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Explosive Properties of Erythritol Tetranitrate
Robert Matyš,*[a] Martin Knzel,[a] Aleš Růžička,[b] Petr Knotek,[c] and Ondřej Vodochodský[a]

Abstract: The physical and explosive properties of erythritol tetranitrate (ETN) are described herein. Although the
chemical structure of ETN is simple and its preparation is
undemanding, this explosive is only briefly described in the
literature. Nowadays, it is widely prepared by amateur
chemists and by criminals as well. Therefore, it is necessary
to describe its physical and explosive properties for pre-explosion and post-explosion forensic analyses. However, as
a nitric acid ester, it can also be potentially useful for some
industrial applications. ETN was prepared in 83 % yield by
the reaction of nitric acid/sulfuric acid with erythritol. The
molecular structure of ETN was characterized by single-crystal X-ray diffraction. The structure of the ETN molecule is
composed of a central carbohydrate chain and two pairs of
facing coplanar ONO2 groups. The crystal density of ETN is
1.827 g cm3. It is a non-hygroscopic compound, which is

slightly soluble in water (the solubility in water was determined in a temperature range from 5 8C to 80 8C; the solubility at 20 8C is similar to that of PETN). The sensitivity of
melt cast ETN to friction significantly differs from powdered
ETN. Melt cast ETN is more sensitive to friction than PETN,
whereas powdered ETN is less sensitive than RDX. The sensitivity of powdered ETN to impact is slightly lower than for
melt cast ETN that is on the level of PETN. The detonation
velocity of melt cast ETN is 7940 m s1 at a density of
1.69 g cm3, which is slightly below the PETN level. The relative explosive strength was measured using the ballistic
mortar method and value of 143 % TNT was found, which is
similar to that of PETN (145 % TNT is reported in the literature). Additionally, the relative brisance was determined
using the Hess test.
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1 Introduction
Erythritol tetranitrate (ETN) is a simple nitrate ester structurally similar to nitroglycerine (see Scheme 1). This ester of
nitric acid was first synthesized in 1849 by Stenhouse [1].
Although it is a structurally simple and easily synthesized
powerful explosive, only a few authors have paid attention
to it as an explosive in the past. The main reason was the
high cost caused by limited availability of erythritol, which
was obtained by costly extraction from seaweed, algae, or
lichen [2]. Later, production of erythritol via acetylene
chemistry did not significantly change anything; the price
of ETN was still too high for industrial use [3]. However,
a new technology for erythritol production using microbial
methods from osmophilic yeasts has been recently developed [4]. The price of erythritol has been significantly reduced and its technological accessibility is no longer a limitation.

Scheme 1. Synthesis of ETN.
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es. Unfortunately, the properties of ETN are described only
briefly in scientific literature [3, 5–7]. Research into the fundamental parameters of this improvised explosive is therefore important e.g. for forensic analysts and EOD. And last
but not least, the sensitivity characteristics are important
for anybody working with the compound. There have been
plenty of articles concerning the medical effects and uses
of erythritol tetranitrate (it is used as an effective cardiovascular medicine [5]), but only a few remarks have appeared
in tertiary literature about its explosive properties. The subject was addressed two years ago by Oxley et al. [8], who
published some analytical data for ETN, along with certain
physical and explosive properties. The characterization of
explosive properties of explosives based on ammonium nitrate sensitized with erythritol tetranitrate has recently
been published by the current authors [9]. The thermal behavior and decomposition kinetics of pure ETN and its mixtures with pentaerythritol tetranitrate (PETN) and hexogen
(1,3,5-trinitro-1,3,5-triazinane, RDX) have also been published recently [10]. We decided to study additional characteristics of this nitrate ester that, according to our best information, have not been published to date. The results of
our research are summarized in this article.

2 Experimental Section
Caution: No problems have occurred during the synthesis
and handling of erythritol tetranitrate, but the material is
still an explosive. Laboratories and personnel should be
properly prepared and safety equipment such as protective
gloves, shields, and ear plugs should be used, even when
working with small-scale reactions.

Figure 1. Crystal shape of the ETN particles and histogram of the
diameter (dotted curve) and aspect ratio (length vs. width) of the
particles (block curve).

2.2 Characterization of Comparative Explosives

2.1 Preparation of Erythritol Tetranitrate

Erythritol tetranitrate was prepared according to the
method patented by Bergeim [11] and described by us recently in detail [9]. Erythritol [a meso form (2R,3S)-butane1,2,3,4-tetraol] with declared purity of 99.5 % was obtained
from a local pharmacy (trade name Extra-Linie produced by
FAVEA, Kopřivnice, Czech Republic). Other chemicals used
were of analytical purity (p.a.).
Each batch used 100 g of erythritol. Crude erythritol tetranitrate (m.p. 56–58 8C) was purified by re-crystallization
from ethanol. We obtained 218–221 g of crystallized products in one batch (88–89 %). Melting point of the crystallized product was 59–60 8C (literature [7], 61 8C). The crystal
size and shape of the obtained product were determined
by optical microscopy and are presented in Figure 1.
Elemental analysis: calcd. C 15.90, H 2.00, N 18.55 %;
found C 16.66, H 2.48, N 17.78 %.
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Mercury fulminate (MF), pentaerythritol tetranitrate (PETN),
and hexogen (RDX) were used as standard explosives for
comparison of ETN sensitivity. Brown mercury fulminate
was prepared using the process described in the literature
[12]. The crystal size and shape were determined by electron microscopy and have been published in a previous
paper [13]. PETN with particles smaller than 200 mm was
provided by the Explosia a. s. company (Czech Republic)
under the trade name “Pentrit NS” and RDX was provided
by the Chemko Strazske company (Slovak Republic).

2.3 Analysis of ETN

A FLASH 2000 apparatus from Thermo scientific with HCNS
Analyzer was used for performing elemental analysis. Nicotinamide (for samples having nitrogen content up to 25 %)
and melamine (for substances having nitrogen content up
to 66 %) were used as standards.
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samples were quickly weighed to within 0.1 mg and placed
in a desiccator containing 18.6 % sulfuric acid (relative humidity of 90 % was obtained). The samples were weighed
at intervals varying from 24 to 72 h.

The liquid chromatographic system Agilent 1200 series
was used for checking the purity of ETN. Isocratic separation using a solvent mixture consisting of 60 % acetonitrile
and 40 % water with a flow rate of 1 mL min1 was used.
The injection volume was 10 mL, column material was BDS
Hypersil C-18 with 5 mm particle size and 12 nm pore size,
column dimensions were 250 mm  4.6 mm, temperature
30 8C. The chromatograms were evaluated from the absorbance at 210 nm.
The sample of re-crystallized ETN was visualized by an
Olympus BX60 optical microscope in reflex mode (magnification 200–500 ) on the HCl etched microscope slide.

2.7 Solubility in Water

2.4 X-ray Crystallographic Study

The X-ray data for colorless crystals of ETN were obtained
at 150 K using an Oxford Cryostream low-temperature
device on a Nonius KappaCCD diffractometer with Mo-Ka
radiation (l = 71.073 pm), a graphite monochromator, and
using the f and c scan mode. Data reductions were performed with DENZO-SMN [14]. The absorption was corrected by integration methods. [15] Structures were solved by
direct methods (Sir92) [16] and refined by full-matrix leastsquare based on F2 (SHELXL97) [17]. Hydrogen atoms were
mostly localized on a Fourier difference map, however, to
ensure uniformity of treatment of crystals, all hydrogen
atoms were recalculated into idealized positions (riding
model) and assigned temperature factors Hiso(H) =
1.2 Ueq(pivot atom). Hydrogen atoms in the methylene and
methine moieties were placed with distances CH of 97
and 98 pm, respectively.
Rint = S j Fo2Fo,mean2 j /SFo2, GOF = [S(w(Fo2Fc2)2)/(NdiffrsNparams)] =
for all data, R(F) = S j j Fo j  j Fc j j /S j Fo j for observed data,
wR(F2) = [S(w(Fo2Fc2)2)/(Sw(Fo2)2)] = for all data.
Crystallographic data (excluding structure factors) for the
structure in this paper have been deposited with the Cambridge Crystallographic Data Centre, CCDC, 12 Union Road,
Cambridge CB21EZ, UK. Copies of the data can be obtained
free of charge on quoting the depository number CCDC952306 for ETN (Fax: + 44-1223-336-033; E-Mail: deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk).
1

2

1

2

2.5 Density

The density of erythritol tetranitrate was measured using
pycnometry in de-mineralized water at 22 8C. Crystallization
of ETN from methanol by solvent evaporation gives oblong
colorless crystals without visible imperfections. Gas bubbles
were removed from the pycnometer flask using gentle
sonication.
2.6 Hygroscopicity

Three samples of ETN were weighed in three separate bottles (the weight of one sample was from 5 to 6 g) and
dried with phosphorus pentoxide for 2 d. Afterwards, the
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The solubility of ETN in water was determined using HPLC.
Three samples of ETN were used for measuring for each
temperature. Solubility of ETN in water was thus determined for five temperatures (5, 20, 40, 60, and 80 8C).
ETN was placed in a flask filled with 10 mL of water in
order to form a saturated solution with an excess of solid
ETN (suspension of ETN in aqueous solution). The flasks
were inserted into a tempered box and left to stir with
a magnetic stirrer for 24 h at constant temperature. Afterwards, solid ETN was filtered off (still at given temperature
in a tempered box) and 4 mL of the ETN solution was introduced into 6 mL of acetonitrile with the aid of a pipette.
This solution was used for HPLC measurement. Solubility
of ETN was determined using calibration curve of ETN solution in a mobile phase 60/40 acetonitrile/water. Conditions
of measurement and HPLC apparatus were the same as already mentioned in section 2.3.

2.8 Friction Sensitivity

The sensitivity to friction was determined using an FKSM08 BAM device supplied by OZM Research. BFST-Pt-100S
type test plates and BFST-Pn-200 pestles were used, all produced by OZM Research. Each sample was measured at
five energy levels with fifteen trials on each level. Probit
analysis was again used for evaluation of obtained data
and for construction of sensitivity curves. ETN was examined in both powdered and melt cast forms. For this, melt
cast ETN samples were prepared by direct dropping of ETN
melt onto a rough test plate and allowing it to solidify.

2.9 Impact Sensitivity

The impact sensitivity was measured using a Kast fallhammer produced by Reichel and Partner. Both the piston
(BFH-SR) and cylinders (BFH-SC) were produced by OZM Research.
A 0.5 kg hammer was used for MF, a 1 kg one for PETN
and ETN, and a 2 kg hammer for RDX. Probit analysis was
used for evaluation of the data and for construction of sensitivity curves. Each sample was measured at five energy
levels with fifteen trials at each level. ETN was used in powdered and melt cast state. Powdered ETN was used in volumes of 40 mm3. Melt cast ETN samples were prepared in
the form of small pellets by dropping molten ETN onto
a cold tile – particle size and shapes are presented in
Figure 2. One pellet with weight of about 20 mg was used
for each trial.
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gressions of mortar swift dependencies on the weight of
trinitrotoluene charges were obtained and corresponding
relative strength values were calculated using MS Excel.
The explosive strength of erythritol tetranitrate was related
to TNT.

3 Results and Discussion
3.1 Synthesis and Analysis of ETN

Figure 2. Shape and size of powdered ETN (left) and melt cast ETN
pellets (right). Melt cast ETN was prepared by dropping of molten
ETN onto a cold tile. This form was used for sensitivity measurement (melt cast ETN).

2.10 Detonation Velocity

The Detonation velocity of erythritol tetranitrate was measured using ionization probes and a digital Tektronix oscilloscope. Ionization probes were prepared using 0.1 mm
twisted copper wire. Four charges of erythritol tetranitrate
were prepared by filling polypropylene tubes having an internal diameter of 16.6 mm and wall thickness of 4.2 mm.
Two of these tubes were filled by careful hand pressing of
ETN powder. Fine powder was added in small increments
in order to achieve a regular density distribution along the
charge. The remaining two tubes were filled with molten
ETN at 75 8C followed by cooling in a vertical position in
order to obtain homogeneous charges without lumps.
2.11 Brisance

Hess’s method of lead cylinder compression was applied
for determination of brisance. Three charges were prepared
from melt cast ETN and another three charges using powdered hand pressed ETN, each one having 50.0 g weight. A
standard lead cylinder (40 mm diameter, 60 mm height)
was placed on a 10 mm thick steel base plate resting on
sand. It was covered by two 10 mm thick steel discs and
the explosive charge was precisely positioned on the top.
The lead cylinder, steel disks, and the charge were 40 mm
in diameter. Initiation was conducted using a standard industrial electric detonator with aluminum cup. Powdered
samples with quite low density were measured with a standard deviation of  0.40 mm.
2.12 Relative Explosive Strength

The relative explosive strength was determined using a ballistic mortar. Three charges were prepared from powdered
ETN. The mortar was calibrated separately with powdered
TNT charges, while each level of calibration was shot three
times. All powdered samples were prepared by wrapping
the powder in a thin polyethylene foil. Power function re-
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Erythritol tetranitrate was prepared by the reaction of nitric
acid and sulfuric acid with erythritol (Scheme 1). The product was purified by re-crystallization. The yield of the recrystallized product was 88 %. The purity of ETN was determined by using HPLC and elemental analysis. The peak
area of ETN on a chromatogram is 99 %. The results of C, H,
and N analysis agreed with the calculated data. The structure of ETN was confirmed using X-ray crystallography (section 3.2).
The re-crystallized product forms needle like crystals (see
Figure 1). The length and the aspect ratio (between length
and the width) of the particles were analyzed and the histogram of these values is presented in Figure 1. Typical
length of the particles is 150–350 mm. The length is typically 6 to 10-times greater than the width of each particle (see
block line of the aspect ratio on the histogram).

3.2 X-ray Crystallographic Study

Crystallographic data for ETN: C4H6N4O12, M = 302.13, monoa = 1596.81(10),
b = 519.40(4),
c=
clinic,
P21/c,
1476.09(12) pm, b = 116.238(6)8, Z = 4, V = 1098.10 
106(15) 3, Dc = 1.827 g cm3 (123 8C), m = 0.189 mm1,
Tmin/Tmax = 0.946/0.987; 20  h  20, 5  k  6, 16  l 
18; 7405 reflections measured (qmax = 27.508), 7364 independent (Rint = 0.0659), 1686 with I > 2s(I), 181 parameters,
S = 1.129, R1(obs. data) = 0.0503, wR2 (all data) = 0.0943;
max., min. residual electron density = 32.8, 30.8 e pm3.
ETN (Figure 3) crystallizes in the monoclinic space group
P21/c with four molecules within the unit cell – two independent ones. In both types of molecule, which are very
similar from the point of view of inter-atomic distances and
angles, the mixtures of R- and S-isomers are present in
each molecule – a meso form as in the starting commercial
erythritol [(2R,3S)-butane-1,2,3,4-tetraol]. The structure of
the ETN molecule is composed of the central carbohydrate
chain and two pairs of facing coplanar ONO2 groups. Similar arrangement of the nitro groups is found as for other
“sugar alcohol” derivatives as for example 3,4-dideoxy-3,4dinitro-1,2,5,6-tetra-O-nitrohexitol [18], 1,2,3-propanetriol
trinitrate [19], and pentaerythritol tetranitrate [20, 21]. Significant similarities to the structure of the title compound
were also found in the series of cyclic carbohydrates
[22, 23].
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Table 1. The solubility of ETN in water.
Temperature [8C]

5

20

40

60

80

Solubility ETN [mg] in 100 mL water 1.53 3.02 9.33 26.9 39.9

ature [7]), ethylene glycol dinitrate (680 mg per 100 mL of
water at 20 8C [7]) and nitroglycerine (180 mg per 100 mL
of water at 20 8C [7]). The solubility is similar to that of
PETN (10 mg per 100 mL of water at 50 8C [3]).

3.6 Sensitivity to Mechanical Stimuli

Figure 3. Molecular structure of ETN (ORTEP view, 50 % probability
level). The second molecule is omitted for clarity. Selected interatomic distances [pm] and angles [8]: O1 N1 140.2(3), O2 N1
120.6(3), O3 N1 119.0(3), O1 C1 144.9(3), C1 C2 151.2(3), O4 N2
142.4(3), O5 N2 120.0(3), O6 N2 119.5(3), O4 C2 144.8(3), C2 C2a
153.4(4); O2 N1 O3 129.8(2), O1 N1 O2 111.9(2), N1 O1 C1
113.13(19), O1 C1 C2 104.49(19), C1 C2 O4 109.82(18), C2 O4 N2
114.65(17), O4 N2 O5 111.3(2), O5 N2 O6 130.3(2), C1 C2 C2a
114.3(2).

3.3 Density

The density of ETN determined using pycnometry was
1.716  0.005 g cm3, which is close to the recently published value 1.7219 g cm3 [8]. The density of melt casted
ETN was 1.61–1.71 g cm3.

The Sensitivity of ETN to friction was evaluated using
probit analysis. The equation Pr = 2.8988 lnF9.3258 (R2 =
0.9852) was obtained using linear regression of probits to
lnF dependence for powdered ETN. For melt cast ETN; the
equation Pr = 1.0285 lnF + 1.0283 (R2 = 0.9498) was obtained. The resulting sensitivity curves for powdered and
melt casted ETN are presented in Figure 4. We compared
the friction sensitivity of ETN with the sensitivities of MF,
PETN, and RDX (using the same method).
The form of ETN has a significant effect on its sensitivity.
The experiments showed that sensitivity of melt cast ETN
to friction is about three times higher than sensitivity for
powdered ETN. Sensitivity of melt cast ETN exceeds the
sensitivity of PETN. Sensitivity of powdered ETN is surprisingly low, even slightly lower than RDX. The values for 50 %
probability of initiation (taken from sensitivity curves) for all
explosives measured are summarized in Table 2.
The Sensitivity of ETN to impact was also evaluated
using probit analysis. The equation Pr = 3.6709 lnE + 0.6401
(R2 = 0.9877) was obtained using linear regression of probits
to lnE dependence for powdered ETN. For melt cast ETN;
the equation Pr = 3.4092 lnE + 0.4552 (R2 = 0.9531) was obtained. The resulting sensitivity curves for powdered and
melt casted ETN are presented in Figure 5. The values for
50 % probability of initiation (taken from sensitivity curves)
for all explosives measured are summarized in Table 2. Fric-

3.4 Hygroscopicity

The hygroscopicity of ETN was determined at 90 % humidity and 30 8C. ETN was exposed to these conditions for one
month. It was determined that ETN is non-hygroscopic,
gaining < 0.1 % surface moisture over the month. The same
results were obtained for PETN and RDX.
3.5 Solubility in Water

The solubility of ETN in water was determined for temperatures 5, 20, 40, 60, and 80 8C. The results are summarized in
Table 1.
The solubility of ETN in water is orders of magnitude
lower than aqueous solubility of the lower nitroesters –
methylnitrate (3850 mg per 100 mL water at room temper-
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Figure 4. Comparison of friction sensitivity of ETN with that for
MF, PETN, and RDX.
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Table 2. Sensitivity to impact (Kast fallhammer) and friction (BAM
type apparatus).
Impact energy for 50 %
Friction force for 50 %
probability of initiation [J] probability of initiation [N]
MF
ETN (powdered)
ETN (melt
cast)
PETN
RDX

0.62
3.28

5.3
140

3.79

47.7

3.93
6.93

75.1
127

3.7 Explosive Characteristics

The detonation parameters for ETN have not been published to date, although the explosive has been known for
over 150 years.
The detonation velocity of ETN was determined for powdered ETN and for melt cast ETN. Two identical values were
obtained for both measured samples of melt cast ETN (density 1.69 g cm3). In the case of powdered ETN, a value of
4420 m s1 (density 0.83 g cm3) was obtained for the first
sample and 4630 m s1 (density 0.86 g cm3) for the second
sample. The values are summarized in Table 3 and comTable 3. Detonation velocities of ETN.
Detonation velocity [m s1]
(density in parenthesis [g cm3])
ETN

PETN [25]

Figure 5. Comparison of impact sensitivity of ETN with that for MF,
PETN, and RDX.

tion sensitivity of ETN was compared with sensitivities for
MF, PETN, and RDX (using the same method).
The form of ETN does not significantly affect sensitivity
to impact unlike the friction sensitivity. Powdered ETN is
only slightly more sensitive than melt cast ETN. Sensitivity
of ETN to impact is about the same as that for PETN and
higher than that for RDX. A similar result was obtained by
Oxley et al. [8]. However, our absolute values differ from
the values obtained by Oxley et al. The reason for this is
the use of different apparatus and methods for measuring
and evaluation. Therefore, it is always necessary to specify
values for comparison using standard explosives.
The values of impact sensitivity of comparative explosives (PETN and RDX) in this study significantly differ from
our previously published data [24]. The probable reason for
this difference was the use of older types of pistons and
cylinders in the previous measurements. Older types of pistons and cylinders were out of range of the diameter tolerance requested by STANAG 4489. Other conditions of measurement, methodology, and measuring apparatus were
the same as in our previous study.
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4630
(0.86)
powdered
5170
(0.88)

7940
(1.65)
melt cast
8100
(1.66)

pared with values for PETN (taken from the literature for
the closest densities). As can be seen from Table 3, the detonation velocities for ETN are a little bit lower than for
PETN. The detonation velocity of ETN 7940 m s1 (density
1.69 g cm3) is in agreement with a recently predicted value
of 8206 m s1 (density 1.7219 g cm3) that was calculated by
Cheetah 6.0 [8].
The Hess test was used for determination of brisance.
The result for powdered ETN is presented in Table 4 in
comparison with TNT and Semtex 1A at identical conditions.
Table 4. Brisance of ETN.
Density [g cm3] Brisance according to Hess [mm]
ETN powdered 0.80
TNT
1.20
Semtex 1A
1.45

14.8
18.8
21.0

Melt casted samples at a density of 1.68–1.71 g cm3
failed to provide valid data because of excessive brisance
leading to flower-like deformation of lead cylinders. In all
cases, compression exceeded 26 mm.
The relative explosive strength of ETN was measured by
the ballistic mortar method. We obtained 143 % TNT for
powdered ETN. This value is about the same as for PETN
(145 % TNT is reported in reference [26]) and nitroglycerine
(140 % TNT [26]).
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4420
(0.83)
powdered
4760
(0.80)
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4 Conclusions
Erythritol tetranitrate (ETN) belongs to the improvised explosives that are widely prepared by both amateur chemists and criminals nowadays. This nitric acid ester can also
be potentially useful for some industrial applications.
The synthesis, analyses, physical, and explosive properties of ETN were described. ETN was prepared with an 88 %
yield by the action of nitric acid/sulfuric acid on erythritol.
The purity of the product was clarified using elemental
analysis and HPLC. Molecular structure of ETN was characterized by single-crystal X-ray diffraction. The crystal density
of ETN provided by X-ray diffraction was 1.827 g cm3. ETN
was found to be non-hygroscopic compound slightly soluble in water.
The sensitivity of melt cast ETN to friction significantly
differed from powdered ETN. Melt cast ETN was more sensitive to friction than PETN, while powdered ETN was slightly
less sensitive than RDX. Sensitivity of powdered ETN to
impact was slightly lower than that of melt cast ETN that
was on the level of PETN. Detonation velocity of melt cast
ETN was 7940 m s1 at a density of 1.69 g cm3, which is
slightly below the PETN level. The relative explosive
strength of ETN was 143 % TNT that is also close to PETN.
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