
D E T O N A T I O N  OF L I Q U I D  H Y D R A Z O I C  A C I D  

A N D  I T S  A Q U E O U S  S O L U T I O N S  

R .  K h .  K u r b a n g a l i n a ,  E .  A .  P a t s k o v ,  
L .  N.  S t e s i k ,  a n d  G.  S.  Y a k o v l e v a  

Resul ts  of an exper imen ta l  de te rmina t ion  of the c h a r a c t e r i s t i c s  of a detonation wave a r e  presented :  
ve loc i ty  DO, p r e s s u r e  P, and t e m p e r a t u r e  T of the detonation of hydrazoic  acid HN3 and the detonation ve -  
Ik~city Dof i ts  aqueous solut ions.  Owing to the e x t r e m e  explos iveness  of HN 3 i ts  p rac t i ca l  use is a lmos t  
imposs ib le ,  but it a t t r ac t s  the at tention of inves t iga tors  as  one of the model  s y s t e m s  for  checking t he o re t -  
ical  calculat ions in the h i g h - p r e s s u r e  and t e m p e r a t u r e  region.  The g r e a t  danger  of handling liquid HN 3 
and i ts  solutions has held up a study of the i r  detonation. Some data on measu r ing  the detonation veloci ty  
of aqueous solutions of HN 3 a r e  given in [1]. Despite  the uncer ta inty  of the absolute values  of the detonation 
ve loc i t i e s  in [1], we can conclude f r o m  the i r  examinat ion that aqueous solutions of HN 3 a r e  capable  of det-  
onation with d i sc re te  ve loc i t i es :  with high (normal)  and with the mos t  d ive rse  low ve loc i t i es .  This  p h e -  
nomenonwas  conf i rmed  in the expe r imen t s  desc r ibed  below. The detonation veloci ty  of liquid HN 3 was r e -  
por t ed  e a r l i e r  in [2]. In the p r e s e n t  study we checked the puri ty  of the HN 3 used,  re f ined  the value of the 
detonation veloci ty  of liquid HN3, and de te rmined  the detonation ve loc i t i es  of a number  of aqueous solutions 
in the HN 3 concentra t ion range  f r o m  100 to 54%. It  was  es tab l i shed  that the normal  detonation veloci ty  of 
aqueous HN 3 solutions is r e l a t ed  with the detonation veloci ty  D O of pure  HN~ and its concentra t ion a in so -  
lution by the expres s ion  D ~ D  0 4"~- only in a rough approximat ion .  The t rue  values  of D a re  a lways g r e a t e r  
than D O r this d ivergence  i n c r e a s e s  as  a d e c r e a s e s .  

The detonation p r e s s u r e  of HN 3 at the Chapman-Jougue t  point, m e a s u r e d  by the sp l i t -of f  method,  is 
equal to 166 kbar ;  the i sen t rop ic  exponent is 2.89. 

The detonation t e m p e r a t u r e  of liquid HN 3 was m e a s u r e d  by the br ightness  and color  methods .  Here  
it was  es tab l i shed  that  the values  of the br ightness  and color  t e m p e r a t u r e s  for  HN 3 coincide, and conse-  
quently the rad ia t ion  of the detonation of tIN 3 is Planckian;  the detonation t e m p e r a t u r e  of HN 3 is 4700~ 

This  a r t i c l e  a lso  p r e s e n t s  the r e s u l t s  of calculat ing the p a r a m e t e r s  of the detonation wave and c o m -  
posi t ion of the explosion products  for  mix tu re s  of I-IN 3 and wa te r  of va r ious  concentra t ions  for  a density 
of 0.01 g / a m  3 with the use  of the equation of s ta te  of an ideal gas .  

As before  [2], the HN 3 for  the expe r imen t s  was obtained by the action of 75% orthophosphoric  acid 
(H3PO 4) on dry sodium azide (NaN 3) with subsequent  dis t i l la t ion on a wa te r  bath at 50-60~ and condensation 
in a Liebig condenser .  The condensate  r e c e i v e r ,  which is s imul taneously  the charge  envelope,  was a t -  
tached beforehand on a specia l  stand in the f ie ld of view of the record ing  ins t rument .  In determining the 
detonation veloci ty  the record ing  i n s t rumen t  was a " s t r e ak"  c a m e r a ,  and in de termining the t empe ra tu r e ,  
the optical  p a r t  of a photomul t ip l ier  and spec t rog raph  located  in the f o r e c h a m b e r  room.  Owing to the high 
explosion haza rd  of HN 3 and its concent ra ted  aqueous solut ions,  the i r  production and test ing were  a c c o m -  
pl ished by r e m o t e  control .  The device for  producing I-IN~ was ro i led  away at  the appropr ia te  t ime on a m o v -  
able reac t ion  table .  When invest igat ing the solut ions, the r equ i red  amount  of wa te r  was added to the r e -  
ce ive r  beforehand.  The degree of pur i ty  of HN 3 used  in [2] was not de termined,  although it could be a s -  
sumed  that  the content of impur i t i e s  in it was smal l .  In connection with this,  one of the p rob l ems  of this 
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T A B L E  1 

:~ p d m D 

t.O 
0.983 
O. 93t 
O. 882 
O. 784 
O. 686 
0.620 
O. 600 
0.588 
0.570 
0. 539 

1.127 
t .125 
1.121 
t .t16 
t .  t07 
i.098 
t. 09t 
1.089 
I. 088 
i. 086 
1.082 

t0 
5--t0 
5--10 
10 
t0 
t0 
24 
25 

15--25 
27 

25--27 

m 

1.0 
8.0 
8.0 

t5.0 
8.0 

15.0 
15.0 

7570 • 20 
7540 • t 5 
7470 • 65 
7390 • 30 
7070 • 70 
6630 • 20 
6350 ~ 60 
6270 • l0 
6340 • 120 
6070 • 25 
5900 • 55 

n DID, 

6 i.O 
10 0.9960 
5 0.9868 
7 0.9762 
7 0.9340 
5 0.8758 
3 0.8388 
3 0.8283 

12 0.8375 
4 0.8018 
5 0.7794 

i n v e s t i g a t i o n  w a s  to d e t e r m i n e  the d e g r e e  of p u r i t y  of l iqu id  HN~ and to m e a s u r e  i t s  d e t o n a t i o n  v e l o c i t y  m o r e  
a c c u r a t e l y .  F o r  the a n a l y s i s  a p o r t i o n  of the  HN 3 c o n d e n s a t e  w a s  c o l l e c t e d  in an e x c e s s  of a 0.5 N s o l u t i o n  
of NaOH. A f t e r  n e u t r a l i z a t i o n  of the  e x c e s s  of the  a l k a l i  by a c e t i c  ac id ,  the quant i ty  of N 3- ions  w a s  d e t e r -  
m i n e d  by a r g e n t o m e t r i c  t i t r a t i o n  [3]. I t  w a s  e s t a b l i s h e d  tha t  the con ten t  of HN 3 in the  c o n d e n s a t e  w a s  98.5 
1.5%. I m p u r i t i e s  i n a n  amoun t  of 1.5-3.0% c o n s i s t e d  of w a t e r  and  t r a c e s  of compounds  w h i c h  a p p a r e n t l y w e r e  
the  p r o d u c t s  of the  a c t i o n  of HN~ on the w a l l s  of the  a p p a r a t u s .  The  c o m p o s i t i o n  of the  i m p u r i t y  w a s  not 
a n a l y z e d .  

P u r e  HN 3 w a s  p r o d u c e d  by double  d i s t i l l a t i o n  t h r o u g h  a d e p h l e g m a t o r  wi th  i n t e r m e d i a t e  d r y i n g  of the  
c o n d e n s a t e  wi th  m a g n e s i u m  su l fa te  o r  c a l c i u m  c h l o r i d e .  The  ba th  t e m p e r a t u r e  du r ing  the  s e c o n d  d i s t i l -  
l a t i o n  w a s  50~ The  con t en t  of i m p u r i t i e s  in HN 3 in  th i s  c a s e  did not  e x c e e d  0.2%. Such c o n d e n s a t e  w a s  
u s e d  fo r  r e f i n i n g  the de tona t ion  v e l o c i t y  in g l a s s  t ubes  w i th  a d i a m e t e r  of 10 m m  and  w a l l  t h i c k n e s s  of 0 .8 -  
1.2 m m .  The  he igh t  of the  c o l u m n  of HN 3 in the  tube w a s  a t  l e a s t  150 r am.  The  t e m p e r a t u r e  of the  r o o m  
in w h i c h  the  HN 3 w a s  p r o d u c e d  and t e s t e d  w a s  17~:1~ The  a v e r a g e  v a l u e  of the  de tona t i on  v e l o c i t y  of HN3 
o b t a i n e d  f r o m  s ix  e x p e r i m e n t s  w a s  7570"  20 m / s e c .  TMs  va l~e  e x c e e d s  tha t  o b t a i n e d  e a r l i e r  [2] by  30 I n /  
s e c ,  w h i c h  does  e x c e e d  the l i m i t s  of the  a v e r a g e  e r r o r  of m e a s u r i n g  v e l o c i t y .  

In f u r t h e r  i n v e s t i g a t i o n s  we d e t e r m i n e d  the d e n s i t y  and  de tona t ion  v e l o c i t y  of aqueous  HN 3 s o l u t i o n s .  
The  d e n s i t y  w a s  d e t e r m i n e d  by the  p y c n o m e t r i c  m e t h o d .  In F ig .  1, w h e r e  p is  the d e n s i t y  g / c m  3 and ( 1 - ~ )  
i s  the we igh t  f r a c t i o n  of w a t e r  in the HN 3 so lu t ion ,  c u r v e  1 i s  p l o t t e d  f r o m  the e x p e r i m e n t a l  po in t s ,  s t r a i g h t  
l ine  2 i s  p l o t t e d  fo r  the  c a s e  of f u l f i l l m e n t  of the  r u l e  of a dd i t i v i t y  of v o l u m e s  on m i x i n g  HN 3 wi th  w a t e r ,  
and  the  d a s h e d  l ine  is  p l o t t e d  on the  s a m e  a s s u m p t i o n  of a d d i t i v i t y  of v o l u m e s ,  but  the  v a l u e  of the  d e n s i t y  
of HN 3 is  t aken  f r o m  [4]. We s e e  f r o m  the shape  of c u r v e  1 tha t  the  d i s s o l u t i o n  of HN 3 in w a t e r  i s  a c c o m -  
p a n i e d  by a d e c r e a s e  of  v o l u m e .  E x t r a p o l a t i o n  of c u r v e  1 to the  i n t e r s e c t i o n  wi th  the y a x i s  shows  tha t  the  
dens i t y  of p u r e  HN 3 i s  s l i g h t l y  g r e a t e r  than tha t  e s t a b l i s h e d  in [4]. 

In the  l i t e r a t u r e  t h e r e  i s  only one w o r k  [1] in w h i c h  an a t t e m p t  was  m a d e  to m e a s u r e  the  de tona t ion  
v e l o c i t y  of aqueous  HN 3 s o l u t i o n s .  

F r o m  an  e x a m i n a t i o n  of the v a l u e s  of the  de tona t i on  v e l o c i t i e s  g iven  in [1] we can  m a k e  two c o n c l u -  
s ion s :  

i )  the v a l u e  of the  h igh  de tona t ion  v e l o c i t y  w a s  d e t e r m i n e d  i n a c c u r a t e l y ;  

2) aqueous  HN~ s o l u t i o n s  a r e  c a p a b l e  of de tona t ion  w i th  n o r m a l  (high), low,  and s u p e r l o w  v e l o c i t i e s .  
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The  nex t  s t a g e  in th i s  study w a s  to d e t e r m i n e  the de tona t ion  v e l o c i t y  
a s  a func t ion  of the  c o n c e n t r a t i o n  of  the  aqueous  HN 3 so lu t i on  fo r  the n o r m a l  
r e g i m e  and  to e s t a b l i s h  the  l i m i t i n g  c o n c e n t r a t i o n  be low w h i c h  the aqueous  
I-IN 3 s o l u t i o n  does  not  de tona te  in a n o r m a l  ( h igh -ve loc i t y )  r e g i m e .  The  t e s t s  
of aqueous  HN 3 s o l u t i o n s  to d e t e r m i n e  the  de tona t ion  v e l o c i t y  w e r e  c a r r i e d  
out in g l a s s  t ubes  w i th  an i n s i d e  d i a m e t e r  of 10-27 m m  and  whose  l eng th  w a s  
a t  l e a s t  10 d i a m e t e r s .  I n i t i a t i on  w a s  done f r o m  the bo t tom.  Wi th  such  in -  
i t i a t i o n  t h r o u g h  the g l a s s  f r o m  a de tona t ing  cap ,  h i g h - v e l o c i t y  de tona t ion  was  
e x c i t e d  only  in p u r e  HN 3 and  in i t s  h igh ly  c o n c e n t r a t e d  s o l u t i o n s .  To exc i t e  

h i g h - v e l o c i t y  de tona t ion  in s o l u t i o n s  w h o s e  c o n c e n t r a t i o n  w a s  be low 80%, we u s e d ' a n  a d d i t i o n a l  RDX d e t o -  
n a t o r  p r e s s e d  to a d e n s i t y  of  1.65 g / c m  3. The  we igh t  and  d i a m e t e r  of  the  a dd i t i ona l  i n i t i a t o r  w e r e  v a r i e d  
depend ing  on the c o n c e n t r a t i o n  of the  t e s t  so lu t i on .  The  m e a s u r e d  v a l u e s  of the  de tona t ion  v e l o c i t i e s  a r e  
p r e s e n t e d  in T a b l e  1, w h e r e  D is  the de tona t ion  v e l o c i t y  in m / s e c ,  ~ i s  the c o n c e n t r a t i o n  o f  HN 3 in the  a q u e -  
ous  so lu t i on  in we igh t  f r a c t i o n s ,  p i s  the d e n s i t y  of the  s o l u t i o n  in  g / c m  3, d i s  the  d i a m e t e r  of  the  c h a r g e  
in m m ,  m is  the  w e i g h t  of the  a d d i t i o n a l  i n i t i a t o r  in g, n i s  the  n u m b e r  of e x p e r i m e n t s ,  and  D/D 0 i s  the r a t i o  
of the  de tona t ion  v e l o c i t y  of the  s o l u t i o n  to tha t  of p u r e  HN 3. In F i g .  2, c u r v e  1 shows  the dependence  of 
D / D  0 on the  w e i g h t  f r a c t i o n  (1-c~) of w a t e r  in the so lu t ion .  A s  i s  known, the  de tona t ion  v e l o c i t y  and  the quan-  

t r y  Q of h e a t  l i b e r a t e d  in the  de tona t ion  wave  a r e  a s s o c i a t e d  by the r e l a t i o n  

D = V 2Q(k  2 -  t) (1) 

w h e r e  k i s  the  i s e n t r o p i c  e x p o n e n t  of the  e x p l o s i o n  p r o d u c t s .  F o r  m i x t u r e s  of the e x p l o s i v e  w i th  i n e r t  a d -  
d i t i v e s  the d e p e n d e n c e  of the  de tona t ion  v e l o c i t y  on the  c o n c e n t r a t i o n  of the  m i x t u r e  a can  be d e s c r i b e d  a p -  
p r o x i m a t e l y  ( a s s u m i n g  k and  Q a r e  c o n s t a n t s )  by  the  e x p r e s s i o n  

n ~.~ Do ] / '~-  (2) 

T h i s  d e p e n d e n c e  i s  shown in F ig .  2 by a d a s h e d  l i n e .  A s  we s e e ,  the e x p e r i m e n t a l  c u r v e  1 l i e s  above  
the  da shed ,  i , e . ,  t h e o r e t i c a l ,  l i n e .  The  m a x i m u m  d i v e r g e n c e  in the  g iven  c a s e  r e a c h e s  5%. Th i s  d i f f e r e n c e  
e x c e e d s  the  e x p e r i m e n t a l  e r r o r  c o n s i d e r a b l y .  I t s  c a u s e  m a y  be a change  of the  c o m p o s i t i o n  of the  e x p l o s i o n  
p r o d u c t s  and  of  the  m a g n i t u d e  of hea t  evo lu t i on  when HN 3 i s  d i lu t ed  w i th  w a t e r .  The  l i b e r a t i o n  of hea t  p e r  
uni t  we igh t  of a c i d  in s o l u t i o n  c a n  i n c r e a s e  due t o  a d e c r e a s e  of  the  d e g r e e  of d i s s o c i a t i o n ,  i on i za t i on ,  o r  
e x c i t a t i o n  of the  e x p l o s i o n  p r o d u c t s  of HN 3 owing to a d e c r e a s e  of t e m p e r a t u r e  wi th  d i lu t ion .  The  l i b e r a t i o n  
of hea t  p e r  uni t  we igh t  of a c i d  in s o l u t i o n  d i f f e r s  s l i g h t l y  a l s o  due to the  t h e r m a l  e f fec t  of d i s s o l u t i o n .  The  
d i v e r g e n c e  b e t w e e n  D and  D o ~f~ i s  not  v e r y  g r e a t ,  and  t h e r e f o r e  when p e r f o r m i n g  e x a c t  c a l c u l a t i o n s  i t  i s  
n e c e s s a r y  to t ake  into accoun t  a l l  p o s s i b l e  (even in s ign i f i can t )  f a c t o r s  l e a d i n g  to  a change  of the  hea t  of e x -  
p l o s i o n ,  in a d d i t i o n  to c o n s i d e r a t i o n  of the  change  of the  i n i t i a l  de ns i t y  of the  s o l u t i o n s  and of the  m o l e c u l a r  
we igh t  of the  e x p l o s i o n  p r o d u c t s .  A m o r e  p r o n o u n c e d  d i v e r g e n c e  be tw e e n  D and  D O ~ a s  ~ d e c r e a s e s  w a s  
found  e a r l i e r  wh i l e  s t udy ing  the de tona t ion  c a p a c i t y  of  the  e x p l o s i v e  s y s t e m  n i t r o e s t e r - s o l v e n t . *  

By m e a n s  of a c o m p u t e r  we c a l c u l a t e d  the de tona t ion  v e l o c i t y  of aqueous  HN 3 s o l u t i o n s  wi th  the  u se  
of  the  e q u a t i o n  of s t a t e  of an  i d e a l  g a s .  The  i n i t i a l  d e n s i t y  w a s  t aken  to be equa l  to 0,01 g / c m  3. The  en tha lpy  

*See R.  Kh.  K u r b a n g a l i n a ,  C a n d i d a t e ' s  D i s s e r t a t i o n ,  I n s t i t u t e  of C h e m i c a l  P h y s i c s ,  1947. 
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of HN 3 and wa te r  was taken for  the liquid s ta te .  The r e s u l t s  of these  ca l -  
culat ions a r e  given in Table  2, where  D is the detonation ve loc i ty  in m /  
sec,  U is  the m a s s  ve loc i t y  in m / s e c ,  T is the t e m p e r a t u r e  of the deto- 
nation products  a t  the Chapman-Jouguet  point in ~ k is the i sen t rop ic  
exponent,  < M> is the ave rage  molecu la r  weight, Q is hea t  evolution in 
kca l /kg .  Table  2 a lso  shows the composi t ion of the detonation products  
m o l e s / k g  (those componen t swhese  quantity is g r e a t e r  than 0.01 m o l e s / k g  
a r e  indicated).  

The detonation t e m p e r a t u r e  a t  p =0.01 g / c m  3 d e c r e a s e s  l inea r ly  
with dilution of HN 3 with wate r .  The degree  of d issoc ia t ion  of hydrogen 

and wa te r  d e c r e a s e s  s imul taneously .  The heat  evolution changes re la t ive ly  weakly at a wa t e r  content  to 
20%, and t h e r e a f t e r  this dependence in tens i f ies .  In addition to the amount of heat  evolved,  a change of the 
i sen t rop ic  exponent substant ia l ly  af fec ts  the c h a r a c t e r  of the dependence of the detonation ve loc i ty  on the 
concentra t ion of the mix tu re .  The ca lcula ted  values  of the detonation veloci ty  of such  an ideal ized solution 
(curve 2 in Fig.  2) differ  cons iderably  f r o m  those expected  according to (2). This fact  once again emp h a -  
s i zes  the rough-app rox ima te  c h a r a c t e r  of Eq. (2). 

The va lues  of the no rma l  detonation veloci ty  of aqueous solutions of HN 3 in the concent ra t ion  range  
f r o m  100 to 54 wt.% have p resen t ly  been de te rmined  (Table 1). Solutions whose concentra t ion  is l e s s  than 
54% a re  also capable  of h igh-veloci ty  detonation (this follows f r o m  br i sance  tes ts ) ,  but the i r  luminescence  
upon detonating is so weak that  it cannot  be r e c o r d e d  on photographic f i lm.  The l imit ing concent ra t ion  below 
which aqueous solutions cannot detonate in a h igh-veloci ty  r e g i m e  has not present ly  been es tab l i shed .  Ap-  
paren t ly  it will be apprec iab ly  l e s s  than 54%. For  example ,  detonation was  obse rved  (see p reced ing  foot-  
note) in a h igh-veloci ty  r e g i m e  of the s y s t e m  n i t rog lyco l - ch io ro fo rm containing only 30% ni t roglycol .  The 
va lues  of the detonation ve loc i t i es  of a number  of concent ra ted  aqueous HN 3 solutions upon detonation in 
the low-veloci ty  r e g i m e  a re  given in Table  3, where  ~ is the concentrat ion of HN 3 in weight f rac t ious ,  d 
is the d i ame te r  of the charge  in m m ,  m is the weight of the in te rmedia te  ini t ia tor  in g, and D is the deto-  
nation ve loc i ty  in m / s e c .  It  follows f r o m  the data of Table  3 that  a low detonation ve loc i ty  of solutions de-  
c r e a s e s  a l m o s t  l inear ly  with concentra t ion.  It  should be noted that the data in Table  3 w e r e  obtained not 
spec ia l ly  for  the purpose  of studying the concentra t ion dependence of low veloci ty  but incidentally while 
se lec t ing the in i t ia tors  and d i a m e t e r s  of the cha rges  for  exciting a h igh-veloci ty  detonation. T h e r e f o r e ,  
to obtain m o r e  re l i ab le  informat ion  on the c h a r a c t e r  of the dependence of low veloci ty  on solution concen-  
t ra t ion,  addit ional invest igat ions a r e  needed which e l iminate  the effect  of the charge  d iamete r ,  th ickness  
of the envelope wall ,  and ini t ia tor ,  s ince it is known f r o m  observa t ions  (see preceding  footnote) that  these 
f ac to r s  not iceably affect  the value of low veloci ty .  Thus,  in this work,  unlike in [1], detonation of an aqueous 
HN 3 solution of the s ame  composi t ion  both in high- and low-veloc i ty  r e g i m e s  (Tables 1 and 3) was  a c c o m -  
pl ished.  The va lues  of ve loc i t i es  l e s s  than 1000 m / s e c  found in [1] for  solutions with a r a t h e r  high concen-  
t ra t ion  should be a t t r ibu ted  to a " s u p e r l o w - r e g i m e "  p r o c e s s  (apparent ly they should not be ca l led  detona- 
tion}. In this work  we did not invest igate  p r o c e s s e s  of decomposi t ion of aqueous solutions with ve loc i t i e s  
below 1000 m / s e c ,  but undoubtedly they a r e  feas ib le  and re la t ive ly  s ta t ionary .  This  was  shown e a r l i e r  (see 
preceding  footnote) fo r  a i t r o e s t e r s .  

The subs tant ia l  dif ference between the composi t ion  of the detonation products  of HN 3 and secondary  
explos ives  de t e rmines  the i n t e r e s t  in the i sen t ropic  exponent.  To de termine  it we m e a s u r e d  the detonation 
p r e s s u r e  of liquid HN~ with the use  of the sp l i t -of f  method.  In these  expe r imen t s  the cha rges  had a d i am-  
e t e r  of 27 m m  and length of 45-47 mm;  we used  a luminum spl i t -of f  p la tes  (d iameter  40 ram), both solid and 
bui l t -up [5]. The thickness  of the plate v a r i e d  f r o m  0.9 to 3.0 m m .  In the case  of bui l t -up p la tes  the th ick-  
ness  of the a t tached  plate  was  0.4 m m .  In the expe r imen t s  we m e a s u r e d  di rec t ly  the speed  of mot ion W 
of the f r ee  su r face  of the sp l i t -of f  p la te .  The m e a s u r e m e n t  r e su l t s  a re  shown in Fig. 3, where  W is plot ted 
in m / s e c  on the y axis and the plate th ickness  in m m  on the x axis .  In Fig. 3 curve  1 is drawn throughpoints  
obtained with solid plates,  and curve  2 with bui l t -up p la tes .  Both curves  have a jog which is accounted for  
by the d i f ferent  plate th icknesses .  Continuation of the gently sloping branches  of cu rves  1 and 2 to the i n t e r -  
sect ion with the y axis  leads  to va lues  W=2430 and 2420 m / s e c .  

To calcula te  the p r e s s u r e  we took a value of W equal to 2425 m / s e c .  The magni tude of p r e s s u r e  a t  
the Chapman-Jougue t  point was  de te rmined  by the approx imate  fo rmula  

P = 1/4 poDoW (t + p~ U~lpoDo) (3) 
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where  U 2 is the veloci ty  of a shock wave in a luminum,  
P2 is the density of a luminum, Po and D O a re  the density 
and detonation veloci ty  of HN 3. The veloci ty  of the 
shock wave in a luminum was  calcula ted  on the bas i s  
of i ts  shock adiabat  

u~ = 5.25 + 0.695 w (4) 

The magnitude of the detonation p r e s s u r e  of 
HN 3 at  the Chapman-Jouguet  point was  found to be equal  

to 166kbars .  The value  of the i sen t rop ic  exponent k of the detonation products  of tIN3, ca lcula ted  f r o m  the 
re la t ionsh ip  

P = P0D0 ~ / (k + t) (5) 

with the use  of the exper imenta l ly  de t e rmined  va lues  of P and Do, was  equal  to 2.89. Despite the substant ia l  
d i f ference in compos i t ion  of detonation products  f r o m  secondary  explos ives  (TNT, RDX, PETN),  the va lue  
of the i sen t rop ic  exponent fo r  detonation products  of HN 3 is approx ima te ly  the s a m e  as  for  these  subs tances  
[5-7]. 

The t e m p e r a t u r e  a t  the f ron t  of the detonation wave of HN 3 was  m e a s u r e d  by the color  and br ightness  
methods .  The device used  for  the m e a s u r e m e n t s  is shown schemat ica l ly  in Fig. 4, where  1 is a g l a s s v e s s e l  
with HN3, 2 is  a s topcock,  3 is a l e n s - s h a p e d  detonating charge ,  4 is a window (porthole} of organic  g lass  
in the wal l  of the explosion chamber ,  5 is the object ive lens ,  6 is an adjustable  sl i t ,  7 is a s y s t e m  of m i r -  
r o r s  sepa ra t ing  the l ight  s ignal  into two r a y s ,  8 is photomul t ip l te rs ,  9 is  the osc i l lograph,  and 10 and 11 
a r e  the high-vol tage r egu la to r  and source .  In the e x p e r i m e n t s  we m e a s u r e d  di rec t ly  the magnitude of the 
e l ec t r i c  s ignals  coming f r o m  the photomul t ip l ie rs  and propor t iona l  to the intensity of the luminous fluxes 
in two por t ions  of the s p e c t r u m .  Two bands were  cut out f r o m  the s p e c t r u m  by a se t  of g lass  f i l t e r s .  One 
t r a n s m i s s i o n  band with a peak  at X=400 m/~ was  c r ea t ed  with a se t  of SS-8, NS-3, NS-7, NS-9, and NS-2 
f i l ters ,  and the other  with a t r a n s m i s s i o n  peak a t  X=630 mp by a se t  of KS-13, ZhZS-18, NS-7, and NS-8 
f i l t e r s .  

The width of each  band did not exceed  10 m#. P r e l i m i n a r y  expe r imen t s  with the ISP-51 spec t rog raph  
showed that the luminescence  of the f ront  of the detonation wave of HN 3 has a continuous spec t rum.  The 
r a t io  of in tensi t ies  of the luminous f luxes can be e x p r e s s e d  by the fo rmula  

E~ / E~= A + B / T (6) 

In der iving this  e x p r e s s i o n  we used  Wien ' s  law for  a g r ay  body. Here  B = B  (~ ,  ;~, C2) , C2 is a con-  
s tant ,  ~ and ~ a r e  the wavelengths  cor responding  to the m a x i m u m  t r a n s m i s s i o n  coeff icient  of the se t  of 
f i l t e r s .  The value of the t~ansmiss ion  coeff icient  depends on the spec t r a l  sensi t iv i ty  of the photomult ipl ier ,  
the genera l  t r a n s m i s s i o n  coefficient  of the optical  sy s t em,  band width, and emiss iv i ty .  

We a s s u m e d  that  the e m i s s i v i t y  does not depend on wavelength.  T h i s  assumpt ion  was  not checked 
di rec t ly  for  HN3, but the coincidence of the b r igh tness  t e m p e r a t u r e s  fo r  different  wavelengths  and the co-  
incidence of the b r igh tness  and color  t e m p e r a t u r e s  apparent ly  conf i rm the val idi ty  of this assumpt ion .  

Since the value of coeff ic ients  A and B in Eq. (6) cannot be ca lcula ted  with sufficient accuracy ,  it 
was  de te rmined  by ca l ibra t ion .  Fo r  this purpose  we used  an IFK-120 f i a sb lamp and de carbon a r c .  

The b r igh tness  t e m p e r a t u r e  was  de te rmined  by compar ing  the b r igh tnes ses  of the luminescence  of 
the detonation f ron t  of HN 3 and n i t romethane ,  whose detonation t e m p e r a t u r e  is  known [8]. 

The va lues  obtained for  the color  and br igh tness  t e m p e r a t u r e s  of the detonation of HN 3 were  r e s p e c -  
t ively 4720~ 120~ and 4700~ 150~ The a g r e e m e n t  of these  t e m p e r a t u r e  values  means  that the detonation 
f ron t  of HN 3 emi t s  as  a blackbody and the m e a s u r e d  t e m p e r a t u r e  is t rue .  We need cal l  attention to the fact  
that  the m e a s u r e d  detonation t e m p e r a t u r e  of liquid HN 3 is  c lose  to the ca lcula ted  value for  a density of 0.01 
g/cm3.  However ,  this does not mean  that  the detonation t e m p e r a t u r e  of HN 3 does not depend on density.  

Few expe r imen t s  have p re sen t ly  been c a r r i e d  out to de te rmine  the detonation t e m p e r a t u r e  of aqueous 
solutions:  i t  follows f r o m  the p r e l i m i n a r y  data that  the va lues  of the br ightness  and color  t e m p e r a t u r e s  
for  them diverge .  This  c i r c u m s t a n c e  r e q u i r e s  a m o r e  detai led invest igat ion of the luminescence  upon deto-  
nation of solut ions.  
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