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A CORRELATION ON INTACT SENSITIVITIES 
Of KPLOSIVtó «TH OXIDANT BALANCES 

INTRODOCTION 

ft. “ tSlp*rirÄ‘^ “*41- 
•xUnt auItifolS ouwr, a* y«t 
tlSïtS™îî«<îlJ,Suîes!W'^'s* It 1» »t pre»«av to^ wndetarala«^ e»«*®** ûiffowr.'îfO in »«JBitiTitX b«t***Ui 
dlBtinp.’leh only r, .. ec,apo«r.<lö. Tía* pr«»*nt AttWÃjv 
»tructcrilly í If #»t.bll«hir¿? a rAUtliontlilp 
iras »It“ w* i iM^ct wnsltlTitl*» of a ^ 
unereby w*f compoiaU* oontAlnlní; th® 
ï?c*r E^oup (3) C« ívrod «th Cth*e polytuuro-- 

r“r b®yonö thla ori&tnal li»-tt®ú objcctlvi, 

_» „^HiMllty of ans* InÄlridcal laipfvt^t 

„»Ulf» s'j^n^ämStuTXüSirvd“« 

*srgss 
SSS S" tvT' ï?* tel for prrtictla* «rUtlon « i.w*.t 
bor.ÄTior with th® chos*n parw**®r. 

Taù pAra*®t#r* eho.*® °f 
50¾ ir-.vact hsisht a» o^- ^EHL^ ij^ct halieto 
Cz\¿int înlR^a« P-^ ia/ :> r-#^ evt*» uainr Typ* v¿ too.U- on 
WCI^ datamin^d ^.rlítíd « 0D/10Cp iu 
■anópi,T^r. -- of «*«:«▼?I«*”150 of par 100 ig 
orf^“o ïîo« t’i £Äc..err {» tun, .11 tourte» 
to water and all carbon to carbon »oncxlû«.* 

..--- --ther than th* »or« oon**n>tional 
.L?* ‘ÎTT.^^ uwi?r«3ori «Ith th. curent te.,,1 ln 
SSSlei^nhni’osT tcard inecrpoetlon of oxldet. o,th.r 
than oxygen ln «xploalv* molecule». _ ---. -- - 
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In calculating 0E/lOO an ato« of oxygon roproaanta two 
•Qulvalanta of oxidant par iu>le, an atoa of fluorine one 
equivalent.. Hydrogen represents one equivalent of reduotant, 
carbon two equivalente. Since carboxyl groups are con- 
aldered as "dead-weight", two equivalents of oxidant per «0-S 
are subtracted for each such group in the »olecule. Por 
cow pour, is containing only carbon, hydrogen, nitrogen and 
oxygen, the appllcaole equation le 

100 (2 no - nu - 2 nc - 2 n(-COO-)) 
°vioo --hsttw:-- 

where nn nw and no represent the maaber cf atoas of oxygen, 
hydrogen'end carbon in the ¿olecule and h(-C00-) 
of carboxyl groups. 

Por compounds balanced to the carbon aonoxlde level, 
OD/lOO • 0. :.bove the CO level, 02/100 has a poisl-ive tign, 
below the CO level a negatl/e sign. For b\s-trlnitroethyl 
M,4-dinitropi»elate, a coapound whoca ».¿Aecular formula la 
C11H12N3O20 and which contains two carboxyl groups, the 
calculation la as follows: 

oVioo . 100 18 ' • ♦ o.» 
An attempt was nr.de to eliminate the possibility that 

preforasd prejudices might unconsciously influence the choice 
of examples. The first cno hundred compounds encountered in 
a renden aearch of a cotaprehsnslve card file maintained by 
Dr. O. H. Johnson of the Chenical togineering Division and 
the periodic JUvOrd Reports llafcirui sensitivities of explo¬ 
sive aarples received by the Explosives frcpertles dvlsloo 
(2) during the period 1 January 1950 to 1 Kovenbor 1956 
were taken. The following criteria wore then sot for 
inclusion: The compound (a) was solid at rooe* temperature, 
(b) contained no heteroaromtlc ring such as triazole,_ 
tetrasnie, etc., (c) contained no acetylenic or e*Jdo groupa 
and (d) was not a salt. Of tha original hundred, eighty- 
four met all criteria. 

2 
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RESULTS 

‘St«*« fclghty-four coa pound* ar* llatad in Äbla * 
tog*th«r with th* »avan fluorodlnltpowathyl *°*^”J* ,rtloM . 
iapact propartida It waa our Initial ala to •vai^*** 
Uatod also for each la tha »wlacular foraula. 
weight, oxidant balance per aolo, OB/lOO and Iapact aanal- 
tlvlty. For convenience, tha compounds are divided in o 

categorias as follows* 

1. Eight compounds with nitrogen exclusively in 
nltremine limages. Tatryl 1» incluuod to avoid settint 
up 9l category for tt?.la singla sxiuspls« 

2, Sevan coapounds with nitrogen in b^th nitremlne 

and pfw-dlnitro groupa. 

3. Seventeen examples containing both nltraalna and 
trlnltroaathyl llnkagaa. Soaw aleo conUln .£ea-dlnitro 

groups. 

A. Three compounds having nitraolne and nitrata aatar _ ^ 
functions. They may aleo contain trlnltroaathyl or gea-dlnltro. 

5. o«n nltramldes, all having present a 

the aber« functions. 

other of 

6. Nineteen exaapler. Living 
These aay have aononitro but no gea-dlnltro functions. 

7. Nina trlnltroaathyl coapounds also containing 

gea-dlnltro groups. 

8. Fl va examples having gea-dlnltro groups only. 

9. Six nltroarceiatlca, flva having polynitroalipha.ic 

groups attached. 

10. Sevan fluorodlnitroaethyl coapounds. 

In all but category 4, examples are presented in which 
"daad-weleht" carboxyl groupe ere present as well as example* 
in which they are absent. A plot of 0Ç/J00 va 
tlvlty on a logarithmic scale for theee coapounds is given 

in Figure 1. 

CONFIDENTIAL 
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At first glane* at Figur* 1 In which no distinction la 
■ad* b*tw*«n types of compounds shows ths expected general 
increase In iapact height with Increasing OtylOO. The 
band within which all compounds fall Is quite broad with 
Impacts ranging from 5 to 16 ca at 0B/100 « ♦ >.0, from 
11 to 72 ca at 0^/100 -+0.50 and frioa 5*i to 220 os at 
OB/lOO « - I.25. At equivalent Iapact heights, e.g. 
32-54 ca, OE/lOO varies fro« - 1.5 to ♦ 1.7. Closer Inspec¬ 
tion of the plot, however, shews several areas of regularity. 

Categories 1 *• % 
¡Tigôrie 

Nltraainee and Nltraaldes (O)» 
8 1-5, vtiTc/i aliare'TîT* cuu-on pro- Coapounds In ¿91 

perty that each tms at least one nitro group attached 
directly to nitrogen, alno&t uniformly fall at lower iapact 
heights than the other polynitrocllphatlos at equivalent 
values of 0B/100. It appearo. Indeed, thnt the forty-five 
compounde In these five categories, represented by fllled-ln 
circles on the plot, ehow the heped-for statistical distri¬ 
bution about a straight lint which would describe s linear 
relationship between the logarithm of the Impact height and 
03/100. 

Since It would be overly precies to attempt a leaet- 
squarea treatrent based on maasures^ents as inexact as thosa 
obtained frvM the Impact machine, ue have by Inspection 
delineated an area within which It Is expected a lesst-squarsa 
line would fall and whose width at any impact height la equi¬ 
valent to 10% of that height, mis area, hereafter called the 
"true tr^nd" for N-nitro coxpound», nay be described by ths 
sporexiaation 

log X. 3. ♦ 0.02 - 1.58 - (0.18) (03/ICO) 

where X. 3. represente the 50% Iapact height. 

Of the forty-five nltramlno and nltramldo coenounde, 
fifteen fell In the area of th* "true trend", an additional 
seventeen within 10% of the area and an additional seven with¬ 
in between 10 and 50% of the area. Of the other six, none 
was more than 00% off the value predicted by the "true trend." 
Since TNT, the standard for Impact determinations, has shown 
impact values ranging from below 100 to abeve 250 ca, and 
considering that for a period of over three a.nthe icpact 
sensitivities of TNT consistently ran between 20 and «0% high, 
the distribution is as good sc could be hoped for if the 
reletlonuiip claimed la truly s fact of nature. 

4 
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An Attempt vae made to detenalne »nether Mithin the 
overall claaaification "H-nitro compourda* there waa any 
preferred concentration of pointa above or below the 
'true trend" according to atructure. The five Individual 
categórica coBpriaing the group each aiicw »ore-or-leea 
random diatrlbutlon aa do categórica baaed on the nuaberof 
nitra&ino groupa ln th# äoIäcuI# or laoltculgr 1n#p# 
la a allg.»t tendency for coitpcur.de containing dead weight 
carboxyl groupe to fall abova the "true trend and for 
primary nltraminaa to fall below. 

Categórica 6 and 7. TTlnl tronc thy 1 Coppounde (Ql» 
The tVenty-e j ghtrccMi.poujio s TâïTTÎHg IntTtTvf ae vwocXaaeea» 
represented by eapty circiea in the plot, alao dlstributa 
about a atralght lina relating the logaritha of Impact aen- 
altlvity with Oü/lOC. A ' tn>e trer.d" for oo^^At-:y^l_iuh^ig 
cos-rcunda based on theaa pointa ia aiiõwa h XoUrelanumay 
Fa~u «ITc rXhe d by 

log I. S. ± 0.02 - 1.76 - (0.22) (O^AOO) 
Of the twenty-eight cospounda, eight fall In the area oT th* 
"true trend", an additional thirteen within 10>, four within 
between 10 and X>% and three within between 50 and bO%. 
Jt-tin, If the tendency for coepou-nda containing dead weight 
carboxyl groupa to fall above the "true trend la real, *t 
la only slight. 

Ai CD/IOC * ♦ 2.0 this "true trend* predicts en i»paet 
height twice that of the N-nifro "true trend"i at 0B/100 - 
- 2.0, Ixnuict height* are three tinea as great. The queation 
of why poiynltxvaiiphatics and K-nitro coapounda follow 
aenarate tMjnda will be diacusaed below, aa will the auggea- 
ti«n that lower beata of fonaAtion and higher heata of 
d^tenîtion of K-nitro coapounda cau¿e lower üpact height» 
at equivalent values of OB/ICO. It ia meanwhile Instructive 
to coucicer two paira of coapounda, atructurtlly identical 
with the exception that in aach esse a nitmaino group 
replaces a gre-dinltro. Tic-linaa between the compounds con- 
aldered ai^e drawn In Figure 1. 

5 
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lo. Coipound (I ■ 10¾) 

Beet of 
XtiUaotlM iMMCt 

»/100 Cl/« «oaoltlolty 

6C cn}cr2CË2crscvxs2cx3 -c.æ 
23 cijiacijajCoocigCij -°*9T 

72 ti3cH2ooccs2ai2ai,ci2ca2coo»2a3 40.35 
29 a3ai¡oocco¡cií/ocai2a2oooc«2aJ 0.0 

»35 TO 
970 35 

1115 ' 66 

1065 29 

In or eh ln»t*nco tho nit real no conpound ht» « lo«er value of 
0D/100 *nd a lower calculated heat of detonation but 1¾ «till 
Buch more aenaltlTe. 

Cntcp-orr 8. r<rw«mnltro CoonwndH (Ají Co«oounda 77 
and 7TOoliell efeVcTTne ’'true ertmi" lor polynitroaliphatlo 
conpounda while with coapoundo 7U, 75 and 70 the pointa fall 
auch low«r. íhe laat tture« ahare in co»;on the fact that each 
has a r^-dinitro group in a poeltlon air ^ or bota to another 
aeconú„r-y nitro lirv-x.?,® and it may be t.«.v thie ie a aterlcaliy 
unfãvorftbl# aituiitlon âô fnr s® lupftet acnjitivltjr 1® conctrMQ« 
TWL® b^^äs l>om® out by tha fact th%t compound* 65 Wid 73 of 
Category 7 which contun thia atructural feature alao exhibit 
the a&ae behavior.* 

* Another exeaple la 2,2,4,A-tetranitropentaneAiol-1.5# OVlOO 
• ♦ l.tl, which would be predicted to ehow I. s* ■ 
if it followed the polynltroiillph&tic trend. It actually 
ahoota at leaa than half that height (3). 

Otecory 9, Aronstlc Coacnound» (O)t Polynitroalkyl 
nltroBïrîîSr^aoee« aorc aeneitive lhah polynltroaliphatlca at 
equivalent value« of OB/lOO, via., Cocpounda 80. Ö3, and 
trlnltreethyl p-nitrobenxene (I. S. • 20 ca, OB/lOO ■ - 2.09). 
No generalization eeoas possible for poljmitror.lkyl polyaitro- 
bentoates on the baala of the Halted nuaber of cases studied. 

Cateeorv 10, Pluorodlnltro Co»pr>o»nda (P): A detailed^ 
evaluation of tKialnlereotins >*•« class or oempounda will ba 
prerented in a separate report(1). It can be seen fron the 
plot that aa a class they appear quite prowialn«. 

6 
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COMPARISON WITH PERFORMANCE PARAMETERS 

It hes been euisgeeted that Inpeet heights night show a 
alnllar Mlationehlp with et»e • experimentally detemlnable 
measure of explosive perforatnee such as heat of detonation. 
For this to be the ease OR/IOO would. In turn, show a 
regular variation with the same parameter. 

In a separate report (A) heats of detonation have been 
plotted as a function of oq/l'JQ for a serios of structurally 
related linear nltramlnes*. rtie plot aoowad the expected 

• Heats of detonation were calculated using the Brinkley* 
Wilson convention that all hydrogen la burned to water 
before carbon Is burned to carbon monoxide (5). 

maximum at 0B/100 - ♦ 2.5, the carbon dioxide level, with 
additional oxidant above this level acting only as a diluent. 
In addition, however, there waa observed a minimum at Otyl00 
• aero and a second maximum at OB/iOO • ca - 5.5. the hydro¬ 
gen level»*. The reason for this unexpected behavior aa 

** It la believed that this la a new term. The hydrogen 
level ray be defined as that at which there Is sufficient 
oxygen to burn all the hydrogen but none of the carbon. 

OB/lOO went below tero was that water, dkHf • 57.8 Kcal^ols, 
waa formed aa a detonation product in preference to and at 
the expenae of carbon monoxide, AHf • 26.4 Kcal/mole. 

Comparing Figure 1 with the Heat of Detonation vs. 
0B/100 plot (4) the behavior may be summarized as followss 

Increasing 0B/100 
Heat of 50* 
Detonation Impact Height 

<- 

♦ 

5.5 
5.5 
0 
2.5 

to - 5.5 
to 0 
to ♦ 2.5 
to > 2.5 

Increases 
decreases 
Increases 
decreases 

decreases 
decreases 
decreases 
decreases 

4 

7 
CONFIDENTIAL 



«T 
t 

Y 

ft 

'• 

( 

> 
i 

i 

CONFIDENTIAL 
MAVORD Hftport 6126 

A* ft oonftftquano« of thlft ftnd of tho dlfforlng trondft 
for dlffftrftnt ulaasea of com pounds, ft plot cf lo&ftrtthnlo 
inpftot »eneltlvlty sa ft function of hart of totonatloa shows 
an apparently ran don distribution of points (Figuro 2, data 
in labio II). For similar olasaos of coapounas over limitad 
rangos of C’VlOO thoro nay bo regular behavior, vit., 
linear nltraalms In tho ranges OE^lOO • ♦ 2.5 to 0E/100 • 0 
(solid lino) and OV^OO • 0 to Qb/lOQ • - 5.5 (broken 11ns). 
Even ovsr these ftlurt ranges, however, the regularity of the 
behavior disappears when the heat of fomatlon of the ooa* 
pound differs substantially fron those of others in tha 
ssrlss, e.g., Tetryl, conpound XII 

On considering on a aolocular seal# what happons undsr 
ths Impact hasmer, there aeeas adequate reason for the 
absence of any simile direct correlation between heat of 
detonation and Impact aen&itlvlty. kenograd (6) has demon» 
strstad s linear relationship between logarithmic impact 
helglits of s number of high explosives and kjoo» their 
thermal decomposition rates extrapolated to 5oo*C, Bowden's 
sstimAte of the "hot-spot" temperature (7). A strong casa 
can be made that ths rote determining step in thermal decom¬ 
positions Is the first thermal cleavage of a bond in the 
previously intact molecule. Kinetic theory requires that ths 
first bond broken be the weakest bord in that molecule. It 
would follow thet the amount of energy required to break that 
bond would be the activation energy in the decomposition 
procesa and would be a factor strongly Influencing impact 
sensitivity. Thia aeeas to be borne out by ths clustering 
In Figure 1 around s separate lower trend for compounds 
containing N-nitro linkage as compared with polynitroall- 
pkatlo compounds containing only C-nitro linkages. She 
N-nltro bond, being much weaker than the C-nitro bond Is 
almost certainly ths ons more readily broken. 

Ihe heat of detonation, on ths othsr hand, dspsnds only 
on the dlfferencs in energy between the explosive and Its 
decomposition products and Is independent of the route 
taken in the process. It Is not a function of tho strength 
of any single bond broken in any single step, but is an 
aggregate function of all bonds broken and all bonds formad 
In all steps. Schematically, ths situation may be shown 
as follows: 

8 
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REACTION INTERMEDIATE A 
T < 

REACTION INTERMEDIATE A* 

For a decomposition In vnich the breaking of the first 
bond generates intermedia to A, the dletence B~A would be the 
activation energy, an endothermic Quantity strongly influ¬ 
encing both la pact sensitivity and rate. The distance A-C 
represents the exotherm in subsequent steps and the distance 
&>C, which is the eua of endotherm and exotherm. Is a 
measure of the heat of detonation, had thla décomposition 
gone through Intemodlete A', we would have the sane exo¬ 
thermic result, B-C, but a different endothermie process, B-A* 
influencing both rate a.id impact ser.eitivlty. The statement 
that there le no relationship between heat of detonation and 
impact sensitivity is therefore tantamount to saying that you 
can't tell the height of a moxntain from the difference In 
altitudes of the valleys on aithsr side. 

It will bt noted that in the above argument w* heva 
stated that on a molecular scale the amount of energy required 
to break the weakest bond is "a factor strongly influencing 
Impact san9ltlvltyM rather than "the sole factor determining 
impact sexisltlvity. * The latter world be true if on a macro 
acaie th* Question of whsthcr or not a compound shot at a 
given height depended on ths initiation phenomenon alone. 
This does * pp«ar to be the case wltn RDX as evidenced b/ the 
fact that there is generally a strong "go* or all *no-go" 
distinction with variation of drop height on the machine. 
Zf the ignition process starts, it goss far enough to register 
ae a positive rerilt. 
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With certfcin clase«« of coo pounds, however, thoro 1« It 
greater tendency to show "partiale" at oany height« (Ö), 
l.e., the decomposition procese starve but stay or may not 
die off before enough energy is liberated as sound to trigger 
the sensing mechanism. In such instances the propagation step 
may also be a factor influencing impact sensit.vlty. As be¬ 
fore, such cases would on a molecular scale depend strongly 
on the amount of energy required to break the weakest bond, 
bVit would also depend to an extent on t<-\e amount of energy 
made available to a molecule by the decomposition of a 
neighboring molecule. '¡Tie latter quantity ahowa at least 
partial dependence on the heat of detonation. 

MECHANISM 

Having shown why impact aensitivlty does not depend 
mainly or. heat of detonation, it remains only to postulat* 
why it ahould depend on 0B/100. The above argument requires 
that there be some relationship between end the eses 
of breaking of the weakest bond. 

With compounds containing only C-nltro bonds, the 
rationalization is taay. roughly a function of the 
number of nitro groupa In the molecule. The more C-nltro 
bonds and the fever C-C, C-H and C-0 bonds in a molecule, 
the greater la the probability that of the total molecular 
energy sufficient will be localized in a C-nltro bond to 
cause ita rupture. In kinetic terns this would manifest 
itself as an increasing entropy of activation with Increasing 
oVioo». 

•Another way of looking at it is as an increasing prs- 
exponcntial factor in the Arrhenius equation. 

With compounds containing at least one N-nitro bond, 
however, the plot in Figure 1 Mer.s to show that no matter 
how many C-nltro linkages are ao-viJ, the N-nltro is the bond 
broken. Increased entropy of activation would furnish no 
explanation here. 

Pauling has shown that the strength of a given bond X-T 
is a function of contributions from resonance structures of 

10 
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the typ« 
e 

X-T X4 Y* ï' Y4 
X II III • 

e 

The greeter the difference In the electronegativities of X 
end Y# the greater le the contribution free resonance etruo- 
turee euch ee II and III end the greeter is the strength of 
the bond (9). Por this reason the H-P bend is very auch 
stronger then either the H-l bond or the P-P bond. With 
nitrenines the corresponding resonance structures sire 

»-NO M* NOZ* H NOg4 
IV V Y1 

and there Is in addition the double bonded resonance struo* 
ture 

ft*Nc£ 
VII 

Of these, 17, V and VII are the greatest contributors, VI Is 
Elnor. 2he lapcrtanco of such a resonance contributor as 
VII Is evidenced by the partial double bend character with 
shortening; of the N-N bond In nitnuiin«*, XDNA showing an 
N-N bond distança of 1.¾ | •« ccatpared to I.115Í for 
úiRethylhyorazine (10). 

• 

Ino ar?oscnt to be aada herv le that with Increasing 
OB/lOO we hnva inereaelns nurtbt&ra of electron wlthdriwlng 
grcvpliv c exercising on increaalA?, indictlvs electro;i wlth- 
drewal effect on the nitrogen acera to which the nitro group 
Is attached. Toe effect is a cuurulallve decrease in the 
difference In electronenativltiju between the ,wo adjoining 
nitrof*en atoas and in ^he erercy of euch rsccr^nse structures 
as V and VII. lîvls, leading in turn to a cunuletlve decrease 
In tne contribution of thecc resonance structures to the over¬ 
all strength of the bond, resolta In a progressively lower 
activation energy with progressively increasing OVlOO. 

The above is not to te construed ee store then en extrañe 
simplification of what is probably quite a coaplez procesa. 
Wenograd'e linear co-relation between logar!thalc Impact 
sensitivity and knoo l-a* been n>ntloned (c). He has also 
tabulated activation energies and pre-logarlthsilc factors for 

11 
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the reactions considered. There was no simple correlation 
tetween either of these quantities and impact heights. Nor 
is it the ca¿c here that changes in either activation energy 
or entropy alone influence sensitivity depending on the class 
of coap 'inds. Any correlation will nec»-..*8arlly Involve a 
complex .um..ion incorporating varying contributions from 
both and is beyond the scope of our present knowledge of 
decomposition kinetics. 

A well-planned kinetic study might tell us more about 
the detailed mechanism of Impact sensitivity on a molecular 
scale. This would Involve the thenaal decomposition. In solu¬ 
tion of several series cf structurally related compounds with 
regularly varying values of 0E/100. 

THO-COKPOhUfT MIXTURES 

Ir, considering the sensitivity of pure compounds one 
has to contend only with the vagaries of the impact machine. 
With »»ore Shan one component there la the additional compli¬ 
cation that the method of mixing Ir also aunpect. One never 
knows whether the J5 mg sanple taken for the individual shot 
fairly represente the overall composition of the açgrtigate. 
Unfortunately, such phencr.enc • „ aegregat 1er. and clustering 
appear to be the rule rather than the exception. 

Since systemic errors in multi-conponent systems are 
more to be expected than with alngle compounda, we have been 
more eelectiva in the choice of exam?!*» for consideration. 
We have confined ourselvea to pairs for which large numbers 
of measurensnta are available and for which results taken 
over a »pan of years by a nuabr»* of workers show a measure 
of wgreeiaunt. Hie Uata have, aa oefore, boer* taken from the 
periodic NAVOPD reports of the Explosives Properties Division 
covering the interval 1 January 195^ to 1 November 1956 (2). 

Fjcploslve plus Explosive: Plots of logarithmic 50* 
Impa erne igu c a” a sTüãct Í cn a o f 03/100 ore shown in Figure 5 
for mixtures of RHX with TNT and with bfs-dinitropropyl 
fuma rate (DiJPF). In both cases the points distribute about 
straight lines connecting the logarithmic Impact heights of 
the indivloual components. Probably the cost reliable of the 
points on the plot is that for Composition E at 02/100 • - 1.60. 
Although not strictly a two-componcnt uyaten since it ccr.talns 
1% wax, it seems significant that tne accepted impact sensi¬ 
tivity of 6O-65 cm agrees well with the 62 cm predicted If ' 
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Based on an average of tens of thousands of shots. 
Composition A (yi* KDX-y* ear) has an Inpact sensitivity of 
70-75 cm. OF/lOO lor this mixture Is -2,i>ö#. At an equiva¬ 
lent value of Of^lOO a pure explosive, if it followed the 

•In the calculations waxes are considered to be aainlj 
po Ijrme thy lens, oy K>0 > -?e.t. 

"true trend" for N-nltro compounds, would be predicted to 
have an Impact sensitivity of 67-73 cm. 

Additional data for this and other proportions of RM 
and Stanollnd wax*« are plotted in Figure 5. It can be seen 

•• Of the raes of available data for the many waxes tried, 
that for Stanollnd wax aeems the most self-consistent. 
Considering that the scatter of points in Figure 5 !• »»hat 
wa call oelf-consistency, it can be imagined how the points 
for the other waxes scatter. 

that for compositions ranging from 2 to 155* vax there is an 
approximately equal dlstrlbo'.ion of points above and below 
the "true trend" (solid llrv .). 

Also plotted In Pipure 5 ax-o data for TNETB - Star.Plind 
wax mixtures at coppoaitlona from 1 to 15$ wax together with 
the "true trend" for polynltroaliphatlc compounds, here it 
appears that if a le!.at-ei4ua**eo line should be drawn thr*ough 
the as points the line would closely par&ilsl the "true triad* 
for this class of compounds. 

Shown schematically below are the types of behavior 
which might result on «coition of wax to explosive. 

lb 
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X D 
N 

log 

D. 

s 

Y 

OE/lOO 

If the point A represents an explosive compound and the 
Drolfon Un.» Y-V th» . . 

cixution, not desena.tlsatlon. lYie same result was obtained 
on adding methylene groupa in the form of a wax costing on 
the explosive cryatal aa would be predicted had the same 
Quantity of «ethylene groups been incorporated within the 
structure of the molecule. 

True desensitlzetlon would imply the behavior described 
by the arrow A-B. ¿he decrease in sensitivity on coating 
crystal surfaces with wax would oe greater than that anti¬ 
cipated simply by dilution. Many cases of »-3 behavior have 
teen reported, but none has over been reproduced and it 
appears that in conventional *'desenalti2atlon" It has never 
truly occurred. If it had, th# composition would probably 
new be in service use. J 

Behavior described by the arrow A.-D has also often been 
reported. It is a necessary consequence of segregation that 
If A-C represents Ideal behavior and if one portion of a 
mixture follow«» A-B bcliavior, another portion will follow A-D. 

15 
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C0NCLUSI0N3, COKMENi'S AND PECONMENDATICNS 

' A liumbrr of concluaionn ryiy be 4r%wn from this etudy 
and from the accompanying report (4), If correct they 
support recommendations on future research and development 
In the field of explosive chemistry. 

(1) Nltramlnes are »ore sensitive than other poly- 
nltroaliphatic compounds at equivalent values of 0B/100 and 
at equivalent heats of detonation. The N-nltro linkage 
appears to be a built-in sensitising group. It lo perhaps 
unfortunate tnat of the three compcunla most commonly used 
In explosive chemistry, ROX, teti’yl and TN?, two are of this 
claas. In the further synthesis cf new high explosivas and 
propellante, the N-nltró llrhuge should be avoided. Con¬ 
versely. at every value of 03/100, polynltroallphatlc 
compounds not containing the N-nitro linkage are lesa sensi¬ 
tivo than pure explosives and explosive compositions now In 
use. 

(2) For N-nltro compounds and for polyrltrcaliphatlcs 
ss separate classes, there are linear relationships between 
logarithmic Impact heights and CiyiOO. These relationships 
have a number of potential uses. 

(2-a)0ne can predict the senaitlvltv of a compound 
prior to making It. This furnishes a preliminary Indication 
of how the compound should te handled. 

(2-b)Cne can determine whether within a cTass additional 
structural feature« tend to sensitise or desensitize. 
Fluorodinitronethyl compounds, for example, nprear quite 
promising as a group because their impact sensitivities 
generally fall above the "true trend" for polynitroaliphatlcs. 
Conversely, compounds with the g*>n-dinitro llriKage »Jjrha or 
be^a to a secondary nitre group appear not to be proniSTag 
Lecaase impacts fall well below the "true trend," 

(2-c)Individual compounds tf.y be evaluated. 
bla-Trlnitroethyl 4,n-dinitropl»elate (Compound 72) shoots 
ar”ós cm whereas its impact height is predicted to be cm. 
If or. a 1000-snot determination this result should be re¬ 
peated, the compound might be worth further consideration 
Other properties of this compound are of interest since it 
will be mentioned again. 

lb 
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œ.p., 171* 
ïmr>act Senaltlvity, 68 cmj <T • 0.02- 
Cryatal DftiiRltjr, 1.71 E/cb 3 
•Iherm-Hl Stability, O.ld cc/g/?4 hr. 
Ignition iwirperaturc 221* 
Calculatad Heat of Datonatlon, 1115 Cal/g 

I ' * ' 
Araong hlrb-oxy^tn high exploalvea, the 50^ Impact 

height cr BT'NEC, lò cm, la aub^ti.ntlilly above the value 
predicted, S>-10 t:*. Sufficle .t determination# biftve been 
made to Indicate that ló cm 13 a reliable value. It would 
follow thav lor appUentiona In which high ox^>;en content 
ia required IjIKEC td.ouid be uacd In preference to TNETB, 
BTNEU. DTííEíí or TJ4LGC, all of which fall within or below 
the "true trend." 

(3) Coroounds balanced to, or cloae to, the hydrogen 
level have calculated heats of detonation nn great or 
greater then f*DX, but are very much less sensitive to Impact, 
This 1# a consequence of the fact that calculated heats of 
detonation Increace on poing from 0B/100 • 0 to 09/100 
while sensitivities decrease. Such coxpjuj.cJB should be 
synthesized and evaluated for aelf-ezploslve appllcatlone. 
Compounds balanced at or close to the carbon monoxide level 
are comparatively inefficient as self-explosives. 

(4) If mixing is Ideal, a plot of logarithmic impact 
heights of mixtures of explosive plus explosive as a function 
of 03/100 Bhould show points distributing about a straight 
line connecting the Impact ¿«eights of the individual compo¬ 
nents. Sucn a plot avay serve to tell how effective a 
nixing procedure is. 

(5) With ideal nixing the impact oenoitivlty of explo¬ 
sive plus wax io that predicted at an equivalent value of 
OB^lOO by the "true trend" of the clusa Into which that 
explosive falls. Conventional "dece.'.sltir.ation appears 
merely to be a process of dilution, if tilla be. the case, 
way "desensitize?" ^e same result may be achieved by 
Incorporating the same quantity of methylene groups within 
the structure of the explosive molecule, 1.,e., ‘tallor- 
rnAking" a molecule with the sane value^of 03/100 as 
explosive plus wax. A number of ¿uvantage® rccult. 
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Problems of ségrégation, stratification, preferential 
exudation, eamplliv, etc. are éliminât»J. Patch to batch 
reproducibility io much easier. In ''desensitizing" fiDX 
ee must build around the physical characteristics of this 
compound; In talJor-raeking we can chooee between many 
po»siole sets of physical properties. A wide variety of 
compounds lo potentially available at any «-alue of GB/103 
dealred. A comparison worth making la the following: 

RDX 
Comp. bla-Dlnitrobutyl 

A nltraalne (11) 

0 E/100 0 - 2.58 - 2.8*! 
Impact Sensitivity, cm 23.9 70-75 80 
m.p. 205*(d) ca lc5*(d) 106-7* 
Crystal Density, g/cm 3 1.Ö1 1.70-1,73 1.71 
Ca^c'd. Heat of 
Detonation, cal/g 12J0 1200 1225 

(6) With polynitroallphatlc* the "tru« trend" shows 
what can best be hoped for as far as the sensitivity of purs 
compounds is concerned. A continuing attempt In the ayn- 
thesls program has been to synthesize molecules with higher 
Slid higher balaiwwig‘within.thl* clars. After making 
these compounds we generally have to ’■desensitize’’ them to 
sensitivities nf 60-70 cm prior to u¿e. If the "desensl- 
tlzation" Is ideally a process of dilution, should we not 
wlthlr this class be satisfied with th* N««t pure compound 
avail*ble in the 60-70 cm range (possibly tin-trinitroelhyl 
4,ii-dinltroplnelate) and discontinus attempts' at further 
synthesis of hlgh-oxygen compounds. 

This should not be implied as meaning that the antlrs 
hlgh-oxygen synthesis program should be discontinued. We 
should look for new classes of compounds or new desensi¬ 
tizing structural features, fne Ir.oact sensitivities of the 
f lucí odlnitro cor-pounda, for example, indicate that these 
may fall Into a ccpai'ate "true trend" with better oxidant 
balances at all Impact heights. Other new classes of 
compounds may act Similarly. 

NO'-E WELL; In recommending against "desensltlzatlon" 
we conîTiie ourselves to the conventional methM of coating 
explosive crystals with wax. Work currently being done on 
desensitization by oolutlon Is promising and may offset 
many of the argumenta nude here. 
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