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FOREWORD

This work was carried out under the NSWC IR Task 201, Task No. ZRC1309,
Explosives Chemistry for Weapons. One objective of this Task is the synthesis
of new explosives ingredients which will enable the formulation of energetic
yet insensitive explosives. In the work desdcribed herein, an attempt is made
to clarify relationships between molecular characteristics of explosive
compounds and their sensitivity and performance properties. A better

understanding of these relationships is needed for the successful design of
new insensitive high-energy molecules,

Help{ul discussions with Drs. M. J. Kamlet and C. Dickinson are gratefully
acknowledged.,
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INTRODUCTION

Explosives which combine high performance with insensitivity (IHPE)™ have
been a goal of military explosives development for some time. In one approach,
highly energetic but sensitive explosives such as RDX and HMX are desensitized
by embedding in elastomeric polymers (binders). The result is a series of
explosive compositions with “intermediate" sensitivity and performance
attributes which are of great practical value. This apprcach is currently being
refined and extended by the use of energetic binders which are expected to
increase the performance of these compositions without significantly raising
their sensitivity. Some use has also been made of the kinetic effects present
in "non-ideal" explosives to affect the balance of performance and sensitivity,
for example in such materials as PBXN-103 and PBXN-105.

o

Recently, another approach to IHPE has received consideration, in which
intrinsically insensitive materials are sought which as a result of their
molecular properties also possess useful performance characteristics. TATB and
T NQ are currently the prototypes of such compounds. Since their energy content
1 is comparable to TNT, their utility is, however, limited. The question arises,
can other compounds be made which are as inseunsitive as TATB and NQ but have
higher energy, or, more generally, can we synthesize new explosive compounds
with other and more attractive combinations of sensitivity and performance?

To pursue this question, it would be very useful to know how explosive
sengitivity and performance are related to each other and to the structure and
molecular properties of the explosive compound. Although a number of limited
studies relating sensitivity or aspects of performance to molecular structure
have been madel, the only attempts to interrelate sensitivity and performance

®The terms, performance and sensitivity, are used here in their broadest
definitions. Sensitivity, for example, encompasses the response to thermal
loads, to low strain rate mechanical pulses, and to high strain rate impact
phenomena or shockwaves. Performance includes underwater shock and bubble
effects, airblast, and metal acceleration.

lprice, D., Chem. Reviews 59, 801 (1959); Kamlet M. J., and Jacobs, S. J.,

J. Chem. Physics, 48, 23 (1968); Delpuech, A., and Cherville, J., Propellants
and Explosives 3, 169 (1978); Hill, M. E., and Guimont, J. M., "Desensitization
of Explosive Materials", Final Report for Contract N0OO14-76~C-0810, Dec 1979.
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appear to be those by Kamlet? and Kamlet and Adolph3 involving correlations
of impact sensitivity with oxygen balance. Oxygen balance can be regarded as a |
molecular parameter qualitatively related to explosive performance although no
direct proportionality with any specific explosive effect has been
demonstrated. It was shown that log(50% impact height) is a linear function of Lo
the oxygen balance for four classes of nitro compounds, but with different '
coefficients and constants for each of the four regression equations. Thus a
relationship between impact sensitivity and performance as well as an effect of
molecular structure on this relationship has been demonstrated.

Since the completion of the impact sensitivity vs. oxygen balance
correlations?Z, the molecular properties which determine explosive performance
of C, H, N, O, F compounds have been identified at least qualitatively if not
quantitatively®. It appears now that most types of explosive performance of
such compounds can be understood in terms of the detonation energy (Q), the
number of moles (N) and molecular weight (M) of detonation gas, and the crystal
or initial density (p,). Since these molecular parameters are relatively
easily accessible™, it appeared that the relationship between sensitivity and
performance of explosive compounds could be defined further by investigating the
relationship of these molacular properties with explosive sensitivity. Some
initial attempts at such an investigation involving the quantities N, M, and
P, are reported here.

2kamlet, M. J., "The Relationship of Impact Sensitivity with Structure of
Organic Explosives. I. Polynitroaliphatic Explosives", Proceedings 6th
Symposium (International) on Detonation, San Diego, CA, Aug 1976; ONR Report
ACR 221, p. 312.

3Kam1e:, M. J. and Adolph, H. G., Propellants and Explosives 4, 30 (1979).

4Price, D., Chem. Reviews 59, 801 (1959); Kamlet, M. J., et. al., J. Chem.
Physics 48, 23, 43, 3685 (1968). :

*In the most simple approach, N, M, and Q can be calculated (using Kamlet's
definitionas); p of new explosive compounds is often routinely determined. ]
o

SKamlet, M. J. and Jacobs, S. J., J. Chem. Physics 48, 26-28 (1968).
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EXPERIMENTAL

DATA BASE

The major problem in attempting these correlations was the compilation of a
suitable data base. It was obvious from the outset that the only sensitivity
data available on a sufficiently large and diversified set of nitro compounds
were impact sensitivities. The difficulties in comparing impact sensitivities
determined at different laboratories are well recognized, and the problems of
reproducibility of impact sensitivity data even using the same machine have been
amply discussed?s3, Relationships, or the lack thereof, between different
types of explosive sensitivity and sensitivity tests have been studied by
Urizar, Peterson, and Smith®. The impact sensitivity data used in the present
work were all determined on the same NSWC (formerly NOL) machine whose operation
has been described and discussed in detai17, but they were obtained over a
period of more than 20 years by several operators who used different means of
detecting a '"go". Thus the impact sensitivity data were collected under partly
favorable and partly unfavorable conditions.

A further complication was the need for additional experimental data besides
impact sensitivities. While N and M can be calculated and Q can at least be
estimated from the chemical composition and structure of each compound®, the
crystal density must be determined experimentally. Unfortunately, for many
compounds synthesized during the past 25 years or submitted to NSWC for testing
either density or impact sensitivity were determined, but not both. This
restricted the set of suitable compounds to no more than 230. To take into
account at least some of the structual effects on impact sensitivity noted by
Kamlet?:3, this set was subdivided into nitramines (76, Table 1),
nitroaromatic (59, Table 2), and nitroaliphatic compounds (64, Table 3).
Compounds from the original set of 230 which did not belong to one of these
classes are not included in the present analysis.

23ee Reference 2 on page 2 .
3see Reference 3 on page 2 .

6Urizar. M. J., Peterson, S. W., and Smith, L. C., '"Detonation Sensitivity
Tests', LA-7193~MS, Los Alamos Scientific Laboratory, April 1978.

TRef 3., p 34, and Ref 3., footnote 14.

*
See the previous footnote, p. 2 .
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LIST OF NITRAMINES*

HETHYLENF NINITRAMTNE (HFDTNA)
ETHYLFNE DINITRAIINF (FNNAY
TPINTYRAFTHYL WETHYL NITRAMINE
TRINUTROFYHYLNI TROGUAN INTNF

193 5«~TRINIYRAZACYCL OHE XANE (ROX)

NeMETHYL FTHYLFNEDTNITRAMINE
TRIFLUONROETHYL TRINITROFYHYL NITRAPINE
TRYNYTROETHYL CYANOMETHYL NYTRAMINE
BIS(FLUDPONTNITROF THYL I NTITRANINE
DISITRINITROEYHYL) NITRAMINE (BTNEN)

N=METHYL~N~NITRO=(TRINTTROFTHYL) CAREANATE
NoNP=NINFTHYL=N, NP=ODINITRN=-OXANTDE
NeNITRO~N<(TRINTIROETHYL ) GLYCINEANTIDE
TRINITROETHYL NITRATOETHYL NITRAMINE
NeNITRO=N= L YRENTTROE YHYL ) EYHANESULFONANTOE

193,%)7-TETRANT YRAZACYCL OOCYANE (FNY)
ReNTYROZA=1 ,S«PENTANEDINITRANINE
Np353¢9,5-PENTANITROPIPERIOINE
TRINTTROETHYL TRINYITROPROPYL NYTRAMINE
TRINYTROETHYL N<-ETHYL=-N-NITROCARBAMAYVE

19ls1=TRINITRO=E~NEITRATO=-3=NITRAZANE XANC
(29 2-NINITROPROPYL) NITRAVOETHYL NITRANING
YRINTTROFYHYL 2-METHOXYETHYL NITRAMINE
1919 1=YRINITRO=3,6~DINTTRAZAHEPT ANE
YpheDINITRO~2,6=DINITYRAZAHEPTANE

33 3~OINITRO~1,%~PENTANE DINITRANINE
199=DINTTRATO=240y 6y A=-TETRANTTRAZANCNANE
1=NITRN=2,5«BISITRINITRONETHYL) PYROLL IDTINE
TRINTTROFTHYL N= (TRINIVROFTHYLINITRAFINOACETATE
TRINITROETHYL N=NITRO~N-(TRINITROPROPYL) CARRAMATE

YRINTYROFTHYL 4-NITRAZAPFNYANOAYE
TRINITPOPROPYL (2,2~0INTTROPPOPYL) WITRAMINE
TRYNITROETHYL 2,$<~DINITRAZAHF XANGATE
TRYNTTROETHYL (3, 3~DINTTROBUTYL) NITRAMINE
BIS(2,2~0INITROPROPYLINT TRANINE

Ly T=DINETHNXY=2, 4 6=-TRINIYRAZAHE PYANE
3sB6-NINTTRAZA=1y A=OCYANFNINT TRANINE

N=METHYL «Ny 2,4, 6-TETRANITROANILINE (TETRYL)
BISC(YRINITROEYHYL) 23h<NINITRAZAPENYANENIOATE
2y2~0INITROPROPYL $,5,5=TRINITRO=2~NITRAZAPENTANOATE

TRINTTROEYHYL 8 ,8«~DINITRO=?=NITRAZAHEXANOAYE
TRINTTROETHYL 5,5«-0INTTRO=-X=AITRAZANEXANOAYE
HeNTTRO=-N,NP~BYSITRINITROPROPYL ) URER

TRINTTROFYHYL Gpf=NINYTRO~2, 4~DINITRATANEPTANOATE
N« TRINT TROETHYL) «N~-NITRO-N= I TROBENZENE SULF ONANTDE

BISITRINITROETHYL)Y 3~NITRAZAPENTANECTIOATE

e T IR PR K S ot ik T
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TABLE 1. (continued)

CaMeN=0=Y 18 NOz ¢ NMVZ 0, Ap

AROIU1000 .95 1,50 17.1 1,893 006 BIS((TRINITROPROPYL) N,NP<NYNITROCXANIDE
ROA1I22208 1¢10 1abb 17.6 1,710 o143 BISC(TAINITROETHYL) 2,4, 6-TRINITRAZAHEPTANENTOATE
ALP085280 1,87 1,30 1.2 1,610 o008 2,2=NINITROPROPYL &,%=NINITRC=2-NITRAZAHFXANOATE
SIA06 1006 1,90 Lo41 15,9 1,707 478 BIS(2,2-0INITROBUTYL)NTTRANINE

- ‘ ARGONIARE 1495 1.0% 16,1 1,690 o115 NyHP-DINTTRO=-N) NP=ATIS{3=-NITRATABUTYL) OXAMIDE
i : RILONI2O0 185 1.09% 16,8 1,510 o002 24299,9-TEYRANTTRO=4 o 7=OINTTRAZADECANE
A ALAIRIGE0 1.57 90 17.5 1.8%58 L2938 PYS(4=ANINO=2,P=DINITROBUTYLINITRANINE DINIVTRATE (SALY)
3 i Q0O0A1 200 1026 $,T8 15,8 1,760 027 293y S-TRISIMETHYLNITRAMINO) =29k, 6« TRINIYROOE NZENE

: QLPLBIHN0 fo28 1046 16,9 L.A00 849 NyNP-DTNITRO NFTHYLENE BIS(h obyh=TRINITROBUTYRANIDE)

QUOIL2200 (o8 1,50 17.5 LuASD (637 BIS(5,%,5-TRINITRO=3~NITVRAZAPENTANCYLINFTHYLENEDINITRANINE
PPILLANE 1.36 1,39 17,1 £.755 =, 008 METHYLENE BIS(S,3,5=TRINITRO=3I=-NTTRAZAPPNTANQANINGE)
MM2122000 1.06 1,85 17,3 1611 <050 198,146,69118,11911<«0CTANTITRO-3,9~0INTITRAZAUNOFCANE
AU24772000 1,00 2,86 17,3 2810 o049 1,8,1,8,0,28,11,11~0CTANITRO~4,8~0TNITRAZAUNDECANE
1012001009 1,05 3,32 16,35 1,630 ~,§62 OIS(TRINITROETHYL) G~NITRAZAHEPYANEDIOATE

1012202000 1.0% 1,05 18,9 1,730 ~,008 BIS(TRINITROFYHYL) 3,6-0INTTRAZAOCTANEDYOATE

LR12422200 $476 1,30 17.2 1,778 =0 006 BIS(TRINITROETHYL) 245y A=TRINITRAZANONANEDIOATE
1006081400 1.57 1.PR 15,0 £,830 o020 N NP=DINITRN=N,NP-BIX(3,3~-NINITROBUTYYL)OXAMIOE

1006001608 1496 1,89 (5.5 1,669 (053 8,4y, A-YETRANTITRO=1, 11=DINTTRAYO=E~NTTRAZAUNDECANF
1016342000 $.28 1,53 17.3 1720 o001 $y1ytyihyi0y26=HEXANITRO-3,6 ¢49,12=TETRANITRAZATETRACECANE

o

112122500 1431 1a80 1741 1.746 =027 2,7=NYNITROPROPANEDTOL BYS(5,%,5~TRINITRO=2-NITRAZAPENTANOATE)
LU0 2422400 1009 144 171 14763 wof18 BIS(TRINITROETHYL) 5,8~0YNTTRO«2,8~CINTTRAZANCNANE DI OATE
L11A101600 184 1,06 18,0 1,708 o107 242,775 12, 12«HEXANTTRO~4,10~DINTTRAZATRIDECANE

T1UAS0I600 157 1,46 1840 2.676 o075 2,9,7,7,12,32-HEXANYTRO=5,9-DINTTRAZATRIDECANE

L2R2002000 1.20 1,30 16.2 1,680 «o029 1,4~018(55,;5~TRINITRO=2~NITRAZAPENTANOATE) = 2-0UTYNE

1706102000 2,10 41.29 16.5 1.770 0061 BIS(TRINITROFTHYL) &,7-OTNIVRAZAOECANEOTOATE
121R 162400 1429 1,735 17,0 L.780 o04% OISIYRINITROETHYL) 2,%,8,11~TETRANIVYRAZADODECANEDIOA YE
i T2URIA2600 136 1,67 1723 2,760 o019 2,18,1,6,6,10,10015,15,15-NFCANITRO~3,8,13=YRINITRAZAPENT ADECANE
: TYIR102000 240 1,76 16,2 1,880 o027 2,2=NINITROPROPANEDIOL BIS(S,5~DINTTRO-2~NITRAZAHEX ANOATE)
ALALAI000 1,09 2.4% 17,1 Lo767 o002 BISITRINITROETHYL) 5,%5,9,9=TETRANITNQ=2,7,12-TRINITRAZATRIOECANEDIQATE

ISEAIAZP00 1,11 106 15.8 1,769 813 1,3, 5-TRISIL<0X0=5,%,5-TRINYTRO-3«NITRAZAPENTYL) ~S~TRIAZACYCLONEXANE

e}

*1.8. = ’0910 hso

L Noq# = MOLAR NUMBER OF NITRO GROUPS PER 100g OF EXPLOSIVE
o NM1/2 « SEE TEXT

Po = CRYSTAL DENSITY, g/cm3

: AP = DENSITY DIFFERENCE (OBSERVED-CALCULATED), SEE TEXT

oo g T
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CroH=NeO=X

LAY T 1)
ha2024900
[(1LE Y111
ser2048700
(80030403

ABLO30AN2
ra2060602
AR20h 4000
663030600
603030700

6A38XQ000
GRYO%0R00
h9h04 0600
BoM0SE601L
AO6050N00

A% 050600
ANSeseTo0
LI T LT
702040608
TeROSL 004

TaLOMATHY
708030400
7O%0N0600
reso3ere0
AeN061200

A0S 030600
AQY 05100t
aoros g o0t
906 n6 1400
LILT 3% [}

ansose120¢
q350%1 340
90% 070800
MeohInoe
406061200

anrostese
1004060000
10eros1200
12060612200
1206061400

1204008000
17a8878200
1706001200
13801100
1696001780

1A NE1 200

Y
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TABLE 2. LIST OF NITROAROMATIC COMPOUNDS*

1.8, Noz'

219
153
1o %4
1» 3%
192

1«00
L YRR ]
[ PR L)
1.00
S0 9%

16073
1a61
2.27%
236
t.86

Ta%1
00
1.5
1%
126

1. 62
2,02
2.20
.70
tleil

1.91
.27
1.91
1.88
.02

186
1. 6%
1.94
7.98
1.32

1o 4%
2,00
233
193
1,40

1.9%
'.“”
.92
1,73
1.30

1,89

1.6
127
t.29
1.30
Le2?

1.20
116
1.87
$oht
1«31

1.22
LMk
1.%2
1.1%
139

1.23
146
1,18
126
fenQ

147
t%2
1632
t1.2%
1.60

.28
.10
110
1.4%
115

1.3%
1.7A
feld
1.02
1.5

febS
1.38
f.20
te¥1
1.37

1.03
1.37
132
1.23
.22

1.39%

w2 p,

14,3
14,6
16.4
15,3
13.9

16ob
15,1
15 .9
13,9
1h.b

16,9
16,3
6. b
18.2
15.6

16,0
15.2
15.7
13.b
15.5

1.2
13,%
13.%
14,0
1% .5

12.0
138
13.8
15.5
1hab

15.0
15,2
14.2
13.3
15.2

1h 46
12,49
16,7
13,7
th,2

12,9
148
1he?
139
13.6

13.2

1.676¢
1.090
1.787
1.478
2.000

L6
1.920
te700
1.688
1.763

1.87%
1.870
1.762
1.940
1.800

L1e037
1965
1+940
1,710
1870

t.71¢0
1.610
1.6%4
1,690
1.A30

t.607
1.700
1.790
1.A00
1.780

12666

1.640
1.7%8
1.%04
1.700

1.650
l."u

‘1e600

te70C
t1e820

1« ARD
1.7TAD
1.790
1.760
1.770

1a700

Ap

=+ 065
~e128
«010
011
«0A7

006
o251
~el 35
.39
- 809

«016
o028
X 2L
114
026

<070
«159
«166
- 008
.ooq

o028
-.023
o021
«013
«023

=000
o7
«0583
~e013
«0%3

LY 114
~s139

«036
=eb%8
LI LE

' 25
« 067
s 096
«004
-s800

«069
«008
- 008
<030
.o 009

A=HFETHYL~3,5=DINTTYROYRIAZOLE
2,5=0INITROFURAN
he(2-NTTROAFTHYL) =3 ,5<-DINTTROYRIAZOLE
2;496=TRINITTROPYRIDINE=-N=OXTDF
19Y8<~TRIFLUOPO~ 2,k 6-TRINITROBENZENE

193-DIFLUORD=2y 4 y6~TRINITROBENZENE
29hy A-TRINITRO-Y,5-DIFLUOROANILTINE
PENTANTTROANTLYNE

193y R=TRINTTRODFNZENE

29ly G~TRINITROPHENOL

STYPHNIC ACID

293943 6-TETRANTYROANILINE

29y 6-~TRINITROANTIL INE

294y 6=TRINITRD= Y, S«NTAMINOFLUOROBENZENE
193Uy S~TETRANTYRO=2,6~0YANT NOBENZENE

193~0TANINO=~244,6~TRINITROBENZENE (0ATB)
3,5-NTANINO PYCRIC ACIN

193)S=TRIAMINO~2,4 ,6~TRINI/TROBENZENE (YATB)
2943 8-TRINTVYRONENZONITPILE

2549 6~TRINITROFLUORODINITROME THYLBENZENE

234y h=-TRINITROBENZALDOY TME
1=(DINITROMETHYL) ~3=NTTROBENZENE
2949 6~TRINIVROTOLUENE (TNT)
J-METHYL«2y by 6=TRINITROPHFNOL
TRINITROETHYL=294,6~TRINITROBENZENE

29by6=TRINITROSTYRENE
N=(TRYINITROE THYL ) =M= NITROBENZENE SULFONAMTDE
Ne {TRINITROETHYL) «P=NITROGFNZENESUL FONANIDE
TRINTTROFTHYL Z94,6=-TRINITROFENZOATE
FLUORONINITROETHYL 3,3-DINITFOBENZOATE

TRINYTROFTHYL ¥,8~NINITROBFNZOATE

TRINTYROFTHYL 3,8~DINITROSAL ICYLATE

b2y =0 INTTROBENZYL ) =3, 5~NDIKITRO~1,2,4=-TRIAZO0LE
Y= (P=NITROBFNZYL) =3, S=NINITRO~1,2,4-TRTAZOLE

1~ (TRINTTROPROPYL) «2 )b 6~ TRINITROBENZENE

1=(TRYNITROPROPYL) =2, 4~ OINTTFOBENZENE

$9bs% ) A=TETRANYTRONAPHTHALENE (TNN)
29?=NINITROPROPYL 2,4,6~TRYNITROBENZOAYE

2o2P by 4Py by BP-HEXANTTROBIFHFNYL
Y93IP=OIHYOROXY=2, 2Py kP, 6, 6P-HEXANTITROB IPHENYL

TACOY

BIR(Z,6,6=TRINTTROPHFNYL) ANINE

By IP=NIANINO=29 2Py kg 4P, 6 ,6P-HNEXANITROBIPHENYL (OLPAN)
Zy?P )R 4P R=PENTANTTROBPENIOPFENONE (PENCO)

2 KoNIPIGRYL=14 3, 4~0NADTAZOLE

Zp2P) b P by AP-HEXANTITROSTILBENE (HNS)
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TABLE 2. (continued)

CeMaiieO=x 15 NOz¢ MWYZ Do AP

AN OPIRAE 1,92 1,18 12,1 1,708 ~o 883  2,5-0DTPTCRYLYHIAZOLE
TRASOPIN0T 146 1,27 12,4 1740 <0000 2,5<NTPICRYL=3~NTITROTHIOPHFNE ;
IARRBRIAON 1,76 1,20 13e6 1,758 <002 2,b08,4P,2PP,4PP,6PP~HEPTANI TRO=ZP,6F=0TAZA=H=TERPHENYL

SOABOINIAND 476 1420 13ah 1790 oOAZ 2,650, 20 2PP 4PPGPP=HEP TANT TRO=4P jEP=0TAZA-H-TERPHENYL g
MRS E208 (.78 5419 11,7 1708 o007 2,3-0TPICRYLTNTOPHENE

IRRADGLI TR0 1,76 1,72 12,0 1720 =017 2,%=NTPICRYLFURAN £
TARSENEAED 1,58 .02 (0.7 171 ~ofl3 2,20, 2PP 4y 4Py kPP 6 BF, 6PP-NOHANTTRO=H=FERPHENYL (NONA?

SANGERIANE (NS 1,78 137 LoA00  LOUS  2,2PP, by bPy 4PP, 6y 6P, 6PP=OCTAM TRO=N=TERPHENYL 3

SANANNI60D 1,00 .36 182 2.720 ~o 038  DPo2P, 2PP )4, 4PP, 8P 6, GPP~OCTANT TRO=P=TERPHENYL

: TRNG0A1600 1,77 $,368 1322 1,760 o008  2,2P PP 0y 4PP; 6 8Py SPP~OCTANITRO=P=TERPHENYL

: ' SINRIPIACE 1,97 1,26 196 1,774 «, 628 TRIPINRYL~S~TRTAZENE

: PLARIRRANE Y B0 1,47 13.6 1,608 =o18? DODFLANTYROGUATERPHENYL (DONFCAY

POORINRZANE 1,00 $.B7 3.8 1,780 =007 A0 BIS(2,2P,4,4Py6,6P-HEXANITROBIAHENYL) (ABN)

*SEE FOOTNOTE TO TABLE 1

———
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TABLE 3. LIST OF NITROALIPHATIC COMPOUNDS* . -

R
]
f
8
5
2
¢
L
;
¥
¥
E3

GeM=N=D=X 18, NO, ¢ NMVZ Py AP

o g B s

PATANEORN 173 L. A2 17,0 1,672 ~o 407 144, 1-YRIHITROF THANE

L TGAREABY fo2h 130 17,7 1,797 =, 822 TRINTTROFTYHYL CARBAHATF

! VANNLBARE 1,52 1,72 17,7 1.79% L0201 1,11, 3-TEVRANTYROPROPANE

; TNGOMIROL §.10 1216 1%.7 1,740 =o026 N=—(TRIHITROLTHYL)MF YHANFSULFONANIDE
: BOMABINEL $.35 .47 1641 1,808 ~o8X5 BIS{TRINTTROETHYL) SULFITR

40%AT1360 A2 167 17.7 1,888 o019 NyN-RIS(TRINITROETHYLIHYDROX YLAMINE
SORONOTO0 1.60 1438 1R,A L1754 4075 TRINITROBUTYRAMYLE
5. . MROMOAOD $.55 .76 17,1 1.6A0 «o 038 MHETHVL N<(TRINTTROFTHYL) CARBANATE
: GORMOADL o780 1410 15,3 14710 <029 N=(TRINITROE THYL ) ETHANE SULFONANTOE
SOMUAINE0 1,20 1.%% 17,2 1000 o015 BISITRINITROETHYL) CARBONATF (BYNEC)

RALOALAOE 98 1,50 t7,.% 1,850 «,04> NyNP«ATS(TRINITROACETYL)NETHYLENEDTANINE
SORO714600 1,20 181 17,4 1,898 L0866  1939153,5,5,5*HFPTANITROPENTANE
. BOROBIANE 1423 1,08 17,% 1,720 ~,087 BISITRINITPOEYHOXYIMETHANF ]
H NONONOTO0 2405 $.27 1647 1465 =o120 N-(2-PROPYL) TRINITROACEYAMTOE !
. GINO6I280 L A% (.70 15,6 1,736 «o013  15191,056,6~HEXANYTRO=Y=HEXYME

it e T e s B e T It

ARLOEE600 1,40 1.6k 17.0 1.030 =021 BISITRINITROEVHYL) OXALATE .
AARSLP01 $.78 £.39 16,9 1,758 «.02% FLUORNNINITROEYHYL TRINITROBUTYRATE

66051201 1424 21.30 16,9 1,726 ~4030 TYRINTYROFTHYL FLUOPNOTINYTROBUTYRATE

BOAEAL200 $.23 1,89 16.8 L.776 o029 2419196966« HEXANTITRO=3=HEXFNE

ARROB1400 1426 £.5% 1741 14783 L0803 VYRINITROETHYL b,4,4-TRINTITROBUTANGATE (TNETSB)

ROROATHE0 o1 1065 17,2 1,750 «.87% BIS(TRINITROETHYL) OXAMIDE
: BARNG2201 $o1M 1,57 16,6 1,736 =000 TYRIS(TPINITROETHYL!PHOSPHATE
i ANTASI300 $e28 100 17.0 14620 ~o114 TRINTTROFTHYL 2,2~UINITROPPOPYL CARBONAYE
. BOTOPAN00 976 1.56 17,1 L1.7854 «,012 N-(TRINITONETHYL J=byhyh=TRINITROBUTYRANTOE
i 687091400 130 1,40 17,4 1840 <016 1,5-BYS(TRINITROEYHYL)BIURFT

ROADAIE01 21,26 1,43 15,0 1,781 <020 BIS{TRINTTROPROPYL) SULFONF
RLD04OT08 o0k 1.20 15,6 L.442 ~ 077 Ne(V<BUTYL) TRINITROACETANINF

! TATON2100 A3 1.6Y 17,4 1,000 =, 051 TRIS(TRINIYROEYHYL) ORTHOFORMATE

1 TAROREIN00 9.5 1.55 6.6 1,707 005 29898477y 7~HEXPHTTRO=4~HEPTANONE

TOROAINO0D §o26 1,63 16,9 L.813 024 N=(TRINTYROFTHYL)=3,3,5,5-TEYRANITROPIPFRIDYNE

b T o i

L B

b

# TANORIEND J.43 1,30 17,2 1.696 ~,097 METHYLENE BIS(TRINITROETHYL CARBAHATE)

: 7090512008 2,18 1.41 16,4 1,680 o026 2,”2-0TNIYROPROPYL TRINITROBUTYWATE

: TOAMSL200 .85 1.61 16,4 1.600 =.05¢ TYRINTVROETHYL &)h=-DINITROVALERATE
PIOOALI00 1,37 1.4%5 16,9 2,718 006 BISITRINITRCPROPYL)UPEA i

? TLOOAL300 1,78 3.4% 16,9 1,968 ~.151 BIS(1,1, 1~TRINITRO-2-PROPYLIUREA i

SR ——

PREOR1A00 1415 1,30 16,5 1,722 «.04% RTIS{TRINTTROETHYL) FUNARAYE

ANTAG2700 L TR 1,5% 17,7 1.7A0 =404 TRINTTANETHYL RIS(TRINITROETHOXY) ACETATF
ANANLOABE 2,00 ,06 17,0 1.h40 =024 N-(TRINTTROFTHYL)AFN7FNF SULFONAMIDE
AUARRISON  1,6A 1,60 1A.% 1,720 .002 TPINTYROAUTYRIC ANHYDRINF

A 061600 1,54 1.3% tRFR 1,587 =,082 PISITRINIYROFTHYL) SUCCINATF

B Y

A

i
ALARTINON (A% (1,38 1R.6 1,697 =018 HyNP<ATSITRINITROPPOPYL) OXANTNF 3
AUNBPIUBD  ,UH §.5A 1Reh 1,707 =030 N-(TRINITROPPOPYL) =%, 7,5 ,5-YETRANITROPTFFRTAINE 3
ACINSIPAN 3,00 1,37 1R,1 1.6A0 o078 2,2=NINTTROAUTYL G ,4,4~TRINTYPOBUTANOATF
ALIONE200 2,14 1.8 18,1 1,A8D LNGA  TRINTTROFTHYL &, W-NINITRONFYANOATF
INTON0N00 §.78 1,00 13.% 1,406 =030 TYRINITROFTHYL SALIRYLATFE

QRRL2ZN00 1,30 1,656 17,3 1,040 =035 TRINTTRPOFTHYL ORTHOCARRONATF (TNFOG)
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TABLE 3. (continuad)

ReM=N~0=K 5. NOz¢ NMY2 00 AP

NOAMRAPED  2.0% 1,00 138 L3507 « 087 TVRINITROETHYL PHENYL UREA

SLARANANE  T,11 (99 12.7 £.62% 020 N=(TRINTTYROE THVL ) ~P=TOL JENFSULFONANTNE
QU278 137 1026 (R.7 (oASE o177 PENTAFRYTHRTTOLTRINIYRATE TRINTTROSUTYRATE
NEPOALANE  2,0% 1,32 16,3 1,688 025 NEVHVLENE BIS{YRINTTROBUTYRANIDE}

! WERL21000 1o1% .56 17,1 1.901 .126 1939 S~TRISITRINYTROETHYL V=13, 3« TRIFIACYCLONE XANE
3 1409092200 1415 1,08 16,9 1.73% =, 026 BYSITRINITROFTHYL) 2-(YRTNTYROFTHYL) BUTANEDIOATE
1000122000 1,00 1.6 17,4 1.A30 =807 1,1,2,2=TETRAKTS(TPINLTROEYHOXY) EVHANE

1002061600 2.0A 1,27 16,1 1,630 =,812 ETHYLENE BISITRINITROBUTYRAYS) (NFNA)

109008158¢ 2400 .44 1642 16620 ~o802 NyN«BIS(2,2-DINTTROPROPYL) TRINITROBUTYRANTIOE

LTOLAUAIAE0  2.20 1419 16,0 1,579 =074  RUTAN=1,6-DT0L OIS(hahyb«TRINTTRO-2~AZABUTANOATE)

4 1016101600 1230 1,51 16,5 1.68Y «,009 193=BYS{TRINITROPROPYL) =%, 5« PINT TROHEXANYDRO =1, 3-DTAZTINE
- SN 1112002008 170 139 16,4 14604 ~,016 2,7~NYNTTROPNOPYLENEGLYCOL RIS{TRINTYROBUTYRATE)

5 L11LP0A2000 1oA3 1,89 1Ah 1740 040 BYSITRINITROETHYL) &,4=DINTVSOHEPTANEDINATE

& 1700061600 tobh 1,22 1540 1639 =, 097 BIS(TRINITROETNYL) PHTHALATE

v 1202061560 191 1,21 15,3 1,690 L097 BUTYNFNTOL BIS(YRINTTROBUTYRATE)

b 1298420800 2,30 .06 16,4 1.6%7 -, 807 153)3«TRISITRINYYROPROPYL) =1 ,3,5+YRIAZACYCLOMEXANE
K 1V11092100 120 1.4% 1,9 1,620 =,126  TRISITRINTTROFTHYL) ORTHOBFNTOATE

: I1SLRI22000 151 100 (RS {,7%0 L0832 PIS{TRINYTROETHYL) %9bp6y6y8,8-HEXANTTROUNNDECANEDIOATE

*SEE FOOTNOTE TO TABLE 1
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Following Kamlet's arguments 2,3, impact sensitivities are plotted as
1log19{50% height). Crystal densities were determined by flotation or x-ray
diffraction. N and M were calculated according to Knmlets, using the COj
arbitrary as the basis for determining the detonation stoichiometry, except that
HF was added an the first product in C, H, N, O, F compounds, and that N as used
herein represents the number of moles of gas per 100g of explosive.

COMPUTATIONAL TECHNIQUES

All calculations, data handling and plotting for this study were performed
with the CDC 6500 at the Naval Surface Weapons Center, White Oak, using an
expanded version of the code, DENSTY, used to develop our method of "normal"
density estimation8. This code produces and uees a dats base consiating of
packed, variable length compound records containing the number of words in the
record, a reference number, sort code, the density, melting point, impact
sensitivity (stored as logjg 50% height), class designation, molecular
contents (atom types and number of nitro groups), and text (name of the
compound). For this study, the class designations used were nitramines,
aromatics and aliphatics. Between runs, the data base was stored on magnetic
tape as a file containing 1000 word physical records.

As this data base file ie read by DENSTY, the calculated 'nmormal" density,
number of nitro groups per 100g (NO,#), moles of detonation gas per 100g (N),
and NM1/2 where M is the average molecular weight of product gases are
calculated for each compound and stored in the computer memory along with the
data from the file. The density is calculated as previously described8.

The PLOTR subroutine of the DENSTY code can be called to plot (using the
line printer) any two of these quantities stored in the computer core (Fig.
1-18). In these plots a letter denotes a single data point; a O indicates
multiple points. 1In like manner, subroutine TRENDR can be called to calculate a
two parameter, slope-intercept least-squares line between any two quantities.
Weighting schemes can be applied to the data for determination of these line
parameters; and the lines can be included in subsequent plots as shown in Fig.
1-18. TRENDR also calculates two types of correlation coefficients between the
unweighted data as given in Table 4. The "least~squares' correlation
coefficient is calculated with the following formula:

nIX;Y; - ZX; ZY§
_r[ 2 2 2 2
nZX; -~ (2X;) nZy; - (2¥;)

Z5ee Reference 2 on page 2.

LSCC =

35ee Reference 3 on page 2 .
55ee Reference 5 on page 2 .

8cichra, D. A., Holden, J. R., and Dickinson, C., NSWC TR 79-273, Feb 1980.
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where n is the number of compounds and X; and Y; are the values of the
designated quantities for (compound) i. Possible values of LSCC range from
+1.000 for a perfect direct linear correlation down to -1.000 for a perfect
inverse linear correlation. A value of 0.000 means no correlation ~ perfectly
random values.

The “"rank difference" correlation coefficient does not depend upon a linear
relationship, but measures the extent to which one quantity increases or
decreases as the pecond specified quantity increases. It is given by the
following formula:

6 Z(R; - 8;)2

RDCC = | =
n (n2 - 1)

where n is the number of compounds and R; and S; are sorted list locations

of the two designated quantities for compound i - that is, 1 for the largest
value down to n for the smallest value of the quantity. Values of RDCC range
from +1.000 if the sort orders of the two quantities are identical down to
-1,000 if the sort orders are exactly reversed - the compound with the largest
value of the first quantity has the smallest value of the second quantity, etc..

Another subroutine of the expanded DENSTY code, LSTSQR, can be called to
perform a multiparameter least-squares fit to an equation of the following type:

Y = C1X1 + C2x2 + C3X3 * csassescntcssnsasn

where Y, X}, Xp.... are measured or calculated quanitities stored in the
computer core associated with each compound of the data base. One of the X
quantities can be specified as unity so that the relation is of the following

type:
Y= Cl + CzXZ + )3X3 * cresvreservsscnne

This option was used to determine the coefficients of the multiparameter
equations relating logjphsp to NOo#, NML/2 and Po given later in this

report (p.13,14,15). A calculated value of Y (in this case, logjghsq)
determined with the derived values of Cy, Cj, etc. is stored in the computer
core for each compound. These calculated values of logjipghsg were then
compared to the measured values by subroutine TRENDR to determine the
correlation coefficients given for each relationship.
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RESULTS AND DISCUSSION

The first correlations investigated were between impact sensitivity (as
log)g hsg) and N, the number of moles of detonation gas per 100g of
explosive as calculated by the COy arbitrary. These plots showed very low
least squares correlation coefficients (0.26 for the nitramines, 0.05 for the
nitroaromatics, and 0.19 for the nitroaliphatic compounds), indicating complete
lack of correletion between these two parameters. It was tempting to conclude
from this observation that optimization of N might be a mechanism for increasing
performance but not sensitivity, until it was realized that N is not an
independent variable because in a system restricted to C, H, N, 0, F it is
coupled to M via the COp arbitrary.

Kamlet has shown that, for C, H, N, O, F compounds, detonation pressure,
detonation velocity, cylinder wall energies and velocities, and a number of
other explosive effects® are a function of the parameter & which is defined by
the expression # = NMl 2Q1 2, This appears to be the only instance where a
direct and quantitative relationship has been established between the amount and
character of the detonation gas and explosive performance. Therefore, the
quantity, NM1/2, appeared to be the most reasonable function with which to
study the relationships between detonation gas and other explosive phenomena.
Our next series of plots were, therefore, of impact sensitivity vs. nMl/2,
These plots are shown in Fig. 1-3. 1In interpreting these and the other impact
sensitivity plots, the statement made about the consistancy of the data should
be noted. Second, since impact sensitivity depends on many other parameters,
only broad trends can reasonably be expected in single parameter correlations
unless this parameter is dominant. The initial objective here was not to obtain
an optimized multiparameter description of impact sensitivity but rather to
discern effects of single molecular properties on it. Thirdly, since impact
sensitivity is a strong function of oxygen balance, it was important to
determine the relationship, if any, between NM1/2 and oxygen balance. For the
sake of convenience, we have used the molar number of nitro groups per 100g of
explosive (NOZ#)* as an approximate measure of oxygen balance, and the
dependence of impact sensitivity on this parameter for the three classes of

45ee Reference 4 on page 2 .

# of Nitro groups per molecule x 100
T molecd I'aE r"‘P'we 1ERE

*NOy# =
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nitro compounds studied here is shown in Figures 4-6. It is seen that the
relatxonlhxp is qualtatively identical to that found by Kamlet for impact
sensitivity and vxygen balance: in each case, the log, .h.. decreases

linearly with increasing NOs#, with almost identical léssi squares correlation
coefficients (Table 4). The plots of NM!/2 vs, NO,# a1 shown in

Figures 7-9.

Comf7rxoon of Fzgurea 1-3 with Figures 7-9 shows a parallel between the
1.8./NM and NM1/ 2 /N0y # plots: if there is a trend in the NML/2 v,

NOo# plot, there is also one in the I.S. vs. NML/2 plot. This is clearly

the case for the nitroaliphatics; a lesser trend is noted in both plots for the
nitramines, and no trend is apparent in either plot for the aromatic compounds.
This visually detectable parallel is also apparent in the least squares
correlation coefficients (Table 4), which increase in the order,

aromatics < nitramines « nitroaliphatics for both series of plots. We interpret
these two sets of plots and the correspondence in correlation coefficients to
mean that proportionality between 1.5, and NM}/2 is observed only when NM}/2

is a function of NOj#, and that this groportionality is basically one between
I.S. and NOj#. In other words, if NM}/2 could be varied with no change of

NOg#, there would be no effect on impact sensitivity. Whether this finding

has utility in the design of new IHPE molecules has not yet been ascertained.

The above conclusion is substantiated by the results of sxmultaneous
2-parameter least squares fits of impact sensitivity to NOy# and nM1/2 for
the three classes of compounds. The equations and coefficients are as follows:

Nitramines

logiphsg ™ 4.512 ~ 1.224(NOp#) - 0.085(NM1/2)
correlation coefficient 0.67
Aromatics
logiohsg = 3.764 ~ 1.739(NOg#) + 0.021(NM1/2)
correlation coefficient 0.62
Aliphatics
log1phso * 4.636 ~ 0.809(NOg#) - 0.123(NML/2)

correlation coefficient 0.68

Note that the correlation coefficients are not significantly higher than those
listed in Table 4 for the plots of I.S. against NOs# alone (0.65, 0.62, and
0.65). Therefore, treating NMM1/2 as an additional Yindependent" variable does
not affect the observed relationship between I.S. and NOz#.
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The next sets of plots shown in Figures 10~12 and 13-15 are the
corresponding correlations of impact seysicivity with Py, and of A, with
NOg#. Again, as in the case of the NMMl1/2 plots, there is a parallel between
the two series; i.e. significant correlation for the nitramines and
nitroaliphatics but no correlation for the nitroaromatics. Again, this visual .
analysis is confirmed by the least gquares correlation coefficiencs (Table 4).
Using an analogous interpretation, one concludes that impact sensitivity is only
a function of P, to the extent that P, is dependent on the NO; content of .
the molecule. However, the results from 2~parameter least gsquares fits of
impact sensitivity to NOo# and A, are not as clear in their implications:

Nitramines
logi1ghsp = 5.855 = 0.916(NOg#) - 1.853(p,)
correlation coefficient 0.79
Aromatics
logighsg = 4.403 - 1.704(NOa#) - 0.222(p,)
correlation coefficient 0.62
Aliphatics
logjghso = 5.480 - 0.861(NOx#) - 1.624(p,)
correlation coefficient 0.74

Adding P, as a second "independent" variable has no effect on the correlation
coefficient between I.S. and NOy# for the aromatic compounds. However, this

action increases the correlation coefficient for the nitramines from 0.65 to
"0.79 and nitroaliphatics from 0.65 to 0.74.

Whether this increase is significant is not clear, but greater caution is
re?uired in the interpretation of the 1.S. vs P, plots than for the I.S. vs
NML/2 correlations. Certainly, among the aromatic compounds, no sensitivity
penalty is to be expected when performance is maximized by choosing the densest
compound at any selected nitro group content. For the other classes of
compounds, Figures 10 and 12 indicate that I.S. is, at worst, a linear function
of Py,. When performance parameters are functions of a higher power of P,,
as is the case in metal acceleration, high density compounds will permit
favorable performance sensitivity trade~offs in these classes as well.

Holden8 has recently developed an empirical method for the calculation of
crystal densities of nitro compounds from chemical composition and bonding
environments of the constituent atoms. This method, because it rests on a large

8§§e Reference 8 on page 7 .
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data base, permits a meaningful identification of compounds with "exceptional
‘nsities", i.e., densities that are larger or smaller than the norm for a given

.amical composition and molecular 'structure. It was of interest in the present
<ontext to examine the relationship between impact sensitivity and Ap, the
difference between observed and calculated density. These plots are shown in
Figures 16-18. Both visual analyais and least squares correlation coefficients
(Table 4) indicate little correlation and an inverse relationship, if any
(tendency toward decreased 1.S. with increasing Ap). This observation is
substantiated by the following 3-parameter least squares fits of I.S. to NO#,
NML/2 gnd Ap

Nitramines
logjohsp = 4.409 - 1.181(NOo#) - 0.083(NML/2) + 0.713(Ap )
correlation coefficient 0.68
Aromatics
logiohso ™ 3.655 ~ 1.639(NOg#) + 0.019(NML/2) + 0.560(Ap )
correlation coefficient 0.63
Aliphatics
logyghsg = 4.602 = 0.849(NOg#) - 0.116(NML/2) + 0.7411(4p )
correlation coefficient 0.69

As can be seen, the correlation coefficients are only insignificantly higher
than those for the I1.S. fits to NO# and NM/2 (0.67, 0.62 and 0.68).

These results indicate that Ap does not have a gignificant effect on impact
sensitivity. The positive values of the Ap coefficients in the least squares
equations above suggest that if Ap has any effect, it is that positive values
tend to lower the sensitivity (produce larger values of logjghsp).

Therefore, explosive performance can be increased with no sensitivity penalty by
choosing compounds with exceptionally high densities for their molecular
composition; that is compounds with large, positive values of Ap.

A curious feature of the correlations carried out here is the similarity in
the variation of the correlation coefficients for the I.S. vs NML/2 and the
1.8. vs P, plots among the three classes, i.e., significant correlations for
the nitramines and nitroaliphatics, but no correlaticn for the nitroaromatics in
both series. Whether this is coincidence or a pecularity of the set of
compounds used in this work is not clear at this point.

It is of interest to examine the structures of those compounds which show
the largest positive deviation from the regression lines in the I.S./P, and
the I.S./NMl 2 plots, and are thus the least sensitive for a given NM1?2 or
Po+ These compounds are listed in Tables 5, 6, and 7. In the aromatic
series, because of lack of correlations, these compounds are those with the
lowest impact sensitivities, and are the same for both plots. However, it is

15
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noted that even for the nitramines and the nitroaliphatic compounds the same
exceptional structures are oftean present in both the NM}/2 gnd Po plots. In
these cases & likely reason is the dependence of both NML/2 and o, on

NOo#, and indeed many of these compounds are also exceptional in the

1.S./NOy# plots. Beyond this, the structures in the three series of co7gounda
appear to have little else in common. The structures common to the NM1/Z and
Po plots should represent potential IHPE's and are worthy of further

investigation.

16
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SUMMARY AND CONCLUSIONS

Significant positive trends have been observed for correlations of impact

sensitivity (I.5.) with NOy#, p,, NML/2, and of NOz# with P, and
NML/2Z for series of polynitroaliphatic compounds and nitramines. The trends
in I.S. with NM1/2 and Po appear to be caused by the dependence of all three
parameters on the NO2#. Ap, an increment of exceptional denmsity, is found to

be independent of I.S., or may decrease it slightly.

By contraat, in a series of polynitroaromatic compounds, the only
correlations exhibiting significant trends are between I.S. and NOg#.

The trends observed are in general quite broad. This is believed to be due,
in part, to variations in the conditions under which the impact sensitivities
were determined. Despite this shortcoming inherent to the data set, a number of
tentative conclusions relevant to the design of IHPE's are drawn from the
correlations carried out herein, and are offered for consideration:

1. The overriding factor determining both performance in metal acceleration
and impact sensitivity is the NO#, or more generally the oxygen balance of

the compound.

2. To the extent that NML/2 and/or Po can be increased independent of

NO#, favorable performance/sensitivity ratios should be pcssible. This
appears most feasible for polynitroaromatic compounds because of a general

absence of significant correlations between p,, NM 2, and NOy#.

o

Other possibilities for increasing performance without paying a penalty
in I.8. are compounds with exceptionallg high crystal densities, compounds with
exceptionally high products I.S. x NML/Z and 1.S. x Po, and possibly

compounds with high NM1/2 for a given NOo# (the existence of the latter type

of compounds has not been ascertained).

3.

17
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FUTURE PLANS

The remaining important molecular property which undoubtedly affects both
I.S. and performance, and which has not been considered here, is the energy of
detonation (Q). 1In future efforts correlations involving this quantity and I.S.
will be attempted.

oS E OS e e Se,
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L ]
TABLE 4. LEAST SQUARES CORRELATION CORFFICIENTS AND RANK

DIFFERENCE COEFFICIENTS FOR ONE-PARAMETER CORRELATIONS -
) Plot LS./ L&/ MMV 1 ey 1.8./
Class NOg # Nt/ NOg# Po NOo# Ap
Nitramines «0.65 -0.41 0.40 -0.68 0.44 0.24
""0061 "0'52 00“8 "'O- 71 0044 Gelq
Nitroaromatics -0.62 -0.11 0.28 ~-0.01 0.08 0.31
-0.55 ~0.14 0.21 -0.04 0.04 0.25
Nittoaliph.tica "0.65 "0-63 0081 "0064 0056 0;09
"0063 "'0064 0.68 "'0.65 Oc57 0015

e
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TABLE 5. EXCEPTIONAL COMPOUNDS = NITRAMINESW
Compds from Fig. 1 | loghgp | Compds from Fig. 10 loghsg| Compds from Fig. 4
(1.8./8M1/2) xNm1/2 (1.8./pg) X Po (1.8./NOg#)
CX CH E—gocu CH 36.0 3.86 CH CX CH 5—(:3
3 2 21 2 X 3 2 2 2
CX_CH N~-GOCH CH_ O CH_CX CH N-CH
X
CH OCH NCH 36.8 CH CH CX CH 3.24 SAME
3 2 N 372 2 N
N~-X N-X
CH OCH NcH” CH CH ¢X CH”
3 2;‘ 2 3 2 2 2
X9
CH CX CH CH N~C 35.5 SAME 3.55 SAME
3 2 2 2 ?
GH2
¢X2
§H2
CH CX CH CH N-go
3 2 2 2§
X
CX CH ogcu CH N 34.6 SAME 3.61 SAME
3 2 22
¢Ha
R
CX CH_OGCH CH N
32822
X X
CH NCH CH N-C=0 3.31 0 NOCH CH CH CX CH
3 2 2 2 2 2 2 2 N
N-X
CH NCH CH N-C=0 0 NOCH CH CH CX CH””
3,'( 2 2} 2 2 2 2 2 2
cag—x-cu;cui-gﬂ 34.6 SAME 3.12 SAME

*X = NOg

"SAME" meaus the nearest structure to the left
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TABLE 6. EXCEPTIONAL COMPOUNDS - NITROAROMATICS*

loghsgo loghsp v E
Structure x Nul/2 Xpo ,“
TATS 3s.1 4.86
DATB 37.2 4.60
Fluoro ~ DATB 35.8 4.57
N N 35.6 3.67
x'L D:J\x
CH3
Nt
X X 35.2 4.47
F F
X
"2,2-Dinitropropyl 34.2 - ]
trinitrobenzoate ‘
Neem N
" -LO)—X 33.4 3.97 |
g g
| O |
Picramide 32.4 3.96 !
Trinitro~m-cresol 32.0 3.85 i
% Diamino picric Acid - 4.09 ' . ?
Ny . {
*X = NO, E
4
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TABLE 7. EXCEPTIONAL COMPOUNDS - NITROALIPHATICS*

Compds from Fig. 3 loghsy Compde from Fig. 12 loghsy Compds from Fig. 6

(I.S./NMJ‘/Z) xNHl/z (IoSn/po) XPy (IOSO/NOZ*)
CX CH NH80~CH CH 36.1 OCH,, CX 3.77 -
3 2 2| 2 HO 23
CX CH NHCO~CH CH
3 20 2 2
0
; 2,2~Dinitropropyl 35.8 SAME 3.66 SAME
] 4,4 ,4~trinitro-
‘ butyrate
Trinitroethyl 34.4 SAME 3.55 SAME
4,4~dinitrohexa-
noate
CX CH CH 80*0“ 33.5 SAME 3.39 e
3 2 2 l 2

CX CH CH ?0~CH
3 2 2% 2

CXBCHZCHzg—NH 33.4 SAME 3.46 SAME

CH
CX CH CH ﬁ-Nﬁ’ 2
3 2 20

cX 8—NH'C H 33.2 - - —
3 37

2,2-Dinitrobutyl 32.2 - - SAME
4,4 ,4-trinitro-
butyrate

. - Bis (2,2-Dinitro~ 32.4 - - SAME
" propyl)
; 4,4,4~trinitro -
butyramide

*X = RO

"SAME" means the nearest struture to the left.
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