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Theoretical Study on Performances of Pentaerythritol
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[ABSTRACT] Four pentafluorosulfanyl deriviatives of pentaerythritol tetranitrate ( PETN), including pentaerythritol
pentafluorosulfanyl trinitrate ( PPTN) , pentaerythritol dipentafluoro-sulfanyl dinitrate ( PDPDN ), pentaerythritol tripen-
tafluorosulfanyl nitrate (PTPN) and tetraen-tafluorosulfanyl neopentane (TPNT) , were studied by the B3LYP method with
the basis set 6-31G * . Their molecular geometries were optimized and vibrational analyses were performed. Densities,
thermodynamic functions and detonation performances were estimated. The bond dissociation energy (Ey;,) of the possible
trigger bond was also predicted. Results show that, PPTN has the higher density and better detonation performance among
these five compounds. Stability of PPTN is better than that of PETN. With the increase in the number of pentafluorosulfanyl
group, the densities would become larger but the detonation velocity and detonation pressure would decrease beyond a
certain point of pentafluorosulfanyl groups lead to. Energy and stability values of PPTN satisfy the requirements for the high
energetic density compounds.
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Fig. 1 Optimized geometric configuration of the title compounds
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Tab.1 Bond lengths of various kinds of bonds in the title compounds A

waEw PETN PPTN PDPDN PTPN TPNT

Cc—C 1.544 0 1.544 7 ~1.5555 1.5472~1.5562 1.548 2 ~1.563 6 1.570 6 ~1.570 8
C— 1.092 3 1.0885~0.0925 1.0862~1.092 1 1.0859 ~1.089 2 1.086 2 ~1.086 9
C—S 1.861 9 1.863 9 ~1.864 0 1.8639~1.8725 1.8774~1.8775
Cc—O0 1.440 9 1.439 8 ~1.441 3 1.439 1 1.437 4
0—NO, 1.2031~1.4308 1.2026~1.4325 1.2025~1.4316 1.202 4 ~1.428 8

S—F 1.6145~1.643 1 1.6147 ~1.644 5 1.614 8 ~1.648 1 1.616 2 ~1.642 4

%2 A& 200 ~800 K B e AR B IE R A (CY )

p,m

Tab. 2 Standard molar heat capacity ( Cﬁ,m) of the title compounds from 200 K to 800 K

J/ (mol - K)
7K
ey 200 300 400 500 600 700 800
PPTN 266.71 354.81 428.54 486.43 531.11 565.92 593.53
PDPDN 296.55 400. 23 480. 66 540. 88 586.03 620.57 647.69
PTPN 326. 15 445.25 532.30 594.86 640.52 674.85 701.51
TPNT 356. 82 491.28 584.93 649.76 695. 83 729. 88 756.02
PETN 236.59 309.31 376.42 432.01 476.24 511.32 539.45
&3 ALbHfE 200 ~800 K B 69 AR RIE(SY)
Tab. 3 Standard molar entropy (S’ ) of the title compounds from 200 K to 800 K
J/ (mol - K)
T/K
Lk 200 300 400 500 600 700 800
PPTN 607.19 732.36 844.92 947.04 1 039.85 1124.44 1 201. 88
PDPDN 604. 16 744.77 871.46 985.51 1 088.31 1 181.35 1 266.06
PTPN 617.98 773.89 914.59 1 040.46 1153.16 1 254.59 1 346.52
TPNT 603. 18 774.82 929.81 1 067.72 1 190.48 1 300.43 1 399. 66
PETN 577.59 687.27 785.68 875.87 958.70 1 034.85 1 105.03
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Tab. 4 Standard molar enthalpy( H® ) of the title compounds from 200 K to 800 K

kJ/mol
/K
e 200 300 400 500 600 700 800
PPTN -1933.27 -1933.26 -1933.24  -1933.22 -1933.21 -1933.18 -1933.16
PDPDN -2550.26  -2550.25  -2550.23  -2550.21  -2550.19  -2550.17  -2550.15
PTPN -3167.26  -3167.24 -3167.22 -3167.20 -3167.18 -3167.15 -3167.12
TPNT -3784.24  -3784.22  -3784.20 -3784.18 -3784.15 -3784.12 -3784.10
PETN -1316.27 -1316.26 -1316.25 -1316.24 -1316.22 -1316.20 -1316.18
%00 A5 oy EE ik Ak R
;(5)8 : Tab.5 Density, detonation velocity and
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Tab.6 Bond dissociation energies

of the main bonds in the title compounds

kJ/mol
HEY Ey(O—N) Ey (C=S) Eyy(S—F) Ey, (C—0)
PETN 137.45 335.28
PPTN 157.66 246.06 368. 56 332.65
PDPDN 159.62 242.44 360. 14 331.34
PTPN 161.04 231.04 356.91 331.86
TPNT 204.94 358.22
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