700 43.83 17.79 61.62 31.93 32.484 68.095
800 46.33 19.71 66.04 34.25 28.181 64.087
900 48.76 21.43 70.19 36.16 24.909 60.926
1000 51.09 22.99 74.08 37758 22.364 58.450
1100 53.36 24.39 7175 39.09 20.319 56.405
1200 55.54 25.66 81.20 40.22 18.650 54.709
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TABLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continucd

T G NS ALs® I A AG®
X RT RT R R RT RT
Isoquinoline — Continued
1300 57.64 26.82 84.46 41.18 17.2711 53.277
1400 59.66 27.88 87.54 42.01 16.101 52.039
1500 61.62 28.84 9%0.46 42.72 15.092 50.958
Carbazole
0 0.00 0.00 0.00 0.00 infinite infinite
50 24.41 4.26 28.67 497 537.046 559.160
100 27.63 5.19 32.83 7.39 261.126 293.797
150 29.96 6.40 36.36 10.35 170.418 207.575
200 31.99 7.81 39.80 13.81 125.257 165.358
273.15 34.77 10.16 44.92 19.37 89.162 132.244
298.15 35.69 11.01 46.70 21.27 80.962 124.797
300 35.76 11.07 46.83 21.41 80.407 124,297
400 39.42 14.56 53.99 28.48 58.502 104.474
500 43.04 17.95 60.99 3426 45.757 92.908
600 46.59 21.06 67.66 38.83 37.495 85.338
700 50.05 23.87 73.92 42.44 31.769 80.023
800 53.41 26.38 79.79 45.35 27.595 76.103
900 56.65 28.62 85.27 47.75 24.436 73.001
1000 59.77 30.64 90.41 49.74 21.990 70.561
1100 62.78 32.45 95.23 51.41 20.033 68.558
1200 65.67 34.09 99.77 52.83 18.874 67.311
1300 63.46 35.58 104.04 54.04 17.133 65.471
1400 71.15 36.94 108.09 55.08 16.023 64.229
1500 73.74 38.18 111.92 55.98 15.074 63.155
Acridine
0 0.00 0.00 0.00 0.00 infinite infinite
50 24.75 4.29 29.04 5.16 714.829 736.603
100 28.04 5.39 3343 1.79 350.141 382327
150 30.46 6.64 37.10 10.56 2297711 266.418
200 32.55 8.02 40.57 13.85 169.678 209.380
273.15 35.38 10.31 45.69 19.35 121.478 164.395
298.15 36.32 11.15 47.47 21.29 110.491 154.246
300 36.39 11.21 47.60 21.43 109.749 153.565
400 40.09 14.70 54.79 28.79 80.236 126.456
500 43.75 18.16 61.91 34.98 62.923 110.556
600 47.35 21.39 68.74 39.92 51.638 100.149
700 50.87 24.33 75.20 43.87 43.764 92.815
800 54.29 26.98 81.27 47.06 38.000 87.412
900 57.61 29.36 86.97 49.67 33.619 83.157
1000 60.82 31.50 92.32 51.83 30.194 79.797
1100 63.91 33.44 97.35 53.65 27.459 77.057
1200 66.89 35.19 102.08 55.18 25,218 74.773
1300 69.78 36.77 106.55 56.48 23.349 72.827
1400 72.56 38.22 110.78 57.60 21.768 71.142
1500 75.24 39.55 114.79 58.55 20.421 69.686
Phenanthridine
0 0.00 0.00 0.00 0.00 infinite infinite
50 25.47 4.20 29.67 4.78 633.979 655.123
100 28.61 5.05 33.66 7.18 309.421 341377
150 30.89 6.28 3717 10.44 202.491 239.068
200 32.89 7.79 40.68 14.25 149.258 188.850
273.15 35.68 10.31 45.99 20.16 106.695 149.313
298.15 36.63 11.22 ~ 47.85 22.15 97.017 140.393
300 36.69 11.29 47.98 22.30 96.369 139.805
400 40.45 14.98 55.43 29.66 70.421 116.001
500 44.18 18.55 62.73 35.72 55.237 102.050
600 47.85 21.83 69.68 40.54 45.348 92.919
700 5145 24.78 76.23 4438 38.445 86.466
800 54,94 27.43 8237 47.48 33.402 81.715
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TABLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continued
T —afG* AgH® Als® G ad® AG*
K RT RT R R RT RT
Phenanthridine — Continued
900 58.30 29.81 88.11 50.02 29.582 717.980
1000 61.55 31.94 93.49 52.14 26.596 75.029
1100 64.69 33.86 98.55 53.91 24.208 72.606
1200 67.71 35.59 103.30 55.41 22.253 70.588
1300 70.62 3717 107.79 56.69 20.642 68.880
1400 73.43 38.60 112.03 57.78 19.264 67.387
1500 76.14 39.91 116.05 58.71 18.089 66.094
1-Naphthalenamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 22.80 4.35 27.15 4.66 372.248 395.820
100 25.96 4.99 30.95 6.85 178.605 212.927
150 28.19 6.11 34.30 9.93 115.441 154.198
200 30.13 7.47 37.60 13.21 84.149 125.709
273.15 32.78 9.66 42.44 18.06 59.220 103.571
298.15 33.66 10.43 44.09 19.68 53.571 98.636
300 33.72 10.49 44.21 19.80 53.195 98.311
400 37.17 13.58 50.75 25.79 38.163 85.279
500 40.52 16.54 57.06 30.75 29.498 71.774
600 43.78 19.25 63.03 34.72 23.943 72.920
700 46.94 21.69 68.63 37.88 20.134 69.526
800 49.98 23.88 73.86 40.44 17.399 67.068
900 52.91 25.84 78.75 42.55 15.359 65.099
1000 55.72 27.60 83.32 4430 13.794 63.572
1100 58.43 29.19 87.62 45.78 12.565 62.314
1200 61.02 30.63 91.65 47.03 11.577 61.277
1300 63.53 31.93 95.46 48.10 10.764 60.382
1400 65.94 33.12 99.06 49.02 10.080 59.600
1500 68.26 3421 102.47 49.81 9.504 58.925
2-Naphthalenamine
0 0.00 0.00 0.00 0.00 infinite infinite
50 22.80 4.36 27.16 4.67 375.151 398.713
100 25.99 5.01 31.00 6.93 180.071 214.343
150 28.23 6.16 34.39 10.05 116.456 155.123
200 30.19 7.54 37.73 13.37 84.942 126.372
273.15 32.86 9.76 42.62 18.28 59.850 104.021
298.15 33.75 10.55 4430 19.92 54.176 99.031
300 33.81 10.61 4442 20.04 53.797 98.703
400 37.30 13.74 51.04 26.08 38.685 85.510
500 40.69 16.72 57.41 31.04 29.967 77.893
600 43.98 19.45 63.43 3498 24.384 72.961
700 47.17 21.90 69.07 38.11 20.550 69.502
800 50.24 24.09 7433 40.65 17.790 66.989
900 53.19 26.05 79.24 4273 15.730 64.980
1000 56.02 2781 83.83 44.47 14.148 63.416
1100 58.75 29.39 88.14 45.93 12.896 62.125
1200 61.38 30.82 9220 47.17 11.888 61.038
1300 63.89 3212 96.01 48.23 11.065 60.133
1400 66.31 3331 99.62 49.13 10.374 59.334
1500 68.65 34.39 103.04 49.91 9.781 58.631
9-Methylcarbazole
0 0.00 0.00 0.00 0.00 infinite infinite
50 25.46 4.34 29.86 5.36 547.423 577.714
100 28.86 5.1 34.58 8.84 264.767 307.918
150 31.49 7.34 38.83 12.40 172.262 220.610
200 33.83 9.07 4290 16.15 126.261 177.995
273.15 37.05 11.74 48.79 21.97 89.445 144.678
298.15 38.12 12.69 50.80 23.98 81.083 137.226
300 38.20 12.75 50.95 24.13 80.511 136.716
400 4239 16.56 58.95 31.68 58.338 117.142
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TabLE 13. Thermodynamic properties for the ideal gas at 0.1 MPa — Continued
T -AJG® ASH® Alse G AdH° AG°
X RT RT R R RT RT
9-Methylcarbazole — Continued

500 46.49 20.24 66.73 38.03 45.134 105.476
600 50.48 23.65 74.13 43.16 36.754 98.045
700 54.36 26.74 8111 4729 30.974 92.830
800 58.12 29.53 87.65 50.67 26.806 89.036
900 61.74 32.04 93.78 53.46 23.685 86.023
1000 65.24 34.30 99.54 55.80 21.279 83.654
1100 68.61 36.35 104.95 5718 19.387 81.725
1200 71.85 38.20 110.05 59.45 17.853 80.100
1300 74.98 39.90 114.87 60.88 16.613 78.733
1400 77.99 41.44 119.43 62.10 15.555 77.523
1500 80.90 42.85 123.75 63.15 14.659 76.475

3. Data Sources

3.1. Freezing, Normal Boiling and Critical
Temperatures with Critical Pressure and Yolume

3.1.1. Freezing and Normal Boiling Temperatures

The selected values of the normal boiling temperatures
(s« = 101.325 kPa) were determined from the least
squares fits to the Cox equation. If a reliable value for the
triple point temperature was available, this was selected
rather than the freezing point, because unspecified impu-
rities usually alter freezing points much more than the
change that one atmosphere of non-reacting air over the
sample would produce in establishing the difference
between the freezing point and the triple point. In addi-
tion, prolonged exposure of an amine to air produces a
significant amount of impurities which cannot be easily
characterized. Measured values of the freezing and nor-
mal boiling temperature, along with estimated uncertain-
ties are listed in Table 14.

1-Butanamine
Our selected value for the normal boiling temperature
agrees with the results of Werner (1919-57), Timmer-
mans and Mattaar (1921-17), Erickson (1926-46), Lycan
et al. (1931-249), Butler and Ramchandani (1935-366),
Brown and Jones (1946-175), Schuerch and Huntress
(1949-167), Few and Smith (1949-482), Arnett etal.
(1950-248), Dilke et al. (1950-591), Ross and Finkelstein
(1957-212), Holmberg (1962-353), Sudaricov etal.
(1963-316), Humphrey and van Winkle (1967-204),
Christie and Crisp (1967-324), Union Carbide Corp.
(1968-195), and Letcher and Bayles (1971-42) within our
estimated uncertainties of those measurements. Other
measurements of the normal boiling temperature, gener-
ally of lower accuracy, are listed in (1870-6), (1871-9),
(1872-18), (1874-11), (1919-57), (1926-46), (1947-146),
(1951-569), (1952-42), (1957-76), (1959-313), (1962-
356), (1967-218), and (1969-2).
* The selected value of the freezing temperature was
based on the careful measurement carried out at Union

Carbide laboratories (1968-195) on a sample with 100
percent purity. The freezing temperature listed by
Timmermans and Mattaar (1921-17), is low due to impu-
ritics.

2-Butanamine

Our selected value for the normal boiling temperature
agrees with the results of Evans et al. (1959-313) within
the estimated uncertainties. The other published results
of Sabatier and Mailhe (1909-1), Schuerch and Huntress
(1949-167) and Holmberg (1962-353) are higher, which
is consistent with the presence of involatile impurities in
their samples. The selected freezing temperature was
based on the results of Timmermans and Mattaar (1921-
17).

2-Methyl-1-propanamine

Our selected value for the normal boiling temperature
was based on the ebulliometric measurements of Osborn
and Scott (1980-1). It also agrees with that of
Timmermans and Mattaar  (1921-17), Barcelo etal.
(1951-569) and Costello and Bowden (1959-218) within
the limits of their uncertainty. The other published
results of Perkin (1889-26), Schuerch and Huntress
(1949-167) and Holmberg (1962-353) are higher, which
is consistent with the presence of involatile impurities in
the samples. The selected value of the freezing tempera-
ture was based on the value of Timmermans and Mattaar
(1921-17).

2-Methyl-2-propanamine

Our selected value for the normal boiling temperature
agrees with the results of Timmermans and Mattaar
(1921-17) and Osborn and Douslin (1968-206) within the
estimated uncertainties. The presence of impurities prob-
ably account for the high values of Timmermans (1921~
19), Costello and Bowden (1959-218) and Holmberg
(1962-353). The selected value of the freezing tempera-
ture comes from the triple point temperature value
published by Finke et al. (1972-140).
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Pyrrole

The selected value of the normal boiling temperature
agrees with Scott et al. (1967-166), API (1942-300 and
1957-605) and Robles (1939-3) within the estimated
uncertainties. Other measurements of the normal bojling
temperature, generally of lower accuracy, are listed in
(1941-378), (1946-260), (1947-346), (1955-485), (1957-
76), (1959-335), (1962-406), and (1969-163). The
selected value of the freezing temperature was based
upon the triple point temperature measured by Scott

etal. (1967-116), McCullough and Waddington (1957-

539), and by Helm et al. (1958-216). The agreement with

the freezing temperature listed are commensurate with

'

the purities and accuracies of the measurements.

1-Methylipyrrole
Our selected value for the normal boiling temperature
agrees with the results of Osborn and Douslin (1968-
206), API (1958-417) and Lecat (1947-346) within the
estimated uncertainties. The selected value of the freez-
ing temperature was based upon the triple point temper-
ature measured by Messerly et al. (1988-93) which agrees
very well with the freezing temperature measured by
Guangquan et al. (1986-69). The value listed by Milazzo
(1941-378), which is 141K higher, is obviously in error.
Other measurements of the normal boiling temperature,
_generally of lower accuracy, are listed in (1941—378),
(1962-392), and (1969-163).

2-Methylpyrrole

Our selected value for the normal boiling temperature
is based on the normal boiling temperature measured by
Lecat (1947-346). Other measurements which agree
within their accuracy include (1971-379), (1912-167),
(1928-70), and (1952-71). There is a low pressure mea-
surement by (1952-705). The selected freezing point was
that given by API (1957-605) and by Lanum and Morris
(1969-51). They were identical.

3-Methyipyrrole

The normal boiling point measured by (1958-446),
(1971-380), (1963-480), and (1990-502) are in agreement
with the recommcendecd valuc within the cstimated uncer-
tainty. The value also agrees with the normal boiling
point estimated from the temperature equivalent to a va-
por pressure of 98.66 kPa measured by Lancaster and
Van der Werf (1958-415) and the low pressure measure-
ments of (1913-194). The freezing point value measured
by Lanum and Morris (1969-51) was selected.

Pyridine
Our selected value for the normal boiling temperature
agrees with the published results within the estimated

uncertainties. Measurements which agree with our value

are listed in (1906-115), (1931-349), (1943-220), (1950~
591), (1950-599), (1958-216), (1958-388), (1959-360),
(1959-361), (1962-411), (1965-341), (1967-319), and
(1971-214). Other measurements of the normal boiling
temperature with lower accuracy, are listed in (1884-15),
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(1889-26), (1899-11), (1908-126), (1908-127), (1909-
134), (1910-58), (1911-54), (1912-127), (1913-179),
(1917-65), (1921-19), (1921-129), (1923-3), (1923-73),
(1926-71), (1927-12), (1929-341), (1931-278), (1934
392), (1935-417), (1937-146), (1941-100), (1946-100),
(1947-346), (1948-464), (1950-591), (1952-363), (1954
670), (1955-11), (1956-607), (1957~176), (1958-385),
(1958-391), (1959-358), (1960-333), (1961-303), (1961-
305), (1961-307), (1961-308), (1962-97), (1962-406),
(1963-379), (1963-381), (1964-434), (1965-583), (1966
485), (1967-320), (1967-325), (1968-48), (1968-281),
(1970-233), (1970-239), (1971-220), (1972-234), (1972-
235), (1973-222), (1974-227), (1974-255), (1975-127),
(1976-183), (1986~2), and (1989-79).

The selected value of the freezing temperature was
based upon the triple point temperature measured by
McCullough et al. (1957-176) and by Helm et al. (1958
216). This value agrees with most of published results
within their estimated uncertainities. Timmermans
(1921-19) listed a higher normal boiling point tempera-
ture and a lower freezing point which is consistent with
the presence of involatile impurities in the sample. Other
published values for the freezing point are listed in
(1906-115), (1909-134), (1910-58), (1911-54), (1912-
127), (1916-38), (1917-65), (1926-210), (1936-163),
(1937-146), (1946-296), (1948-464), (1954-24), (1954
31), (1958-391), (1966-222), (1966—485), (1973-225), and
(1986-96).

2-Methylpyridine

Our selected value for the normal boiling temperature
agrees with Scott et al. (1963-156) within the estimated
uncertainties. Other measurements which agree with our
value within their estimated uncertainties are given in
(1942-300), (1948-442), (1951-314), (1955-635), (1958-
387), (1959-337), and (1959-358). Measurements of the
normal boiling temperature with lower accuracy are
listed in (1895-49), (1921-19), (1921-129), (1927-12),
(1929-178), (1934-392), (1943-29), (1943-255), (1945-
205), (1947-346), (1951-86), (1955-485), (1957-217),
(1958-389), (1958-391), (1959-358), (1960-333), (1961-
303), (1961-305), (1961-307), (1959-336), (1960-9),
(1961-304), (1962—406), (1964—434), (1964-523), (1966—
485), (1967-325), (1968-195), and (1968-285).

The selected value of the freezing temperature was
based upon the triple point temperature measured by
Scott et al. (1963~156) and by Helm et al. (1958-216).
This value agrees with that published by API (1942-300),
Freiser and Glowacki (1948-442), Biddiscombe et al.
(1954-31) and Ait-Kaci and Merlin (1979-131, 1979-132,
1979-133, and 1979-134), within the estimated uncer-
tainities. Other published values for the freezing point
with lower accuracy are listed in (1921-19), (1946-296),
(1955-485), (1966-485), (1968-195), and (1981-138).

3-Methylpyridine

Our selected value for the normal boiling temperature
agrees with Scott et al. (1963-156) within the estimated
uncertainties. Other measurements which agree with our
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value within their estimated unccrtainties are listed in
(1895-49), (1909-47), (1921-129), (1946-308), (1947~
346), (1958-390), (1959-359), (1961-306), (1964-250),
(1964-434), (1966-485), and (1968-285). Measurements
of the normal boiling temperature with lower accuracy
are listed in (1934-392), (1943-255), (1948-465), (1948
467), (1951-184), (1951-314), (1966-257), and (1967-
325). _

T)he selected value of the freezing temperature was

based upon the triple point temperature measured by

Scott etal. (1963-156). This value agrees with that
published by Hoffman and Vander Werf (1946-296),
Coulson and Jones (1946-308), Witschonke (1954-24),
Biddiscombe er al. (1954-31), Assal (1966—485), and Den
Adel et al. (1981-138), within the estimated uncertaini-

ties. Liplavk and Boliter (1951-184) measured a lower ,

freezing point which is consistent with the presence of
involatile impurities in the sample.

4-Methylpyridine

Our selected value for the normal boiling temperature
was based on the ebulliometric measurements of Osborn
and Douslin (1968-206). It also agrees with that of
Flaschner (1909 47), Coulson and Jones (1946-308),
Lecat (1947-346), Liplavk and Boliter (1951-184), Kyte
et al. (1960-119), Bylicki and Jankun-Pinska (1964-250),
Assal (1966-485), API (1968-195), and Wilson and Wor-
rall (1968-285) and Cabezos et al. (1990-77) within the
limits of their uncertainties. Other measurements of the
normal boiling temperature with lower accuracy are

listed in (1943-256), (1948-465), (1948-467), (1951-86), -

(1951-314), (1958-390), and (1967-325).

The selected value of the freezing temperature was
based upon the triple point temperature measured by
Soulard et al. (1986-227) and Messerly et al. (1988-93).
This value agrees with. that published in (1946-296),
(1951-184), (1954-24), (1954-31), (1966-485), (1966~
485), (1968-195), and (1981-138), within the estimated
uncertainities. Other published values for the freezing
point with lower accuracy are listed in (1946-308), (1948-
465), and (1960-119).

Pyrrolidine
. Our selected valuc for the normal boiling tempcrature
agrees with Boord et al. (1950-546), API (1956-676),
Helm et al. (1958-216), McCullough ef al. (1959-355),
Hildenbrand efal. (1959-374), and Anderson and
Shimanskaya (1969-163). Other measurements of the
normal boiling temperature of lower accuracy are those
of Yur'ev et al. (1946-260) and Lecat (1947-346). The
selected value of the freezing temperature was based
upon the triple point published by Helm efal. (1958-
216), by McCullough et al. (1959-355) and by Hilden-
brand et al. (1959-374). The freezing point published by
Boord et al. (1950-546) was too low.

Piperidine
Our selected value for the normal boiling temperature
agrees with those of Osborn and Douslin (1968-206),
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Kahlbaum (1884-15), Perkin (1988-26), Louguinine
(1899-11), Kurnakow and Zemcuzny (1913-179), Riley
and Bailey (1929-178), Semb and McElvain (1931-371),
Rau and Narayanaswamy (1934-392), Timmermans and
Hennaut-Roland (1937-146), Magnusson and Schierz
(1940-364), Lecat (1947-346), Dilke et al. (1950-591),
Kalman and Smyth (1960-369), and Vedal et al. (1976-
211) within their limits of accuracy. Other measurements
of the normal boiling temperature of lower accuracy are
given by Bedford et al. (1963-357), Moelwyn-Hughes and
Thorpe (1964-572), and Nakanishi et al. (1975-283).
The selected value of the freezing point was based
upon- the triple point published by Kalman and Smyth
(1960-369) and by Messerly et al. (1988-93). The freez-
ing point published by Altschul and Von Schneider
(1895-61) is very low, while that published by Vedal et al.
(1976-211) is higher than the selected value. The freezing
point listed by Pushin and Sladovic (1928-220) and by
Timmermans and Hennaut-Roland (1937-146) agree
with our selected value within their limits of accuracy.

Indole

The selected value of the normal boiling temperature
at atmospheric pressure was that given by Lecat (1947
346). The selected value of the freezing point was based
on those reported by Cowley and Partington (1936-459),
and Aihara (1955-710). Other freezing point values with
less accuracy were reported by Weerman (1910-141), and
by Serpinskii ef al. (1958-398).

Quinoline

Our selected value for the normal boiling temperature
agrees with Steele et al. (1988-551). Also it agrees with
that by Timmermans and Hennaut-Roland (1937-146),
Lecat (1943-221 and 1947-346), Malanowski (1961-368),
Mavzynski and Maczynska (1965-688), Cooper etal.
(1967-293), and Sundaram (1969-243) within the limits
of accuracy. Other measurements of the normal boiling
temperature with lower accuracy are listed in (1884-15),
(1911-54), (1922-55), (1923-73), (1935-428), (1943-255),
(1951-444), and (1957-76)

The selected value of the freezing point was based
upon the triple point published by Steele et al. (1988-
551). This value agrees with those published by Pushin
and Sladovic (1928-20), Park etal.  (1936-163),
Witschonke (1954-24), Mallikarjun and Hill (1965-231),
and Lanum and Morris (1969-51) within the limits of
their estimated accuracies. Other freezing point values
with less accuracy were listed in (1895-61), (1911-54),
(1916-38), (1926-28), (1937-146), (1951-444), (1952-50),
(1954-674), (1955-11), and (1957-551).

Isoquinoline

Our selected value for the normal boiling temperature
agrees with that published by Steele efal. (1988-551).
Also it agrees with that listed by Malanowski (1961-368).
Other normal boiling temperatures were listed in (1922-
155), (1934-392), (1943-255), (1947-346), and (1967-
293). The selected value of the freezing point was based
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upon the triple point published by Steele et al. (1988-
551). This value agrees with that published by Freiser and
Glowacki (1949-545), and by Mallikarjun and Hill (1965-
231). Other freezing point values with lower accuracy are
listed in (1922-155), (1953-712), (1953-715), and (1957-
567).

Carbazole
Our selected value for the normal boiling temperature
- agrees with that published by Graeber and Glaser (1872-
31). Other normal boiling temperatures with low accu-
racy are listed in (1872-30) and (1891-58). The selected
value of the freezing point was based upon the freezing
point published by Robinson and Scott (1969-244). This
value agrees with that published by Marsh (1987-598)
and that by NIST (1988-9). Other freezing point values
with less accuracy were listed in (1872-30), (1872-31),
(1891-58), (1908-128), (1919-40), (1921-90), (1923-166),
(1923-167), (1931-8), (1936-459), (1954-24), and (1955-
710).

Acridine

Our selected value for the normal boiling temperature
agrees with that published by Steele et al. (1988-76). The
selected value of the freezing point was based upon the
triple point published by Steele et al. (1989-76). This
value agrees with the freezing point published by Kalman
and Smyth (1960-391). Other freezing point values with
less accuracy are listed in (1953-698), (1962—472), (1975~
228), and (1986-32).

Phenanthridine

In the case of phenanthridine we found no reported
normal boiling temperature at atmospheric pressure. Our
value was obtained by extrapolating the values published
by Stecl et al. (1989-76) using the Cox cquation.

Our selected value of the freezing point was based on
the triple point published by Steele et al. (1989-76). This
value agrees with the freezing point published by Taylor
and Kalenda (1954-764) and by Cumper efal. (1962-
472). A value considerably below the selected value is
given in (1952-665).

1-Naphthalenamine

Our selected value for the normal boiling temperature
agrees with that published by Stillmann and Swain (1899~
63) and by Stull (1947-83). The selected value for the
freezing point was based on that listed by Witschonke
(1954-24). This value agrees with values listed by Still-
mann and Swain (1899-63), Beck and Smith (1906-123),
Beck (1907-112), Cowley and Partington (1938-372), and
Assal (1966-514). Other freezing point values with less
accuracy were listed in (1899-68), (1905-101), (1906-78),
(1914-155), (1926-228), (1947-83), (1947-406), (1953
700), and (1979-205).

2-Naphthalenamine

Our selected value for the normal boiling temperature
agrees with that published by Stull (1947-83). The
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selected value for the freezing point was based on that
given by Karyakin et al. (1968-3). Other freezing point
values are reported in (1938-372), (1940-231), (1947-83),
(1947-406), (1953-700), and (1979-205).

9-Methylcarbazole

Our selected value for the normal boiling temperature
is based on the vapor pressures published by Steele et al.
(1992-3). The selected value of the freezing point was
based - upon the triple point published by Messerly et al.
(1988-93). The freezing point published by Burton and
Gibson (1924-187) agrees within the estimated uncer-
tainity. :

3.1.2. Critical Temperature, Pressure and Volume

Both measured and estimated values of the critical
temperature, pressure and volume are listed in Table 15.

1-Butanamine

The critical temperature and the critical pressure were
determined by Glasser and Riiland (1957-76) and by
Toczylkin and Young (1980-25). The critical temperature
determined by Glasser and Riiland is much lower than
that determined by Toczylkin and Young. The critical
molar volume was estimated by Toczylkin and Young
(1980-25). The critical temperature and the critical pres-
sure determined by Toczylkin and Young was selected
while the critical molar volume calculated from the recti-
linear diameter agrees with that estimated by Toczylkin
and Young within the combined uncertainities.

2-Butanamine

The critical temperature measured by Toczylkin and
Young (1980-25) was selected. These authors believe
that their critical pressure was too high so the selected
critical pressure was that obtained by extrapolation of the
Cox equation to the selected critical temperature. The
selected critical molar volume was calculated from the
rectilinear diameter. This value agrees within the
estimated uncertainty with the value estimated by
Toczylkin and Young.

2-Methyl-1-propanamine

The critical constants of 2-methyl-1-propanamine have
not been measured. They were estimated by ESDU
(1976-328) using Ambrose’s method, and by Somayajulu
(1989-1). We adopted the critical temperature and the
critical pressure estimated using Ambrose’s method. The
critical molar volume was calculated from the rectilinear
diameter.

2-Methyl-2-propanamine

The selected values of the critical temperature and
pressure were those measured by Kobe and Mathews
(1970-5). The critical molar volume was calculated from
the rectilinear diameter.
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Pyrrole

Glaser and Riiland (1957-76) measured the critical
temperature and pressure of pyrrole. Their critical
temperature is very low compared with the value of
Cheng et al. (1962-239) which was adopted. The critical
pressure obtained by extrapolation of the Cox equation to
the selected critical temperature has a considerably
higher value than that reported in (1957-76). The critical
molar volume was calculated from the rectilinear
diameter.

1-Methylipyrrole

The critical constants of this compound have not been
measured. They were all estimated using Ambrose’s
method.

2-Methylpyrrole

The critical constants of this compound have not been
measured. They were all estimated using Ambrose’s
method.

3-Methylpyrrole
~ The critical constants of this compound have not been
measured. They were all estimated using Ambrose’s
method.

Pyridine

The critical temperature was measured by Radice
(1899-59), Livington eral. (1908-112), Herz and
Neukirch (1923-3), Swietoslawski and Kreglewski (1954-
37), Kobe etal. (1956-9), Ambrose and Grant (1957-
423), and by Brunner (1987-588). Swietoslawski and
Kreglewski purified their sample by fractional distilla-
tion. Ambrose and Grant used a sample of 99.91 mol per
cent purity and their value was selected. Herz and
Neukirch (1923-3), Kobe et al. (1956-7) and Brunner
(1987-588) measured the critical pressure. The only
determination of the critical volume was by Kobe et al.
(1956-9). The selected critical pressure obtained by
extrapolation of the Cox equation to the selected critical
temperature agrees with (1956-7) and (1987-588) within
the estimated uncertainties. The selected critical molar
volume calculated from the rectilinear diameter is higher
than that reported in (1956-9) but just outside the
combined estimated uncertainties.

2-Methylpyridine

Ambrose and Grant (1957—-423) measured the critical
temperature on a 99.85 mol per cent pure sample and
their value was adopted. Kobe and Mathews (1970-5)
measured both the critical temperature and pressure.
The selected critical pressure obtained by extrapolation
of the Cox equation to the selected critical temperature
and the selected critical molar volume calculated from
the rectilinear diameter agrees with (1970~5) within the
combined uncertainties.

3-Methylpyridine
Ambrose and Grant (1957-423) measured the critical

temperature on a 99.71 mol percent pure sample and
their value was adopted. The selected critical pressure
was obtained by extrapolation of the Cox equation to the
selected critical temperature and the selected critical
molar volume was calculated from the rectilinear diame-
ter.

4-Methylpyridine

Ambrose and Grant (1957-423) measured the critical
temperature of this compound and their value was
adopted. They used a sample of 99.97 mol per cent purity.
Kobe and Mathews (1970-5) measured both the critical
temperature and pressure. The selected critical pressure
obtained by extrapolation of the Cox equation to the se-
lected critical temperature and the selected critical molar
volume calculated from the rectilinear diameter agree
with (1970-5) within the combined uncertainties.

Pyrrolidine

Kobe et al. (1956-9) determined all the critical proper-
ties of pyrrolidine but they reported that the sample
decomposed near the critical temperature. Cheng et al.
(1962-239) also determined the critical temperature
using a 99.85 mol per cent purity sample further purified
by distillation in vacuo. The precision of their measure-
ment is = 0.1 K. We selected their critical temperature.
The selected critical pressure obtained by extrapolation
of the Cox equation to the selected.critical temperature
and the selected critical molar volume calculated from
the rectilinear diameter agrees with (1956-9) within the
combined estimated uncertainties.

Piperidine

Chenget al. (1962-239) measured the critical tempera-
ture using a commercial sample. Ambrose (1963-213)
used a National Chemical Laboratory sample of 99.90
mol per cent purity to determine the critical temperature.
On the basis of purity, we selected the value of Ambrose.
The critical pressure determined by Guye and Mallet
(1902-64) is considerably lower than, but within the
combined estimated uncertainties, of the selected critical
pressure obtained by extrapolation of the Cox equation to
the selected critical temperature. The selected critical
molar volume was calculated from the rectilinear
diameter.

Indole

The critical constants of indole have not been
measured. They were estimated using the Joback group
contribution method (1984-560).

Quinoline

The selected critical temperature was measured by
Ambrose (1963-213) using a sample of 99.69 mol per cent
purity. The selected critical pressure was obtained by
extrapolation of the Cox equation to the selected critical
temperature and the selected critical molar volume was
calculated from the rectilinear diameter. The values of
Glasser and Riiland (1957-75) and Livingston et al.
(1980-112) are considerably higher.
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Isoquinoline

The selected critical temperature was measured by
Ambrose (1963-213) using a sample of 99.95 mol percent
purity. The selected critical pressure was that obtained by
extrapolation of the Cox equation to the selected critical
temperature and the selected critical molar volume was
calculated from the rectilinear diameter.

Carbazole
The critical constants of carbazole have not been

measured. The critical temperature and the critical pres- .

sure estimated by Sivaraman etal. (1983-189) were
selected. The selected critical molar volume was
estimated using the Joback group contribution method
(1984-560).

Acridine

The critical constants of acridine have not been
measured. The critical temperature and the critical pres-
sure estimated by Sivaraman eral. (1983-189) were
selected. The selected critical molar volume was
estimated using the Joback group contribution method
(1984-560).

Phenanthridine

The critical constants of phenanthridine were not
measured. They were estimated using the Joback group
contribution method (1984-560).

1-Naphthalenamine

The critical constants of 1-naphthalenamine have not
been measured. The critical temperature and critical
pressure were estimated using Ambrose’s method and
the critical molar volume was estimated using the Joback
group contribution method (1984-560).

2-Naphthalenamine
The critical constants of 2-naphthalenamine have not
been measured. The critical temperature and critical

pressure were estimated using Ambrose’s method and

the critical molar volume was estimated using the Joback
group contribution method (1984-560).

9-Methylcarbazole
The critical constants of 9-methylcarbazole estimated
by Steele ef al. (1992-3) were selected.

3.2. Vapor Pressure

The temperature and pressure ranges over which
measurements of vapor pressure have been reported are
listed in Table 16. Also included are the method of
measurement as well as the estimated accuracy in both
the temperature and pressure. If the results were deter-
mined by 