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Table 1 Group

contributions to 4 Hf"

No. Croup Contributions to AH¢ (kcal/eol )
8as liguid| =olid

1|Cs = (H) 3.30 1.95 1.56

2| Ce = (NO3) -1.19 -5.95 | -6.711 |-5.02 tri-
3| Cs - (CHa) -6.84 | -6.47 nitro&
6| Ce - (OH) -35.8 -41.25

9|Ce = (NHs) «2.21 | -2.28

10| Ce - (N) -0.5 -1.00

12| Ce = (C1) -3.8 ~7.19 | -1.82

2| C = (N)H) -10.08 | -10.00

8B|N - (H)XCo)s -16.3

31|]€C -~ (Hx (C) -10.2 -11.58 | -11.92

R|C = (B) (C) -4.93 -6.11 | -6.33

B{C = (CHNO3)(H), -15.8 ~22.14 | -21.00

[ C = (C)s (NO3)X(H) -19.93

3H|C - (Ch (NO2) -20.02

B|C - (NO2)s (C) -18.14

Nlc - (NO2) (CXH) -14.9 ~28.85

/|C - (HW (O) -10.08 | -27.01

®10 - (NO2XC) -19.4 -8.78 -6.09 poly-
41| C - (CYH) (0) -8.1 -24.64 nitratex %
22| C - (C)e (HXO) -1.2 -22.86

ai1c - (Ch (0) -6.6 -2.12

4jc - (Ch 0.5 1.33 2.91

53|N - (NO3)(C): 2.16

] C - (N)2 (H), 2.1

§5{C - (H» (N) -10.08 | -10.00

5] C - (OR)(CY(H), -54.84 | -55.04

51{C = (CXB), (W) -4.83

58({ N - (H): (C) -1.03

8|0 - (C) 6.09

63| Ce = (Co) 2.24

MN|Ca~ (CoXH) 6.09

WU{C - (NCXH) -6.33

BN - (Ch .21

*the value of (Cp = (NO2) ) (s) for trinitrobenzene derivatives
% xthe value of (O — (NOa)(C)) (s) for solid polynitrate esters

Table 2 Correction values to dHf * 198

Correction values to

No. Effect AHL (keal/col )
liquid solld Source
1 |ORTHO (NOa, NO2) 9.49 | o-Dinitrobenzena
2|ORTHO (NOa, CH,) 4.75 1.5 o-Nitrotluens, 2,4-Dinitrotdlueno
3|ORTHO (NO5, OH) 2.4 o-Nitrophenol
¢[ORTHO (NH., NO,) 2.05 | o-Nitroaniline
5|ORTHO (C1, NOa) 13.58 | 2:4.6-Trinitrochlorobenzens
6{STAB (NOa2, NH;) » -5.54 p-Hitrozniline

*Stabili2ation by the hydrogen bonding botueen NO ;2 and NH; groups
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Table 3 Caluculated and observed 4 Hf ‘g for explosives
and their related compounds

1. Arematic nitrocompounds

Coapound 8 Hi3w (kcal/wol )
cale (state ) obs, (state )
NB 3.8 (1) 3.8 (1YY, 31 (1)Y®
1.3-DNB -1.3 (s) 3.0 (s)™, -8.0(s)
1,3,5-TNB -10.38 (s) -4.9 (s) ™, -10.4 (s) ¥
-1.93 (s) ¥
-NT (1) -0.28 (1) <20 (Y™, -4 (1D
3-NT (1) -4.98 (1) -6.1 (1)®, -6.0 (O™
4-NT (s) 1.0 (s) -10.4 (s) ™, -6 (s)?
2,3-DNT (s) -5.34 (s) 5.4 (s)®
2,4-DNT (s) -13.83 (s) -12.2 (s) ™, -17.10 () @
2.5-DNT (s) -13.83 (s) -9.8 (s) ®
2,6-DNT (s) -12.33 (s) -10.7 (s) ¥, -12.2 (s) ®
3,4-DNT (s) -6.85 (s) 5.1 (s) ™
3,5-DNT (s) -15.33 (s) -12.0 (s) ®
2,4,6-TNT (s) -15.41 (s) -18.2 (s) ®, -13.5 (5) ™
-1 (s) ®, -16.3 (s) ¥
2-NPh (s) -45.38 (s) -47.3 (s) ™, -46.4 (5) %@
-50.3 (s) ®
§&NPh (s) -47.78 (s) -50.1 (s) ™, -46.4 (s) ®
2,4&-DNPh (s) -52.11 (s) -53.7 (s) ™, -65.63 (s) ¥
2,6-DNPh (s) -43.71 (s) -50.17 () #
,4,6-TNPh (s) -54.38 (s) -47.1 (s) @, -51.23(s) ¥
-61.3 (s) %, -50.64 (s) *®
2-NA (s) -6.29 (s) -6.3 (s) ¥
3-NA (s) -9.58 (s) -6.8 (s)*
4NA (s) -8.58 (s) | -9.81(s) @
2,4,6-TNA (s) -15.64 (s) -16.0 (5) ™
2.3.4,6-TENA (s) -2.24 (s) -6.96 (s) ® -11.69(s)™®
1« 2.5 (s) ¥
2,4,6-TNCB (s) 6.91 (s) 10.0 (s)*®
DATB (s) -20.42 (s) -23.6 (s) ™
TATB (s) -26.16 (5) -36.85 (s) ®
HNS (s) 24.92 (s) 18.7 (s) @
HNDA (s) 15.63 (&) 12.21 (5) ¥
TNMX (s) =30.00 (s) -21.8 (s) ™, -24.53 (s) ¥
2,3-DNA (s) -6.18 (s) -2.8 (s)*
2.4-DNA (s) -14.67 (s) | -16.25 (s) @
2,5-DNA (s) -14.67 (s) | -10.8 (s) ¢
2,6-DNA (s) -12.61 (s) | -12.1 (s) @
3,4-DNA (8) -9.24 (s) | -1.8 (s) *
3,5-DNA (s) -17.18 (s8) | -1.3 (s)
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0. Aliphatic nitreco=pounds

ARfyw (keal/mo) )

Cospound cale (state )| obs. (state)
NEt =332 (1) | -34.32 (1) *
1-NPr ~40.43 (1) | -40.35 (1) *
2-NPr -83.09 (1) | -43.08 (1) @
1-NBu -46.5¢ (1) |-46.0 (1) *
2-NBu -49.2 (1) |-49.59 (1)«
NEOL -77.88 (1) |-83.83 (1)«
2,-NMPOL -99.02 (1) |-98.02 (1) *
3-NBOL -82.46 (1) [-83.2 (1) *
1,2-DNEt -42.00 (s) |-42.00 (s) #
1.1-DNEt -40.717 (s) [-40.77 (8D ¥
1,3-DNEt -40.33 (8) |-53.51 (s) *
2,-DNP¢ ~44.07 (s) |-44.87 (s) *

H. Nitrate ester cozpounds

& Hizw (keal/pol )

Cocpound calc (state )| obs. (state)
Me N =35.79 (1) | -36. (1) ™, -3.26 (1) »
Et N -45.2 (1) | -43.4 (1) ™, -465 (1)
1-Pr N *51.31 (1) | -51.26 (1) @
2-Pr N -54.8 (1) | -54.91 (1) *
EGDN (Ng) -61.66 (1) [ -55.77 (1) =
DEGN -105.45 (1) [ -88.4 (1) =, -93.3 (1) =
(Diethylene glycol dinitrate )
NG -50.81 (1) -90.8 (1) ™, B3N (1) ™
PETN “12.33 (1) [-128.7 (s) ®,-122.81 (5) ™
DPEHN -176.83 (1) |-210. (s) ™

(Dipentaerythrytol hmanjtrate )

V. Nitranine cozpounds

AHf}ew (keal/mol )

Cozpound calc (state ) | obs. (state)
NU -62.20 (s) |-65.05 (s) *, -67.2 (s) @
RDX 14.1 (#) 20.86 (s) ™, 14.7 (s) ®

U (s)®
HMX 19.6 (s) 17.93 (s) *, 11.3 (s) @

n7=V>, RURLF=buxs¥rThd, 2 ->TWAHETHS, SHANRIERNTAORE, ~
IRV e ERRBNBEMn (L s k¥ERBi: RDX, HMX, ¥4=basErdBBRARAT, BEETHS
TNT, PETN, RO~ ¥+ =F v R F AR ThH k2, BBRAOLA,LG LHBEITCHEZ L

3, BB TES, RS2 buT Y L RURL Z= b

Fh 6 NDAEANBEROIRTU & HE1EH & Table
S5ICIRLIE, ~F¥4= baxs ¥ R2BEE COKE
H0) LIEROBREE-SZEAMOR TN Y,

RoFzparoEFL RUR =2 buT=2y it
FOBAHETCH D, +ORBLESRESNEE L 12
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Table 4 Group contributions to heats of sublimation

and fusion
tror W of contributionrs to AHZ ( cal/y)

srop subl lsation fuslon

Cs =~ (W) 1 1 0

Co = (NO,) % ss 34

Ce =~ (NO,) 13 (teinitre)

Cs - (CH,) 4 n "

Cs ~ (OH) a &l %

Ce - (NH,) 3 a5 0

Co=(CI) .5 a3 1

C = (Hx (C) 15 8 12

C = (CXNO2XH) | 60 1) -8

0 = (NO,)C) 62 -2 =21 (polynitrate )
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Abbreviations
NB
DNB
TNB
TENB
PNB
HNB
NT
DNT
TNT
NPh
DNPh
TNPh
NA
DNA
TNA
TENA
TNCB
DATB
TATB
HNDPA
TNMX
HNS

6) T. R. Gibbs and A. Popolato, "LASL Explo-

Table § Estimated heat of formation and detonation

for explosives

Cozpound AH¢ (keal/mol ) Rezren (kcal/g )

Pentanitrobenzene -15.3 1.38

Pentanitroaniline 5.16 1.38

Hexanitrobenzene -17.76 1.49

1,3,5.5-Tetranitro-

1.3-diazocyclohexane  -20.74 1.30

1.3-3.5.1.7'Mnltr0-

1,5-diazocyclooctane  -51.28 1.30

RDX 14.7 1.3 4.4 *

HMX 19.5 130 .3 *

TNT -15.48 1.0 (1.02) *

PETN -122.33 1.4 (13D *

Hexanitrostilbene 24,92 1.01

% Observed values ®
Nace of cozpound fbbreviations Naee of cozpound

Nitrobenzene NEt Nitroethane
Dinitrobanzene NPr Nitropropane
Trinitrobenzene NBu Nitrobutane
Tetranitrobenzene NEOL Nitroethanol
Pentanitrobenzene NMPOL Nitroasthylpropanol
Hexanltrebenzens NBOL Nitrobutanol
Hitrotoluena DNEt Dinitroethane
Dinitrotolusne DNPr Dinitropropane
Trinitrotoluene Me N Hethylnitrate
Nitrophenol Et N Ethyinitrate
Dinitrophenol 1-Pr N Propylinitrate
Trinltrophenol EGDN Ethyleneglycoldinitrate
Nitroaniline DEGN Diethylene glycol tetranitrate
Dinitroaniline NG Glycerol trinitrate (Nitroglycerin )
Trinitroaniline PETN Pentagrythrytol tetranitrate
Tetranitroaniline DPEHN Dipentaerythrytol hexanitrate
Trinitrochiorobenzene NU Nitrourea
ZI‘DG'Trlnltn-lla-beMeMdlnlm RDX Hexahydro-l.3.5°trinltro-l.3.5'
2-‘.5‘1”0'1[0"n’oS'bﬁﬂleﬂetﬂlﬂlm triazine
Hexanitrodiphenylanine HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7+
Trinltro-o-xylene tetrazocine
Hexanltrostilbene
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Application of the Condenced Phase Additivity Rule in Estimation of
Hazardous Properties of Energetic Materials (1) Explosives and Their Re-
lated Compounds

by Tetsuro IJICHI* Hiroshi OUCHI* Masamitsu TAMURA*and Tadao YOSHIDA*

Group contributions to 4H,® at liquid and solid states have been derived from
suitable base compounds and have been used for the estimation of 4H,° of explo-
sives and their related nitro and nitrate compounds by the additivity rule. Agree-
ment between calculated and observed values were good enough to estimate the
hazardous properties of energetic materials.

The group contributions to the heats of sublimation used here were scattered
between —214 (O— (NO,) (C)) and 291 (Ce— (OH)) cal/g, although those to the
heats of fusion being only between —29 (C— (C) (NO;) (H);) and 33 (Cp — (NO,)
(trinitro)) cal/g. From these results the group contributions to 4H,° at liquid state
may be able to be partly used to estimate 4dH,® for solid nitro compounds.

4H,° and heats of detonation for some interesting explosives were estimated
and compared with those for popt;lar high explosives.

(*Department of Reaction Chemistry, Faculty of Engineering,
The University of Tokyo. Hongo, Bunkyo-ku, Tokyo 113, Japan)
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