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1	 Introduction

Current computer programs like EMDB or EXPLO5 for energetic materials 
all require the time consuming manual input of the sum formula, density and 
heat of formation [1, 2]. The necessary heat of formation and density require 
a prior synthesis or time-consuming composite methods. Recent advances 
directly addressing this problem and overcoming it were made with the Software 
RoseBoom2.1© (Research output software for energetic materials based on 
observational modelling) [3]. This Software combines empirical relationships 
for energetic materials published in different epochs of high-energy density 
materials (HEDMs) research. These have been revalidated for modern compounds 
on a dataset of over 480 pure compounds  [4, 5] and 518 energetic mixtures 
calculated in EXPLO5 [6] and merged in the user-friendly tool RoseBoom©, 
which allows quick and easy access to the performance parameters of HEDMs [5]. 
The RoseBoom© program has only been validated on EXPLO5 values due to 
the lack of experimental values, because a large dataset was desirable to quickly 
assess whether the selected models give reliable results. This new study is 
focused on revalidating them against experimental detonation velocities measured 
under confinement. This is done on a dataset of thirtyone selected molecules, 
the detonation velocities (VODs) of which were measured under confinement. 

2	 Results and Discussion

Structural formulae of the analyzed substances are presented in Figure 1.  
The results are displayed in Figure 2 and Table 1.
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Figure 1.	 Structural formulae of the 30 substances analyzed in RoseBoom2.2©



8 S. Wahler, T.M. Klapötke

Copyright © 2023 Łukasiewicz Research Network – Institute of Industrial Organic Chemistry, Poland

Ta
bl

e 
1.

	
D

at
as

et
 o

f 
m

ol
ec

ul
es

 c
al

cu
la

te
d 

in
 R

os
eB

oo
m

2.
2©

 w
ith

 th
e 

co
rr

es
po

nd
in

g 
ex

pe
rim

en
ta

l V
O

D
s 

un
de

r 
co

nf
in

em
en

t, 
pl

us
 th

e 
pa

ck
in

g 
de

ns
iti

es
 a

nd
 h

ea
ts

 o
f f

or
m

at
io

n 
us

ed
 in

 th
e 

ca
lc

ul
at

io
ns

Fo
rm

ul
a

V
O

D
 [m

/s
] a

nd
 (d

ev
ia

tio
n 

fr
om

 e
xp

er
im

en
ta

l v
al

ue
 [%

])
Pa

ck
in

g 
de

ns
ity

 
[g

/c
m

3 ] 
[7

]

H
ea

t o
f 

fo
rm

at
io

n 
[k

J/
m

ol
] 

[7
]

Ex
pe

rim
en

ta
l 

(c
on

fin
ed

) [
7]

K
es

ha
va

rz
 

[8
]

R
ot

hs
te

in
 

an
d 

Pe
te

rs
en

 
[9

]

K
am

le
t 

an
d 

Ja
co

bs
 

[1
0]

St
in

e 
[1

1]
R

os
eH

yb
rid

EX
PL

O
5 

V
6.

05
.0

4 
(B

K
W

 E
O

S,
 

B
K

W
N

 
(d

ef
au

lt)
)

(1
)

71
50 (‒
)

73
96

(3
.4

)
73

97
(3

.5
)

69
57

(2
.7

)
69

69
(2

.5
)

71
80

(0
.4

)
67

66
(5

.4
)

1.
6

‒3
86

.5

(2
)

73
00 (‒
)

72
61

(0
.5

)
78

80
(7

.9
)

73
61

(0
.8

)
76

28
(4

.5
)

75
32

(3
.2

)
75

68
(3

.7
)

1.
49

28
5.

8

(3
)

66
00 (‒
)

69
15

(4
.8

)
72

14
(9

.3
)

66
97

(1
.5

)
68

91
(4

.4
)

69
29

(5
.0

)
68

74
(4

.2
)

1.
5

19
4.

1

(4
)

66
00 (‒
)

68
39

(3
.6

)
65

07
(1

.4
)

70
22

(6
.4

)
69

00
(4

.5
)

68
17

(3
.3

)
69

08
(4

.7
)

1.
38

‒4
36

.8

(5
)

71
00 (‒
)

72
22

(1
.7

)
72

01
(1

.4
)

69
99

(1
.4

)
71

18
(0

.3
)

71
35

(0
.5

)
68

73
(3

.2
)

1.
48

‒3
05

.5

(6
)

68
00 (‒
)

70
18

(3
.2

)
63

14
(7

.1
)

68
95

(1
.4

)
67

36
(0

.9
)

67
41

(0
.9

)
66

58
(2

.1
)

1.
58

‒2
92

.9

(7
)

75
80 (‒
)

73
42

(3
.1

)
75

53
(0

.4
)

75
77

(0
.0

)
75

25
(0

.7
)

74
99

(1
.1

)
74

35
(1

.9
)

1.
47

‒2
75

.7

(8
)

74
00 (‒
)

78
50

(6
.1

)
71

15
(3

.9
)

78
62

(6
.2

)
76

32
(3

.1
)

76
15

(2
.9

)
75

65
(2

.2
)

1.
6

‒9
28

.5

(9
)

75
70 (‒
)

75
07

(0
.8

)
83

09
(9

.8
)

80
87

(6
.8

)
81

12
(7

.2
)

80
04

(5
.7

)
82

13
(8

.5
)

1.
65

‒1
03

.8

(1
0)

58
00 (‒
)

58
13

(0
.2

)
49

51
(1

4.
6)

60
50

(4
.3

)
61

38
(5

.8
)

57
38

(1
.1

)
61

52
(6

.1
)

1.
1

‒1
90

.4



9Comparison of the Implemented Detonation Velocity Predictions in the Research...

Copyright © 2023 Łukasiewicz Research Network – Institute of Industrial Organic Chemistry, Poland

Fo
rm

ul
a

V
O

D
 [m

/s
] a

nd
 (d

ev
ia

tio
n 

fr
om

 e
xp

er
im

en
ta

l v
al

ue
 [%

])
Pa

ck
in

g 
de

ns
ity

 
[g

/c
m

3 ] 
[7

]

H
ea

t o
f 

fo
rm

at
io

n 
[k

J/
m

ol
] 

[7
]

Ex
pe

rim
en

ta
l 

(c
on

fin
ed

) [
7]

K
es

ha
va

rz
 

[8
]

R
ot

hs
te

in
 

an
d 

Pe
te

rs
en

 
[9

]

K
am

le
t 

an
d 

Ja
co

bs
 

[1
0]

St
in

e 
[1

1]
R

os
eH

yb
rid

EX
PL

O
5 

V
6.

05
.0

4 
(B

K
W

 E
O

S,
 

B
K

W
N

 
(d

ef
au

lt)
)

(1
1)

65
00 (‒
)

68
32

(5
.1

)
63

03
(3

.0
)

66
72

(2
.6

)
65

45
(0

.7
)

65
88

(1
.4

)
64

23
(1

.2
)

1.
55

‒2
00

.8

(1
2)

72
00 (‒
)

71
11

(1
.2

)
74

44
(3

.4
)

70
81

(1
.7

)
71

21
(1

.1
)

71
89

(0
.2

)
70

38
(2

.3
)

1.
6

41
.4

(1
3)

87
50 (‒
)

85
24

(2
.6

)
89

40
(2

.2
)

86
55

(1
.1

)
86

69
(0

.9
)

86
97

(0
.6

)
86

48
(1

.2
)

1.
76

66
.9

(1
4)

86
90 (‒
)

75
44

(1
3.

2)
84

79
(2

.4
)

83
83

(3
.5

)
86

78
(0

.1
)

82
71

(4
.8

)
83

64
(3

.8
)

1.
6

‒2
47

.9

(1
5)

82
60 (‒
)

90
43

(9
.5

)
75

43
(8

.7
)

87
76

(6
.2

)
86

23
(4

.4
)

84
96

(2
.9

)
81

66
(1

.1
)

1.
73

‒6
75

.7

(1
6)

61
00 (‒
)

66
14

(8
.4

)
58

36
(4

.3
)

60
96

(0
.1

)
61

05
(0

.1
)

61
63

(1
.0

)
80

20
(3

1.
5)

1.
47

‒2
7.

2

(1
7)

73
00 (‒
)

74
54

(2
.1

)
76

18
(4

.4
)

79
72

(9
.2

)
78

96
(8

.2
)

77
35

(6
.0

)
74

78
(2

.4
)

1.
48

‒2
42

.8

(1
8)

82
00 (‒
)

77
11

(6
.0

)
82

62
(0

.8
)

76
50

(6
.7

)
81

88
(0

.1
)

79
53

(3
.0

)
83

43
(1

.7
)

1.
71

‒9
2.

9

(1
9)

79
40 (‒
)

78
43

(1
.2

)
87

53
(1

0.
2)

76
29

(3
.9

)
80

29
(1

.1
)

80
64

(1
.6

)
78

31
(1

.4
)

1.
77

‒1
00

.7

(2
0)

91
00 (‒
)

91
72

(0
.8

)
90

42
(0

.6
)

89
24

(1
.9

)
88

90
(2

.3
)

90
07

(1
.0

)
90

30
(0

.8
)

1.
9

‒7
5

(2
1)

84
00 (‒
)

82
95

(1
.3

)
75

75
(9

.8
)

83
22

(0
.9

)
80

96
(3

.6
)

80
72

(3
.9

)
80

17
(4

.6
)

1.
7

‒5
11

.5

Ta
bl

e 
1.

	
C

on
tin

ua
tio

n



10 S. Wahler, T.M. Klapötke

Copyright © 2023 Łukasiewicz Research Network – Institute of Industrial Organic Chemistry, Poland

Ta
bl

e 
1.

	
C

on
tin

ua
tio

n

Fo
rm

ul
a

V
O

D
 [m

/s
] a

nd
 (d

ev
ia

tio
n 

fr
om

 e
xp

er
im

en
ta

l v
al

ue
 [%

])
Pa

ck
in

g 
de

ns
ity

 
[g

/c
m

3 ] 
[7

]

H
ea

t o
f 

fo
rm

at
io

n 
[k

J/
m

ol
] 

[7
]

Ex
pe

rim
en

ta
l 

(c
on

fin
ed

) [
7]

K
es

ha
va

rz
 

[8
]

R
ot

hs
te

in
 

an
d 

Pe
te

rs
en

 
[9

]

K
am

le
t 

an
d 

Ja
co

bs
 

[1
0]

St
in

e 
[1

1]
R

os
eH

yb
rid

EX
PL

O
5 

V
6.

05
.0

4 
(B

K
W

 E
O

S,
 

B
K

W
N

 
(d

ef
au

lt)
)

(2
2)

73
50 (‒
)

77
03

(4
.8

)
73

59
(0

.1
)

73
20

(0
.4

)
72

34
(1

.6
)

74
04

(0
.7

)
71

62
(2

.6
)

1.
7

‒2
48

.5

(2
3)

75
70 (‒
)

77
52

(2
.4

)
77

72
(2

.7
)

77
13

(1
.9

)
76

19
(0

.6
)

77
14

(1
.9

)
75

99
(0

.4
)

1.
71

20

(2
4)

69
00 (‒
)

70
84

(2
.7

)
66

65
(3

.4
)

68
56

(0
.6

)
67

44
(2

.3
)

68
37

(0
.9

)
66

34
(3

.9
)

1.
6

‒6
7.

1

(2
5)

73
50 (‒
)

73
07

(0
.6

)
78

61
(7

.0
)

79
56

(8
.2

)
78

65
(7

.0
)

77
47

(5
.4

)
79

94
(8

.8
)

1.
8

13
9.

7

(2
6)

73
00 (‒
)

74
70

(2
.3

)
74

97
(2

.7
)

73
67

(0
.9

)
72

97
(0

.0
)

74
08

(1
.5

)
72

42
(0

.8
)

1.
72

‒8
4

(2
7)

68
00 (‒
)

70
80

(4
.1

)
68

00
(0

.0
)

69
26

(1
.9

)
68

38
(0

.6
)

69
11

(1
.6

)
68

04
(0

.1
)

1.
57

‒1
53

.2

(2
8)

73
00 (‒
)

76
37

(4
.6

)
72

77
(0

.3
)

71
09

(2
.6

)
70

35
(3

.6
)

72
64

(0
.5

)
69

30
(5

.1
)

1.
71

‒2
04

.2

(2
9)

68
50 (‒
)

72
42

(5
.7

)
68

00
(0

.7
)

69
38

(1
.3

)
68

29
(0

.3
)

69
52

(1
.5

)
66

85
(2

.4
)

1.
62

‒2
52

.4

(3
0)

**
)

88
70 (‒
)

85
51

(3
.6

)
97

91
(1

0.
4)

83
58

(5
.8

)
87

90
(0

.9
)

88
72

(0
.0

)
89

87
(1

.3
)

1.
74

8
21

3.
4

**
)  –

 R
ef

. [
12

]



11Comparison of the Implemented Detonation Velocity Predictions in the Research...

Copyright © 2023 Łukasiewicz Research Network – Institute of Industrial Organic Chemistry, Poland

5500 6000 6500 7000 7500 8000 8500 9000 9500
3000

4000

5000

6000

7000

8000

9000
Pr

ed
ic

te
d 

de
to

na
tio

n 
ve

lo
ci

tie
s 

[m
/s

]

Experimental detonation velocities [m/s] 

 Keshavarz (MAPE=3.7%, R2=0.81) 
 Rothstein and Petersen (MAPE=5.0%, R2=0.69)
 Kamlet and Jacobs (MAPE=3.4%, R2=0.80)
 Stine (MAPE=3.0%, R2=0.86)
 RoseHybrid (MAPE=2.3% R2=0.91)
 EXPLO5 V6.05.04 (MAPE=4.1%, R2=0.71)

Figure 2.	 Experimental detonation velocities under confinement compared to 
the predictions in RoseBoom©

When comparing RoseBoom©’s detonation velocities to the EXPLO5 
velocities, which deviate by 5% from experimental values [1], it was not clear 
if the deviations of RoseBoom’s values were closer to the experimental values 
than those from EXPLO5 or even further away. The results given in Figure 2 
prove that the EXPLO5 values deviate by 4.9% from the literature values, which 
is within the range of the reported deviations [1], but it was also discovered that 
the coefficient of determination was low with R2 = 0.71. Additionally, a new 
ground-breaking discovery made in this study is that all of the empirical modelling 
approaches outperformed the thermo equilibrium code EXPLO5, because either 
the mean absolute percentage error was lower, the R2-coefficient was higher or 
both. Surprisingly, the errors in the individual empirical approaches obliterate 
each other, staying within 2.3% of the experimental values. This slight scattering 
might also be caused by measurement errors in the collected literature values [12]. 
The errors can have various causes, like inhomogeneous packing, hydratisation 
of the compounds or impurities, along with many other possibilities. It can be 
assumed that the RoseHybrid©-values are closer to the experimental values than 
the other methods individually or the EXPLO5 values, because more features 
are taken into consideration. These features range from the functional groups 
present, considered in the Keshavarz model and the Rothstein and Petersen 
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method, along with the oxygen balance, considered in the Stine Method and the 
detonation products considered in the Kamlet and Jacobs method. 

3	 Conclusions

♦	 As a conclusion, one can say that thermo-equilibrium codes can be replaced 
by the program RoseBoom©, which gives results closer to the experimental 
detonation velocities.

♦	 It is not possible to make predictions that are more accurate than the 
experiment values, which is why more precise experimental data on the 
measurement of detonation parameters is needed. Until experimental 
scientists can provide the necessary data, the RoseHybrid©-value is as close 
as it can be to the experimental value, because these predictions lie within 
experimental uncertainties.
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