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SENSITIVITY RIHAT1ONSIIIPS lN F34FNGKT1C IIATI;XIAI.!

Pu. B. Storm, J. R. Stirie, illl(lJ. F. Kr;lm(tr
LOS Alnmos N~Lional l.ilb~ril(ory
1.OSAlnmos, NM 87545
USA

In searching for ncw explosives OIM’ is most col~r( TN*(Iwi[l~
pl’rformance (detonation velocity nnd pressut(l), Lll(’l-lllili l)l(ll)()~t i(’s,illltl
sells~tivity. hhcthcr a new candidtttc cxplosiv(t is Ul[imiit.[!lywidely
‘Jscclmay WC1l he clctcrmincd by other factors, SUCl] ilS C()!it , [oxici(:y,
mcltin~ point, CLC. , hut Lhe initial rescarcl~ (Il”l(lr[i:;[:{li(lcllI)ytill’

trinity of pt!rformanccl thcrmnl stabili[y, :II~ds(lllsitivity. Ttli:;
presents n difficult Multifactornl problem illil$:;(!ssill~;L]](!v~lrious
molecular propcrtios that contribute to each of Lhcsc prl.llcipnl
selection critcrln. For lnstancc, dctonnL-ion v(’locit.y1s ilff(’Ct(’Clhy
dcnsir.y, clcmcntnl composition, and llCmlL01” 1OrllliltiO1l.‘rlll?scf,ncLr)l”s
must tlC!v.nricd ~op,c~hcr in SUCh ~ Wilyil~ito mil!limizi!tllocomhinc(l
cl”fcct on pcrformnlmc.



Urizar ct al . have co;lsidcred the rcl:lLion% ljl~(.w(,til~fo~lrshock
sensitivity tests [5] used ac Ims Alunms llI:It illili:l[t’n dt”(olmtioll.
These are the minimum priminp, charf,~!, wr[l~;u.I;11~;(’Sl!il I (’ fi~~) illl(l sml 1

SCCLIP gap tests . The tests reported ill11(’f. ‘JWtII-iIr:irril)dout 011

twenty one different materials rnadcup undrr diifl”l”L’11[(’oll(li(iOl]sfllld

in various composi tions from seven pur~!cxpl0s iV(!S. I’ht!yColl(!1ld!

“that the correlation is generally good, IW1 tllil[ except.ions nr(!

Ilumcrous enough that no onc tcsL can br usL*dwitIi(“ol~fidcmc IIS,1
measure of the detonation scnsi L’iviLy of :In(’xplo!;ivo over a lmiiIl~\(’::1”
conditions of practical interest”. Of: thr six possihlo
cross-correlations among the four tcsLs Lhe Ill.JrL!st, surprfsin~~ly, wns
hc~wccn the small -sciilcand large-sc{tlr ~np [ests

By fnr the most commonly used m:~nsurr of”nn ox]lLosivc’s xcnsir.ivi~y

is ~hc drop-weight lmpnct bcsL, This is conv(’llicnl, Itilsy-to-rtlil, md

incxpcnsivc. An important (pIcstion is whl’t’hl!rIllis I~Ixt is ildicilLIv(~
of the explosive’s bchavlor under olhcr circ(lmstilwt’s,i,(’.,:1shock
stimulus. In n typical drop-weight impnct r..c~~th(mtim(q~ons[.~nt f“~r

rc:lctlon is iIIthe range of 200-250 ps nnd Lhr pressurr is l.mtwcrn
)-15 kbar. In a shock expcrimenr the timcs riil][;~from 0,05- 2.0 )Js
.IIM1the press ure.s range from 30-200 ktxlr. 1s thu mrchanisrr of
decomposition of the explosive nt.nll slmi l;lr~lll(lrrt.lu~srrn!l~rr
different condltlons?
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Figure 1. A plot of the drop-weight impact sensitivity (h,)o)vs 111P
NSWC smnll scale gap test shock sensitivity at 90% TMD for TNB, DIIJAM,
MATB, DATB, and TATB. Data from Table 1.

0
u)

r.

500 ~

450 -

400 -

350 -
●

300 -

250 -

200 “
●

●

150 -
100 -- ●

50 -

0
0 10 2(I 30 40 50 Go 70 00

P90



TABLE 1. The impil,.t:Ind .~hockscns itiviti(II;ot :1vdrirty of’common
explosives and rhuir mixt~lrrs.

Compound Compos irion ~~:y Pq )h P9~ Pgu
(k~~ii~)—-— -. .—— .—--— — ---

PETNC

Pentolitc

TNETBd

PDXe

HMxf

HNABg

Tetrylh

Octol

Oc tol

HNS-Ii

liNS-IIj

Comp B

TNEDVk

HNB1

TACOT -Zm

TNB1l

DIPA14°

TNTP

HATBCI

DATBr

TATBS

C5H8N4012

50/50, PETN, TNT

C6H6N6014

c3H~N606

C4H8NH08

c12}[4N8012

c7H5N50~

75/25, HMX, TNT

65/35, lIM.X,TNT

C14116N6”I?

c141{6N6012

60,’%0, R1)X, TNT

C7H9N5012

“L2}’4N6”12

c~2Ht*rI*o”

cf#3N306

C12116NI+)12

C/dbN30(,

c61htN/,ofi

c611,jN:)()(,

C6H6N60(,

].1,]

H.21

1).75

10.9)

10.81

l?.]]

lo.6f1

1.2.62

12.30

26.26

1!).0-!

10.1>

14.99

18.25

;Jl,.1,-J

]4,96

75,11

11.12

?/.91

ho,>()

to.“iii

10.76

:1.73

13.13

15,77

14.32

18.11

15.14

19.23

18.50

30,15

20.29

21.54

-----

-----

41.26

27,28

29,?1

25.65

35,33

‘)4,22

171,92

13.69

15.lU

17,48

20.35

17.49

22.48

19.42

25,98

26.02

32.90

24.7(J

27.76

-----

-....-

.....

37.25

33.04

33.35

/bl,o~

59.98

164.86



TABLE 1. (Continued)

1. ‘2,2’,4,4, -6,b’-Hcx:~niti”obiphenyi m. 1,’~,/,(J-’~(!Lr;ll:itrotlibc[lzo-
l, ]a,4,6a-tetraazapcn[ al~’rle. n. Trinitr(]b(’11:~(’[1{*.o. 3,3’-1Jiamino-
2,2’,L,4’, 6,6’ -l{exanirrohiphcnyl. p. 2,4,6 -’I’riniLrotolucne.
q. 2,-L,6,-Trinitroi-inilinc. r. 1,3-Diamino- 2,~~,6-LriniLrobenzene .
s. 1,3,5-Triamino-2,4 ,6-trinitrobenzene L. Kstimacecl from oxygen
balance of TNB, MATB, and DATB.

The correlation f-orthis series betwccrlo[llcshock sensitivity and
90% TMD and 95% TMD (P95 = 1.74P90-10.L~I, R’ -.0.9?) is good and
the correlatioi~ betwcc~~ f:heshock sensitivity aL 95% T’t4Dand 98% TMD

(p98 - 1.40P95-7. 79, - 0.99) is excellel~t.

If one takes all 21 explosives listed in Table 1 and plots
h ~ vs P90 the correlation is not as good (1~50= 7.23P90-50.@,
R~ - 0.87), as one might expect, Figure 2. ‘rhcrc are three main
outliers off of the principal regression line, HNS-1, TACOT, and TNT.
HNS-I is a special grade of hexar,itrostill.mncthat has a 0.2-2 p
particle size distribution. HNS-11, which I]as no particle size
specification, lies C1OSC to the regression line. IL is well accep~ed
that a small particle size can reduce shock sensitivity at high
density. TNT lies off of the regression in Lhe other direction, i.e.
it is somewhat more shock sensitive than its impact sensitivity would
suggest. TNT has an unusually low melting poinL and it has been
suggested that melting in the impact tcsc mdkes iL appear to be less
sensitive . TACOT, the third extreme outlicr i:;a zwit.terionic
heterocycle, has not been extensively chilr:~ctcri~ed,al~dmay be a true
structural anomaly.

If these three outlicrs are removed ~ho remainiv~ itlexplosives
Eive an excellent correlation (h50 - 7.83P9[)-54,2>1 R2 - 0.99),
and this is the suggesLcd regression for estimatin~, the sensitivity of
new materials. The shock scnsitiviry from 90 TMti L(J 95% TMD again

?correlates fairly w[!ll (1’95- 1.t5Pqo-3.0’_l,K - ().$/,)and the

correlation between ~b% TMD and 98%”TMD is [’xccllellt.(P98 -
1.33P95-l,a4, R2 - 0.’)9),



was pointed out that individual impact measurements have a large
scat:er, buL that when a largl,number [~fme:~surt:men~sare averaged

reasonably consisLcnL rcsulcs are obtained. The regressions reported

by Kamlet and Adolph [(),12] C’or[-hi!v,lrious classes are:

1) Nitroaromatic, log h50 = 1“7~-~”3;~~~loo
2) Nitroaromatic (nlpllaCi13), log h5[)- 1.33-0.26013100

3) Nitroaliphatic, log h50 = 1.74-0.?30BI00

4) Dinicrofluoro, log h50 - 2.14-0.300BI00

5) Nitramine, log h50 - 1.37-0.170B100

Because of r.hemulti-compnnent nature of the sensitivity-
performance problem in energetic materials it is highly desirable to
have a system in which C,H,N,O explosives can be organized. Because

the performance of an explosive is dependent only on relative
composition, Stine [26] has proposed a system based on the geometric

properties of a regular tetrahedron. The empirical formula for a

caHbNc~d compound can be normalized so that:

A+B+C+D-l, where A - a/n, B - b/n, C - c/n, D - d/n, n-a+b+c+d (Eq. 1).

This provides a convenient reference formula so differenL molecular

compositions can bc compared. A regular tetrahedron has the property

that the sum of the four distances from any interior point to each of
the four sides is a constant, which can arbitrarily be taken to be

unity. Hence, every normalized chemical formula is represented by a
unique point in a tetrahedron whose corners represent carbon, hydrugen,

nitrogen and oxygen,

If the tetrahedron is centered at the origin of a cartesian
coordinate system so that rhe four distances from any interior point to
each of the four sides SUM to unity, the coordinates on any intericr
point arc: X- j2(3D-l}C)/6; Y -i6(A-B)/~+; Z-C-l/4; where
A,B,C, and D are as given illEq. 1. Two oxygen balance planes can now
be defined; one containing the normalized points for CO, H20, and

N2 and the other conti~ining the points for C02, H20, and N2.

The two definitions of oxygen balance (billance to CO or C02) are then
the perpendicular distances from the point. to the respective piane.
Illustrations of this tctraherlral representation are given in ref. 26.

We have chosen iIs.an index of s[!nsiLivity the distance of a point
from the CO oxygen-balancu plane. This sensici.vity index is then
defined as S1 - 100(d-a-(b/2)-nCO)/’~(n}b+c td), where a,b,c,d are the

coefficients of C,ll,N,O, and nCO corresponds to the number of carbonyl
groups in t}]emoleclllc. This s(Ins”Iivi~y ind(!xtransforms to Kamlet’s

)dcfirlllion as OllK - [),HJS1-O.05, k- - ().99, Ior tile38 compounds in
rcf, 9,

111“I”nbles?-1’}wl’ tlilVt’ compil(!d [111’impn(:t.se[isftlvitics for the
compounds rrl)ortutlillRrls. H-1’). ‘I”I\rrompollll(lsilr~ f,rnuped together
I)ystrllcl[lr:.11tyl)(s.T;lI)III2 rt’~)ort:iIIitlo:lrom:ltlC explosives (40
(S(llnl)[)(l;l(l!;); ‘~;llll(,‘1,IliI1“{);110111:1(i~.l’xl)l(i:iiv(’:;wiltl ;Itlilll)ll,l(;-1!



linkage (17 compounds); Table 4, nitropyridinc explosives (6
compounds) ; Table 5, nitroimidazole explosives (10 compounds); Table 6,
nitropyrazole explosives (8 compounds); Table 7, nitrofurazan and
nitrooxadiazole explosives (7 compounds); Table 8, nicro-l, 2,4-triazolc
explosives (18 compounds); Table 9, nitro-l, 2,3-triazole explosives (16
compounds) ; Table 10, nitrcpyzimidine explosives (4 compounds); Table
11, nitroaliphatic explosives (7 compounds); Table 12, nitroaliphatic
explosives containing other functional groups (44 compounds); Table 13,
nitramine explosives (61 compounds); Table 14, nitrate ester explosives
(7 compounds); and ‘iable 15, miscellaneous nitroheterocyclic explosives
(13 compounds), providing impact sensitivity information on 258 pure
explosives. Since the methods discussed here depend on having a close
structural analogy, this wide variety of information is provided.

In Figure 3 the sensitivity index (S1) is plotted against the
impact sensitivity (log h50) for 40 nitroaromacic compounds from
Table 2. This is very much the same result as obtained by Kamlet [9],
The correlation for che original set of nitroa omatics reported by

5Kamlet and Adolph [9] of 0B1002VS log h ~ is R - 0.866; for the
icorrelation of S1 vs log h50 R is 0.83 , essentially the same.

The overall regression f r the 40 compounds in Table 2 i.s
log h5G 9- 1.72-0.19S1, R - 0.639.

If one considers groups of compounds that are structurally closely
related the relation between impact sensitivity (log h50) and S1 arc
excellent. In Figure 4 we plot log h50 vs S1 for TNB, MATB and DATB
(Table 2, Nos. 5,12,15). This series gives an excellent correlation.
If this is extrapolated to the S1 of TATB (Tables 2-18) an impact
sensitivity of 490 cm is predicted. This is the \alue used in Table 1
and in Figures 1 and 2. A similar value would be predicted from the

h50 Vs pgo plots in Figures 1 and 2.

Several of the families of compounds in Table 2 have excellent
correlations between log h50 and S1, i.e.

polynitroanilines (2-4,9,12), log h50 - 1.75-0.24S1, R2 - 0 997

polynitrobenzenes (2-1,3,5), log h50 - 1.70-0.13S1, R* - 0.938

p~lyaminopolynitrobcnzencs (2-1,2,5), log h50 - 0.58-0.84S1,
R - 0.998

polynitrophenol~ ~2-o,2R S1 Rj (~-~)~18,10,11,21,23,:)0,’Jl), log h50 -
, - 0.895.

The apparent- sent.(er of points in Fi~urc 3 is Lhcn the result of n
!;cries OF families of’crossitlg straight lines with ra~hcr different

slopes nnd intercepts. [F O1lCwishes Lo cstimn(-e the impact
scnsi.t[vity of a proposed exploslvc, ill’ld it 1s in nny W y related to
known compounds, ilS <:1Of;t!ly I-(tlill. (!(l a scrlcs ils l)ossIIIIc.should be
CI1OSC11for illtcrpol:l(it~l~or (Ixtr,-lllul:ltiorlto (11(1.nppropriilte S1 value.



TABLE 2. The drop-weight impact sensitivities of l~itro:tromatic

explosives.

.——
No.

—— .
Compound Formula Mol. “- SI h50 Ref.

Wt . (cm)

1

2

3

4

5

6

7

a

9

10

11

12

13

14

15

16

17

18

19

20

Hexanitrobenzene C6N6~12

Benzotrifuroxan c~N606

1,2,4,5-Tetranitrobenzene c6H2N408

2,3 4,5,6-Pencanitro-
aniline

C6H2N601O

1,3,5-Trinitrobenzene C6H3N306

Picric acid C6;f13N307

2,4,6- trinitroresorcinol C6H3N308

2 4,6-Trinitrophloro- C6H3N309
glucinol

2,3,4,6-tetranitroaniline c6H3N508

2,4-Dinitroresorcinol C6H4N206

4,6-Dinitroresorcinol

2,4,6-Trinitroaniline

2,4,6-Trinitro- 3-amino-
phenol

2,3 4,6-Tetranitro-
-i”anL lne

l,3-diamino-2 ,4,6-
trinitrobenzene

l-Hydroxy-3, 5-diamino-
2,4,6- trlnitrobenzene

Ammomium picrate

1,3,5-Triamino-2,L,6-
trinitrobenzene

2,i+,6.TrinitrO-
bcnzonitrile

2,h,6-TrinitrohcnztJic
;Icid

:~,t4,6-Trinitroanisole

C6H4N206

c6H4N40~

c6H4N407

C6H4N608

C6H5N506

C6H6N407

C6H6N606

c7H2N40fj

c7ti3N308

c7H5N307

3-Flf’\hclxy-2h,b- C7H(jN/*07
(rinlrroanitinc

l,”\-l)iincthoxy-7,4,6- CgHjN3~g
LI-illi~robcnzcil,!

348

252

258

318

213

229

245

261

273

200

200

228

244

288

243

259

246

258

238

25”1

243

?58

Ytl

/,y()

5.00

0.00

1.00

2,50

-1.67

-0.53

0.50

1.43

0.45

-2.22

-2.22

-2.00

-0.95

0.45

-2.27

-1.30

-1.7f+

-2.50

-2.11

-1.43

12 13

50 13

27 13

15 9

100 9

87 9

43 9

27 9

41 9

296 9

>32C 9

177 9

138 9

41 8

320 9

120 8

135 13

>329 8

lLO 9

109 9

-2.27 192 9

-2.50 >320 9

-2.69 251 9

1.21 2;1 9



TABLE 2. (Continued)

No. Compound Formula Mnl ST %0 Ref.
wt. (cm)

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

2’ 2’,2’-Trinitroethyl- C9H5N5012
3,j-dinitrobenzoate

2’ 2’:2’-Trinitroethyl- C9H5N503
3,~-dlnitrosalicylate

1,4,5,8- tetranltro- C1(3H4N408
napthalene

2’,2’-Dinitropropyl- C1OH7N5O12
2,4,6- trinitrobenzoate

2,2’,4, 4’,6,6’-Hexanitro- C12H4N6012
biphenyl

3-!lydroxy-2,2’,4,4’ ,6,6’- C12H4N~O13
he::anitrobiphenyl

3,3’ -dihydroxy-2,2’,4 4’- C12H4N6014
6,6’ -hexanitrobiphenyi

2,2’,4,4’, 6,6’ -Hexanitro- C12H5N7012
aiphenylamine

3,3’ -Diamino-2, 2’ ,4,4’- C12H6N8012
6,6’ -hexanitrobiphenyl
2,2’,4, 4’,6-Pentanitro- C13H4N5011
benzophenone

2,2’,2’’,4,4’,4’’,6,6’ 6“. C18H5N901J3
nonanitro-m- t.erpheny~

2,2’’,4,4’,h’’,6,,6”6”- C18H6N8016
Octanitro-m-terphenyl

2,2’,2’’,4,4’’,5’,6,6”- c18H6Ngo16
Octanitro-p- terphenyl

2,2’,2’’,4,4’’,6,6’,6”- C18H6N8016
octanitro- p-~erphenyl

Dodecanitroquater- c24H6N@324
phenyl

Azo-bis -2,2’,4,4’ ,6,6’- C24H6P!1~024
hexani:robiphenyl

375

391

308

389

424

440

456

439

454

407

635

590

590

590

846

874

-0.32

0.31

-3.08

-1.23

-1.18

-0.5-/

0.00

-1.d9

-1.58

-1.12

-1.00

-2.08

-2.08

-2.08

-0.88

-0.88

73 9

45 9

10C 8

214 9

85 9

42 9

40 9

48 9

132 9

54 8

39 8

63 8

40 8

59 8

40 8

40 8



TABLE 3. The drop-weight impact sensitivities of nitroaromatic
explosives with an alpha C-H linkage.

No. Compound Formula Mol. 51 “5() I/cf
Wt . (cm)

1

2

3

4

5

6

7

8

9

10

11

12

13

lL

15

16

17

2,4,(,.Trinit~o- C7H3N707
benz~ldehyde

2,4,6-’.’rinitro- C7H4N407
benzaldoxime

2,4,6-Trinitrotoluene C7H5N306

l-Dinitromethyl- 3- C7H5N306
nitrobenzene

2 4,6-Trinitrobenzyl
ia cohol

C7H5N307

2,4,6-Trinitro-m-cresol C7H5N307

l-(2 2,2-Trinitroethyl)- CgH4N6012
2,4,k-trinitrobenzene

2,4,6-Trinitrostyrene C8H5N306

l-(2,2,2-Trinitroethyl)- C8H5N501O
2,4 dinitrobenzene

3,5-Dimethyl-2,4 ,6- C8H7N307
trinitrophenol

1-(3 3,: trinitropropyl)- C9H6N6012
2,4,&-trinitrobenzene

l-(3,3,~-trinitropropyl)- C9H7N5010
2,4-dlnltrobenzene

3-Methyl-2 2’,4,4’ ,6,6’- C13H6N~O12
he.<anitrob~phenyl

3-14ethyl-2,2’,4,4’ ,6,- c13H7N501~
pentanltrobiphenyl

Hexanitrostilbene C14H6N6012

2t2’,414’, 6,6’ -Hexa- C14H8N6012
nltroblbenzyl

3,3’ -Dimeth 1-2 2’
4!4’,6, 6’-h~xan~tr~-

C1[,H8N6014

blphenyl

271

256

227

227

243

743

376

239

331

257

39ti

345

438

393

450

452

452

-2.08

-1.82

-4.09

-4.09

-2.27

-2.27

1.33

-3.L1

-0.36

-3.60

0.00

-1.61

-2.16

-3.71

-2.63

-3.00

-1,90

36

42

16(.I

105

52

191

13

32

31

77

21

31

53

143

39

11/,

135

9

9

9

8

9

9

9

8

9

9

9

8

9

9

8

9

9



TABLE 4. The drop-weight impact sensitivities of nitropyridine
explosives.

ho. Compound Formula Mol. S1 h50 Ref.
Wt . (cm;

1 ~,~~~~~rinitropyridine- C5H2N&07 230 1.11 ?0 13

2 3,3’,5,5’ -Tetranitro- cl(3H~NJ30~ 364
2,2’ -azopyridine

-2.6? 56 13

3 2,6-bis- (picrylazo)- C17H5N13016 64 j -1.:7 33 13
3,5-dinitropyridine

4 2,6-bis- (picrylamino)- C17H7N11016 621 -1.76 63 13
3,5-dinitropyridine

5 3,5-bis- (picrylamino)- c17H7Nllo]~ 671 1,76 92 13
2,6-dinitropyridine

6 2,b-bis(picrylamino)- c17H9N9012 531 -4.04 ]()~ lJ
pyridine

TABLE 5. The drop-weight impact sensitivities of nitroimidnzolc
explosil’es.

No.
—..———

Compound Formula Mo] . SI h,,,, Ret-.
wt. (cm)

1

2

3

4

5

6

1

8

9

!()

2,4,5-Trinitro-
i~idazole

2,7-Dinitroimidazole

Ammonium-2 4,5-
trinitroimldazolc

Ammonium.4,5-
di.nitrohuidazole

4 4’ 5,5’ -Tetranitro-
blimldazole

Dlammonium-4 4’ ,5,5’-
tetranitrobi~midazolnte

2,4.Dinitro- l-plcryl-
imidnzolc

2-Nltro-l-picryl -
imidnzole

6-Nltro l-picryl -
Imlduzole

l-1’lcry!!mldnzolc

C3HN5U6

C3H2N4014

C3H4N606

C3115N50/,

C6ti2N#_)~

cfJigNloO~

C91{3N/Olo

c911/4N60~

C9114N00~

Cglll,N,,()()

3,33

0.00

0.88

-1./6

(),8’1

-1.7’)

-().”{4

-).7?

.?,?2

/,,/,()



TABLE 6. The drop-weight impact se..~itivitics of nitropyrazole
explosives.

No. Compound Formula Mo1 . SI ~’m hf.
wt. (cm)

1 Ammonium 3,5-
dinitropyrazole

2 4-NiLro-l-picryl-
pyrazole

3 4-Nitro- 3-picrylamino-
pyrazole

4 3,5-Dinitro-l -methyl-
4-picrylpyrazole

b 3,5-I)initro-l-methyl-
4-picrylaminopyrazolc

6 1,4-Dipicrylpyrazole

7 4-Nitro-l-picryl-3-
picrylnminopyrazolc

8 5-Nitro-l-picryl-6-
picryltiminopyrazole

C3H5N504

c9H4N60fJ

Cgti5N708

C@i5N7010

C1(3H6N801(3

c15H6NfJo12

C15}i6N10014

C15ti6Nlot)l/J

17s

321,

339

383

398

49(J

S50

550

-:.76 158 13

-2.22 112 13

.2./,1 >320 13

-1.56 llR 13

-1.76 2-14 13

-2.93 31h 13

-1.78 lf49 13

-1.78 >320 13

TABLE 7. The drop-weight impact scnsifivill(!s ol’niLrofuraznn nnd
nitrooxadiazolc explosives.

—— —.—...-—-.--—.—. .—— -.-— ,-.-..,--,.—.-
No. Compound Formuldl

1 3-Amino-4-nitrofurazan C2:12N1403

‘) 2-5-Dll~lcryl.-l,3,/~-
oxndtnzolc

C1/,11/,N#)l)

6 ?,t~-nls-(p~crylnlnin.)). (~l/$il(,NI()()]I
Ktirnznll

f ‘l,’l-~ls-(l>l[:l-yl{lmlllo)-
I,z,/1-c)x:l[llnY.ol(”

(:l/tll(,Nl@)]\

MO 1. S1 Ilbo R(’!’,
wt.. (cm!
..-—-—.—..-————- ...——.—.—

I’10 (-),0(-) ?) 1“1

??H 7,50 1’1 1’1

‘~1,1 -(),:1/ to 1“1

‘}11 ,.y.:)q 120 1’)

‘!()/, -1.‘)/l 70 H

‘)?? -1.H() /1 l’!

‘)77 I.t)(, 1),, I“1



TABLE 8. The drop-weight impact sensitivities of ni~ro-l,2!,h- triazolo
explosives.

.—
No. Com\tound— Formula Mol. SI II!j[) 1{[’[::

WL. (cm)

1

2

3

4

s

6

1

8

9

10

II

17

I‘)

I1,

1‘)

I(1

1/

ltl

3-Nitro- 1,2,4-triazolc

3-Nitro- 1,2,4-triazole -
5-one

Ammonium 3-nitro-l,2,h-
triazolate

Ammonium 3,!i-dinitco-
1,2,4-triazolatc

4-Methyl-3,5-dinitro-
1,2,4-triazole

5,5’ -Dinitro-3,3’-bi-
1,2,4-t.riazole

4-(2-Nitroathyl) -3,5-
dinitro- 1,2,4-tri4zolc

3-Nltro- l-plcryl-1,2,4-
trinzolo

lmPicryl -l,2,h-trinzolc

3,Picr lnmino-l,2,4-
Ycriazc n

[1.pier lnmino-l,2,4-
1Lrinzo e

3-Amino- 5-picrylnmlno
l,~,t,.trinzolc

4- ’2,4-l)lnitrobcnzyl)
3,\-dIn1tro-l ,2,4-
trinzolc

4-(4 -Nitrobcnzyl) -3,5-
dll~lrro-l,?,~~-trlnzulc

2-Plcryl-3 plcrylnmino-
1,2,4-trltlzoln

~),’)-~lsl)i.rylnmlllt)-
~,7,1*-~rln*olc

!l:;;l:!!:?!:;(:; ;2/4.
tl“1:17.01(:

‘),’)’-llls)l~’rl/lmlnn-
‘1,’1’111-\,7,1-f.l”lilz[)l(~

310

-J-)()

‘)?1

‘)tll{

-2.00 >320 13

1.I’12 291 14,1’)

-3.5) >320 13

(.),00 110 13

-3.>1 230 13

-7./,1 ()() II

-7,‘)() 240 l“)

-().Ho 1’)11l’)



TABLE 9. The drop-weight impnct sonsitivi~lcs of lli.Lro-l,2,3-
trinzoles.

——. ..- ——..———. —-—
No. Compound F(Jl-MU1il t%)]. SI h~o Ref.

wt., (cm)

5

6

7

8

9

10

11

1?

13

]/,

I‘)

Ih

4-Nitro- 1,2,3-triazolc C211~N40~

Ammonium 4-nitro- C7115N:)0~
1,2,3-triazolc

4-Nitro-l-picryl- CNH~N/O~
1,2,3-trinzolc

4-Nitro-l-picryl- CHI13N/O1;
1,2,3-triazolc

l-Picryl- i,2,3-Lrinzolv CH114N(,0()

?-Plcryl-1,2,3-t.riflzolc C#/lN{,O()

4-Plcr. lamlllo.1,2,3.
{

CHIII)N/()()
L1-lnzo1-

/1,6-l)ll~lcr(~-l-l}lcryl- C1211/,N#)lo
Iwlrzotrinzolc

!],()-1)ll~itro-1-l~lc.ryl- (:]711/4NI\010°
lwnzotrlnzolc

(:l#f,Nl#)l~

2.0

-3,57

.1.15

-1.15

-3.3’J

-3.33

-3.33

-3,33

-.\,/*(,

-1,/1(,

-7,3’1

-7,:!’I

7,”IJ1

“).“)‘)

25 13

235 13

g 13

67 13

56 13

5: 13

10 13

200 13

31 13

103 13

40 13

‘)5 1’!

‘I!i 13

‘)!) 1.)

:!ll1’)

40 1“!



TABLE 10. The drop-weight irnpnctscnsirivities of nitropyrimidine
explosives .

No, Cornpoun[l Formula Mol . SI t150 Ref.
WL . (cm)

1 2,b,6,2’Z’’,18SI,6BB- cl#!’~9~14 547
heptaniLro-4’ ,6’-

-2.05 5fl 8

diaza-m-t-erphonyl

2 2,4,6,4’ ,2” 4“,6*’. C16115N9014 54) -2.05 >8 8
hcptnl~it.ro-~’,6’-
tliaza-m-tt~l-}]l~~’l~yl

3 1- icr l-7-~}it:ryl;llnlllo-C~~ll-/N@l~
l,?-di~ytlrol)yrilni~lille

511 -3,41 106 13

4 5-Nitro-214, 6-tris- C~~tIgNl>C!~~ 803 -1,97
(picryl.amllm)-pyrlmldil~o

201 13

— ..— ——.... ........ ——. — ---- ..— —
No. Coml)Otll~fl

— — .—-— .—

1 1,1,1,’J tutr~ll]itl.c)
I.)ut’illll>

2 ~,l,l,~,l],’j,’j-

Illtp[illll t1-(11)(’11(ill)l’

:1 1,1,1,(),(),(lll(’x;ll)ltl.()-
3.Iwxyllr

[b l,l,1,(),b,(l-lll’xilliitl-()
3-hcxollr

r) :],”],/$,/$.t,,tl-illlltl’(1.
11(’xilll(’

(1 ?,?,4 4,(),fl-
hvxnllllI’ollvpt;lll(”

I 2,2,4,6,() l)[~lllllllill(l
hl’plnl}o

FOrmil1iI Mol. SI h5~ Ref.
Wt . (cm)

.-. .—...,___,____

C/,ll(,N/$()~ 23H 0.91 33 10

C#l:)N/(ll/J 381 4,]9 8 10

(:(,11/1NOOl~ ‘!57 2.q6 18

Wwool?” 354 2,00 1) 8

(:,,11

(:/11

(:/11

ON/,0~ ?60 -?.14 80 10

ON(,ol”~ “)/0 0,Go 29 10

IN,+)]() 32’) -1!’)2 !)6 10



TABLE 12. The drop-weight impact sensitivities of niLroaliphatic
explosives containing oLhcr functional groups

—. -—

No. Compound Formula Mol . SI h50 Ref.
Wt , (cm)

—

2,2,2-Trinitrocthyl- C3H4N408
carbamatc

2 2-Dinitro -1,3-propnnc- C3H6N206
Ctlol

Meth.cl.2,2,2-trinit.ru- C4H5N309
ethyl carbonatp

t~,l~,l~-Trinitl-ol>utyramidcC4H6N407

F)is-(2,2,2- Lril~itrO- C5N4N6015
Cthyl) -C Jlrh OIlilt. C!

Mcthylcnc-bis-N,N’ - c5H4h/3o14
(2,2,2-tr!l~itroaccLnmttl[~)

Bis-(tr iltltrot~tllOxy)-
mcthnnr

C5116N6014

N,N’-tJls-(2,7,2- c5!l(jNfJo13
trinitrocttly])-[ll-i!il

5,5,5-’rrlI~lt.l”o}}[![~ti1l~c~ll(!-2 C5111N307

~tl~yl-?,~,?-tl”il~llro- ?#l/N3t?()
(’tllyl(!:lrl)(llliltt~

N-(7:PrC)Pyl)- C+lHN/tO/
t l-lllltrOil(lptilmj(ll

l}ls-(:ril)llrf)l~tllyl)- %lkw)olti
OXIII:ILU

;1,2,2-’~rIl~l(.l”[)c~tllyl. (:(,ll@(;~l/,
il,ll,it-f-l”!ll[tl[>l~{ltyr:lI(*

l}l!;.(tl”llll(l”(ll~lllyl) (:olloN#)l/$”
(Ixill,l I (1(~

I “ lll:i’’:illlll-(~(’fllyl) (:(,ll/NI)Ol/,
1)1111”1’1

‘~rl:i (2,2,? IIIIIiIII~tSIIIyl)[:/ll/N,l[))l
IllIIl(llc!lm;lll,

221,

166

239

222

388

400

374

31J6

2?21

2:)3

?36

/416

1 [1()

Ih ] 1,

‘!‘)i

‘!I’I’)

2,11

0.00

1.43

-0.95

4.67

3.23

3.87

2,59

-2.21

.()./,2

-?.!)0

3.)5

?,!lo

1,/lj

1,01

I,’)2

1,”!’)

“),/(1

h.tt

18 10

110 10

28 10

40 8

16 10

9 10

17 8

17 10

lp~ 1(J

ml 10

112 8

1> II

111 10

1’1 l!

l’) 11

111 H

~1, H

110 ‘;

) 10



TABLE 12, (Continued)

NrI. Compour,d FOrmula Mol. S1 h50 Ref.
wt. (cm)

—-

20

21

22

23

24

25

26

27

28

29

30

31

32

33

“)1,

.,,,

!h

‘11

IIi

)()

40

1,I

1,1,1,7,7,7-llexanitro-
heptanolle-4

Meth lcne-bis-(trinitro-
!etny )-carbamatc

2,2-D[nit’ropropyl-
LrinitLobutyraLe

2,2,2-Trinitroethyl-
ll,lt-dinitrovalerntr

Bis-(2, 2-dinitropropyl)-
carbonntc

Bis-(trinitropropyl)-
urea

Bis-(l, 1,1-trintrO-2-
propyl )-urt~(l

Bls-(trini troet-hyl)-
fumnrato

:7ti8N@13

c711fJNgo16

C7119N5012

c711gN50~P

CjllloN/lO1l

C7tlloN(,01~

(:~lll~N80]3

C/ll10N#)13

CfJl16N(,01~

Cflll/N[j077

/1,4,/l-Trl[l~LrolJtltyl-Ic CRtlRN~Ol:,
:lnllydridr

2,?,7 Tllllilrtw(tlyl
/1,/b.(11Illtl“(}ll[~%;lllt)ilt I*

NII:ol::IItIIItyl h,4,4
II 11111 I.[dllllyliltlt

‘I[ltr;lklr;(2,?,2 1111111111
rltlyl) !)IItllll’,l lll(lllillt’

N,N Ill:i (2 ) 111111[10

I
)1(, pyl; /1,/1,/1 1111]111,,
1111Vlilllll{ll,

0.59

1.54

-0.30

-0.30

-1.25

1.18

0.cm

0.00

1.67

/,.13

0.51,

1.05

-1.7(i

-0,s0

.].’]g

.lmJ()

.y .q{,

-y ,~)1,

‘).70

I,/,()

(),’)1

I.)n

34 10

27 8

151 8

70 10

300 10

72 10

23 8

19 8

14 8

68

30 10

30 10

?27 1,0

/15 10

13LI 10

10I 10

‘~”)2(lIC

7/9 10

} 10

Ill 10

1)[) 10

/2 10



TABLE 12. (Continued)

No. Compound Formula Mol. 51 h5~ Ref.
Wt . (cm)

42 dis-(2, 2,2-trinitro- Clll!l~Ng02(3 5“76 0.39 68 10
ethyl) -4,4-dinitro-
heptanedioate

43 2,2-Dinitropro ane-l,3-
!

C1111~~N80~() 576 0.39 50 10
1,3-diol-bis-( ,h,h-
trinitrobutyratc)

44 Bis-(2,2,2 Trinitro- C15tl16N120~8 812 0,85 32 10
ethyl)-~&,[&,6,6,8,8-
Ilexallitro-un(lccnncclioat(’



TABLE 13. The drop-weight impact sensitivities of nitrarnine
explosives.

No. Compound Formula Mol. SI h50 Ref.
wt. (cm)

1

2

3

h

5

6

8

9

10

11

12

13

If,

1/

N,N’-Dintiro- CH4Fi404
methanediamine

N-Nltro-N-methyl- C?H14N203
formamide

N,N’-Dinitro-l,2- C2H6N40(4
ethanediamine

Meth l-2,2,2-trinitro-
1

C3}i5N508
ethy nitramine

Trinitroethyl- C3115N700
nitroguanldlnc

Cyclotrj.methylenc- Cqt16N606
trinitraminc

N-Meth l-N,N’-dinitro-
1

C3}18N404
1,2-eL nnedimrninc

Trinitroethyl- C411/*N608
cyanomcthylnitraminc

Bis-(2, 2,2-trinitro- c~H/*N(.@l/+
ethyl) -nitrnminc

N-Methyl-N-nitro- C;,I15N5010
(trinltrocthyl) -ciirl);lm;ltt’

G,fk)bto(,

(.,/,il~N~Or)

(:/,H(3N@~

(:/,Ii]~N(,()(,

Cl,lior+)()]()

(:I1ii(,N#)l/,

(: I)iloNloo]()

(:,,ii/Nl,olo”

(. I)ii[)Nq)q

136

1J4

150

23(J

261

222!

164

264

388

283

200

?82

2?96

238

1.5[,

-3.64

-1.25

2.38

2.17

0.00

-3.16

1.82

5,33

2.08

-3.00

0.80

O.(.lo

-2.31

i.48

~.614

f, ,32

0,3?

-(),”)(1

13 10

320 13

34 10

9 10

15 8

26 10

114 10

11 8

5 10

17 8

?9 8

17 8

29 10

39 10

14 10

6 10

!) 10

10 8

47 8



TABLE 13. (Continued)

No. Compound Formula Mol. SI h50 Ref.
wt. (cm)

~i:~~h ~.Nr-trinitro.
g -z C5H9N701O

,N’-dinitro-l,:,
-et anediamine

327 0.32 11

35

9

9

35

17

15

20

29

166

53

10

16

25

?7

21

lH

I/,

~)

10

10

10

10

10

8

10

10

10

H

10

8

13

8

10

8

10

Io

I()

N,N’-3, 3-Tetranitro- C5H10N608
1,5-pentanediaminc

N-nitro-N- (3,3,3- c~HfjNfJo16
triilicroprop 1)-2,2,2-
trinitroethy 7 carbam~te

282

446

-1.30

3.33

2,2 2-Trinitroethyl- C6H6N8016
N-(~,212- trinitroet.hyl)-
nitramlno acetate

446 3.33

2!2,2-trinitroethyl -4- C6H9N501O
nltrazavalerare

Trinitroprop l-(2,2
1

C6H9N701.2
dinitropropy )-nitramine

311

371

371

371

326

-1.00

0.88

0.29

0.88

-0.63

2’,2’,2’ -Trinitroethyl- C6H9N7012
2,5-dinitrazahexanoaLe

2 2,2trinitroethyl-3,3- c6HqN70~2
d~nitrobutyl nitramine

N-(2 2-Dinitropropyl)- c6Hl(3N~ol(3
N,2,~-trinitro-l-
propanarnine

1,7-dimethoxy-2 ,4,6- c6H14N60fl
trinitrilzaheptane

298

32fJ

.2.a4

-2.70

I{is-(trinitroethylj- c71~<IN10020
2,4-clinitraZapcntancd.ioatc

3.72

0,81

0.81

0.817,? )2-Trll~it.l-otgt.l\yl-
2,5,!i-trlnitro-2-

C /u@”/o]/,

i17.iltl(?Xilll Oilt (’

1.25

1,/1

1.90

1.H2N,N’-l)lI~lt I”(J N,N’-i)ls.
“), ’), ”!. 11. lllltl”[)lll”ol)$l).

‘.:#l~N]()(!l~

~lxilml{l[’



TABLE 13. (Continued)

No. Compound Formula Mol. SI h50 Ref.
wt. (cm)

39

40

41

42

l!b3

44

45

46

47

48

II9

50

‘)1

!)2

‘)“)

)lb

‘]’)

(!fi~- trinitroethyl)- G8H8N12022
-trinitraza-

h;p~anedioate

2,2,6,9,9-Pentanitro- c8H12N6012
&-oxa-5-oxo-6-azadecane

1,1,1,3,6,9,11,11,11- C8H12N12018
nonanitro-3,6,9-
triazaundecane

4
[- 2-2-Dinitrobutyl)- C8H14N6010
- ,2-trinicro-l-

butanamine

NIN’-Dinitro-N,N’ -bi(3(3- C8H14N801O
nltrazabutyl) -oxamide

2,2,4 7,9,9,hexanitro- CJ3H14N8012
4, 7-d~azadecane

NIN’-dinltromethylene- c9H~(3Nl(3018
bls-(4,4,4-trinitro)-
butyrarnide

1,1,1,5,7,10 14m14,14- C9H1ON12O22
Yonanitro- 3-i2-dioxa-
4, 11-dioxo-5,7,1t)-
triazatetradecane

Bis-(5,5,5-trinitro-3- C9H1ON14O22
nitrnzapentanoyl) -
methylenedlnitramine

1,1,114,6,6,8,11,11,11- C9H12N12020
Dccanltro-4,8-
diazaundecane

1,1,1,3,6,6,9,11,11,11 c9H12N120Z0
DccaniLro-3,9-
diazaundecanc

!)~s;~~i:z~l~r~nitrocthyl) C10H12N8018

heptanetlioat~

BIs-(2 2 2-trinitrocthyl) C1OH12N1OO2O
-3,6-d~nltraza-l ,8-
nct:incdloatc

Rls-(LrinitroeLllyl) -2,5, CloH]2N]70~y
H-trinltrnzarlon;lrlc[lioatc

N N’-DlnlLro-N, N’-l~is- cl(jlll/lN8~i/+
(?,3-tlIrlLtrob(lt.yL)-
Oxamido. trlaziit.(!tr;l(l~’t:anu

1,1,1,3,6,9,12 14 1/1,14- C1($116N]4070
l)rc~lllI[r[]-3,6,d,l~-tct.r/iz(l
[C!(I-:l(lccullc

I}l:i-((l-ll}lll-()(’tliyl)-’),’)- (:lllll~Nl)O~/l
\litlltl-f)-2,H-(111~1lr:Iz:I-

624

384

564

354

382

414

5/46

638

666

608

608

S32

592

6!12

1,f()

(1‘)2

096

3.20

-1.58

1.60

-2.63

-3.50

-1.43

0.85

2.26

2 18

1,89

1.89

0.00

0.-)1

1.43

-2.1/

().6/

:.09

13 8

47 10

12 10

80 10

90 10

72 10

13 8

11 10

15 8

11 10

10 10

29 10

29 10

17 8

3/ 10

19 10

17 n



TABLE 13. (Continued)

No . Compound Formula Mol . S1 h50 Ref.
Wt. (cm)

——

56

57

58

59

6C

61

2!,2,417,7,10 12,12- c11H18N1oO16 546 -1.45
0ctanltro-4,iO-
diazatridecane

2,2,5i7,7,9,;2,12- C11H18N10016 546 -1.45
0ctanltro-5,9-
diazatridecane

l,4-Bis- (5,5,5-trinitro- C12H12N1OO2O 616 0,00

2-nitrazapentanoate) -2-
butyne

1,1 1,18,18 18-Hexanitro C12Hl~N14024 740 0.61
3 lk-dioxa-A, 15-dioxo-5,8,
1~,14-tetranitrazaoctadecane

1 1 1,3,6,6 E8,10,10,13,
1~ ~5 15-trldecanitro-

C12H16N16026 800 1.71

3,h,1~,-triazapentadrcane

212-Dinitropropanediol - Ci3H18N10020 634 -1,31
bls-(5, 5-dinitro-2-
nitraza-hexano-ate)

44 10

37 10

16 8

19 10

23 10

138 8



TABLE 14. The drop-weight impact sensitivities of nitrate ester
explosives.

Lo. Compol:nd Formula Mol. S1 hso Rey
Wt. (cm)

1

2

3

4

5

6

7

l,2,3-Propanetriol C3H5N309
trinitrate

N-(2, 212-Trini troethyl)- C4H6N6011
nitramlnoethyl nitrate

2 2-Bis(nitroxymethyl)
-~,3-propanediol dinitrate

C5H8N4012

3-[N-(2,2, 2-Trinitro- C5H8N6011
ethyl) nitramino]-propyl
nitrate

3,5,5-Trinitro-3- C5H9N509
azahexyl nitrate

1,9-Dinitrato-2 ,4,6,8- C5H1ON1(-)O14
tetranitrazanonane

4,4,8, 8-Tetranitro- C1(-JH16N8016

227 3.50

314 2.96

316 2.07

328 1.33

283 0.36

434 2.05

504 -0.80

20 13

7 10

13 13

12 10

21 10

10 8

87 10
1,11-dinirrato-6 -nitraza
undecane

TABLE 15. The drop-weight impact sensitivities of miscellaneous—
nitroheterocyclic explosives.

No. Compound Formula Mol. SI ’50 Ref~
wt. (cm)

Ammonium 5-Nitro- cH4Nfjo2
1 trazolate

ELII ienediarnmonium
~

C4H1ON12O4
dl- -nitrotelrazolatc

3,5 Dinitroisoxazolc C3H N305

1,4 -Dinitroglycoluril C[+N4N606

l-Nitro-2,!i-bLs- c#6N/3o14
(t-rlniLromethyl) -pyrrolldlnu

‘~-})lcrylnminotctr{lz[]l{tc711/+N80fi

3,3,9,9-TcLrallll:to- ~/l@J4017
ll’i~l,ll-’~et.l.;lox;lslllro-
(). 1)-ulldcciltlll

N
\
T1-llllll-ol)rml)y1) (:HllloNgo]/l”

“),” ,’),’]-[(,[rillllllll
I)i 1~{’t”tlI II(I

132

290

159

232

1,14

pofi

‘jf,()

-1.54

-3.33

2.50

-2.0

2,94

.~.l,o

().65

1.62

().‘)()

30 13

42 13

29 13

100 13

68

36 13

66 10

1.8 10

~() ~



TABLE 15. (Continued)

No. Compcmnd Formula Mol. S1 h50 Ref.
wt. (cm)

10 1 3 7,9-Tetranitrodibenzo C12H4N808
-l,~a,h,6a-tetraazapentalene

388 -3.75 85 8

11 3-6-Bis -(picrylamino)- C14116N12012 534
s-tetrazine

-2.27 61 13

12 1,3,5-Tris(l-oxo-5 ,5,5- C15H18N18027 882 0.00 13 8
trinitro-3-nitrazapentyl)
s-triazacyclohexane

13 Tripicryl -s-triazene C21H6N12018 714 -2.11 85 8
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An example of the use of the differen~ families is given in
Figure 5. Here we plot compounds 1,7,3,5,12,15,18,29 and 33 from Table
2, providing examples of the polynitrobenzcnc series, the polyaminotri-
nitrobenzene series and benzotrifuroxan. To estimate the f~nsitivity
of 5,?-diamino-4, 6-dinitrobenzofuroxan (DADNBF) a tic-line between TATB
and BTF is used, log h50 - 1.70-0.40s1. This family relationship

suggests a sensitivity of 268 cm for DADNBF. To estimato the impact

sensitivity of 7-amino-4, 6-dinitrobcnzofuroxan (ADNBF) a tio line is
constructed between DATB and BTF, log h50 - 1.70-O.36SI. This
estimates an impact sensitivity for ADBNF of 174 cm.

In Figure 6 we plot the impact sensitivity of the 18
1,2,4-triazoles given in Table 8. The 1,2,4-triazoles that have no
other sensitive functional group generally lie above the regression
obsened for nitroaromatic explosives and thus form an inherently
less-sensitive class of explosives.

The 1,2,3-triazoles nlso provide some interesting cxamplos,
Table 9. The very large difference in the impact sensitiv~tles of
l-picryl-1,2, 3-triazolc compared to 2-picryl- 1,2,3-trazole and 4-nitro-
l-picryl- 1,2,3-triazolc compnrcd to 4-nitro-2-picryl-1 ,2,3-
triazole have been commented on previously [19]. Recent consideration

of the problem [27] has nscribed the large difference in sensitivity to
the facile loss of nitrogen in the l-picryl isomers. This illustrates

another use of Lhc correlations, large exceptions point uut important
structural factors. This in turn suggests molcculcs that are
interesting for detailed calculations and provides clues o~ to
decomposition mcchanisrns.

Among explosives chemists the bcllrf is wlth!ly held that ammonium
salts are “unusu~~lly stahlcH. When an ncid 1s convertod to its
tunmonium saLt three extrn hydrogens nro nddcd nnd the ammonium salt
will certainly be more stnhle (i.e. less s[!nsLtlvn) thnn tho pnrent
acid, In Figure 7 we ploL Lho S1 vs lo~ llCj(] for n vnrioty Of
ammonium snlt.s. The numbers In thr flfiur(’”rcf(!r LO tho tahlo from

which the clatn nre ~uk~!u. TIN! soil.d Ill]rruprcssllts tho gcnernl
nltroaromntic rcfirossion nml Is for rcforcncc. Tha two oxtrcmo
dcvhtiorwi In the :;I!II:;It~vc dfroctlou (1’).1,2) nrc tIlLrOtCtri3ZOlCR, an

fnhcrcntly son%ftlvr c1{Is;:;ol”mut.rrlnl:~. Srvt~II of tl}o tcn ammonium

snlts follow Lho F,(!IIC!I-JIIIII(r(}ilromilt I(s I“v}; IIIx!:[.011 rnnsonnhly wall.
Ammonium 3,5-flltlIlr(]-1,7,/!-[1-lJIzoliIto iIIIpI!iIrN t.o hc rnthcr moro
Insonsltivc Chnn c!xpcctod. 1[ lIn:Iillt”(~il(ly I)(!cll polntrd OUL (Flgurc 6)
thnt 1,~,/$-Lr[ilZO]{’${II”{!ils(Ic1;I:;:;II’:;:;!;vII:;IIIvc’. It appcnrs that ;III

nmmolllum coluttcr-lon provldo:;II()!ill(’I’l ill “III!II’I1!;II Ivi(y”.
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reaction becomes more exothcrmic the Lransicioll Stiltc leading to the
products becomes lower (Ihunmondpost.ulatc) [30]. This loads Lo an
increased rate of energy release nt i~ ~;ivcn Comptirnlurc. IL i$i

commonly observed in linear free encrfiy rl!lnlionsllips in homolo~:ous
series that rate constants (k) and equilibrium col~st:ants(K) have
linear relat-ionships. So it is not surprising};Lhl. Lhc SenS~LiViL~

index (an oxygen balance rolatcd number) r(~lilt(!s in n sysLomnLic wny LO
the impact sensitivity.

Based on an examination of the propcr[it!s rIt’v;lrious explosives
tested for impact and/or shock sensiLiviLy L!.woLlld be dcsircnblc to
identify the most important factors contrih’~t.inRto the decomposition,
Karnlet and Adolph [12] suggested in 19H1 “LlliIt:impacr SCIKiiLiViLiCS of
explosives depend on the rates of thermal decomposition rcactlons which
occur at the temperatures generated under LIICimpnct hnmmcr, with the
rate determining step usually being Lhc homolytic clcnvngc of the
weakest atom linkage (rofe~red to us th(!“trir,ger Linkage’’).” The ir
proposal was based in part on carlior work by Wenogrnd [31] which
demonstrated that the time delay to CXPIOS1ON for mosr. orgnnic
explosives could be duscribed by r - Acxp(B\RT) , where r is the
delay time, T the absolute tempernLurt!, illlllA illl(l 1) Ct)IIS[. {l Ill S, l% is

led Wenogrnd [31] to suggest thnt the importnnt pilrilmrtcr in Impnct

sensitivity 1s the tcmpcrnturc rcachcclduril~fiL]IC 250 ps

confinement intcrvnl under the impnct hnmmct-.



the cylindrical dimensions of the NSWC small scale gap test [6] we
calcuinte the critical t.rmperarurcs for those explosives as given in
Table 16.

In Figure 8 tl]ec!nlctlla[:edcritical t(!mpcrature (Tin)for chc diverse
set of explosives in Tnhle 16 is plotted agninsL the shock initiation

5
pressure (log Pgo) tnkcn rom Table 1. The regression is
log P~~ - 0.007Tm-2,03, R - 0.8~48. For these snm. explosives Tm

5plotted nga~nst Lhr soIIsl Llv~L’y index provldcs a R correlation of
0.554, ~mpnct. sct~stt.lvfty (log h50) plolLl?d ngil~~st the scns~t~v~ty

~ndcx for this srrics of’explosives provides n R“ correlation of
0.512. The critical tompcraturt? -shock sensitivity r lntionship is nhout

5as satisfactory nt 95% ‘HID (10gPg5 - 0.007Tm-l.117, R -0.S23) and at
98~ TMD (log l’t18-0,00/Tm-l./6, ~2-0,808). This rclntlonship of
calculated critic.nl t.umpcrnturc nnd sl~ock srnslLlvity is consistent with

tho hypothesis of W[*llof;rad[31] and of Karnlct nnclAdolf [12] that tho
rata of thermal dccomposi~lon is n critical fuccor in shock and lmpnct
sensitivity,
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TABLE 16. The critical temperatures calculated from the Frank-KamencLskii
equation for a diverse set of cxpl.osives.

Compnuncia Tin(K) Compound Tnl(K)

PETN
-—.

4>7 TNT [hgl

TETRYL 449 HNS 508

RI-)X /450 DATB 533
llMX 483 TACOT 539
DIPAM f~8[4 TATB 562

Nir.romethane is nnothcr interesting case. Engelkc ct nl. [39] h..V(’
provided a varicry of evidcncc that the early critical intermodintc ill
nirromethanc decomposition Is the LICi ion (C112N02-), In pure
nitt-omcthnnc the driving force at high pressure is the elcctrostrictlol~
effect of the formation of th~ C113N02H+-cH2N02- ion pnir.
[f lllishas n Av Of -20 C /tloIc O
ion C[)llC(}ilLrJ’lE~OllS of 10-7

,0 ~0-~~ can very crudely cstimata ~ci
M at pressure conditions

:Idc!qunt:rto Inltimte homogonoous nitromethano. Tho ncl ion is a very
I-(!;lcLiv(’!;pccics. lt is known to bo n good nucloophilo, n precursor t.o
fulminic Ucidl findn facilo electron transfer agent, If tbnse very
sm;llI :uncmnt.sof an I.ntcrmndlnto aro kinetically colq~etent to brin~
nhotlt tho violent cxothcrrnic decomposition of nitromathanc Lt must
Ild(’vdhr very rt’ncLive. This 1s tho basis for Lha nrgumonts roln[.od to
iIlc:Imi[1(!:;cns~tlzntion of nitrornothanci[39], Doos ona than V1OW Ll~r
(:.11 l)ond [II Illrromot.lwllu! JIS tha tr~~gor l~nkneo’t
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