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Abstract: 5-Azido-3-nitro-1H-1,2,4-triazole, its methyl derivative and potassium salt were 

synthesized and characterized by various spectroscopic methods. The crystal structures 

were determined by low temperature single crystal X-ray diffraction. The interactions 

between the molecules or ions were analyzed and discussed. Furthermore, all compounds 

were tested according to BAM (Bundesanstalt für Materialforschung und -prüfung) methods.  
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1. Introduction 

New non-toxic and environmentally-friendly primary explosives, such as lead azide replacement, 

are of recent interest in our research group. In this study we report on the preparation and 

characterization of 5-azido-3-nitro-1H-1,2,4-triazole and its potassium salt, which shows the desired 

characteristics for primary explosives. Besides high sensitivities to various stimuli, for example impact 

or friction, a main characteristic is a fast deflagration-to-detonation transition. Although the title 

compound is already literature known at least since 1974 [1], we were not able to find reliable data on 

its preparation or characterization (spectroscopy, X-ray, sensitivities, etc.). 

OPEN ACCESS



Crystals 2012, 2 295 

 

 

2. Results and Discussion 

The neutral compound 5-azido-3-nitro-1H-1,2,4-triazole (1) was synthesized by diazotation of  

5-amino-3-nitro-1H-1,2,4-triazole (ANTA, prepared by modified literature procedures [2]) with sodium 

nitrite in aqueous sulfuric acid and subsequent reaction with sodium azide. Further reaction with 

dimethyl sulfate in aqueous sodium hydroxide solution yielded the methyl derivative 2, and with 

potassium carbonate in ethanol the potassium salt 3. 

While suitable single crystals of the parent compound 1 were obtained upon removal of the ethyl 

acetate solvent in a rotary evaporator as colorless blocks, the methylated derivative 2 yielded colorless, 

fine needles directly from the reaction mixture upon cooling down to room temperature. Recrystallization 

of the potassium salt 3 from acetone yielded pale yellow needles. The crystallographic data for all 

compounds 1–3 are compiled in Table 1. Thermal ellipsoids in structure depictions are drawn with 

50% probability. Selected bond lengths, bond angles and torsion angles of all three compounds are 

available as supplementary information, together with the CIF files. 

Table 1. Crystallographic data for 1–3. 

 1 2 3 

Formula C2HN7O2 C3H3N7O2 C2KN7O2 
M/g mol−1 155.10 169.12 193.19 
Color colorless colorless pale yellow 
Habit block needle needle 
Crystal size/mm 0.40 × 0.30 × 0.15 0.40 × 0.05 × 0.03 0.35 × 0.10 × 0.05 
Crystal system orthorhombic monoclinic monoclinic 
Space group Pnma (№ 62) P21/m (№ 11) P21/c (№ 14) 
a/Å 10.4057(8) 6.9585(16) 4.4403(2) 
b/Å 5.8792(6) 5.9641(13) 11.8862(4) 
c/Å 9.4946(8) 8.5356(16) 12.7766(6) 
α/° 90 90 90 
β/° 90 106.59(2) 100.167(4) 
γ/° 90 90 90 
V/Å3 580.85(9) 339.49(12) 663.74(5) 
Z 4 2 4 
ρcalc./g cm−3 1.774 1.654 1.933 
T/K 173(2) 173(2) 173(2) 
F(000) 312 172 384 
μ/mm−1 0.156 0.141 0.768 
θ range/° 4.29– 27.49 4.23–27.00 4.66–26.00 
Dataset (h; k; l) −13:13; −7:7; −11:12 −8:8; −7:6; −9:10 −5:5; −14:14; −15:15 
Reflections collected 3230 1927 6582 
Independent reflections 732 805 1307 
Observed reflections 555 625 1132 
Rint 0.0314 0.0216 0.0268 
Data 732 805 1307 
Restraints 0 0 0 
Parameters 70 73 109 
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Table 1. Cont. 

 1 2 3 

R1 (obs.) 0.0309 0.0407 0.0215 
wR2 (all data) 0.0873 0.1161 0.0527 
S 1.034 1.082 1.041 
Res. dens./e Å−3 −0.238:0.144 −0.241:0.311 −0.157:0.227 
Solution SIR97 SIR97 SIR97 
Refinement SHELXL-97 SHELXL-97 SHELXL-97 
Absorption correction multi-scan multi-scan multi-scan 
CCDC 871252 875278 871253 

2.1. 5-Azido-3-nitro-1H-1,2,4-triazole (1) 

5-Azido-3-nitro-1H-1,2,4-triazole (1) crystallizes in the orthorhombic space group Pnma with a  

cell volume of 580.85(9) Å3 and four molecules in the unit cell. The calculated density at −100 °C is  

1.774 g cm−3, which is lower than that of the reactant (ANTA, 1.841 g cm−3). This may be due to 

fewer hydrogen bonds. The asymmetric unit consists of one complete molecule (Figure 1). 

Figure 1. Molecular structure of 5-azido-3-nitro-1H-1,2,4-triazole (1). 

 

The structure of 1 is similar to other disubstituted 1,2,4-triazoles with the C–N and N–N bonds of 

the ring being between formal single and double bonds (C–N: 1.47 Å, 1.22 Å; N–N: 1.48 Å, 1.20 Å) [3]. 

N1–C2 (1.345(2) Å), N3–C1 (1.350(2) Å) and N1–N2 (1.356(2) Å) have a more single bond character, 

while N2–C1 (1.314(2) Å) and N3–C2 (1.327(2) Å) have a more double bond character. This also 

affects the angles within the ring, with only N2–C1–N3 (118.5(1)°) being close to sp2 hybridization 

(120°). N1–C2–N3 and N2–N1–C2 are both around 110°, while C1–N3–C2 and N1–N2–C1 are both 

around 100°. The N4–C1 bond connecting the nitro group to the ring is the longest bond with  

1.452(2) Å and therefore almost a true single bond. The O–N bonds are similar (O1–N4: 1.227(1) Å; 

O2–N4: 1.228(1) Å) with high double bond character (1.20 Å) [3] and the O1–N4–O2 angle is 

124.9(2)°, which is common for aromatic nitro groups. The N5–C2 bond shows a high single bond 

character with 1.383(2) Å. The constitution of the azide group is similar to other covalent azides, for 

example 5-azido-1H-tetrazole [4]. The N5–N6 bond (1.256(2) Å) is in the range of a N–N double bond 

and N6–N7 (1.124(2) Å) is close to a formal N–N triple bond (1.10 Å) [3]. The N5–N6–N7 angle 

(170.4(2)°) deviates as expected from 180°, which can be explained by hyperconjugation effects [5]. 
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The torsion angles N2–C1–N4–O1 and N1–C2–N5–N6 are both 180.0(2)°, showing a complete 

planarity of the molecule. 

The structure of 1 in the crystalline state is characterized by infinite chains of alternating molecules 

along the a-axis in the a-c plane, connected by bifurcated hydrogen bonds (Figure 2 and Table 2). The 

N1–H71···O1i contact is less directed with an angle of 135(2)° than the N1–H71···N3i contact with 

153(2)°, and both are fairly weak with practically identical donor acceptor distances (N1···O1i: 

3.013(2) Å; N1···N3i: 3.015(2) Å) just slightly under the sum of the van der Waals radii (rw (N) + rw 

(O) = 3.1 Å, rw (N) + rw (N) = 3.2 Å) [3]. The hydrogen bonds are therefore mostly of an electrostatic 

nature [6], forming a five-membered ring with the graph set descriptor R2,1(5). 

Figure 2. Hydrogen bonding in the crystal structure of 1, illustrating the infinite chains 

along the a-axis in the a–c plane. Symmetry codes: (i) x − 0.5, −y + 0.5, −z + 0.5;  

(ii) x + 0.5, −y + 0.5, −z + 0.5. 

 

Table 2. Distances and angles of the hydrogen bonds of 1. 

D–H···A d (D–H)/Å d (H···A)/Å d (D···A)/Å <(D–H···A)/° 

N1–H71···O1i 0.85(3) 2.36(2) 3.013(2) 135(2) 
N1–H71···N3i 0.85(3) 2.24(3) 3.015(2) 153(2) 

Symmetry code: (i) x − 0.5, −y + 0.5, −z + 0.5. 

The chains build up a layer structure where one layer consists of identical parallel chains with no 

interaction between them. The second layer consists of anti-parallel chains, in relation to the first layer, 

with the molecules being above the gaps of the first layer. This leads to the layers being connected by 

an O–O short contact O1···O1iii where the atoms are almost directly above each other along the b-axis. 

The distance of 2.9633(4) Å is only slightly shorter than the sum of the van der Waals radii  

(rw (O) + rw (O) = 3.0 Å), indicating a weak interaction. The packing of the molecules is depicted in 

Figure 3, together with the O–O short contacts. 
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Figure 3. Packing scheme of 1, showing the short contacts connecting the layers along  

the b-axis. Symmetry codes: (i) −x + 1, y + 0.5, −z; (ii) x − 0.5, −y + 0.5, −z + 0.5;  

(iii) −x + 0.5, − y+ 1, z + 0.5; (iv) x, y, z + 1; (v) −x + 1, y + 0.5, −z + 1. 

 

2.2. 5-Azido-1-methyl-3-nitro-1,2,4-triazole (2) 

5-Azido-1-methyl-3-nitro-1,2,4-triazole (2) crystallizes in the monoclinic space group P21/m with a 

cell volume of 339.49(12) Å3 and two molecules in the unit cell. The calculated density at −100 °C is 

1.654 g cm−3. The asymmetric unit consists of one molecule and is depicted in Figure 4, together with 

the atom labeling scheme. 

Figure 4. Molecular structure of 5-azido-1-methyl-3-nitro-1,2,4-triazole (2). 

 

The geometry of the ring system is identical to the parent compound 1. The N1–C3 bond is a true 

single bond with 1.463(4) Å. 

A discussion of hydrogen bonds is omitted due to the hydrogen atoms being calculated as an 

idealized methyl group (HFIX 33), although the crystal packing shows the possibility of a very weak 

electrostatic interaction between C3 and N3ii (Figure 5). 
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The structure is again comprised of parallel chains along the a-axis forming a layer structure, 

whereby the alternating layers have antiparallel chains (Figure 5), quite similar to 1. But contrary to 1, 

the molecules are not above the gaps of the surrounding layers, but rather directly above each other. 

This is the result of four O–C and N–N short contacts (O1–C1i: 3.0351(9) Å; N3–N4i: 3.0448(8) Å), 

all of which are well below the sum of the respective van der Waals radii (rw (O) + rw (C) = 3.3 Å). 

Figure 5. Packing scheme of 2, showing the short contacts connecting the layers along the 

b-axis. Symmetry codes: (i) −x + 2, y − 0.5, −z; (ii) x − 1, y, z; (iii) −x + 1, y − 0.5, −z. 

 

2.3. Potassium 5-Azido-3-nitro-1,2,4-triazolate (3) 

Potassium 5-azido-3-nitro-1,2,4-triazolate (3) crystallizes in the monoclinic space group P21/c with 

a cell volume of 663.74(5) Å3 and four molecules in the unit cell. The calculated density at −100 °C is 

1.933 g cm−3. The asymmetric unit, depicted in Figure 6, consists of one ion pair. 

Figure 6. Molecular structure of potassium 5-azido-3-nitro-1,2,4-triazolate (3). 
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The deprotonation of the ring leads to a fully delocalized π system, with C–N bond lengths between 

1.327(2) Å (N2–C1) to 1.343(2) Å (N1–C2 and N3–C1) and a N1–N2 bond length of 1.374(2) Å. The 

angles of the ring are more symmetrical than in 1, with N1–C2–N3 and N2–C1–N3 both being around 

120°, close to an sp2 hybridization. N1–N2–C1, N2–N1–C2 and C1–N3–C2 are all round 100°, with 

the former two slightly higher and the latter slightly lower. While the N4–C1 bond between the ring 

and the nitro group is shortened to 1.441(2) Å, the N5–C2 bond connecting the ring with the azide 

grew to 1.410(2) Å, with both still showing a high single bond character. The bond lengths and angles 

of the azide and the nitro group are nearly identical to those of 1. While the N2–C1–N4–O1 torsion 

angle shows a nearly complete planarity between the ring and the nitro group (179.0(1)°), the azide is 

slightly bent out of ring plane with an N1–C2–N5–N6 angle of −174.9(1)°. The potassium cation lies 

slightly above the molecule plane with torsion angles around 20° for N3···K···O1–N4 and O1···K···N3–

C1. 

The coordination of the potassium cation is nine-fold, resembling a distorted singly capped 

tetragonal prism (Figure 7). The distances are between 2.847(1) Å (K···O1) and 3.084(1) Å (K···N2iv), 

with the contacts within the asymmetric unit being 2.847(1) Å (K···O1) and 2.902(1) Å (K···N3). 

Figure 7. Molecular structure of potassium 5-azido-3-nitro-1,2,4-triazolate (3). Symmetry 

codes: (i) x + 1, y, z; (ii) x, −y + 0.5, z + 0.5; (iii) −x + 1, y + 0.5, −z + 0.5; (iv) −x + 2,  

y + 0.5, −z + 0.5. 

 

3. Experimental Section  

All chemicals were used as supplied (ABCR, Acros Organics, AppliChem, Sigma-Aldrich, VWR). 
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NMR spectra were recorded using the spectrometers JEOL Eclipse 400 and JEOL ECX 400. The 

measurements were conducted in regular glass NMR tubes (Ø 5 mm) and, if not stated otherwise, at  

25 °C. Tetramethylsilane (1H, 13C) and nitromethane (14/15N) were used as external standards. As an 

additional internal standard, the reference values of the partially deuterated solvent impurity (1H) and 

the fully deuterated solvent (13C) were used [7]. Data analysis was performed using MestReNova [8]. 

IR spectra were recorded using a PerkinElmer BX FT IR spectrometer on a Smiths DuraSamplIR II 

diamond ATR unit with pure samples. Raman spectra were recorded using a Bruker RAM II, with 

300 mW laser power (Nd:YAG laser, λ = 1064 nm) and 30 scans in open glass tubes (Ø 1 mm). 

The determinations of the carbon, hydrogen and nitrogen contents were carried out by combustion 

analysis using an Elementar Vario EL. The theoretical values are given in parentheses. 

Differential scanning calorimetry was conducted with a Linseis DSC-PT10 in closed aluminum 

pans, equipped with a hole (Ø 0.1 mm) for gas release, and a heating rate of 5 °C min−1.  

Crystal structures were determined by single crystal X-ray diffraction on an Oxford Diffraction 

Xcalibur 3 diffractometer with a Sapphire CCD detector, four circle kappa platform, Enhance molybdenum 

Kα radiation source (λ = 71.073 pm) and Oxford Cryosystems Cryostream cooling unit. Data collection 

and reduction were performed with CrysAlisPro [9]. The structures were solved with SIR97 [10], 

refined with SHELXL-97 [11] and checked with PLATON [12], all integrated in the WinGX software 

suite [13]. The finalized CIF files [14] were checked with checkCIF [15]. Intra- and intermolecular 

contacts were analyzed with Mercury [16], graph set patterns [17,18] with RPluto [19]. Illustrations of 

molecular structures were drawn with Diamond [20]. 

The sensitivities against impact (IS) and friction (FS) were determined according to BAM [21] 

standards using a BAM drop hammer and a BAM friction apparatus [22–26]. The compounds were 

classified in compliance with UN guidelines [27]. The sensitivities against electrostatic discharge 

(ESD) were determined using an OZM Research ESD 2010 EN. 

CAUTION! Most compounds prepared herein are energetic compounds sensitive to impact, friction 

and electric discharge. Therefore proper protective measures (ear protection, Kevlar® gloves, face 

shield, body armor and earthed equipment) should be used, especially when handling the primary 

explosive 2. 

3.1. 5-Azido-3-nitro-1H-1,2,4-triazole (1) 

Sodium nitrite (379 mg, 5.50 mmol) was added to a stirred suspension of ANTA (645 mg,  

5.00 mmol) in sulfuric acid (25%, 30 mL) at 0–5 °C in small portions and the resulting yellow solution 

was stirred for 1 h at room temperature. After the addition of a small portion of urea, sodium azide 

(390 mg, 6.00 mmol) was added in small portions, followed by stirring for further 30 min. The reaction 

mixture was extracted with ethyl acetate (3 × 20 mL) and the combined organic phases were dried over 

magnesium sulfate, then evaporated to dryness at reduced pressure. The residue was stirred in  

n-pentane overnight, then filtered and washed with n-pentane to yield a pale colorless powder (685 mg,  

4.42 mmol, 88%). 

DSC (5 °C min−1): Tm = 117 °C, Td = 174 °C; 1H NMR (CD3CN): δ = 10.74 (br) ppm; 1H NMR 

(DMSO-d6): δ = 9.73 (br) ppm; 13C{1H} NMR (DMSO-d6): δ = 160.3 (C–NO2), 151.8 (C–N3) ppm; 
14N NMR (DMSO-d6): δ = −22 (NO2), −141 (Nβ) ppm; 15N NMR (DMSO-d6): δ = −20.9 (NO2), −91.6 
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(C=N–NH), −137.0 (Nγ), −139.9 (Nβ), −154.0 (C–N=C), −172.7 (N–NH–C), −285.9 (Nα) ppm; IR 

(ATR): ν = 3198 (m), 2367 (w), 2219 (w), 2148 (s), 1670 (w), 1630 (w), 1569 (m), 1525 (vs),  

1489 (vs), 1443 (s), 1417 (s), 1378 (s), 1294 (s), 1187 (vs), 1165 (s), 1053 (m), 1035 (s), 1010 (m),  

843 (vs), 787 (vs), 766 (s), 706 (vs) cm−1; Raman: ν = 2159 (9), 1543 (16), 1492 (100), 1422 (17), 

1384 (25), 1369 (9), 1320 (6), 1299 (10), 1169 (17), 1037 (14), 1012 (5) cm−1; MS (DEI+):  

m/z = 155.1 ([M+]); EA (C2HN7O2): C 16.12 (15.49), H 0.80 (0.65), N 61.96 (63.23) %; Sensitivities 

(<100 µm): IS 5 J, FS 42 N, ESD 50 mJ. 

3.2. 5-Azido-1-methyl-3-nitro-1,2,4-triazole (2) 

Dimethyl sulfate (1.26 g, 10.0 mmol) was added dropwise to a solution of 1 (1.55 g, 10.0 mmol) 

and sodium hydroxide (800 mg, 20.0 mmol) in water (10 mL). The reaction mixture was then stirred 

overnight at 105 °C. The precipitate obtained after cooling to room temperature was filtered off, 

washed with a small amount of water and dried in air to yield fine colorless needles suitable for X-ray 

diffraction (270 mg, 1.60 mmol, 16%). 

DSC (5 °C min−1): Tm = 122 °C, Td = 161 °C; 1H NMR (DMSO-d6): δ = 3.74 (s) ppm; 13C{1H} 

NMR (DMSO-d6): δ = 158.7 (C–NO2), 150.3 (C–N3), 35.4 (CH3) ppm; 14N NMR (DMSO-d6): δ = −23 

(NO2), −142 (Nβ) ppm; IR (ATR): ν = 2394 (w), 2294 (w), 2166 (s), 1551 (s), 1502 (vs), 1449 (s), 

1398 (s), 1311 (vs), 1266 (s), 1252 (vs), 1044 (m), 1020 (m), 875 (s), 811 (s), 708 (s), 683 (s), 642 (m) 

cm−1; Raman: ν = 2960 (28), 2160 (11), 1551 (12), 1535 (52), 1499 (54), 1453 (39), 1398 (100),  

1303 (32), 1271 (13), 1253 (28), 1046 (24), 1023 (12), 769 (6), 683 (13) cm−1; MS (DEI+):  

m/z = 169.0 ([M+]); EA (C3H3N7O2): C 21.58 (21.31), H 1.80 (1.79), N 56.59 (57.98) %; Sensitivities 

(100–500 µm): IS 40 J, FS 288 N, ESD 200 mJ. 

3.3. Potassium 5-Azido-3-nitro-1,2,4-triazolate (3) 

Potassium carbonate (138 mg, 1.00 mmol) and 1 (341 mg, 2.20 mmol) were refluxed in ethanol  

(40 mL) for 30 min, then filtered to remove undissolved solids. The solvent was then removed under 

reduced pressure and the residue was stirred in diethyl ether, then filtered off and washed with diethyl 

ether to yield a yellow powder (317 mg, 1.64 mmol, 82%). 

DSC (5 °C min−1): Td = 175 °C; 13C{1H} NMR (DMSO-d6): δ = 163.9 (C–NO2), 156.2 (C–N3) 

ppm; 14N NMR (DMSO-d6): δ = −12 (NO2), −134 (Nβ) ppm; 15N NMR (DMSO-d6): δ = −12.4 (NO2), 

−48.5 (ring N–N), −67.2 (ring N–N), −130.4 (Nβ), −140.4 (Nγ), −152.8 (C–N=C), −288.5 (Nα) ppm; IR 

(ATR): ν = 2444 (w), 2243 (w), 2142 (s), 1531 (s), 1478 (m), 1441 (vs), 1386 (s), 1324 (vs), 1286 (m), 

1226 (m), 1084 (s), 1054 (w), 1018 (w), 843 (m), 796 (w), 731 (m), 656 (m) cm−1; Raman: ν = 2153 

(4), 1457 (11), 1445 (28), 1387 (44), 1323 (72), 1083 (100), 1019 (5) cm−1; MS (FAB+): m/z = 38.9 

([K+]); MS (FAB−): m/z = 153.9 ([M−]); EA (C2KN7O2): C 12.59 (12.44), N 48.84 (50.76) %; 

Sensitivities (<100 µm): IS 1 J, FS 5 N, ESD 15 mJ. 

4. Conclusions  

The thermally stable azidotriazole 5-azido-3-nitro-1H-1,2,4-triazole (1) was prepared by diazotation 

and subsequent reaction with sodium azide from 3-amino-5-nitro-1H-1,2,4-triazole (ANTA) in high 
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yield and purity. Methylation with dimethyl sulfate yielded 5-azido-1-methyl-3-nitro-1,2,4-triazole (2). 

Reaction of the neutral compound with potassium carbonate led to the formation of potassium  

5-azido-3-nitro-1,2,4-triazolate (3), which is a very sensitive primary explosive detonating in the 

flame. Deprotonation of the triazole ring practically does not result in a change of the decomposition 

temperature, in contrast to other azidotriazoles like 3,5-diazido-1H-1,2,4-triazole [28]. 
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