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Lithium nitrotriazolone dihydrate (LINTO), lithium ethylenedinitramine hemihydrate
(LiEDNA), dilithium ethylenedinitramine dihydrate (Li2EDNA), lithium 5-aminotetrazolate
(LiATZ), lithium bis(2,4,6-trinitrophenyl)amine hydrate (LiHexyl), lithium 2,4,6-trinitro-
phenolate hydrate (LiTNF), and lithium 2,4,6-trinitroresorcinate dihydrate (LiTNR)
have been prepared and evaluated with respect to their potential use as a component in
the so-called green propellants. Densities and DTA decomposition temperatures were
determined. The heat of formation of lithium 5-aminotetratolate was measured using an
isoperibolic twin calorimeter. Sensitivities to impact and friction were defined to
evaluate handling safety.
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Introduction

Ballistic modifiers are an important component of rocket propellants. In double-
based propellants, compounds containing heavy metals, such as the oxides, stearates
and resorcinates of lead and copper are used as ballistic modifiers. In the composite
propellants, ferrous oxide, cuprous oxide, ferrocene or lithium fluoride are frequently
used. These compounds support the effect of plateau or meza burning, when the
burning rate does not depend on the pressure in the combustion chamber [1-3].
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Various lithium compounds are suitable for gas-generating propellants [4]
in safety systems of transport vehicles, where they may replace strontium
compounds. Such green propellants contain ammonium perchlorate as an
oxidizer and by their reaction with strontium, sodium or lithium they form rather
non-toxic chloride compounds. The advantage of lithium chloride over strontium
chloride is the low molecular weight of lithium which enhances the force of the
propellant about 15 % (see [5]).

The lithium salts are also of interest as non-toxic coloring agents in modern
pyrotechnics yielding a red pyrotechnic flame [6-8]. Among promising
compounds in this area, one has those with a high nitrogen content and a low
carbon content, such as the tetrazole salts [9,10].

In this work, several lithium salts have been prepared and studied in order
to find suitable material that can be used in propellant safety systems containing
ammonium perchlorate or potassium perchlorate. The lithium present in
compounds as a cation bonds the chlorine originating from the perchlorate. The
rest of the molecule should contain high nitrogen content and/or an energetic
group as a source of oxygen and energy.

Materials and methods

The thermal analysis was studied using a DTA 550Ex differential thermal
analyzer (OZM Research, Hrochtiv Tynec, Czech Republic). The samples were
tested in open glass micro-test tubes in contact with the air with a heating rate of
5 °C min™!. The weight of samples was 10 mg. (An amount of 50 mg of lithium
picrate led to an explosion with damage to the thermocouple!)

Thermo-gravimetric analyses were made using TG 209 F3 Tarsus (Netzsch,
Selb, Germany). The weighted portion of samples was 2 mg, heating rate of
5 °C min"!, and a nitrogen atmosphere with 30 mL min~! was used. The melting
points were measured on a Kofler bench and are uncorrected. If no melting
occurred before reaching 360 °C, it is stated as >360 °C.

The infrared spectra were collected using a Nicolet iS50 FT-IR spectrometer
(Thermo Fisher Scientific, Medison, WI, USA) with an ATR single reflection
diamond accessory GladiATR (PIKE Technologies, Madison, WI, USA) and a zinc
selenide ten reflection ATR accessory GladiATR (PIKE Technologies).
Measurement parameters were: the spectral region 4000400 c¢cm™!, resolution
4 cm™!' and number of scans 64.

Densities were measured using an Accu Pyc II 1340 helium pycnometer
(MJ Micromeritics, Norcross, GA, USA) at 25 °C. The weight of the samples was
from 200 mg to 500 mg weighed to one decimal place.
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Elemental analysis was performed on the automatic device “Flash 2000
CHNS Analyzer” (Thermo Fisher Scientific, Waltham, MA, USA). Lithium
content was determined using an Avanta AA 906 atomic absorption spectrometer
(GBC Scientific Equipment, Braeside, Australia).

Enthalpy measurement was accomplished using an isoperibolic twin
calorimeter at 25 °C [11], when the exothermic reaction of hydrochloric acid with
sodium hydroxide was used for calibration.

A BFH-12 Kast fall hammer (OZM Research) was used for determining the
impact sensitivity using a 2 kg hammer for PETN and RDX, a 5 kg hammer for
Li;TNR and LiTNF and a 10 kg hammer for the other samples. Cylinders
BFH-SR and guide rings BFH-SC (OZM Research) were used for measuring. The
modified Neyer's sensitivity D-optimal test method [12] was used both for
measuring and for evaluation. Thirty tests were carried out for each sample.

Sensitivity to friction was determined using an FSA-12 BAM type friction
apparatus (OZM Research) in combination with porcelain plates BFST-Pt and
porcelain pegs BFST-Pn (OZM Research) used for measurements. The modified
Neyer's sensitivity D-optimal test method [12] was used both for measuring and
for evaluation. Again, thirty tests were carried out for each sample.

Pentaerythritol tetranitrate (PETN) and hexogen (RDX) were used as
standard explosives for comparison of sensitivities of lithium salts. Pentaerythritol
tetranitrate under the trademark “PETN D’ was obtained as a commercial product
of Explosia Company; RDX being used with particle sizes 100-300 pum.

The hygroscopicity of lithium salts was determined at 70% and 90%
humidity, both at 30 °C [13]. For comparison, the hygroscopicity of sodium,
potassium, and ammonium nitrates (common oxidizers used in explosives and
pyrotechnics) was determined as well. Results are represented as the weight
increase compared with the weight of the original sample, expressed in %.

Preparation of lithium salts

Caution (!): The reported compounds are explosive and potentially sensitive to
mechanical and thermal stimuli, such as friction, impact, heat, and electric spark.
Safety equipment, such as goggles or a face-shield, gloves and ear protection are
strongly recommended.

Lithium nitrotriazolone dihydrate (LiNTO) [14]

Nitrotriazolone (5.0 g, 38 mmol) was suspended in water (25 mL), the resulting
mixture warmed to 50 °C and lithium hydroxide (1.0 g, 42 mmol) was added.
Water was evaporated to dryness and the raw material recrystallized from ethanol
to give 3.98 g (60.2 %) of a yellow solid. M.p. >360 °C. DTA: endotherm 102 °C
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(onset), exotherm 282 °C (start), 289 °C (onset), 289 °C (maximum). Elemental
analysis (C,HsLiN4Os): Calc. C 13.96, H 2.93, L1 4.03, N 32.57. Found C 13.93,
H2.83,Li4.03 N 32.19. FTIR (cm™): 3528, 3492, 3373, 3300, 3020, 2966, 2853,
2783, 1672, 1627, 1556, 1511, 1439, 1375, 1315, 1277, 1124, 1058, 1023, 856,
792, 776, 764, 736, 672, 606, 541.

Lithium ethylenedinitramine hemihydrate (LiIEDNA)

Ethylenedinitramine (3.0 g, 20 mmol) was suspended in water (15 mL) and lithium
hydroxide (0.48 g, 20 mmol) added. Water was evaporated to give 2.6 g of a white
solid (78.8 %). M.p. 176 °C. Elemental analysis (C4H;2L1,NgOo): Calc. C 14.56
H 3.66 Li4.21 N 33.95. Found C 14.62 H 3.86 Li 3.47 N 34.03. DTA: endotherm
90 °C (onset), exotherm 176 °C (start), 181 °C (onset), 182 °C (maximum).
FTIR (cm™): 3213, 3110, 3067, 2947, 1593, 1463, 1442, 1403, 1346, 1294, 1281,
1244, 1189, 1117, 1096, 994, 831, 788, 774, 750, 688, 598, 513, 468.

Dilithium ethylenedinitramine dihydrate (Li,EDNA)

Ethylenedinitramine (3.0 g, 20 mmol) was suspended in water (15 mL) and
lithium hydroxide (0.96 g, 40 mmol) added. To the resulting solution,
isopropylalcohol (35 mL) was added and the solid precipitated filtered and
washed with isopropylalcohol to give 2.35 g of a white solid (59.3 %).
M.p. 293 °C (dec., ref. [15] 274 °C). DTA: endotherm 93 °C (onset), exotherm
264 °C (start), 278 °C (onset), 279 °C (maximum) Elemental analysis
(C2HsLi1;,N4Og): Cale. C 12.13 H4.07 L1 7.01 N 28.30. Found C 12.27 H 4.05 Li
6.98, N 28.62. FTIR (cm™): 3107, 3050, 2947, 1594, 1463, 1438, 1277, 1189,
1095, 994, 826, 789, 748, 689, 606, 509.

Lithium 5-aminotetrazolate (LiATZ)

5-Aminotetrazole (127.5 g, 1.50 mol) was dissolved in methanol (1 L) at a
temperature of 50 °C and lithium hydroxide (36.0 g, 1.50 mol) in methanol (1 L)
added at the same temperature. The mixture was stirred for 45 min. The volume
of the reaction mixture was reduced to 100 mL by evaporation of methanol using
a rotary vacuum evaporator. The resulting solid was filtered and washed with
methanol and finally with acetone to give 99.1 g of a white solid (72.7 %).
M.p. >360 °C. DTA: exotherm 352 °C (start), 361 °C (onset), 469 °C (maximum).
TG: 388 °C (weight loss, start), 395 °C (weight loss, onset). Elemental analysis
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(CH1LiNs): Calc. C 13.20, H 2.22, Li 7.63, N 76.69. Found 13.26, H 2.14, Li
7.18, N 76.43. M.p. >360 °C. FTIR (cm™): 3356, 3217, 1617, 1519, 1484, 1467,
1243, 1150, 1128, 1093, 1029, 820, 755, 718, 545, 470.

Lithium bis(2,4,6-trinitrophenyl)amine hydrate (LiHexyl)

Bis(2,4,6-trinitrophenyl)amine (1.5 g 3.42 mmol) was suspended in acetone
(25 mL) and lithium hydroxide hydrate (145 mg, 3.46 mmol) added. The solvent
was evaporated to give 1.46 g of a red solid (91.5 %). M.p. 225-226 °C. DTA:
exotherm 298 °C (start), 317 °C (onset), 320 °C (maximum). Elemental analysis
(C12H6LiN7O13): Cale. C31.12,H 1.31, Li 1.50, N 21.17. Found C 31.22,H 1.25,
Li 1.19, N 21.30. FTIR (cm"): 3625, 3603, 3557, 3095, 1618, 1592, 1574, 1533,
1522, 1484, 1414, 1376, 1311, 1276, 1248, 1190, 1163, 1085, 944, 915, 878,
828,815, 765, 733, 720, 703, 675, 648, 538, 483.

Lithium 2,4,6-trinitrophenolate hydrate (LiTNF)

Picric acid (4.58 g, 20 mmol) was suspended in water (20 mL) at room temperature,
lithtum carbonate (0.746 g, 10.1 mmol) slowly added, and the mixture stirred for
ten minutes at room temperature. Then the reaction mixture was heated to 60 °C
and stirred for 15 min. The unreacted lithium carbonate was filtered off and water
allowed to evaporate from the filtrate until crystallization of the solid product
occurred. Then the mixture was cooled to 0 °C and the precipitated product filtered,
and then washed with a small amount of cold water to give 2.90 g of a yellow solid
(61.7 %). M.p. 308-313 °C (ref. [16] 301.2 °C). DTA: endotherm 314 °C (onset),
exotherm 325 °C (maximum). Elemental analysis (CsHgLiN3Oy): Calc. C 28.48,
H 1.59, Li 2.74, N 16.16. Found C 28.64, H 1.46, Li 2.54, N 15.75. FTIR (cm™!):
3604, 3550, 3094, 1611, 1568, 1547, 1488, 1418, 1367, 1336, 1314, 1252, 1160,
1083, 942,914, 839, 832, 792, 742,707, 551, 521.

Lithium 2,4,6-trinitroresorcinate dihydrate (Li,TNR)

Styphnic acid (7.53, 30.7 mmol) was dissolved in ethanol (70 mL) at 45 °C,
lithium carbonate (2.59 g, 35.0 mmol) added, and the mixture was stirred at the
same temperature for 15 min. The unreacted lithium carbonate was filtered off
and the filtrate concentrated by evaporation of ethanol using a rotary vacuum
evaporator until the solid product started to form. The resulting solution was
cooled to 0 °C and the precipitated product filtered, washed with a small amount
of cold ethanol to give 0.56 g (6.3 %) of a yellow solid.
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M.p. >360 °C. DTA: exotherm 300 °C (start), 317 °C (onset), 317 °C
(maximum). Elemental analysis (CsHsLiN3Oy): Calc. C 24.60, H 1.72, Li 4.74,
N 14.34. Found C 24.49, H 1.91, L14.49, N 13.94. DTA: exotherm 305.6 (start),
317.5 (onset), 318.1 (maximum). FTIR (em™): 3535, 3445, 3074, 3030, 1632,
1575, 1530, 1496, 1427, 1320, 1310, 1227, 1153, 1109, 982, 955, 915, 839, 799,
776, 766, 748, 703, 559, 490, 458.

Results and discussion

Lithium salts were prepared by the reaction of the starting material and lithium
hydroxide or lithium carbonate. In order to evaluate the hydrates, elemental
analysis, FTIR and TGA methods were used to estimate crystal hydrate water.
Using FTIR, the bands generally in the region 3670-3400 ¢cm™' indicate the
presence of free or hydrogen bonded water [17]. The particular bands for the
compounds prepared are as follows: LINTO (3527 cm™! and 3486 cm™), LiHexyl
(3625 cm ' and 3603 cm 1), LiTNF (3604 cm ™! and 3550 cm™!) and Li, TNR (3535
cm ! and 3445 cm™"). When LiTNF was heat-exposed to 180 °C, the bands at
3604 cm ™! and 3550 cm™! disappeared in the FTIR spectrum.

The TG thermogram for lithium nitrotriazolone is illustrated in Fig. 1, with
a mass loss of 18.6 %, against a theoretical value for the dihydrate of 20.9 %.
Using the same method, LiTNF loses 6.4 % wt. by heating between 80 °C and
180 °C. This weight loss corresponds to the liberation of one molecule of crystal
water (theoretically 7.1% weight loss). In the case of lithium styphnate, the TG
analysis confirmed that Li, TNR loses 14.5 % wt. by heating between 80 °C and
220 °C which corresponds to the release of two molecules of crystal water
(theoretically 14.0 % weight loss).

110
105
100
9
= o5
8 Mass Loss ( Marsh)
a0 Onset: 103.8°C
End: HITE
85 Mass Change: -18.54%
80
75
70 80 90 100 110 120 130

Temperature [°C]

Fig. 1 TG thermogram of lithium nitrotriazolone in the region from 70 °C to 130 °C
indicating the loss of the hydrate water
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The densities of the lithium compounds vary from 1.7 gecm™ to 1.9 g cm™
and decomposition temperatures determined by DTA are usually over 200 °C as
shown in Table 1.

Table 1 Start of decomposition by DTA and densities of the prepared lithium salts plus
comparisons with PETN and RDX

Compound Start of decorzlposition, DTA Densi_tSy
[°C] [gem -]
LINTO 282 1.91
LiIEDNA 176 1.69
Li>EDNA 264 1.74
LiIATZ 352 1.71
LiHexyl 298 1.77
LiTNF 314 1.75
Li>TNR 300 1.90
PETN 140 ° 1.78 °
RDX 202° 1.82°

@ onset of endotherm that pass continuously to exotherm, ® values from [15]

For calculating the energetic properties of propellant- or pyrotechnic
formulations, the heat of formation is one of the crucial parameters. One of the
frequently used methods is based on calculation of the formation enthalpy from a
measured heat of combustion. In our case, using a high pressure oxygen calorimeter,
some unburnt species remained left after burning. If the sample is combusted with a
smokeless propellant, the burning is completed; however, lithium present in the
compounds forms the lithium oxide after burning. Lithium oxide may react with
water vapor present in the calorimeter, as well as with water as a combustion product
to form lithium hydroxide. Unfortunately, the ratio of lithium oxide and hydroxide
1s impossible to estimate and the calculated values of enthalpy of formation are
different if calculated for lithium oxide or for lithium hydroxide. That is why another
method was chosen for heat of formation based on determining the heat of reaction
for the reaction of 5-aminoterazole and lithium hydroxide in water (Fig. 2).

NH, NH,

N/ NH + LiOH 2—> N,‘" _ ':,N ! + Hzo
\ Ny
N=—N N—N

Fig.2 Reaction of 5-aminotetrazole with lithium hydroxide to form lithium
5-aminotetrazolate
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Enthalpy of the reaction illustrated in Fig. 2 is defined by the eqn. (1). Heat
of formation at 25 °C of water (—285.8 kJ mol™! [18]), lithium hydroxide
(—487.5 kJ mol™! [18]) and 5-aminotetrazole (5ATZ, 208.64 kJ mol™! [19]) are
known from the literature. The enthalpy of the reaction was measured using an
isoperibolic twin calorimeter (—37.05 kJ mol™") and the enthalpy of formation of
lithium 5-aminotetrazolate (LiATZ) calculated from equation (1) as —30.1 kJ mol™
(—330.9 kT kg ™).

AH, = (AH:(LIATZ) + AH; (H,0)) — (AH; (SATZ) + AH; (LIOH)) (1)

Sensitivity of lithium salts to impact was determined on a fall hammer
apparatus and compared with those of PETN and RDX. Sensitivity curves for the
lithium salts LIEDNA, LiTNF and Li,TNR and curves for the standard explosives
PETN and RDX are presented in Fig. 3, values for 50% probability of initiation
summarized in Table 2. Four lithium salts (LINTO, Li,EDNA, LiATZ and
LiHexyl) have been evaluated as insensitive compounds; they were not ignited even
with impact energy of 98 J (10 kg hammer from 1 m) and hence, they are not
covered in Fig. 3. It was shown that the dependence of initiation probability on the
impact energy of LiITNF is in a narrow range; therefore, its sensitivity curve is very
steep in comparison with curves for other samples. Sensitivity of LIEDNA, LiTNF
and Li,TNR to impact is significantly lower than the sensitivity of RDX.

32 S——— F=——"" RDX]]
90 T —-—-. LIiEDNA|
-------- LITNF
80/ —--— Li2TNR ]|
__ 70
=
> 60+
= 50
3
e 40’
& 30,
20+
10!
?, 4
0 20 40 60 80 100

Energy [J]
Fig. 3 The impact sensitivity curves for LIEDNA, LiTNF, Li,TNR and RDX

Sensitivity to friction was determined on a BAM friction apparatus.
Sensitivity curves for LIEDNA, LiTNF and Li,TNR and curves for standard
explosives PETN and RDX are presented in Fig. 4, values for 50% probability of
initiation summarized in Table 2. In the same way as in the case of impact
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sensitivity, four lithium salts (LINTO, Li,EDNA, LiATZ and LiHexyl) were
evaluated as insensitive compounds. They were not ignited even with a friction
force of 360 N. It has been shown that dependence of probability of initiation on
friction force of LIEDNA and especially Li,TNR is in a narrow range; therefore,
the curves for these samples are very steep in comparison with the curves for
LiTNF, PETN and RDX. Sensitivities of LIEDNA and Li,TNR are roughly on
the level of that for RDX (except for the slope of the curves, where LIEDNA and
Li,TNR are less sensitive at lower friction forces than RDX and more sensitive at
the higher friction forces than RDX). Sensitivity of LiTNF is lower than the
sensitivity of RDX.

O
O
\

1
A\

95 Paae e T s T ="="=""" PETN
90! . = ——  RDX|]
4 oo —-—-- LIEDNA

801 J fooes e R T LiTNF |
I —--—- Li2TNR

~
o O

Probability [%]
H Loﬂ [e))]

i
|
Ot ! / l
I / i
30¢F 1 | -
, i
20/ ! L
I /. !
10! - i
?: / "/I I 1
0 100 200 300 400 500 600
Force [N]
Fig. 4 The friction sensitivity curves for LIEDNA, LiTNF and Li>TNR and standard
explosives PETN and RDX

Table 2 Sensitivity of LIEDNA, LiTNF and Li>TNR to impact and friction compared
with the sensitivities of PETN and RDX

Impact energy for 50% Friction force for 50%

Compound probability of initiation probability of initiation
[J] [N]
LiIEDNA 41.4 177
LiTNF 24.9 240
LixTNR 20.9 216
PETN — 63.8
RDX 7.9 166
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The influence of water of crystalline on sensitivity of explosives is evident
in the case of lithium salts of ethylenedinitramine. While Li,EDNA forming
dihydrate is insensitive to both friction and impact, LIEDNA existing as
hemihydrate is sensitive to both stimuli mentioned.

The hygroscopicity of lithium salt was determined by exposure of dry
samples at 70% and 90% humidity. The values for a selection of days after
exposure are presented in Table 3 and 4. Just two salts appear as hygroscopic at
70% humidity — LibLEDNA and LiHexyl. Other lithium salts absorb less than 0.2 %
of moisture during 14 days of exposure at 70% humidity. LiLEDNA absorbs about
3.7 % during the first day of exposure and then the moisture content stays the
same for the remaining days. The most hygroscopic lithium salt, LiHexyl, absorbs
11.0 % of moisture during the first two days of exposure and the sample weight
remains the same during the days that follow.

Table 3 Hygroscopicity of lithium salts and sodium, potassium and ammonium nitrates

at 70% humidity
Hygroscopicity [%] at 70% relative air humidity
Compound
8 hours 1 day 2 days 7 days 10 days 14 days

KNO3 0.0 0.0 0.0 0.0 0.0 0.0
NaNO;3 0.0 0.0 0.0 0.0 0.0 0.0
NH4NO;3 0.2 0.7 1.9 7.4 11.4 15.4
LiHexyl 2.7 8.2 11.0 11.0 11.0 11.0
LINTO 0.1 0.1 0.1 0.1 0.1 0.1
LiIEDNA 0.0 0.0 0.0 0.0 0.0 0.0
Li,EDNA 1.5 3.8 3.7 3.7 3.7 3.7
LixTNR 0.3 0.3 0.3 0.2 0.2 0.2
LiTNF 0.0 0.0 0.0 0.0 0.0 0.0
LiIATZ 0.0 0.0 0.1 0.1 0.1 0.1

However, the 70% humidity level seemed too low for adequate determination
of the hygroscopicity of components of pyrotechnic mixtures because both the
standards — sodium and potassium nitrates — appear as non-hygroscopic
compounds at this humidity level. It is well known that sodium nitrate, unlike
potassium nitrate, is quite hygroscopic, which limits its use in many pyrotechnic
compositions (e.g. in black powder). Therefore, the measurement at 90% humidity
was carried out as well, when the difference between sodium and potassium nitrates
was evident. The hygroscopicity of most lithium salts is quite low — they absorb
between 1.0 to 3.0 % moisture at 90% humidity during 14 days of exposure.
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This means that their hygroscopicity is significantly lower than that of
sodium nitrate. The lowest hygroscopicity level was determined for lithium picrate,
which does not absorb any moisture during 14 days of exposure at 90% humidity.
On the other hand, startlingly high hygroscopicity was found for the lithium salt of
5-aminotetrazole (LiATZ, which had appeared as an almost non-hygroscopic
compound at 70% humidity). The hygroscopicity of this salt is almost on the level
of ammonium nitrate at 90% humidity. LiHexyl absorbs 11.5 % of moisture during
the first day and the weight of the sample then remains almost the same during the
days following the start of exposure test.

Table 4 Hygroscopicity of lithium salts and sodium, potassium and ammonium nitrates

at 90% humidity
Hygroscopicity [%] at 90% relative air humidity
Compound
8 hours 1 day 2 days 7 days 10 days 14 days
KNO3 0.0 0.0 0.0 0.0 0.0 0.0
NaNO;3 0.0 0.3 0.9 6.3 9.6 15.3
NH4NO3 1.0 4.6 9.2 28.0 38.7 53.1
LiHexyl 4.4 11.5 11.7 11.6 11.6 11.6
LINTO 1.4 1.5 1.5 1.5 1.5 1.6
LiIEDNA 0.1 0.3 0.5 0.9 1.0 1.7
Li,EDNA 0.1 0.2 0.3 0.8 0.7 1.1
Li>TNR 2.9 2.8 2.8 2.7 2.7 2.7
LiTNF 0.0 0.0 0.0 0.0 0.0 0.0
LiIATZ 0.3 1.9 4.7 21.8 31.8 46.6
Conclusions

In this work, various lithium salts have been studied. Their preparation was a one-
step reaction using lithium hydroxide or lithium carbonate as the source of a
lithium cation. Most of the salts investigated form hydrates. Decomposition
temperatures determined by DTA are, in most cases, higher than 200 °C and
densities vary from 1.7 gem™ to 1.9 g cm™.

The advantage of the lithium salts studied is that they have either low
sensitivity (LIEDNA, LiTNF, Li,TNR), or are insensitive (LiNTO, Li,EDNA,
LiHexyl, LiATZ), to both impact and friction. The most promising compound
seems to be lithium 5-aminotetrazolate which is insensitive to mechanical stimuli,
possesses high nitrogen content, and its preparation is easy.
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Enthalpy of formation of lithium 5-aminotetratolate was determined using

an isoperibolic twin calorimeter as —30.1 kJ mol™ (=330.9 kJ kg™!).
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