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ABSTRACT 

The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  s y n t h e s i z e  and 

c h a r a c t e r i z e  s e l e c t e d  organodi- and polyammonium n i t r a t e  s a l t s  f o r  

use i n  a q u a l i t a t i v e  s tudy of  t he rma l  and impact s t a b i l i t y  cha rac -  

t e r i s t i c s .  A t o t a l  of  twenty-two sa l t s  were prepared and 

c h a r a c t e r i z e d .  A l i terature  sea rch  confirmed t h a t  f if teen of 

t h e s e  materials had never been r epor t ed  and, t h e r e f o r e ,  were 

assumed to  be o r i g i n a l .  The general s y n t h e s i s  p r o c e s s  is 

d e s c r i b e d  wi th  s p e c i f i c  d e t a i l s  f o r  each compound included.  

E lemen ta l  a n a l y s e s  are provided f o r  t h e  new compounds as wel l  as 

t h e i r  nuclear magnetic resonance spec t r a .  Other  d a t a  i n c l u d e d  are 

*To whom i n q u i r i e s  shou ld  be addressed.  
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d e n s i t i a s  ( c a l c u l a t e d  and measured), hea ts  of fusion,  mel t ing 

poin ts ,  the temperature of the  major peak assoc ia ted  w i t h  

exothermic decomposition a s  measured by a d i f f e r e n t i a l  scanning 

ca lor imeter  and Fourier  transform i n f r a r e d  spectra .  
L 

INTRODUCTION 

Within t h e  U. S. Air Force, t h e r e  is an ex tens ive ,  ongoing 

research program t o  develop an improved e x p l o s i v e  f i l l  f o r  bombs 

t h a t  w i l l ,  i n  e f f e c t ,  reduce the  quant i ty-dis tance c o n s t r a i n t s  

assoc ia ted  w i t h  storage. One proposed new composition, EAK, was 

composed of a mixture of ammonium n i t r a t e  (AN), potassium n i t r a t e  

(KN) and ethylenediammonium d i n i t r a t e  (EDD). AN is a r e a d i l y  

a v a i l a b l e  and inexpensive o x i d i z e r  material used e x t e n s i v e l y  in 

commercial explosives .  EDD is an oxygen-deficient f u e l  mater ia l  

t h a t  forms a low mel t ing  e u t e c t i c  composition with AN,  as w e l l  a s  

w i t h  many o ther  organic  and inorganic  salts. It was used as an 

e x p l o s i v e  ingredien t  as e a r l y  as 1915’ and is a p r i n c i p a l  

component in a r a t h e r  ex tens ive  l ist  of e x p l o s i v e  formulat ions 

covering t h e  time period 1945 t o  present. 

s t a t e  phase modif ier  f o r  AN. 

KN was added as a s o l i d  

During the  i n i t i a l  i n t e r e s t  i n  t h e  EAK mixture, t h e  m a t e r i a l  

was s tudied  e x t e n s i v e l y  with r e s p e c t  t o  its detonat ion 

c h a r a c t e r i s t i c s ;  however, o n l y  minor i n t e r e s t  was paid t o  gaining 

a basic understanding of the thermal p r o p e r t i e s  of  t h i s  complex 

s a l t  mixture. The mixture l a t e r  f a i l e d  slow cookoff q u a l i f i c a t i o n  
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t e s t i n g .  It was s p e c u l a t e d  t h a t  a comprehensive the rma l  p rope r ty  

s tudy cou ld  be accomplished r a t h e r  e f f e c t i v e l y  by use  of a series 

of EDD homologues, ol igomers ,  N-subst i tuted s p e c i e s  and, perhaps,  

o t h e r  similar compounds. 

organodi- and polyammoniurn n i t r a t e  s a l t s  desc r ibed  i n  t h i s  r epor t .  

A Comprehensive s e a r c h  of t h e  l i t e r a t u r e  r e v e a l e d  t h a t  o n l y  a 

T h i s  prompied t h e  s y n t h e s i s  o f  t h e  

few of t h e  n i t r a t e  sa l ts  had p r e v i o u s l y  been prepared and 

reported.  Consequently,  t h i s  paper not  o n l y  r e p o r t s  some 

s i g n i f i c a n t  p r o p e r t i e s  of these materials, bu t  a l s o  e l e m e n t a l  

a n a l y s e s  confirming t h e  p r e p a r a t i o n  and t h e  n u c l e a r  magnetic 

resonance s p e c t r a  suppor t ing  t h e  proposed s t r u c t u r e .  

compounds i n  t h i s  r e p o r t  are l i s t e d  i n  Tab le  1. 

4-11 o f  t h e  

EXPERIMENTAL 

P r e p a r a t i o n  

T y p i c a l l y ,  t h e  n i t r a t e  s a l t s  o f  amines c o n t a i n i n g  more than  

one amino f u n c t i o n a l  group were p repa red  by r e a c t i n g  t h e  base  wi th  

70 pe rcen t  n i t r i c  a c i d  i n  c o l d  95 p e r c e n t  e t h a n o l  o r  methanol. 

All amino f u n c t i o n a l  groups w i t h i n  t h e  s p e c i f i c  molecu le s  used in 

t h i s  s tudy,  whether primary, secondary or t e r t i a r y ,  are conve r t ed  

t o  t h e  r e s p e c t i v e  ammonium i o n s  by t h i s  method. The acid is added 

dropwise t o  t h e  c o l d  a l c o h o l  s o l u t i o n  of t h e  r e s p e c t i v e  amine 

with s t i r r i n g .  The r e a c t i o n  v e s s e l  s h o u l d  be maintained i n  an ice 

ba th  throughout t h e  a d d i t i o n  o f  acid t o  minimize fo rma t ion  of  
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TABLE 1. ORGANODI- AND POLYAMMONIUM NITRATE SALTS INCLUDED IN STUDY 

COMPOUND NAME ACRONYM FORMULA 
MOLECULAR 

A .  Homologues of EDD 
1. Ethylenediammonium dinitrate 
2. 1,3-Propwliimmoniurn dinitrate 
3. 1,4-Butancdiimmonium dinitrate 
4. 1,6-Hexanediimmonium dinitrate 

5 .  N - Methylethylenedi3mmonium dinitrate 

7. N-Isapmpyl&ylenediammonium diaarate 

8. N,N'-Dm&ylethyl~ediammonim dinitrate 

10. N,N'-DiBbylBbylcnedionim dinitrate 

B. N-Substituted EDD 

6. N - E t h y M h y I ~ d i ~ o n i W  dinitrate 

C. N,N'-Substituted EDD (9=N,N-)  

9. N,N-Di~~&hyl&yienediammonium didme 

D.  N,N,N'-SUbS'tuted EDD 
11. N,N,N'-Trimethylethylenediammonium dinitrate 
12. N , N - D ~ e t h y l - N ' - ~ l e t h ~ l e n ~ o ~ u m  dininate 
13. N ,N,N' -Triethylethykoediammonium d h h t C  

E.  N,N,N',N'-SubstitutcddtUted W D  
14. N,N,N',N'-T~&yldhylenediammonium dinitrate 
IS. N,N,N',N'-TTdraethylethylenediammonium dinitratc 

F. Misceltvlmus 
16. D k t h y l ~ a m m o n h n  Trinitrate 
17. Triethylenetetrammonium Tetranitrate 
18. Temethylewpmtammonium Ftntanitrate 
19. Piperazinium diaitrate 
20. 1,4-Di3za-bicyclo[2.2.2]octane dinitrate 
21. 3,3'-lmioo-bis-propylmmonium trinitnte 
22. 1,1-Dimethylethylmediammonium dinitrate 

c2H l@4O6 EDD 

PDD c3H12N406 
BDD C4H 14N406 
HDD 18N406 

MEDD C-jH12N406 

EEDD c4H14N406 
IPEDQ CsHl$r406 

S-DMEDD C4H14N406 
U-DMEDD C4H14N406 
S-DEEDD 

TRMEDD 
DMEEDD 
TREEDD 

TMEDD 
TEEDD 

DETN 
TETN 
TEPP 
PIPZD 
DABCOD 
XBPAT 
TBDD 

c#l SN406 

cSH16N406 
'& 1 SN4% 
c8H22N406 
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e t h y l  n i t r a t e .  Since product u s u a l l y  forms as a w h i t i s h  

p r e c i p i t a t e ,  it is important to  ensure t h a t  enough a l c o h o l  is used 

t o  na in ta in  f r e e  s t i r r i n g .  As s n  exception, no p r e c i p i t s t e  was 

formed during the preparat ion of 1,l-dimethylethylenediammonium 

d i n i t r a t e .  After removal of t h e  s o l v e n t  from t h e  r e a c t i o n  liquor 

i n  vacuo a t  approximately 70°C, acetone was added t o  t h e  r e s i d u a l  

o i l  t o  e f f e c t  s o l i d i f i c a t i o n .  The acetone was removed i n  vacuo 

leaving  a white s o l i d  residue. R e c r y s t a l l i z a t i o n  from e thanol  (95 

percent)  was then effected.  A l l  o ther  samples were r e c r y s t a l l i z e d  

from e thanol  (95 percent)  with j u s t  enough water added t o  

f a c i l i t a t e  d i s s o l u t i o n  unless  s t a t e d  otherwise. Elemental 

ana lyses  were obtained f o r  o r i g i n a l  compounds. 

The attempted preparat ion of 1,5-pentanediammonium d i n i t r a t e  

by the  method described above y ie lded  a tan o i l .  

t h i s  oil with acetone produced a tan  s o l i d  a f t e r  removal of the  

l a t t e r  i n  vacuo. 

tan  o i l .  The FTIR spectrum of the tan  s o l i d ,  a l though showing the  

absorpt ions c h a r a c t e r i s t i c  of n i t r a t e  ion, was of l i t t l e  use i n  

he lp ing  t o  confirm t h e  s t r u c t u r e  of t h e  product. The 

dihydrochlor ide was then prepared by a method similar t o  t h a t  

described above, m.p. 26loC2. T h i s  mater ia l  was d i s s o l v e d  i n  

water and t rea ted  with a s to ich iometr ic  amount of aqueous s i l v e r  

n i t r a t e .  After removal of the  p r e c i p i t a t e d  s i l v e r  c h l o r i d e  by 

f i l t r a t i o n ,  the  water was removed i n  vacuo leaving  a whi t e  s o l i d  

Treatment of 

R e c r y s t a l l i z a t i o n  attempts repea ted ly  y ie lded  a 
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3s residue. Attempts t o  r e c r y s t a l l i z e  t h i s  mater ia l  a l s o  proved 

f r u i t  less. ?lass spectrometr ic  charac te r iza t ion  g i v e s  some support 

for  t h e  expected s t ra ight -cha in  product. 

Densi t ies  

Densi t ies  were c a l c u l a t e d  f o r  each of the s a l t s 3  and a l s o  

measured using a Quantachrome Ster.eopycnometer, Model Number SPY- 

2. The e r r o r s  i n  the  r e s u l t s  were c a l c u l a t e d  from t h e  s tandard 

d e v i a t i o n s  a t  t h e  95 percent  Student t confidence l e v e l .  

Heats of Fusion 

Q u a l i t a t i v e  hea ts  of fus ion  were measured f o r  e ighteen of the  

organodi- and polyamonium n i t r a t e  s a l t s  by t h e  cu t  and weigh 

method and by using t h e  Perkin-Elmer DSC-4/Thermal Analysis  Data 

S t a t i o n  System. A Perkin-Elmer DSC-2 coupled u i t h  a s t r i p - c h a r t  

recorder  was used t o  obta in  t h e  thermograms f o r  the  former method. 

The DSC-2 hea t ing  r a t e  t o  c a l i b r a t e  t h e  papep f o r  t h e  cu t  and 

weight method and t o  obta in  t h e  thermograms f o r  each s a l t  was 

5'C/min. Each sample was run i n  d u p l i c a t e  and the  mel t ing  curves  

were each photocopied i n  t r i p l i c a t e .  The weight represent ing  the  

a rea  under the melt ing endotherm f o r  each measurement is t h e  

average of the  three  photocopied t races .  The h e a t s  of fus ion  

determined with t h e  DSC-I( were t h e  r e s u l t  of s i n g l e  measurements 

a t  a hea t ing  r a t e  of 10°C/min except f o r  EDD and BDD, where the  

r e s u l t  is from s i x  or more measurements. A ni t rogen  atmosphere 
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and alumina reference mater ia l  were used f o r  a l l  measurements. 

The DSC-4 was c a l i b r a t e d  t o  t h e  indium heat of fusion. The e r r o r s  

i n  the  r e s u l t s  were c a l c u l a t e d  from the  s tandard devia t ions  a t  the 

95 percent Student t confidence l e v e l .  Heat of fusion va lues  

obtained by t h e  cu t  and weigh method d i l l  appear i n  parentheses. 

Nuclear Magnetic Resonance Spectra  

'8 NMR s p e c t r a  were obtained using a Varian EM-390 90-MHZ 

spectrometer. The 

i n t e r n a l  reference was sodium [2,2,3,3-D4]3-(trimethylsilyl)- 

p ropiona t e (TSP 1. 

Impact S e n s i t i v i t y  Charac te r i s t ics  

D2Q was used as  the  s o l v e n t  i n  a l l  cases. 

Impact da ta  were obtained w i t h  a Bureau of Mines, Model No 2,  

Impact Device. The compounds t o  be tested were vacuum dr ied  f o r  

s e v e r a l  hours a t  temperatures up to  6OoC. They were then ground 

and s ieved  i n  a low humidity box where the  r e l a t i v e  humidity was 

maintained i n  the  20 t o  30 percent range. Unless otherwise noted, 

t h e  s i e v e  range used for impact t e s t i n g  was 80 t o  325 mesh and t h e  

sample s i z e  f o r  each t e s t  was 35 5 3 mg. Each powdered sample was 

impacted on Norton coated abras ive  paper of  180 g r i t  (FSN 5350- 

271-7930). 

complete test. 

Bruceton t e s t .  

Twenty-five t o  t h i r t y  samples were used f o r  each 

The HsQ5 f o r  each compound was obtained by t h e  
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Thermal C h a r a c t e r i z a t i o n  

Thermal c h a r a c t e r i z a t i o n  was accomplished with a Perkin-  

Elmer DSC-4/Thermal A n a l y s i s  Data S t 9 t i o n  System and a Mettler 

FP1 M e l t i n g  and B o i l i n g  Po in t  Apparatus. I n  some cases, m e l t i n g  

p o i n t s  were obtained us ing  a c a p i l l a r y  tube  i n  a s t i r r e d  h o t  oil 

ba th  o r  a microscope equipped wi th  a ho t  s t age .  The DSC scan  

rate i n  a l l  c a s e s  was 10°C/min and v a l u e s  ob ta ined  are t h e  r e s u l t  

o f  one measurement, excep t  f o r  BDD where t h r e e  measurements were 

made. Sample c a p s u l e s  were s t anda rd  aluminum pans and c o v e r s  

(Perkin-Elmer p a r t  number 219-0062) w i t h  t h e  l a t t e r  p e r f o r a t e d  

wi th  a p i n  t o  a s t anda rd  s ize  ho le .  The sample c a p s u l e  used t o  

measure t h e  exotherm f o r  BDD under s e a l e d  c o n d i t i o n s  was a g o l d -  

p l a t e d ,  s t a i n l e s s  steel, high p r e s s u r e  c a p s u l e  (Perkin-Elmer p a r t  

number 419-1760). The the rma l  r e s u l t s  p re sen ted  in t h i s  s tudy  

are more e x t e n s i v e  fo r  BDD than  f o r  t h e  o t h e r  s a l t s  because BDD 

is c u r r e n t l y  t h e  s u b j e c t  o f  a comprehensive the rma l  d e g r a d a t i o n  

i n v e s t i g a t i o n .  

F o u r i e r  Transform I n f r a r e d  S p e c t r a  

F o u r i e r  t r ans fo rm i n f r a r e d  (FTIR) s p e c t r a  were ob ta ined  

u s i n g  a Mattson Cygnus 25 FTIR Spectrometer .  All s p e c t r a  were 

ob ta ined  as KBr p e l l e t s .  Peak p o s i t i o n s  are g i v e n  in em'' and 

h a v e  been co r rec t ed .  
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Mass Spec t romet r i c  Analyses 

Mass s p e c t r o m e t r i c  a n a l y s e s  were accomplished with a Finnigrin 

M A T  Mass Spectrometer  Model 5100 GC/MS system o p e r a t i n g  a t  70 eV. 

RESULTS AND DISCUSSION 

Most of  t h e  a l i p h a t i c  d i -  and polyammonium n i t r a t e  sa l t s  

r e p o r t e d  i n  t h i s  paper have no t  p r e v i o u s l y  been described. I n  

g e n e r a l ,  they are a l l  white  c r y s t a l l i n e  s o l i d s  t h a t  are s o l u b l e  i n  

water. 

conducted, q u a l i t a t i v e  o b s e r v a t i o n s  showed most t o  be hygroscopic 

t o  va ry ing  degrees.  The p r e p a r a t i o n  s o l v e n t s  l i s t ed  below are t h e  

ones  g i v i n g  t h e  h ighes t  y i e l d .  

s p e c i f i c a l l y  prepared f o r  t h i s  study. 

Although no q u a n t i t a t i v e  hygroscop ic i ty  s t u d i e s  were 

Samples of EDD and TE'Ri were n o t  

Attempts t o  p r e p a r e  1,5-pentanediammonium d i n i t r a t e  y i e l d e d  a n  

o i l ,  which when t r e a t e d  with acetone,  produced a t a n  s o l i d .  

Depending on the  method of p r e p a r a t i o n ,  m e l t i n g  p o i n t s  of t h e  

s o l i d  v a r i e d  i n  t h e  range 50 t o  90°C wi th  appa ren t  decomposition. 

It is p o s s i b l e  t h a t  a c y c l o e l i m i n a t i o n  r e a c t i o n  may occur  d u r i n g  

t h i s  p r e p a r a t i o n  t o  y i e l d  p ipe r id in ium n i t r a t e  and ammonium 

n i t r a t e  i n  va ry ing  amounts. I n t r o d u c t i o n  o f  the  s o l i d  p roduc t s  

ob ta ined  from t h e  v a r i o u s  p r e p a r a t i o n  a t t e m p t s  i n t o  a mass 

spec t romete r  by t h e  s o l i d s  probe t echn ique  y i e l d e d  d a t a  s u p p o r t i v e  

of t h e  expected s t r a i g h t  cha in  homolog. T y p i c a l l y ,  t h e s e  s a l t s  

e n t e r  t h e  mass spectrometer  as t h e  free diamine and n i t r i c  acid 
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when f l a s h  heated t o  a t empera tu re  a t  o r  nea r  t h e i r  m e l t i n g  

po in t s .  Nitric acid b reaks  down t o  y i e l d  character is t ic  peaks a t  

m/e 63, 46 and 30. The dismine produces f r agmen ta t ion  peaks 

c h a r a c t e r i s t i c  of its m o l e c u l a r  s t r u c t u r e .  Fragmentat ion is 

similsr t o  t h a t  observed for  a l c o h o l s  w i t h  t h e  same basic 

s t r u c t u r e .  

i n t e n s i t y  peak a t  m/e 56 r e l a t i v e  t o  a low i n t e n s i t y  peak a t  m/e 

85. Whereas p i p e r i d i n e  g i v e s  c h a r a c t e r i s t i c ,  h igh  i n t e n s i t y  peaks 

a t  m/e 85 and 84 r e l a t i v e  t o  t h e  peaks a t  m/e 56 and 55, t h e  

expected s t r a i g h t  cha in  diamine g i v e s  h igh  i n t e n s i t y  peaks a t  m/e 

56 and 5 5 p e r s u s  t h o s e  peaks around m/e 85. 

no t  appea r  u s e f u l  r e l a t i v e  t o  f u t u r e  the rma l  r e s e a r c h ,  no f u r t h e r  

c h a r a c t e r i z a t i o n  was at tempted.  

The t a n  s o l i d  p r e v i o u s l y  mentioned g i v e s  a high 

S ince  t h e  s a l t  does 

Ethylenedianmonium D i n i t a t e  (EDD) is prepa red  by t h e  g e n e r a l  

method desc r ibed  i n  t h e  Experimental  s e c t i o n :  mp 188.loc 

(l88'Cl4; AHfusion = 21.21 t 0.71 cal/g;  d e n s i t y  (g/cm3): 1.591 

( c a l c d ) ,  1.603 2 0.001 ( f o u n d ) ,  1.5954; N M R  6 3.4 ( 4 H , s ) .  

l ,+Propanediamonium Dinitrate (PDD) was p repa red  i n  e t h a n o l  and 

r e c r y s t a l l i z e d :  

(21.86 2 1.82); d e n s i t y  (g/cm3): 1.509 ( c a l c d ) ,  1.595 2 0.005 

( f o u n d ) ;  N M R  6 2.1 (2H,m,J = 7.5Hz), 3.2 ( 4 H , t , J  = 7.5Hz). Anal .  

Calcd f o r  C3H12N406: C,18.00; H,6.05; N,27.99. Found: C,17.91; 

H,6.19; N28.14. 

y i e l d  92%; mp 126OC; AHfusion = 21.59 ca l /g  
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#-Hethylethylenediaaonium D i n i t r a t e  (HEDD) was rreparpd i n  

e t h a n o l  and r e c r y s t a l l i z e d :  y i e l d  96%; mp 78OC; AHfus ion  = 13.25 

c a l / 3  (23.58 2 1.65); d e n s i t y  (g/cm3):  1.497 ( c a l c d ) ,  1.854 

( f o u n d ) ;  NHR 6 2.8 (3H,s ) ,  3.4 (4H,s) . ,  Ana l .  C a l c d  f o r  C3H12N406: 

C,18.00; H,6.05; N,27.99. Found: C,18.04; H.6.04; N,28.27. 

P i p e a z i n i l u  D i n i t r a t e  (PIPZD) was prepared i n  methanol and 

r e c r y s t a l l i z e d :  y i e l d  91%; mp 224OC (decamp); d e n s i t y  (g/cm3): 

1.535 ( c a l c d ) ,  1.577 2 0.016 ( f o u n d ) ;  N M R  6 3.6 (8H,s). A n a l .  

Ca lcd  f o r  C4Hl2N406: C,22.64; H,5.71; N,26.41. 

H,5.69; N,26.18. 

Found: C,22.80; 

1,4-Butanediapomonium Dinitrate (BDDI5 was prepared i n  e t h a n o l  

and r e c r y s t a l l i z e d :  y i e l d  80%; mp 139.1OC; AHfusion = 35.80 2 0.31 

c a l / g  (34.88 2 3.25); d e n s i t y  (g/cm3): 1.444 ( c a l c d ) ,  1.463 2 

0.004 ( found) ;  N M R  6 1 . 9  ( 4 H , m , J  = 7.5Hz), 3.1 (4H,m,J = 7.5Hz). 

Anal. Calcd f o r  CqH14N406: CJ2.43; H,6.60; N,26.16. Found: 

C,22.48; H,6.39; N,26.18. 

1, l -Dimethylethylenedianium Dinit ra te  (TBDD) was prepared 

i n  e t h a n o l  and r e c r y s t a l l i z e d  from 95% e t h a n o l :  y i e l d  43%; mp 

23OoC; AHfusion (see t h e  thermal p r o p e r t i e s  d i scuss ion ) ;  d e n s i t y  

(g/cm3): 1.444 ( c a l c d ) ,  1.425 ( found) ;  N M R  6 1.5 (6H,s) ,  3.4 

(2H,s). 

Found: C,22.47; H,6.43; N,26.12. 

Anal.  C a l c d  f o r  C 4 H 1  4N406: C,22.43; H,6.60; N,26.16. 

I , I* -Di ) ine thy le thy lened ia~n i~  D i n i t r a t e  (s-DHKDD) was 

prepared i n  methanol and r e c r y s t a l l i z e d :  y i e l d  93%; mp 129OC; 
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bHfus ion  = 7 3 . 1  c a l l 3  (22 .95  2 2.89) ;  d e n s i t y  (g l cm3) :  1.424 

( c n l c d ) ,  1.397 2 9.002 ( f o u n d ) ;  NMR 6 2.8 ( 6 H , s ) ,  3.5 (4H, s ) .  

Anal. Calcd f o r  CkH14N406: C,22.43; 3.6.60; N,26.16. Found: 

C,22.63; H,6.50; N,26.17. 

N,N-Dimethylethylenedianmonium D i n i t r a t e  (u-DHEDD) was 

p repa red  i n  e t h a n o l  and not  r e c r y s t a l l i z e d :  

d e n s i t y  (s/cm3): 1.424 ( c a l c d ) ,  1.458 ( found) ;  Not s t a b l e  t o  long-  

term s t o r a g e .  

y i e l d  92%;  mp 52OC; 

U-Ethylethylenediammonium D i n i t r a t e  (EEDD) was p repa red  in 

e t h a n o l  and r e c r y s t a l l i z e d :  

c a l / g  (25.10 2 1.70);  d e n s i t y  (g/cm3): 1.434 ( c a l c d ) ,  1.401 z 
y i e l d  95%; mp 86Oc; AHfusion = 25.17 

0.006 ( f o u n d ) ;  N M R  

3.4 (4H,s).  

Found: C,22.86; H,6.53; N,26.03. 

61 .3  ( 3 H , s , J  = 7.5Hz),  3.2 (2H,q , J  = 7.5Hz1, 

Anal. C a l c d  f o r  C4H14N406: C,22.43; H,6.60; N,26.16. 

U-Ieopropylethylenediammonium Dinit ra te  (IPEDD) was prepa red  

in i s o p r o p a n o l  and n o t  r e c r y s t a l l i z e d :  

AHfusion = 14.76 c a l / g  (17.88 2 1.17); d e n s i t y  (g/cm3): 1.382 

( c a l c d ) ,  1.282 2 0.011 ( f o u n d ) ;  N M R  6 1.4 ( 6 H , d , J  = 6.8Hz), 3.47 

(4H, s ) ,  3.54 (H,m,J = 6.8Hz). Ana l .  C a l c d  f o r  C5H16N406: C,26.31; 

H,7.07; N,24.56. Found: C,26.41; H,7.11; N,24.90. 

y i e l d  87%; mp 94OC; 

N,I,N*-Trimethyl ethy 1 enediammonium Dini t ra te  (TRMKDD) was 

prepared  in and r e c r y s t a l l i z e d  from 95 p e r c e n t  e t h a n o l :  y i e l d  

90%; mp 93OC; AHfus ion  = 29.04 c a l / g ;  d e n s i t y  (q/cm3): 1.366 

12 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



( c a l q d ) ,  1.356 2 3.005 ( found) ;  NXR 6 2.8 (3H,s) ,  3.7 (6H,s ) ,  3.5 

(4H,s).  k n a l .  C a l c d  for CgHl6N~06: C,26.31; H,7.07; N,24.56. 

Found: C,P6.41; 8,7.12; Y,24.81. 

1,4-Diaza-bicyclo[2,2,2]0ctane Mnitrate (DABCOD) was 

prepared in methanol and r e c r y s t a l l i z e d :  

(decomp); d e n s i t y  (g/cm3): 1.495 ( c a l c d ) ,  1.572 2 0.002 ( f o u n d ) ;  

N M R  63.8 (12H,s). Anal. C a l c d  f o r  C6H,4N406: C,30.25; H,5.94; 

N,23.52. Found: C,30.37; H,5.88; N,23.01. 

y i e l d  771; mp 174OC 

6 1 ,B-Hexanediamoniur Dfeitrate (IlDD) was prepared i n  methanol 

and r e c r y s t a l l i z e d  from 95% e thanol :  

AHfus ion  = 24.84 c a l / g  (24 .622  1.81); d e n s i t y  (g/cm3): 1.347 

( c a l c d ) ,  1.113 2 0.001 (found) .  

y i e l d  83%; mp 108OC; 

I ,I-Dimethyl-N*-ethylethJlenediamronium Dini t rate (DHEEDD) 

was prepared i n  and r e c r y s t a l l i z e d  from 95% ethanol :  

mp l0loC; 

1.325 ( c a l c d ) ,  1.305 2 0.004 ( found) ;  N M R  6 1.2 ( 3 H , t , J  = 7.1Hz), 

3.0 (6H.31, 3.2 (2H,q,J = 7.1Hz), 3.5 (4H,s). Anal.  C a l c d  f o r  

y i e l d  94%; 

A H f u s f o n  = 21.75 cal /3  (24.38 2 1.95); dens i ty  (g/cm3): 

CgH13N406: C,29.75; H,7.49; N,23.13. 

N ,23.32. 

Found: C,29.90; H,7.56; 

I,F-Diethylethylenediammonium Dini t ra te  (s-DEEDD) was 

prepared i n  e thanol  and r e c r y s t a l l i z e d :  

(decomp); 

N M R  6 1 . 3  ( 6 H , t , J  = 7.5Hz), 3.2 (4H,q,J = 7.5Hz), 3.4 ( ~ H , s ) .  

y i e l d  96%; mp 1 9 3 O C  

d e n s i t y  (g/cm3): 1.333 ( c a l c d ) ,  1.32 2 0.01 ( found) ;  
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Anal. C-ilcd f o r  CjHlaN1;95: C.29.74; H,7.50; N,23.13. Found: 

C,29.66; H.7.37; N,22.93. 

R ,II,II*N*-Tetramethylethylenediamonium D i n i t r a t e  (TMEDD) was 

prepared in ethanol  and r e c r y s t a l l i z e d :  

(decomp); d e n s i t y  (g/cm3): 1.318 ( c a l c d ) ,  1.324 5 0.004 ( f o u n d ) ;  

y i e l d  97%; mp 228OC 

N M R  6 3.0 ( 1 2 H , s ) ,  3.6 ( 4 H , s ) .  Anal .  C a l c d  f o r  C6H18N406: 

C,29.75; H,7.49; N,23.13. Found: C,29.62; H,7.55; N,23.13. 

N,H,R'-Triethylethylenediarmoniua D i n i t r a t e  (IRERDD) was 

prepared in and r e c r y s t a l l i z e d  from 95% ethanol :  y i e l d  92%; mp 

86OC; AHfusion = 18.89 c a l / g ;  d e n s i t y  (g/cm3): 1.262 (ca lcd) ,  

1.252 ( f o u n d ) ;  N H R  6 1.3 ( 9 H , t , J  = 7.2Hz), 3.2 (2H,q,J = 7.2Hz). 

3.3 (4H,q,J  = 7.2Hz), 3.5 (4H,s). Anal .  C a l c d  fo r  CgH22N406: 

C.35.54; H,8.22; N,20.73. Found: C,35.38; H.8.22; N.20.82. 

Diethylenetriammoniur Trinitrate (DETHI4 was prepared in 

e thanol  and r e c r y s t a l l i z e d  from a mixture of methanol and water 

(80/20 by weight): y i e l d  98%; mp 151OC; dens i ty  (g/cm3): 1.553 

( c a l c d ) ,  1.561 5 0.004 ( f o u n d ) ;  N M R  6 3.5 (8H,s).  

N ,N ,RW-Tet  rae thy  1 e thy  lenediamnonium D ini tr a t e (TEE DD ) w a s 

prepared i n  and r e c r y s t a l l i z e d  from 95% e thanol :  y i e l d  84%; mp 

14OoC; AHfusion = 17.10 c a l / g  (18.53 2 1.15); dens i ty  (g/crn3): 

1.210 ( c a l c d ) ,  1.255 2 0.003 ( f o u n d ) ;  N M R  6 1.3 ( 1 2 H , t , J  = 7.5Hz), 

3.3 (8H,q,J = 7.5HZ)s 3.6 ( ~ H , s . ) .  Anal .  C a l c d  f o r  C10H26N406: 

C,40.25; H,8.78; N,18.78. Found: C,40.35; H,8.58; N,18.80. 
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3,3*-Imino-bis-propy lamwnium T r i n i  tra t e  ( IBPAT) was p r 3  pared 

i n  e thanol  and not r e c r y s t a l l i z e d :  

E 24.23 c a l / g ;  d e n s i t y  (g/cm31: 

( found) ;  N M R  6 2.1 ( 4 H , m , J  = 7.5Hz),83.1 ( 4 H , t , J  = 7.5Hz), 3.2 

y i e l d  73%; mp llO°C; AHfusion 

1.459 ( Z a l r ? d ) ,  1.459 2 0.005 

( 4 H , t , J  = 7.5Hz). Anal, Calcd f o r  CgH20N60g: C,22.50; H,6.31; 

N,26.24. Found: C,22.67; H,6.16; N,26.45. 

Triethylenetetrammonium T e t r a n i t r a t e  (TETNI4 is prepared by 

t h e  general  method described i n  t h e  Experimental sect ion:  mp 

228OC; d e n s i t y  (g/cm3): 1.536 ( c a l c d ) ,  1.428 2 0.005 ( f o u n d ) ;  

1.6 ( 1 ) ;  N M R  6 3.47 (8H,s) ,  3.53 (4H,s). 

Tetraethylenepentamonium Pentanitrate (TEPP)'I was prepared 

i n  e thanol  and not r e c r y s t a l l i z e d :  y i e l d  88%; dens i ty  (g/cm3): 

1.526 ( c a l c d ) ,  1.585 ( f o u n d ) ;  N M R  6 3.2 (8H,s) ,  3.3 (8H,s ) .  

'H NMR spec t ra  were obtained f o r  twenty of t h e  twenty-two 

compounds l i s t e d  i n  Table  1. For comparative purposes, the  da ta  

are compiled i n  T a b l e  2 according t o  increas ing  molecular  weight. 

It  was reported by Kernlet' and l a t e r  by Kamlet and Adolph9 

t h a t  when t h e  comparison of impact s e n s i t i v i t y  d a t a  was r e s t r i c t e d  

t o  f a m i l i e s  of energe t ic  m a t e r i a l s  having similar t r i g g e r  

l inkages,  rough l i n e a r  r e l a t i o n s h i p s  were observed between t h e  

logari thm of the  impact he ights  (H501) and t h e  oxidant balance 

(OB,OO). Trigger l inkage  is defined as t h e  weakest atom t o  atom 

l inkage ,  t h e  one t h a t  w i l l  most l i k e l y  b e  c leaved  under t h e  

thermal condi t ions generated by t h e  impact hammer. OBlO0 is 
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TABLE 2. NMR CHEMICAL SHIFT VALUES AND COUPLING CONSTANTS 

NO. ACRONYM MOLlWT - 
I .  EDD 

2. PDD 

3. MEDD 

4. PIPZD 

5 .  BDD 

6. TBDD 

7. S-DMEDD 

8. EEDD 

9. PEDD 

10. TRMEDD 

11. DABCOD 

12. S-DEEDD 

13. DMJXDD 

14. TMEDD 

IS. TREEDD 

16. DETN 

17. TEEDD 

18. IBPAT 

19. TETN 

20. TEPP 

186.1 

200.2 

200.2 

212.2 

214.2 

214.2 

214.2 

214.2 

228.2 

228.2 

238.2 

242.2 

242.2 

242.2 

270.3 

292.2 

298.3 

320.3 

398.3 

504.4 

(PPM) 

3.4 (4H,s) 

2.1 (2H,m,J=7.5&), 3.2 (4H,t,J=7.5Hz) 

2.8 (3H,s), 3.4 (4H.s) 

3.6 (8H.s) 

1.8 (4H,m,J=7.5Hz), 3.1 (4H.m,J=7.5&) 

1.5 (6H,s), 3.4 (2H.s) 

2.8 (6H,s), 3.5 (4H.s) 

1.3 (3H,s,J=7.5&), 3.2 (2H.q,J=7.5Hz), 3.4 (4H,s) 

1.4 (6H,d,J=6.8%). 3.47 (4H.s). 3.54 (H,m,J=6.8&) 

2.8 (3H,s), 3.0 (6H.s). 3.5 (4H,s) 

3.8 (12H,s) 

1.3 (6H,t,J=7.5€iz), 3.2 (4H.q.J=7.5Hz), 3.4 (4H.s) 

1.2 (3H,t,J=7.1&), 3.0 (6H,s). 3.2 (2H,q,J=7.1&), 

3.5 (4H,s) 

3.0 (12H,s), 3.6 (4H,s) 

1.3 (9H,t,J=7.2&), 3.2 (2H.q.J-7.2Hz). 3.3 

(4H,q,J=7.2Hz). 3.5 (4H.s) 

3.5 (8H,s) 

1.3 (12H,t.J=7.5&), 3.3 (8H,q,J=7.5&), 3.6 (4H.s) 

2.1 (4H,m.J=7.5Hz), 3.1 (4H,t,J=7,SHz), 3.2 

(4H,t,J=7.5&) 

3.47 (8H,s), 3.53 (4H.s) 

3.2 (8H,s), 3.3 (8H,s) 
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d e f i n e d  33 t h e  nilober of e q u i v a l e n t s  o f  o x i d a n t  per one hundred 

grams of e n e r g e t i c  m a t e r i a l  a b o v e  t h e  amount r e q u i r e d  t o  c o n v e r t  

a l l  hydrogzn t o  w a t e r  (H20) and a l l  c a r b o n  t o  c a r b o n  monoxide 

(CO). 

oxygen r e p r e s e n t s  two e q u i v a l e n t s  of o x i d a n t ,  a n  a tom of hydrogen  

o n e  e q u i v a l e n t  o f  r e d u c t a n t  and a n  atom of c a r b o n  two e q u i v a l e n t s  

of r e d u c t a n t .  

(-COOHI, t h e  e q u a t i o n  i s  

I n  c a l c u l a t i n g  3B,oo f o r  any g l v e n  m o l e c u l e ,  a n  atom of 

For CHNO e x p l o s i v e s  c o n t a i n i n g  no c a r b o x y l  g r o u p s  

100(2n0 - nH - 2nC) 

Mol.  W t .  
OBlOO = 

where no, nH and nc r e p r e s e n t  t h e  number of atoms of t h e  

r e s p e c t i v e  e l e m e n t s  i n  t h e  m o l e c u l e .  

c a r b o n  monoxide, OBIOO = 0. 

F o r  e x p l o s i v e s  b a l a n c e d  t o  

A c o m p i l a t i o n  o f  t h e  i m p a c t  s e n s i t i v i t y  data is p r e s e n t e d  i n  

T a b l e  3. The compounds are assembled i n t o  g r o u p s  as fol lows:  

homologous s e r i e s ,  (2) N - s u b s t i t u t e d  EDD, (3) N,N*-subs t i tu ted  

EDD, (4 )  N,N,N*-subst i tuted EDD, ( 5 )  N , N , N ' N * - s u b s t i t u t e d  EDD a n d  

(6) m i s c e l l a n e o u s  compounds. The l i m i t e d  number of d a t a  p o i n t s  

w i t h i n  e a c h  g r o u p  p r e v e n t e d  more t h a n  a c u r s o r y  r e v i e w  of t h e  

H 5 0 ~ - 0 B , o o  r e l a t i o n s h i p .  

of t h e  2.5 k g  w e i g h t  data f o r  t h e  homologous  a n d  N - s u b s t i t u t e d  

series shows a n e a r  l i n e a r  s e n s i t i v i t y - s t r u c t u r e  t r e n d  as 

described by Kamlet'. 

(1)  

A s t u d y  of t h e  g r a p h i c a l  r e p r e s e n t a t i o n  

Both ser ies  merge o n  EDD. It is a l s o  c l ea r  
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TABLE 3.  IhlPACT SENSITIVITY AND OBlm OF SELECTED ORGANODI- AND 
POLYAhfMONlUM NITRATE SALTS 

ACRONYM 

A. Homologous Series 
I .  EDD 
2. PDD 
3. BDD 
4. HDD 

B. N-Substituted EDD 
5. MEDD 
6. EEDD 
7. IPEDD 

8. 8-DMEDD 
9. U-DMEDD 
10. 8-DEEDD 

C. N,N’-Substituted EDD (9=N,N-) 

D. N,N,N’-Substituted EDD 
11. TRMEDD 
12. DMEEDD 
13. TREEDD 

E. N,N,N‘,N’-Substituted EDD 
14. TMEDD 
15. TEEDD 

F. MisceUaneous 
16. DETN 

17. TErN 

18. TEPP 

19. 
20. 
21. 
22. 

PIFZD 
DABCOD 
IBPAT 
TBDD 

OBlOo 

-1.07 
-3.00 
-4.67 
-7.43 

-3.00 
-4.67 
-6.13 

-4.67 
-4.67 
-7.43 

-6.13 
-7.43 
- 9.62 

-1.43 
-11.40 

-2.05 

-2.51 

-2.78 

-3.77 
-5.88 
-4.37 
-4.67 

H S O I  - 
2.5kg (em) 5.0kg (cm) 

34.2 
73 .h  

128.3 

41.7 
48.9 
133.0 

139.7 
128.3 

54.3 
82(’) 
68.0 
131(l) 
113.2 

> 180G) 
158.4 
101.7 
147.8 
162.8 

18.0 

30.5 
> 200 

60.5 

129.7 
>200 
> 200 

53.5 
> 200 

28.9 

a. Sample not sieved ud weight was betweeen 35-50 rng. 
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from t h e  tabula ted  data  t h a t  the  N-substituted S3D series d i s p l a y s  

a marked decrease i n  impact s t a b i l i t y  from t h a t  shown by t h e  

homologous s e r i e s  and, a t  t h e  same time, shows o n l y  a minor 

increase with decreasing 3Blo0. 

Thermal proper t ies  obtained by d i f f e r e n t i a l  scanning 

ca lor imet ry  a r e  summarized i n  Table  4. 

po in ts  obtained by o ther  means and data4'617s10,11 for EDD, HDD,  

DETN, TETN and TEPP. I n  genera l ,  mel t ing poin ts  from other  

sources agree w e l l  with DSC endotherms. Exceptions occur with 

s-DHEDD, s-DEEDD, TEEDD, PIPZD, DABCQD and TBDD. 

Also included are mel t ing  

s-DEEDD begins t o  d i s c o l o r  and apparent ly  outgas s u f f i c i e n t l y  

a t  193OC t o  cause the  M e t t l e r  FP1 Melt ing and B o i l i n g  Point  

Apparatus t o  ind ica te  melting, while  v i s u a l  inspec t ion  of t h e  

material under a microscope equipped wi th  a hot  s tage  r e v e a l s  

mel t ing begins a t  198OC with outgassing and is complete by 224OC. 

The endotherm a t  211.2OC has not been s tudied ,  but may be 

associated with a s o l i d  s ta te  phase change such as occurs  with 

EDD10,12. A similar explanat ion may account for t h e  endotherm 

occurr ing a t  115.goC i n  t h e  TEEDD thermogram. 

through these  endotherm regions and those occurr ing for s-DMEDD, 

PIPZD, DABCOD and TBDD did not reduce t h e  area under t h e  peaks t o  

any s i g n i f i c a n t  extent ,  thereby lending support t o  t h e  phase 

change theory. s-DMEDD and TBDD were analyzed more ex tens ive ly .  

For t h e  former, no weight loss was observed a f t e r  repeated 

Repeated c y c l i n g  
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TABLE 4. THERMAL CHARACTERIZATION DATA 

- NO. ACRONYM ENDOTHERM,°C EXOTHERM PEAK,OC MELTING POINT, OC' 

I .  R)D 
2. BDD 
3. MEDD 
4. EEDD 
5. WEDD 

6. 1-DMEDD 
7. u-DMEDD 
8. a-D@EDD 
9. TRMEDD 
10. DMEEDD 
11. T E E D D  
12. TMEDD 
13. TEEDD 
14. PIPZD 
15. DABCOD 
16. IBPAT 
17. TBDD 
18. EDD 
19. IfDD 
20. DETN 
21. TETN 
22. TeFP 

127.5 
140.1 
75.8 
89.2 
95.9 

63.5, 128.9 
130.8 
211.2. 228.5 (dccomp) 
96.8 

102.6 
90.4 

229.4 (decomp) 
115.9. 146.1 
112.1 
87.5 

114.4 
76.0, 230.0 

131.5. 188.1 
108.0 
151.0 
228.0 
f 

296.2 
308.2, 223b 
292.2 
284.8' 
265.4 

237.3 
226.6 
233.2 
251.3, 271.5 
248.4 
245.6', 284.2' 
270' 
277.8' 
238.9 
182.2 
272.6 
265.0 
306.0 
226.0 
302.0 
2818 
264.0 

126 
139 
78 
86 
94 

130 

52d 

93 .. 
101 
86 
228 
140 
224 (dccomp) 
174 (decomp) 
110 
230 (decomp) 
188 
109 
150 
229 
196d 

193, 198-224' (decomp) 

a. Mouurdd with a Meltlcr FPI Melting and Boiling Point Apparatus unkw otherwise indicated. 
b. Sukd,  value is minimum obtaiwd from five experiments (value varies with degree of seal). 
c. Muaiplr peaks. value obtained from strongest peak. 
d. V i l .  
0. Multiple peaks. value obtained at approximate mid-poia of exotherm range. 
f. None observed. 
g. Onset temperature. remaider of peak is nol well defined. 
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r e c y c l i n g  through tne low temperature endotherm a s  v e l l  a s  through 

the mel t ing  point. The heat of t r a n s i t i o n  nssocis ted with t h i s  

apparent phase change 13 9.6 c a l l s .  S i rn i l s r ly ,  an apparent s o l i d  

s t a t e  phase change occurs near 76OC Dor TBDD. 

peak sometimes appears a s  a doublet which e f f e c t i v e l y  lowers the 

onset  temperature to  68OC. 

t r a n s i t i o n  is 18.8 2 0.25 ca l /g .  

point  requi res  a holding period a t  room temperature t o  e f f e c t  

t r a n s i t i o n  t o  the  low temperature s t a t e .  Melt ing occurs  a t  23OoC 

with no apparent  decomposition, however, exothermic decomposition 

g e n e r a l l y  f o l l o w s  within a few dPgrees. The energy assoc ia ted  

with mel t ing  (AHfusion) is  4.8 cal /g .  

with a hot s tage  microscope as  w e l l  a s  by DSC. 

The endothermic 

The energy associated with t h i s  

Cycling through t h i s  t r a n s i t i o n  

A l l  e v e n t s  were observed 

FTIR s p e c t r a  a r e  g e n e r a l l y  character ized by broad, poorly- 

defined absorpt ions above 1300 cm” and sharp, b u t  less s t rongly  

absorbing, peaks  in t h e  f ingerpr in t  region between 1300 and 400 

cm-’. Absorptions c h a r a c t e r i s t i c  of t h e  inorganic  n i t r a t e  ion 

(~0:)’3*’~1’51’~*’7, point  group D3h, occur a t  1390 ( V 3 ) ,  1050 

( y ) ,  831 (v2), and 720 (w4) .  

a l l  of the  compounds i n  the  ranges 1385-1375 (br ,vs ) ,  826-818 

(a-w) and 727-713 (w) and a r e  t e n t a t i v e l y  assigned t o  the  

r e s p e c t i v e  n i t r a t e  ion vibrat ions.  I n  addi t ion ,  an absorpt ion 

occurs in t h e  region 1771-1752 cm-’ and is t e n t a t i v e l y  assigned t o  

Absorp t ions  a r e  o b s e r v e d  f o r  a l m o s t  
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t h e  vl, + V 4  combination band 14918. 

t h e  V ,  v i b r a t i o n  in t h e  1975-1050 cm" range cou ld  be made. 

Absorpt ions thought t o  r e s u l t  from t h e  primary ammonium ion 

(-NH;)'59'6 occur  nea r  2000, 1625-1575, 1520, 1115-1104 and 783- 

760 cm-l. No a t t empt  was made t o  a s s i g n  o t h e r  a b s o r p t i o n s  even  

though some were common t o  most o f  t h e  s p e c t r a  and are no doubt 

a s s o c i a t e d  with t h e  a l i p h a t i c  backbone or N-subst i tuent .  

NO t e n t a t i v e  assignments  f o r  

CONCLUSIONS 

Eighteen organodfammonium d i n i t r a t e s  and f o u r  organopoly- 

ammonium p o l y n i t r a t e  s a l t s  were s u c c e s s f u l l y  prepared by r e a c t i n g  

an  a l c o h o l  s o l u t i o n  of t h e  r e s p e c t i v e  amine wi th  concen t r a t ed  

n i t r i c  acid.  Attempts t o  p r e p a r e  1,5-pentanediamonium d i n i t r a t e  

were no t  s u c c e s s f u l .  

'H n u c l e a r  magnetic resonance s p e c t r a  were ob ta ined  for a l l  

bu t  two of t h e  materials and found to  be c o n s i s t e n t  w i th  t h e  

expec ted  m o l e c u l a r  c o n f i g u r a t i o n  based on s t a r t i n g  amine. FTIR 

s p e c t r a  were ob ta ined  f o r  s i x t e e n  of t h e  sa l ts .  

Impact s e n s i t i v i t y  data  were ob ta ined  f o r  a l l  compounds 

i n c l u d e d  i n  t h i s  study. When data comparison was r e s t r i c t e d  t o  

families of  m a t e r i a l s  assumed t o  have  similar t r i g g e r  l i n k a g e s ,  

rough l i n e a r  r e l a t i o n s h i p s  were found between t h e  loga r i thm of t h e  

impact h e i g h t s  (H505) and t h e  ox idan t  b a l a n c e  (OBlO0). T h i s  

r e l a t i o n s h i p  was found f o r  t h e  homologous and N-subs t i t u t ed  

series. It is r e a d i l y  appa ren t  t h a t  t h e  rate of  i n c r e a s e  of 
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impact s t a b i l i t y  with decreasing OBloo  is lower for t h e  N- 

s u b s t i t u t e d  series than f o r  t h e  homologous s e r i e s .  

W h i l e  no clear cu t  thermal s t a b i l i t y  t rends  are apparent from 

T a b l e  4, it  is c l e a r  t h a t  the thermal, chemistry assoc ia ted  w i t h  

these s a l t  systems is complex. A t  present ,  no f u r t h e r  work is 

planned w i t h  regard t o  impact s e n s i t i v i t y ,  but an e x t e n s i v e  

i n v e s t i g a t i o n  is underway t o  descr ibe t h e  thermal decomposition of 

some s e l e c t e d  organodiammonium d i n i t r a t e  salts. 
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