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DEX'ONATION STUDIES 

A. General 

The re la t ive ly  high heats of combust 
multiple bonds has prmpted an investigation of the possible use of these 
cmpounds as explosives camponents. Three possible systems are being con- 
sidered for testing i n  the small scale plate  push apparatus: 
t et ran i t  romet hane , prop ioloni t  r il e - tet ranit ramethane and dic  yanoacet yl ene - 
tetranitromethane. 
intermediates i n  the synthesis of propiolonitri le and dicymoacetylcne 
respectively, have been prepared and their infrared 'Spectm determined. 

A small scale "plate push" experiment was performed with a 17.8 weight $ 
solution of acryloni t r i le  i n  tetranitromethane (COz balanced). 
solution at a density of 1.39 gm/cc gave a p la te  push energy per gram ( E p )  
re lat ive t o  TNT of 1.41. 
solutions of ethyldecaborane in tetranitromethane ( /=  1.44 gm/cc, balanced 
t o  CO,) and nitromethane i n  tetranitromethane ( p = 1.32 gm/cc, balanced t o  
COz)  gave Ep values of 1.41 and 1.39 respectively. 
agreement with recent Los A l e ~ m o s  hydrodynamic-thermodynamic calculations 

acryloni t r i le-  

Samples of propiolamide and acetylene dicarboxamide, 

This 

Similar experiments previously reported on 

These values are i n  

indicating approximately equal Chapman-Jouguet pressures of 180 kbars for 
the  above explosives. 

A sample of pmpioloni t r i le  (cpnoacetylene) has ?men prepared by 
dehydration of propiolamide. This material has been shown t o  be miscible 
w i t h  tetranitromethane at room temperature over the range of in te res t  f o r  
p la te  push experiments. 
xlhrs., 984 of the propi loni t r i le  w a s  recovered by a simple pot t o  pot 
d i s t i l l a t i o n  on a vacuum l ine .  
components showed no evidence of reaction. The m f x t u r e s  did not appear t o  
be extremely shock sensitive. 

After storage of a CO-balanced m i x t u r e  at - 25' fo r  

Infrared spectra of the two separated 

A small sample of d icpnace ty lene  has been prepared and i ts  c c q a t i b i l i t y  
with tetranitromethane is being determined. 
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DEX0I"IOES STUDIES - Cont'd. 

of 

Calorimetry 

A series of measuromenta of the heat of e 
bis- t r ini t r~thylni t ramint  (BlTE3) h 

of A E is  about -1360 cal/gram (water l iquid),  compared with a theoretical 

of -1344. 
-198 ca.lculated both for the "i&alized" reaction and the approximate 
actW overall reaction as determined by analysis of the  products. 

A s h i l a r  series with PE=rN &ves a value of -1500, comptm?d with 

These experiments were performed u s i a  platinum bridge wire detonators 
loaded w i t h  the same explosive as that conrprising the main charge--construction 
materids being gold and cermdc. "'e s8me system with t e t r y l  does not perfom, 
A detonating system for th i s  explosive is now being developed. 

A satisfactory detonator system for t e t r y l  bas been developed and 
measurements of heats of explosion of t h i s  compound are now in progress. A 
preliminary value of 920 cal/gm wa8 determined for the A E of explosion 
from several 0,340" diamter unconfined charges ( p = 1.69 gm/cc. ) 

C. Microwave Studies 
A program t o  investigate some properties of high explosives,at microwave 

frequencies, about one centimeter wavelength, is ?A.ng undertaken. 
The fac t  that the detonation front is a region of ionization of f a i r l y  

high density implies that f o r  wavelengths longer than some c r i t i c a l  value 
the detonation front w F l l  be opaque and therefore'a good reflector.  
Making t h i s  reflecting mrfarce one a m  of a microwsve interferometer w u l  
allow absolute determinations of the detonation velocity of the high explosive. 

By cal ibrat ion of the output voltage of the interferometer versus 
displacement of a t h i n  metal pla te  at the front surface of the  high explosive, 
frts-surface veloci t ies  and therefore Chapmn-Jauguet pressures can be 
obtained. 

Finally,  by making the assumption that the &?tonation front is a region 
i n  thermodynamic equilibrium and should therefore radiate as a black body, 
a measurement of the microwave noise w i l l  give a value for t he  effective 

temperature of the detonation front. 

-2- 



DE2ONATION STUDIES - Cont'd. 

To better understand the e 

explosives, a series of experiments has been started uaing bis- 
trinitroeZhylnitxmnim (BTNEN), trinitroacetlamide (!I%AA), and m i x t u r e s  
of BTNEly and TNAA as the organic matrices (TU, as yet uarsynthesized, 
has the same empiricaJ. formula as EKCNEH). 

oxygen-rich explosives, even though differing a8 much as 30$ in energy 
release, have the same detonation products, only moderately different 
detonation pressures, and considerebly different detonation temperatures. 
Samples of Al, Al 0 M g ,  MgO, B, B203, C and Cu i n  two pa r t i c l e  s ize  
ranges (1 t o  1 0 ~  and 50-TOP) have been pregared and the detonation 
velocity, "plate-push" energy release and calorimetric energy releaee 
of mixtures of these with the 8bove organic explosive are being 
invest igsted. 

Eydrodynamic-th@rmodynmtc IBM 704 calculations indicate t h a t  these 

2 3' 

SYNTElETLC CHEMISTRY 

A. NitroGen-Fluorine Compounds 
A high voltage discharge apparatus contain$ng; a quartz window 

i n  the discharge tube was assembled on the  emission spectrograph t o  deter- 

The range from 2200% t o  9oOOa was examined. 
and atomic fluorine were observed. 
probably coming fromthe reaction of fluorine with Si02. 
i n  the t raps  beyond the  discharge, but no S I F  emission bands were 
observed i n  the  discharge. 

mine i f  any NFz or NF raiticals were forme& i n  the discharge through EIF 3' 
~ n l y  mlecuar nitrogen 

A small amount of oxygen was observed, 
Sip4 w&8 found 

nitrogen trifluoride chemistry was continued i n  a brief examination 
of i t s  reaction with lithium hydride. 
a 2 1/2 x 1/2 inch bed of 60-100 mesh lithium hydride. 
first observed at 40O0C. 

products showed the  presence of only N2, NO, NO2 and the i n i t i a l  NF 
the oxygen presumably came f r o m  lithium oxide impurity. 

NF at 2 t o  5 mm w a s  passed through 3 
Reaction was 

Mass spectrograph analysis of the vola t i le  

3; 
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of hot copper turnin@s. The 
was passed with pumping through 
temperatures from 225* t o  ~ ° C .  

were analyzed by chrozmtolJrsphy and mass spectrOWby. 
traces of fluorinated hydrocarbons produced, but the  princfple products 
were the  s t a r t i ng  materials and Pysk. 
higher temperatures. 

The groauCts retained i n  a -196% trap 
There w e r e  emall 

The yield of W2Fb increased at the 

In another &tempt to introduce NFz radicals in to  molecules, 
NF plus H were passed over copper at 400°C. 
besides the starting materia3.s w a s  N2F4, and no 
results were found when ammonia was used instead of' hydrogen. 

The only vola t i le  product 
was found. Similar 

3 2 

3 Several attempts w e r e  made t o  synthesize g2F4 by reaction of NF 
w i t h  copper at elevated temperature according t o  a method recently 
reported in the literature. 
necessary at 375'C with fresh copper, but a8 t he  copper was aged mch 
longer residence times and/or higher temperatures were necessary. 

only a f e w  seconds contact time w e r e  found 

+ 

The reaction of NF with excess sodium i n  liquid MI at -40° 3 3 
has been investigated; if pJ2 and MaF were produced quantitatively, the  
reaction might be used calorimetrically to  determine the  beat of formation 
of PTF In  each of t w o  trials, about one-sixth mole of' Fi2 was produced 
from each mole of P-TF ; a0 uareacted EJF remain@&. The solid residues remaining 
after evaporation of the solution from the  f irst  taial were hydrolyzed; 
fluoride m s  determined and found t o  correspond approximately qumti ta t ively 
w i t h  NF used. 

B. Boron-Bydrogen-nitrogen Compounds 

3' 
3 3 

3 

The mixture of pentabmane with hydrazine is reported by the  
Olin Matheson Co. to have promise a8 a high energy propellant. 
n i t r ide  and hydrogen w e  presumed to be the reaction produeta: 

Bron 

2 B + I ~  + 5 N,HL = 10 BW + 19 H~ 
Thi8, or EL similar system, may also be of interest  as an explosive. 
attempt to mix B II and Pr H 
in a violent explosion. 

An 
in the laboratory on a mg. scale did result 5 9  2 4  

-4- 



. , .  

1 
/' 

t 

$nfornnal Progress Report 
' Con't. 

rmBr'BGTIC CIIESIISTRY - Cont'd. 

other example of such a eyet 
convent i o d l  bond energy tables (UC 
f ion of the solid adduct of and hydrazine, H 3 B-XE2-IlE2-BE 
one obtsine-an ewrgy of exgloei /gm for t h i s  material 
assuming boron n i t r ide  (solid) and n (gas) as products. me 
v o l m  of gae produced per gram on this baeir is &l60 quite high, 
approximately 1.9 l / g m .  
in  t h i s  material on a conventlont%l impact machine (drop hammer) and in 
a plate-dent test  have so far failed. 

eine. 
t o  calculate the 

However all attanqrts t o  effect a detonation 

I n  the investigation of hydrazine-borane systems combinations 
of hydrazine with diberane, pentaborane-9, and eth~ldecaborane have 
been examined. 

The hydrazine-diborane, BzH6-N2H4, formed at -W0 was found to 
be unetable at room temperature. 
half of i ts  hydrogen in a f e w  hours, f inal ly  forming a crystalline 

I product with a w e l l - &  X-ray diffraction pattern. This solid 

The material w a s  found t o  lose nearly 

product co-ald not be de 
or by the 2ElX detonator-booster used i 
i n  vacuum the sol id &compo8 

which is amorphous. 

r with the drop hammer 

pla te  dent test. A t  300O 
her so l id  material 

Pentsborane and hydrazine were combined without 8x1 explosion by u8 

diethyl ether as a solvent. 
of the  ether could no% be detonated on the drop hammer st 160 crn with 
& 5 Kg weight, but the failure may Mvt? been due t o  air damage. 

examination and groduct analysis f o r  t h  

but the product apgears t o  be B 
formed w i t h  ammonia. 

The resulting eolid product after remov 

A care 
SPtheSiS is still. incomglete,- 
-agous t o  the compo=d .4N 5% 

It appears to be more stable at room temperature than 
BzHG' m,H& 

A few mg. of ethyldecabomne were conbined direct ly  with h y b z i n e .  [-No 
v io len t  reactions w e r e  observable a t  room teqerature, gor was hydrogen 
evolution very great. 

Of B10%3 
a possible detonation i n  the drop hammer t e s t  and appears to have p r d s e  
as a test material. 
sensitive t o  air  and moisture. 

In  the appropriate stofchionletric explosive mixture 
Et -1- 5E,;Iq, a clear viscous liquid was formed. %he liquid gave 

All of the borane-hydrazine compounds are very 
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SyMTBrmIC CHEwisTHy - Cont'd. 

reaction chamber and use& to f o l l o w  the temperature on several 
Coneiderably higher inte 

than had previously been magected. 
t m a f e r  agent in the reactor, which has considerably improved the 
emtrollabil i ty and reproducXbUity of the reaction, 
at  -18*C, but t h e  sesulta were not encourag-5ng. 

temperaturee were found t 
This lead to the faclusfon of a heat 

Two m e  were made 
It appears that even 

nbor  modifications i n  the experiment& conditions can produce quite 

different results both in t e r n  of t o t a l  yield ana i n  terns of the nature 
of the product or products. 
the separation, purification and identification of the material obtained 

Efforts are now being directed towards 

under one arbitrary set of conditions. 
Investigation of the reaction of' chlorine t r i f luor ide  w i t h  hexachlom- 

melamine continues. 

remove chlorine tr if luorfde,  has been separated into two components by pot 
t o  pot d i s t i l l 8 t ion  on w. vacuum line. The more volatile of these has been 
identified as cyanuric fluoride by i ts  physical properties, infrared and 
n.m.r. spectra and hydrofysis t o  cyanuric acid. 

The -78O fraction, after treatment with mercury to 

The less volattle material 
appeara, at present, t o  be identical  w i t h  t h e  mteriaL reported by Redstone 
{Rob an& Has) and is tentat ively assigned the structure proposed by them 

(NJ, I, trichloro-hexafluoro-s-triazine), 
towards accumulating enough of t h i s  material to complete its fdentification 
and to study some of i t a  pmperties. 
paratton of hexachloromelamine using cammerciaf calcium hypochlorite has 
been developed. 

Efforts are now being directed 

An alternate procedure for the pre- 

Snvestigation of the  reaction of chlorine tr if luoride w i t h  

hexachloromelamine continues. 
obtaining the higher boiling product mentioned i n  last month' s report 

The di f f icu l ty  i n  recent weeks i n  

is now believed to be due to s badly contaminated tank of chlorine 
t r i f luoride,  and steps are being taken t o  purify it before use. 
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continued on the addlt 
t o  tetrafluor ene. Verrio onversion of the  &nitro- 
tetrafluomethyl nitrite to  di 

with N204. From one run carr ied out i n  ether eolutfon at 0' par- 
t f t i o n  chromatography shows the  presence of at least 6 compounb. 
Chemical evidence iladicatea that there 8m three types of compounds 
present; acide, carbonyl compounds, and a neutral campound contain- 
ing no carbonyl groups. The neutr8.l compound has been tentat ively 
identified f r o m  N.M.R. evidence as l,~-dinitrohexafluorobutene-2. 
Attempts t o  i so la te  t he  carbonyl f'raction by precipitation as the  
eemicarbazoms has been umauccesaful. 
fraction have also failed. 

Iboacettmide are being investigated. 
Work has been resumed on the  re&ctbn of pcrfluorobutadfene 

Attempts t o  evaluate the  acid 

Nitration studies have been undertaken on p-phenylenediamine 
diacetate, p-dimethoxybonzene and g-dibrcrmobenzene. 
two yield dinitro-derivatives under re la t ively m i l d  conditions. 
The product from p-dbethoxybenzene has been identified 88 1,4- 
dimethoxy-2,5-dinitrobenzene. 

from p-phenylenediamine diacctate for idont i f icet ion have been 

The first 

Attempts at hydrolysie of the product 

unsucccssAzl. 

E. Miscellaneous 
An investigation of the  hydration of t r in i t roace toni t r i le  to 

trinitroacetamide has been undertaken, 
ace t roni t r i le  Was prepred i n  a carbon tetrachloride solution, and 
a small portion of this  was purif ied by pot t o  pot d i s t i l l a t i o n  on 
8 vacuum l ine .  

A fbample of t r i n i t r o -  

0 I t e  vapor pressure was found t o  be 8 mm at 23 . 
The study of the action of various fluorinating agents on N-chforo- 

It appears that the  use of HF as a isocyanuric acid has been continued. 
moderator far these reactions w i l l  not be feasible since it appears t o  
react with the  N-cbloroisocyanuric acid. 

Further attempts are being made t o  synthesize t r ini t ro-s- t r iazine by 
the  reaction of s i l ve r  n i t r i t e  w i t h  cyanuric chloride. 
than s i lver  chloride has as yet been isolated. 

N o  product other 

-7 - --- 
ri- 



m: clc 
Mstribut ion: 
cy. 1 of 6A M. S. Cohen 
cy. 2 of 6 A  W. Niederhauser 
cy. 3 of 6A W. H. Pearlson 
cy. 4 of 6A G. N. Tpon, Jr. 
cy. 5 of 6A H. S. Uchida 
cy. 6 of 6A J, W. Kury 

c 


