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The sublimation pressure of crystalline pentaerythritol tetranitrate has been determined over the
temperature range (356 to 382) K by the torsion-effusion method. From simultaneous mass-loss
determinations, the molecular weight of effusing vapor was found to be in accord with that of monomeric
C(CH2ONO2)4. Effusing vapor was also examined by mass spectrometry, extending the temperature-
pressure range down to 302 K. The temperature dependence of pressure, determined by both torsion and
mass-spectrometric methods, yielded enthalpies of sublimation in close agreement at (157.4 ( 3.2)
kJ‚mol-1. Earlier pressure measurements in the literature are lower by nearly a factor of 3, and the
corresponding second-law sublimation enthalpy is also significantly lower.

Introduction

Pentaerythritol tetranitrate, C(CH2ONO2)4 or PETN, is
a commonly used high explosive. However, the sublimation
pressure of PETN is one of the important physical proper-
ties that has not yet been accurately determined, despite
the potential value in understanding certain behavioral
characteristics associated with safe handling procedures.
Edwards1 initially measured the sublimation pressure of
PETN by the Knudsen mass-loss method in the tempera-
ture range (370 to 412) K, below the melting point of 415
K. Later, Cundall et al.2 reported sublimation pressures
also measured by the Knudsen method in the range (328
to 405) K but with a presumably more sensitive mass-
detection technique. Cundall et al.2 report their results in
equation form only and, in reference to the work of
Edwards,1 state that “agreement between these data and
the present work is excellent.” However, use of the re-
ported2 constants in the pressure equation for PETN yields
sublimation pressures that are lower than those of Ed-
wards1 by a factor of nearly 104. There is clearly something
wrong with the reported constants in the sublimation
pressure equation of Cundall et al.,2 and without access to
the actual measured pressures, there is no reliable way to
evaluate their results. We are not aware of any other
published research on the vapor pressure of this material.
This makes it all the more important to have additional
measurements on PETN. We report here new sublimation
pressure determinations made by means of the torsion-
effusion method, with simultaneous mass-loss measure-
ments. The torsion results give absolute total pressures,
while the mass-loss data yield vapor molecular weights that
give information about vapor composition. In addition, the
mass spectrum of PETN equilibrium vapor was examined
to obtain further information about vapor composition and
the temperature dependence of sublimation pressure.

Experimental Methods

Apparatus and Procedures. The torsion vapor pres-
sure system is basically an effusion manometer, in which

a two-chamber cell with offset orifices in opposite positions
on opposite faces is suspended from a small-diameter
filament attached to the arm of a microbalance, all within
an evacuated enclosure. Effusion of vapor induces a recoil
force and consequent angular rotation of the cell. This is a
purely mechanical device that yields absolute total pressure
in terms of the torsion constant of the filament, the
observed angular deflection, and the geometrical constants
of the cell. Since effusion pressure evaluated from mass-
loss alone requires knowledge of vapor molecular weight,
M, then determination of torque angle and mass-loss
together allows one to evaluate M directly. Effusion
measurements have an upper pressure limit of about 10
Pa because of mean free path restrictions for maintaining
free molecular flow through the exit orifice. All of the
measurements reported here were made with two Pt-Rh
cells having nominal orifice diameters of 0.06 (P2) and 0.11
(P1) cm. Temperatures were measured with a Pt, Pt-Rh
thermocouple of accurately established calibration, equiva-
lent to an accuracy of 0.1 K. Frequent checks with labora-
tory vapor pressure standards such as Ag, Sn, and KCl
have shown that both absolute pressures and vapor mo-
lecular weights are accurate to within 5% and that second-
law slope enthalpies can regularly be measured with
an accuracy of (2.1 to 4.2) kJ‚mol-1 or better. Stated
uncertainties in the Results section are absolute un-
certainties based on comparisons with standards, while
uncertainties in coefficients of vapor pressure equations in
the Tables are statistical values from least-squares fitting.
The torsion-effusion system and microbalance arrange-
ment for simultaneous measurement of effusion recoil force
and sample mass loss has been described in the litera-
ture.3,4 Mass-spectrometric studies of PETN vapor were
made with the magnetic sector instrument used in earlier
work.5

Chemicals. The crystalline PETN sample was obtained
from Accurate Energetic Systems, McEwen, TN. Although
no statement of sample purity was provided by the sup-
plier, the vapor mass spectrum agreed closely with a
published spectrum,6 showing only the two major peaks
identified with PETN. Several minor peaks, observed
initially, disappeared after about 30 min of outgassing at
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320 K in the spectrometer vacuum system. In addition, the
torsion sublimation pressures were highly stable and
reproducible throughout. It is believed that the clean vapor
mass spectrum and the steady sublimation behavior indi-
cate the sample to be of acceptable purity, estimated to be
99.9% or better.

Results

In Table 1 and Figure 1 are shown the sublimation
pressures measured over the range (350 to 382) K with the
two torsion cells of different orifice size. Measurements
were made in the random order shown and were found to
be highly stable and reproducible. Although the orifice
areas of the two cells differ by about a factor of 3, the pres-
sures agree to within a few percent, indicating them to be
equilibrium saturation values, free of any kinetic effects.

Furthermore, the average vapor molecular weights of (339
and 328) g‚mol-1 are within 4-7% of the C(CH2ONO2)4

monomer value of 316.1, showing that the simple mono-
meric reaction

characterizes the PETN sublimation process. The slightly
higher experimental molecular weights are within the
demonstrated accuracy of the technique, and are not
indicative of a small amount of polymeric vapor species.
Further, the high-sensitivity mass-spectrometric analysis
shows no evidence for higher polymers of C(CH2ONO2)4.
Table 1 also gives the least-squares derived coefficients in
the sublimation pressure equation

derived from the more extensive pressure measurements
with cell P2, leading to the second-law sublimation en-
thalpy of (156.9 ( 3.2) kJ‚mol-1 at the average temperature
of 371 K. The five pressure points measured with cell P1
over a narrow temperature range were obtained only to
demonstrate the absence of orifice-size kinetic effects and
are not sufficient for accurate second-law analysis.

Investigation of the mass spectrum of effusing vapor
from a Pt cell at about 350 K showed only the two peaks
at (46 and 76) amu, identified as NO2

+ and CH2ONO2
+,

respectively, formed by electron-impact fragmentation of
C(CH2ONO2)4, in accord with the reported6 mass spectrum.
The parent ion is unstable and yields the two fragment ions
with appearance energies of 12.1 eV (NO2

+) and 12.6 eV
(CH2ONO2

+), both (0.5 eV. Eight measurements of the
NO2

+ intensity at 30-eV ionizing energy over the range (302
to 345) K, shown in Figure 2 yielded a second-law sublima-
tion enthalpy of (158.2 ( 3.3) kJ‚mol-1, in good agreement
with the value obtained from the torsion pressure deter-
minations.

Table 1. Sublimation Pressure and Vapor Molecular
Weight of PETN(s) by Use of the Torsion-Effusion
Methoda

T/K P/Pa M/g‚mol-1

363.2 8.52 × 10-2 348
374.9 4.46 × 10-1 339
373.0 3.42 × 10-1 351
361.9 7.50 × 10-2 362
356.9 3.53 × 10-2

369.2 2.08 × 10-1 336
376.6 5.76 × 10-1 341
379.0 7.62 × 10-1 335
380.5 9.44 × 10-1 326
380.8 9.58 × 10-1 330
382.0 1.15 330
376.2 4.86 × 10-1 341
361.1 6.42 × 10-2 333
356.1 3.01 × 10-2

Average ) 339

a Pt-Rh cell P2, 0.06-cm diameter orifice; log(P/Pa) ) (21.511
( 0.13) - (8197 ( 48)K/T. ∆H°371 ) (156.9 ( 0.8) kJ/mol.

Figure 1. Total vapor pressure of PETN measured with two
platinum-rhodium effusion cells for the sublimation process
PETN(s) ) PETN(g).

Figure 2. Total vapor pressure of PETN measured with two
platinum-rhodium effusion cells and with a mass spectrometer
for the sublimation process PETN(s) ) PETN(g).

C(CH2ONO2)4(s) ) C(CH2ONO2)4(g) (1)

log(P/Pa) ) A - (B/T) (2)
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Discussion

As seen in Figure 1, the torsion-effusion sublimation
pressures of PETN reported here are higher by a factor of
3 than the results of Edwards,1 obtained by the effusion
mass-loss technique. It is worth noting that complex
materials do not necessarily vaporize to the single mono-
meric gaseous molecules; saturated vapors of some metal
carbonyls have been found to be largely dimeric or tri-
meric.7,8 Evaluation of equilibrium vapor pressure from
effusion mass-loss measurements alone requires some
knowledge or assumption about the nature of the vapor
species. Of course Edwards1 had no direct evidence for the
monomeric character of the vapor, but our vapor molecular
weight determinations confirm this and permit his reported
pressures to be compared with our absolute torsion pres-
sure values. Because checks with lab standards have shown
our torsion pressures to be accurate within 5%, we believe
that our values are preferable to those of Edwards,1 who
gave no accuracy estimate.

The torsion pressure and mass-spectrometric second-law
enthalpies of sublimation for reaction 1, (156.9 ( 3.2)
kJ‚mol-1 at an average temperature of 371 K, and (158.2
( 3.2) kJ‚mol-1 at 325 K, are in close agreement, indicating
that ∆Cp for the process is relatively small and ∆H(sub) is
nearly constant over the range (302 to 382) K. We adopt
the value of ∆H°298(sub) ) (157.4 ( 3.2) kJ‚mol-1, which
is an average of the torsion-pressure and mass-spectro-
metric values. Edwards1 reported a ∆H (sub) value of (151.9
( 2.1) kJ‚mol-1 at an average temperature of 393 K, which
would be in reasonable accord with our value. However, a
least-squares treatment of his published results1 actually
yields a ∆H(sub) value of 141.8 kJ‚mol-1, substantially
lower than our value of 157.4 kJ‚mol-1. If the NO2

+

intensity is normalized to the extrapolated torsion pressure
at 344.8 K, the intensities at lower temperatures can be
converted to absolute pressures, extending these values to

the full range (302 to 382) K.; these pressures derived from
the NO2

+ intensities are listed in Table 3. The equation

derived from the torsion pressures with cell P2 represents
the pressure data well over this range, as seen in Figure
2. Extrapolation of the torsion pressures alone yields a
calculated sublimation pressure of 2.4 × 10-6 Pa at 302.2
K, compared to the value 2.3 × 10-6 Pa obtained from the
normalized ion intensities. At normal room temperature,
298 K (25 °C), eq 3 indicates the vapor pressure of PETN
to be 1 × 10-6 Pa or 8 × 10-9 mm Hg.
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Table 2. Sublimation Pressure and Vapor Molecular
Weight of PETN(s) by Use of the Torsion-Effusion
Methoda

T/K P/Pa M/g‚mol-1

368.1 1.77 × 10-1 325
368.9 2.04 × 10-1 322
370.0 2.30 × 10-1 324
350.1 1.28 × 10-2

353.3 2.17 × 10-2 340

a Pt-Rh cell P1, 0.10-cm diameter orifice.

Table 3. Sublimation Pressure of PETN(s) from
Mass-Spectrometric NO2

+ Intensitiesa

T/K P/Pa T/K P/Pa

329.0 3.59 × 10-4 343.3 4.08 × 10-3
315.0 3.02 × 10-5 325.4 1.64 × 10-4
302.2 2.31 × 10-6 310.0 9.50 × 10-6
333.0 7.31 × 10-4 344.8 5.41 × 10-3

a log(P/Pa) ) (21.674 ( 0.27) - (8263 ( 87) K/T; ∆H°325 ) (158.2
( 1.7) kJ/mol.

log(P/Pa) ) 21.511 - (8197/T) (3)
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