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VAPOR PRESSURE OF EXPLOSIVES 
B.C.Dionne', D.P.Rounbehler', E.K.Achter 1 , 

2 1 J.R. Hobbs and D.H.Fine 

'Thermedics Inc., Woburn, Massachusetts, USA 

'Department of Transportation, Cambridge, 

Massachusetts, USA 

Abstract 

New vapor pressure data is presented for RDX, 

PETN, TNT, nitroglycerin, and ammonium nitrate. By 

comparison with the data of previous workers, it has 

been possible to calculate global vapor pressure 

expressions which are valid over a wide range of 

temperatures. 

INTRODUCTION 

Literature reports on the vapor pressure of many 

explosives vary by several orders of magnitude. In the 

case of PETN, for example, published values differ by 
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values  a r e  reasonably c o n s i s t e n t :  w e  r e p o r t  new 

confirmatory de te rmina t ions  a t  room temperature  only.  

For ammonium n i t r a t e ,  we r e p o r t  determinat ions 

over a wide temperature  range and a l i m i t e d  range of 

c a r r i e r  gas humidity . V o l a t i l i z a t i o n  of ammonium 

n i t r a t e  is  an occurence well known t o  atmospheric 

s c i e n t i s t s  who have s t u d i e d  i t s  presence i n  atmospheric 

a e r o s o l s .  Losses of 50% of t h e  amount of ammonium 

n i t r a t e  loaded onto  Tef lon  and g l a s s  f i b e r  f i l t e r s  have 

been observed IO. F o r r e s t  e t  a1.I1 repor ted  t h a t  t h e  

g r e a t e s t  NH4N03 l o s s e s  occured a t  r e l a t i v e  humidi t ies  

below 60%; a t  100% r e l a t i v e  humidity,  no NR4NOj was 

l o s t .  The mechanism by which t h e s e  l o s s e s  occur was 

n o t  c l e a r .  

n i t r a t e  l o s s e s  produced equimolar amounts of ammonium 

and n i t r a t e  ions ,  which t e n d s  t o  suppor t  molecular 

subl imat ion of ammonium n i t r a t e .  However, d i s s o c i a t i o n  

of t h L  s a l t  t o  ammonia and n i t r i c  acid has a l s o  been 

proposed 

l o s s e s  and t h e  e f f e c t  of humidity.  T h i s  paper is 

concerned with t h e  vapor p r e s s u r e  of ammonium n i t r a t e  

f o r  explos ives  d e t e c t i o n  purposes ,  and does n o t  address  

v o l a t i l i z a t i o n  mechanisms. 

Smith e t  a l .  l2 r e p o r t e d  t h a t  ammonium 

13, l4 t o  account f o r  t h e  ammonium n i t r a t e  

Accurate knowledge of t h e  vapor p r e s s u r e  of 

explos ives  is e s s e n t i a l  i n  planning whether bomb 
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t h r e e  o r d e r s  of magnitude a t  room temperature  A t  

very low vapor pressures  I measurements based on mass 

d e p l e t i o n  o r  d i r e c t  p ressure  measurement tend  to be 

high due t o  t r a c e  amounts of more v o l a t i l e  i m p u r i t i e s .  

Isotope d i l u t i o n  mass spectrometry has been employed i n  

an e f f o r t  t o  enhance s e l e c t i v i t y .  Howeverl t h i s  

technique y i e l d s  r e s u l t s  t h a t  a r e  sometimes anomolously 

higher than non-select ive determinat ions.  

Using a new vapor pressure  generator  coupled wi th  

s e l e c t i v e  d e t e c t i o n  of t h e  explos ive ,  w e  r e p o r t  new 

determinat ions f o r  t h e  vapor p r e s s u r e  of a v a r i e t y  of 

explos ives ,  and d i s c u s s  t h e  r e s u l t s  v i s -a -v is  

prev ious ly  published determinat ions.  The genera t ing  

system c o n s i s t s  of a small  amount of t h e  explos ive  i n  

equi l ibr ium with a c a r r i e r  gas. To c h a r a c t e r i z e  t h e  

generator ,  t h e  e f f l u e n t  was c o l l e c t e d  q u a n t i t a t i v e l y  i n  

a cold t r a p ,  and t h e  output  then analysed both 

q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  u s i n g  a gas  

chromatograph (GC) i n  conjunct ion wi th  a Thermedics TEA 

Analyzer. The GC-TEA technique 5-8 has  been shown t o  be 

s e l e c t i v e  f o r  nitro-based compounds and has  been used 

t o  i d e n t i f y  and q u a n t i t a t e  explos ives  i n  p o s t - b l a s t  

res idues  and hand-swab experiments . 9 

For RDX and PETN, w e  r e p o r t  measurements over a 

wide temperature range. For TNT and NG, publ ished 

449 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



de tec t ion  is best achieved by vapor de t ec t ion  or by 

remote sensing.  

MATERIALS 

Mi l i t a ry  grade RDX, C-4, and PETN were obtained 

from t h e  FBI .  C-4, which conta ins  about 90% RDX , 
was used i n  the  vapor generator,  and RDX s o l u t i o n s  were 

used a s  s tandards  i n  GC-TEA ana lys i s .  The PETN sample 

was used f o r  both the  generator and the  s tandard  

so lu t ions .  TNT was obtained from Sandia Labora tor ies  

and was used i n  t h e  generator and f o r  t h e  s tandard  

so lu t ions .  Nitroglycer ine,  NG, a t  a mole f r a c t i o n  of 

0.96 disso lved  i n  an uncured l i q u i d  polymer polymer 

s o l u t i o n  ( I C I  America, Inc. ,  Wilmington, DE, U S A )  was 

used f o r  t h e  generator .  The NG used f o r  prepara t ion  of 

s tandard s o l u t i o n s  was obtained by methanol ex t r ac t ion  

of a d i spe r s ion  of NG i n  l ac tose  ( I C I  America, Inc.)  

and sepa ra t ion  of t h e  l ac tose  by cen t r i fuga t ion .  

Ammonium n i t r a t e ,  NH4N03, used f o r  both t h e  generator  

and s tandard so lu t ions ,  was Baker Analyzed Reagent 

grade p r i l l s .  A l l  explosives  were used  as received 

without f u r t h e r  p u r i f i c a t i o n .  

15 

Acetone used f o r  s o l u b i l i z a t i o n  of RDX, PETN, NG, 

and TNT was Burdick and Jackson Reagent grade. Water 
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used i n  NH4N03  experiments was Baker Reagent grade. 

Nitrogen used a s  t h e  c a r r i e r  gas i n  t h e  vapor genera tor  

was of a commercial grade suppl ied by Suburban Welders. 

APPARATUS AND PROCEDURES 

t o r  

A cons tan t  s t ream of explos ive  vapors i n  a c a r r i e r  

gas was generated i n  t h e  apparatus  i l l u s t r a t e d  i n  

Figure 1. The n i t r o g e n  c a r r i e r  gas  passed, i n  order ,  

through a Drier i te /molecular  s i e v e  f i l t e r ,  a Tylan Mass 

Flow c o n t r o l l e r ,  and i n t o  Teflon tub ing  t o  a modified 

g l a s s  Midget Impinger (Kontes Glassware, Inc.) which 

contained t h e  explos ive  sample. The generator  

glassware was immersed i n  a heated sand bath which 

allowed t h e  temperature  t o  be regula ted  t o  wi th in  

0.loC. The g a s  conta in ing  t h e  explos ive  vapor e x i t e d  

from the  impinger through a g l a s s  t r a n s f e r  l i n e  which 

was temperature-control led independently of t h e  sand 

bath. The temperature of t h e  t r a n s f e r  l i n e  was always 

kept above t h e  temperature  of t h e  sand bath t o  prevent  

condensation of t h e  explos ive  vapor onto t h e  wal l s  of 

t h e  t r a n s f e r  l i n e .  B a l l  and socket  j o i n t s  on the  

t r a n s f e r  l i n e  were used t o  attach t r a p s  f o r  c o l l e c t i o n  

of explos ives  vapors.  The f a r  end of t h e  t r a n s f e r  l i n e  
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HEATED TRANSFER LINE 

MASS FLOW 
CONTROLLER 

PRESSURE 
REGULATOR 

EXPLOSIVES 
CANNISTER 

-780 COLD 
m TRAPS 

FIGURE 1 
Explos ives  Vapor Generator Apparatus 
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could be capped with a Teflon plug, o r  it could be 

joined t o  a nitrogen l i n e  for  d i l u t i o n  of t he  vapor 

stream. The temperature of the  generator system was 

monitored by the use of 5 thermocouples: 3 were 

at tached t o  the  impinger which was submerged i n  the  

sand bath,  and 2 were placed on the t r ans fe r  l i n e .  

For the  ammonium n i t r a t e  experiments, a vapor 

stream was generated a t  d i f f e ren t  humidity l eve l s .  

This was accomplished by using two streams of ni t rogen,  

with each flow being regulated by a Tylan mass flow 

con t ro l l e r ,  and passing one of t h e  N2 l i n e s  through a 

water-bubbler. Different  humidity l e v e l s  were achieved 

by varying the  proportion of N 2  which passed through 

the  water. 

Separate generator systems were assembled f o r  each 

explosive. For C-4 and NH4N03, approximately one gram 

was placed d i r e c t l y . i n t o  the generators.  PETN and TNT 

were added by.dissolving about 200 mg i n  acetone, and 

wetting the  walls of the  glassware so t h a t  t h e  s i d e s  

were coated, and t h e n  evaporating the  solvent .  In  t h e  

NG generator,  approximately 5 m l  of t he  polymer 

so lu t ion  was used. Before the apparatus was used, it 

was operated w i t h  ca r r i e r  gas flowing, for  a m i n i m u m  of 

one week t o  allow equi l ibra t ion .  
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o r  QJJectrqn 

Vapor c o l l e c t i o n  experiments were i n i t i a t e d  by 

a t t a c h i n g  t r a p s  t o  t h e  t r a n s f e r  l i n e  of t h e  generator  

v i a  t h e  b a l l  and socket  j o i n t s .  For RDX, PETN, NG, and 

TNT, t h e  t r a p s  cons is ted  of dimpled U-tubes immersed i n  

d r y  ice/acetone b a t h s  (-78OC). 

NHqN03  vapor c o l l e c t i o n  experiments n e c e s s i t a t e d  a 

d i f f e r e n t  t rapping  system. Here midget impingers 

connected by b a l l  and socket  j o i n t s ,  immersed i n  ice 

water ,  were used. 

The presence of H20 i n  

I n  order  t o  e s t a b l i s h  t h e  t r a p p i n g  e f f i c i e n c y ,  two 

i d e n t i c a l  t r a p s  were placed i n  s e r i e s .  The 

c o n c e n t r a t i o n  of e x p l o s i v e s  emerging from t h e  

genera tor ,  C g ,  could be c a l c u a t e d  from t h e  fo l lowing  

equat ions:  

Where a = t h e  t r a p p i n g  e f f i c i e n c y ,  

C1 = t h e  amount of explos ive  i n  t h e  f i r s t  t r a p ,  

C2 = t h e  amount of explos ive  i n  t h e  second 

t r a p ,  and 

C0 = t h e  a c t u a l  amount of explos ive  emerging 

from t h e  genera tor .  

C1 = a Cg 

C z  = a (CO - C1) 

Thus a = 1 - C2/C1, and C0 = Cl/a. 

The t r a p p i n g  e f f i c i e n c y ,  a ,  was found t o  be i n  t h e  
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range 95-99% in all cases. 

Following collection for a measured time duration, 

the traps were removed and then quantitatively rinsed 

with solvent(acetone for RDXI PETN, NG, and TNT, and 

H20 for NH4NOJ). The washings were analyzed to 

determine the total amount, CO, of explosive that 

emerged from the generator. 

Since the mass flow rate of carrier gas through 

the generator and the time duration of the trapping 

experiments were determined experimentally, the total 

number of moles of gas which passed through the 

generator could be calculated, and hence the 

concentration of explosives vapor in the carrier gas. 

The RDX measurements were conducted over the 

temperature range of 37OC to 102OC. Three separate sets 

of apparatus were usedI one for each temperature. The 

temperature of the glass transfer line was kept at 

155OC, since decomposition was shown to occur above 

175OC. The collection time from 30 minutes for high 

temperature to 5500 minutes for low temperature 

experiments. The flow rate of the N2 carrier in the 

generator was 200 cc/minute during the 102OC 

collection. For the other experiments, the flow rate 

was maintained at 408 cc/minute. 

The PETN experiments were similar to those for 
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RDX. The t r a n s f e r  l i n e  temperature  was 5BoC, and t h e  

vapor pressure  was measured over t h e  range of 1 8 O C  t o  

38OC. 

held a t  470 cc/minute, and t h e  c o l l e c t i o n  per iods  

ranged from 500 t o  900 minutes.  

The n i t r o g e n  flow r a t e  through t h e  genera tor  was 

The vapor pressure  of TNT was measured a t  2SoCt 

with a t r a n s f e r  l i n e  temperature  of 55OC. 

flow r a t e  was maintained a t  400 cc/minute, and t h e  

t rapping  times v a r i e d  from 500 t o  1 4 0 0  minu tes .  

The c a r r i e r  

NG vapor was generated a t  26OC. The N2 f low r a t e  

was 105 cc/minute, and t h e  t r a p p i n g  times were 600 t o  

900 minutes. 

NH4N03 vapors  were c o l l e c t e d  over t h e  temperature  

range 40OC t o  80OC f o r  t h r e e  humidity l e v e l s :  d ry  

ni t rogen,  and with 30% and 80% of t h e  n i t rogen  pass ing  

through a water bubbler.  Actual water c o n t e n t s  of 0.19% 

and 0.57% H 2 0  by weight,  r e s p e c t i v e l y ,  were determined 

from t h e  weight of water c o l l e c t e d  i n  t h e  t r a p .  The 

t r a n s f e r  l i n e  was held a t  105OC. 

through t h e  genera tor  a t  a ra te  of 400 c d m i n u t e .  The 

c o l l e c t i o n  time f o r  NH4N03  vapors  v a r i e d  from 300 t o  

1000 minutes.  

Nitrogen flowed 

NG. 

The washings obta ined  from t h e  t r a p s  was analyzed 
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by GC-TEA. A Hewlett-Packard 5840A gas  chromatograph 

was used equipped with 30 meter DB5 Megabore column. 

Argon was used a s  t h e  c a r r i e r  gas.  The TEA (Thermedics 

Inc.  Model 502) was operated i n  t h e  n i t rogen  mode. The 

pyrolyzer  was kept a t  90BoC, and t h e  i n t e r f a c e  region 

between t h e  GC and t h e  pyrolyzer was set a t  280OC. T h i s  

system was used t o  compare sample s o l u t i o n s  t o  

g r a v i m e t r i c a l l y  prepared s tandard  s o l u t i o n s .  Detec t ion  

l i m i t s  were about 30-50 pg f o r  t h e s e  explos ives .  

Reported v a l u e s  r e p r e s e n t  t h e  average of a t  least  t h r e e  

s e p a r a t e  GC-TEA determinat ions.  

The method used t o  d e t e c t  ammonium n i t r a t e  was 

similar t o  high performance l i q u i d  chromatography 

(HPLC) -TEA 8' 

phase, H 2 0 ,  was pumped by an HPLC pump (Varian Model 

8500) a t  a flow r a t e  o f  70 ml/hour. Ammonium n i t r a t e  

sample s o l u t i o n s  were introduced through an i n j e c t o r  

(Rheodyne Model 7125) equipped with a 20 u l  sample 

loop. The stream then en tered  t h e  TEA furnace ,  opera ted  

i n  t h e  n i t rogen  mode a t  840OC. Oxygen was introduced 

i n t o  t h e  furnace a t  a flow r a t e  of 7 cc/minute. Under 

t h e  p y r o l y s i s  c o n d i t i o n s  used f o r  N€I4NO3, t h e  TEA 

produced a s i g n a l  response f o r  t h e  n i t r a t e  ion ,  and n o t  

l6 without t h e  column. The mobile 

457 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



f o r  t h e  ammonium ion .  T h i s  was e s t a b l i s h e d  by 

i n j e c t i n g  s o l u t i o n s  of known c o n c e n t r a t i o n s  of  N H 4 C l  

and K N 0 3  i n t o  t h e  d e t e c t i o n  system; Equimolar  r e s p o n s e s  

were o b t a i n e d  f o r  KN03 and NH4N03 .  The d e t e c t i o n  l i m i t  

f o r  N K 4 N 0 3  was 3 ng. 

The same H 2 0  was used t o  humidify t h e  n i t r o g e n  i n  

t h e  g e n e r a t o r  system, t o  r i n s e  t h e  traps,  fo r  t h e  

s t a n d a r d  s o l u t i o n s ,  and a s  a carr ier  i n  t h e  d e t e c t o r .  

To e n s u r e  t h a t  t h e  system was f r e e  from c o n t a m i n a t i o n ,  

a vapor  c o l l e c t i o n  exper iment  was performed w i t h  t h e  

e x p l o s i v e s  s o u r c e  removed b u t  w i t h  t h e  sys t em plumbing 

o t h e r w i s e  unchanged. 

a p p a r a t u s  a t  400 cc/min. ,  w i t h  30% of  t h e  N2 p a s s i n g  

th rough  t h e  H20-hubbler, f o r  a p e r i o d  of 6 h r s . ,  t h e  

H 2 0  i n  t h e  t r a p  was ana lyzed .  No s i g n a l  was obse rved  

for  t h i s  expe r imen t ,  which had a n  ammonium n i t r a t e  

d e t e c t i o n  l i m i t  of 1 ppb. T h i s  l i m i t  is 2% of  t h e  

vapor  p r e s s u r e  a t  t h e  lowes t  t empera tu re  s t u d i e d ;  

t h e r e f o r e  any s o u r c e  of d e t e c t a b l e  s i g n a l  o t h e r  t h a n  

e x p l o s i v e  was n e g l i g i b l e .  

A f t e r  f l owing  N 2  t h r o u g h  t h e  

RESULTS AND DISCUSSION 

RQX 
The measured RDX vapor  p r e s s u r e s ,  e x p r e s s e d  i n  
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p a r t s  per t r i l l i o n  (v/v) a r e  p l o t t e d  a g a i n s t  t h e  

r e c i p r o c a l  of t h e  a b s o l u t e  temperature,  i n  Figure 2 ,  i n  

accordance with t h e  Clausius- Clapeyron equation: 

Log P = Hsub/(2.303 RT) + HSub/(2.303RT0) 

where T is t h e  temperature expressed i n  Kelvin,  and 

HsUb is  t h e  hea t  of sublimation. 

RDX vapor pressure  da ta  from t h r e e  o ther  s o u r c e s I  

u t i l i z i n g  t h r e e  d i f f e r e n t  experimental  methods, are 

a l s o  p l o t t e d  i n  Figure 2. The d a t a  of Edwards was 

based on weight loss due t o  d i f f u s i o n  of t h e  explos ive  

through a small  o r i f i c e .  Rosen and Dickinson 

employed t h e  Langmuir method, which is based upon t h e  

weight loss of t h e  sample heated i n  vacuum. The d a t a  

of S t .  John e t .  a1.2 were obtained by i so tope  d i l u t i o n  

a n a l y s i s .  The graph shows e x c e l l e n t  cons is tency  between 

t h e  new d a t a  and t h e  d a t a  of Edwards, and Rosen and 

Dickinson. The r e s u l t s  of S t .  John e t .  a l .  appear t o  

be anomolous, p a r t i c u l a r l y  because t h e  weight loss 

techniques used by Edwards and by Rosen and Dickinson 

would, i f  anything,  have yielded e leva ted  r e s u l t s  from 

t r a c e s  of more v o l a t i l e  i m p u r i t i e s .  

17 

A least  squares a n a l y s i s  incorpora t ing  t h e  d a t a  i n  

Figure 2 (except t h e  60OC p o i n t  of S t .  John e t  a l . )  

g ives  a global  expression over t h e  e n t i r e  temperature  

range : 
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Vapor Pressure of RDX 
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Log P ( p p t )  = -6473/T(K) + 22.50 

From t h i s  equat ion,  t h e  vapor pressure  of RDX a t  room 

temperature (25OC) is  6.0 p a r t s  per t r i l l i o n  (v /v) .  

EExN 

The PETN d a t a  a r e  displayed i n  Figure 3 t o g e t h e r  

with o ther  publ ished values.  The d a t a  of Edwards ( a s  

with RDX) was based upon t h e  r a t e  of d i f f u s i o n  of PETN 

through a small  o r i f i c e  

t h e  p r e s s u r e  change r e s u l t i n g  from h e a t i n g  t h e  sample 

i n  an high vacuum system. Using Knudsen d i f f u s i o n  

techniques s i m i l a r  t o  those of Edwards, Crimmins 

obtained vapor pressures  higher  than those  of Edwards, 

Ng e t .  a l . ,  and t h i s  work. Crimmins d i d ,  however, 

d e t e c t  t r a c e s  of two i m p u r i t i e s  i n  h i s  PETN sample by 

t h i n  l a y e r  chromatography. 

Ng e t  a l . 3  d i r e c t l y  measured 

4 

The PETN vapor pressure  measurement of St. John e t  

a l .  r e l i e s  upon a technique which i s  i n  p r i n c i p l e  

chemically s e l e c t i v e  : i so tope  d i l u t i o n  a n a l y s i s .  

However, t h e i r  d a t a  f o r  PETN were obtained by 

monitoring NO2 ions,  s i n c e  t h e  parent  PETN ion  was not  

s u f f i c i e n t l y  s t a b l e  i n  t h e  mass spectrometer .  Their  

g r e a t l y  e leva ted  vapor pressure  results a r e  a p p a r e n t l y  

due t o  contamination by o t h e r  s p e c i e s  t h a t  can produce 

NO2 i o n s  i n  t h e  mass spectrometer.  
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FIGURE 3 
Vapor Pressure of PETN 
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The e x c e l l e n t  agreement between t h e  d a t a  of 

Edwards, Ng, e t  a l . ,  and t h e  present  work is apparent  

from Figure 4.  The c u r r e n t  d a t a  extend t h e  range of 

measured d a t a  t o  lower temperatures  and vapor 

pressures .  The l e a s t  squares  a n a l y s i s  on t h e  t h r e e  

d a t a  sets g i v e s  t h e  global  equation: 

Log P (ppt )  = -7243/T(K) + 25.56 
Evaluation of t h i s  equat ion l e a d s  t o  a vapor pressure  

of 18 ppt  v/v f o r  PETN a t  25OC. 

lux 
Three separate determinat ions for TNT a t  25OC gave 

+ an average vapor pressure  of 7.7 /-0.4 ppb v/v. This  

value is p l o t t e d  along with o ther  publ ished va lues  i n  

Figure 5. All of t h e  d a t a  from Edwards and P e l l a  

was used i n  our c a l c u l a t i o n s ,  b u t  f o r  convenience only  

a l imi t ed  number of d a t a  p o i n t s  from these  r e f e r e n c e s  

a r e  reproduced i n  t h e  f i g u r e .  Reasonable agreement i s  

observed between a l l  sources ,  with t h e  except ion of 

Menzies 2* who measured pressure  changes over  an 

i n t e n t i o n a l l y  unpur i f ied  sample us ing  a McLeod gauge. 

Presumably, t h e  i m p u r i t i e s  a r e  respons ib le  f o r  h i s  

e leva ted  vapor pressure  values .  Legget t  e t  a l .  

u t i l i z e d  a gas chromatographic headspace technique.  The 

o v e r a l l  agreement between d i f f e r e n t  sets of workers is 

1 9  

21 
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b e t t e r  than  t h a t  observed f o r  PETN and RDX. This  is  

understandable ,  s i n c e  t h e  vapor p r e s s u r e  of TNT is 

n e a r l y  t h r e e  o r d e r s  of magnitude h igher  t h a n  t h a t  of 

PETN and RDX. The least  squares  a n a l y s i s  inc ludes  a l l  

of t h e  l i t e r a t u r e  d a t a ,  except  f o r  Menzies: 

Log P = -5481/T(K) + 19.37 

From t h i s  equat ion  t h e  vapor pressure of TNT a t  25OC is 

9.4  ppb v/v, which is very c l o s e  t o  our measured value 

of 7.7 ppb. 

NG 
Two NG vapor t r a p p i n g  experiments  y i e l d e d  an 

/- 11 ppb a t  26OC + average vapor p r e s s u r e  of 409 

( inc luding  a small  c o r r e c t i o n  f o r  t h e  mole f r a c t i o n  

(0.96) of t h e  source  NG m a t e r i a l  i n  t h e  g e n e r a t o r ) .  

This  average has  been p l o t t e d  i n  F igure  6 along wi th  
2 ,  2 2  v a l u e s  obta ined  from previous ly  publ i shed  d a t a  

2 3 f  24' 25. The p r e s e n t  d a t a  is i n  reasonable  

agreement wi th  earlier work. The v a l u e s  r e p o r t e d  by 

Rinkenbach 2 2  and by Naoum and Meyer 23 a r e  higher  t h a n  

t h e  r e s t  of t h e  data; t h e  presence of i m p u r i t i e s  is 

suspected.  St. John e t  a l .  us ing  i s o t o p e  d i l u t i o n  

a n a l y s i s  d a t a  7 ,  quote  an NG vapor p r e s s u r e  which is 1 9  

times lower t h a n  t h e  value given by t h e  s l o p e  of t h e  

l i n e  i n  F igure  6 .  The reason f o r  t h i s  d i f f e r e n c e  is n o t  

I 
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FIGURE 6 
Vapor Pressure of Nitroglycerine 
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understood. The d a t a  of S t .  John, e t  a l . ,  and Naoum and 

Meyer, and t h e  low temperature  d a t a  p o i n t  of Rinkenbach 

have been excluded from t h e  l e a s t  squares  a n a l y s i s :  

Log P (ppb) = -4602/T(K) +18.21 

w 
Our resu l t s  f o r  t h e  vapor pressure  of ammonium 

n i t r a t e  a r e  shown i n  F igure  7. Ammonium n i t r a t e  has a 

r a t h e r  high apparent  vapor p r e s s u r e  of 12 ppb v/v a t  

25OC, on t h e  order  of t h e  vapor pressure  of TNT. I n  our 

experiments,  t h e  water c o n t e n t  of t h e  c a r r i e r  gas  was 

var ied  from 0 t o  0.56 weight  percent ;  t h e r e f o r e ,  t h e  

maximum r e l a t i v e  humidity v a r i e d  from 27% a t  40OC t o  4% 

a t  80OC. Over t h e  tempera ture  and humidity range 

s t u d i e d ,  no c l e a r  dependence of vapor pressure  on 

humidity was observed. Despi te  t h e  experimental  

s c a t t e r ,  t h e  Clausius-Clapeyron p l o t  appears  t o  be 

l i n e a r .  Leas t  squares  a n a l y s i s  of t h e  d a t a  y i e l d s  t h e  

fol lowing equat ion:  

Log P (ppb) = -3541.77/T(K) + 12.97 

The d a t a  of Appel e t  a l .  [ l a ]  suggest  a lower 

l i m i t  of 4-5 ppb f o r  t h e  vapor pressure  a t  2 1 O C .  

is c o n s i s t e n t  with t h e  v a l u e  of 8.4 ppb f o r  t h i s  

temperature  c a l c u l a t e d  from our least  squares  equat ion.  

This 
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CONCLUSIONS 

A new, chemical ly  s e l e c t i v e  method f o r  

determinat ion of explos ives  vapor p r e s s u r e s  has  been 

used t o  measure t h e  vapor p r e s s u r e  of f i v e  common 

explos ives .  Data from t h i s  s tudy and o t h e r  published 

sources  were c r i t i c a l l y  compiled. A c l e a r  p i c t u r e  of 

t h e  vapor p r e s s u r e  of t h e s e  explos ives  emerges from t h e  

extremely c l o s e  agreement between our new d a t a  and much 

of t h e  e a r l i e r  work. Most of t h e  c o n f l i c t i n g  da ta  can 

be explained on t h e  b a s i s  t h a t  non-se lec t ive  techniques 

w i l l  overest imate  t h e  vapor pressure  i f  traces of 

v o l a t i l e  i m p u r i t i e s  a r e  present .  

The compiled d a t a  was used t o  genera te  g loba l  

least  squares  Clausius-Clapeyron e q u a t i o n s  over wide 

temperature  ranges.  From t h e s e  equat ions ,  t h e  vapor 

p r e s s u r e s  of RDX, PETN, TNT, NG, and NH4N03 a t  25OC 

were determined t o  be 0.006, 0.018, 9.4,  580, and 1 2  

ppb v/v, r e s p e c t i v e l y .  
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