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and their structures
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rented 4.18585A! Table 1 The densities of the five kinds of energetic pentazo-
V- (5) late salts
0041978 +0.0227 T Por P298.5 K
4.18585A, comp. [ ot reference
/K /g-cm™ /g-cm™
AP MO R IR B T T, g5 VR Vo At 2R 1 150 1.519 1.486 [22]
FH 25 3% 10 0F R FOR B B SR T B R EOm o e 1 153 1.520 1.488 [21]
kJ-mol™ s AJ T A 43 B 5 B85 T8 7 EL AT 1F H 383 2 100 1.462 (2-H,0) 1.395 [23]
STRDIE T REA U SMA B A e 5 10 L Eﬁ
N Aﬁ/%" N \‘ . L y [31] . N ' 3 N
BB i Multiwfn BT B Ve B IE AR p 73 1est 650 (191
S O = N [32)
BLaE A (6) IR 5 153 1.636 1.601 (1.71)" [21]
omeced = Virconeeed — 10.6763 + 0.9418 X n,] (6) m e 205 1.666 1.643 [23]
K, Vo WA F 5B F KRR Z A, cm’, 7 150 1.547 1.513 L23]
R ()5 0 TR HIRTFBE . B 5w 1A e 2
N s . 9 150 1.476 1.444 [22]
BBV, B0V, )T DFT 77 ikl 5 .
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incomeced = PVoe ¥ qV,,- (7) 11 150 1.524 1.491 [22]
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WL A AN B AR 16 173 1.660 1.629 [19]
Note: 1) Values in brackets are from the Ref. [41].
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FEE (p) &5 SR DA CCHRE IR 3 i . ARFFRIEE RS fIE T RD X f 45 8 A4 JK (8748 m-s™';34.9 GPa) .
SCHRE19-23 71 EXPLOS #1151 45 SR Wy & 3 hs , OF TR 1 AR PR R S, FLUCOR B 1R 5 3, B AT A AR
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Table 2 The heats of formation of the five kinds of energetic pentazolate salts

comp. AH(cation, 298.15 K) / kJ-mol™ AH, / kJ-mol™ AH(salt) / kJ-mol™ AH(salt) / kJ-g™"
1 626.4 (639.2)% 613.2 (589.4)? 269.1 (308.1)% 3.06
! 2 1709.0 1664.7 556.1 2.75
3 770.0 (776.1)% 596.3 (563.0)? 429.6 (471.3)% 4.17
f 4 645.1 512.9 388.1 2.05
5 669.5 (681.9)% 597.8 (568.9)% 327.6 (262.2)" (371.7)% 3.15
11} 6 373.0 533.7 95.2 0.59
7 961.9 471.4 746.4 3.12
8 566.7 (583.5)% 551.0 (529.9)% 271.6 (186.9)" (312.3)% 2.09
9 667.4 531.2 392.1 2.70
v 10 769.0 516.9 508.0 3.17
11 1618.0 511.9 1362.0 7.91
12 465.5 518.0 203.4 117
13 905.6 521.8 639.7 3.76
14 1085.0 487.1 853.8 3.79
v 15 1266.6 463.5 1059.0 3.96
16 2314.2 1484.8 1341.2 3.83

Note: 1) Values in brackets are from the Ref.[41]. 2) Values in brackets are from the Ref.[42].

R3 OMEERE MR TR AR TERE
Table 3 The detonation properties of the five kinds of energetic pentazolate salts

comp. Parossk/ grecm™? AH(salt) / kj-g™" D/m-s! p/ GPa OB (CO,) / %
1 1.487" 3.06 7511 (7757)% (9280)° 22.1(23.2) (27.3)% -36.36
! 2 1.395 2.75 6736 (6896)% 17.0 (17.5)¥ -71.29
3 1.585" 417 8622 (8796)% (10400)% 29.5 (30.8)% (37.0)" -38.83
! 4 1.650 2.05 8055 (8320)% 26.8 (27.1)% -46.53
5 1.601 3.15 8779 (9005)?(9930)% 31.5(32.7)» (35.8)% -15.38
I 6 1.643 0.59 7726 (7870)% 26.4 (26.0)* -39.48
7 1.513 3.12 7197 (7121)% 19.7 (20.1)% -103.68
8 1.483 2.09 6573 (7960)% 16.9 (20.1)% -61.54
9 1.444 2.70 6938 (7189)% 18.9 (19.6)? -60.69
v 10 1.438 3.17 7310 (7505)% 21.0 (21.2)% -60.00
1 1.491 7.91 9032 (9257)% 32.3 (33.0)% -74.42
12 1.567 1.17 6816 (6920)% 18.7 (18.9)¥ -60.07
13 1.583 3.76 7701 (7824)% 23.5 (24.5)% -65.88
14 1.615 3.79 7515 (7791)2 24.1 (24.6)2 -67.56
v 15 1.624 3.96 7638 (7741)% 25.2 (24.8)% -74.84
16 1.629 3.83 7520 (7615)% 23.3 (23.6)% -68.52

Note: 1) Average value. 2) Values in brackets are from the Ref.[22]. 3) Values in brackets are from the Ref.[23]. 4) Values in brackets are from the Ref.[19].

5) Values in brackets are from the Ref.[42]. 6) Values in brackets are from the Ref.[20].
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Abstract: In order to compare the densities, heats of formation, detonation velocities, and detonation pressures of the energetic
pentazolate salts at the same level, density functional theory (DFT) method was used to study the sixteen N~ based nonmetallic
energetic salts synthesized in the past two years. According to the Born-Haber energy cycle, the calculated heats of formation of
the pentazolate salts are between 95.2 kJ-mol™ and 1362.0 kJ-mol™ at the MP2/6-311++G(d, p) level. The average heat of for-
mation of the salts formed by the triazole-containing cation and N, is the highest among the five types of N, salts. The densities

3. which are much lower than the theoretical

(at 298.15 K) of these pentazolate salts range from 1.395 g-cm™ to 1.650 g-cm”
densities of all-nitrogen compounds. The detonation velocities and detonation pressures calculated by the Kamlet-Jacobs formula
agree well with the calculation results from EXPLO5. Most of the N,7-containing ionic salts have detonation velocities between
6500 m-s™" and 8000 m-s™" and detonation pressures between 15 GPa and 26 GPa, which are lower than RDX. The theoretical
detonation performance of biguanidinium, hydroxylammonium, and hydrazinium pentazolates are outstanding. Their detona-
tion velocities (8622-9032 m-s™') are equal or slightly higher than that of RDX, and their detonation pressures (29.5-32.3 GPa)
are lower than that of RDX. Thus, their predicted performance are not revolutionary. They do not exhibit the distinct advantages
of all-nitrogen anion derivatives, and are far from the expectation of their ultra-high energy.

Key words: pentazolate anion;heat of formation;density ; detonation performance;energetic ion salt
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