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The products of thermal decomposition of 1,3,5trinitrohe~.d~dro 1,3,5trkzine (RDS) in vacuum hae been deter- 
mined mass spectrometriczdly belo\\ and above the melting point. Employins a cell with an elongated orifice to form d 
collimated beam, RDS decomposition products acre identified M ithin 3 fea microseconds after lea\ ing the cell. -4 mayor 
mode of thr decomposition was the splitting of the RDS molecule into txxo unst&ble fragments st 146 and 74 .unu, 3s de- 
termined by mass spectrometry- These fragments underPent further decomposition into numerous smaller species. A second 
mode of decomposition was the remov31 of the NO, _ “roups from the ring, le3v:ng dlhydro-sym-triazine as .I product. No 
evidence of the RDS molecule ~3s found in the vaporphase. 

1. Introduction_ 

The therm31 decomposition of 1.35trinitrohexa- 
hydro 1,35triazine, RDX, has been studied exten- 
sively. Thirty years 3go Robertson [l] investigated 
the decomposition of RDX above its melting point 
and determined that the products were only small 
molecules, NO. N20_ Hz_ CO, CH,O and CO,_ This 
analysis led to the conclusion that the mechanism of 
decomposition was the transfer of an oxygen atom 
from the dinitro saup to a nei&boring c3rbon 3tom. 
eliminating N,O snd CH,O_ h’o NO, ~3s observed_ 
Rauch rind F&elli [2], &o conductrd studies be- 
t\vcen 207 and 227OC, above the melting point, re- 
portedly observed KO, and 3 number of other gas- 
eous products, including NzO, NO, CHIO, CO, CO,. 
H,O and HChr_ Goshg3rian [3] also observed NO2 
and these gaseous products in an investigation between 
200 and 205OC, below the melting point. Cosgrcve 
3nd Owen 141, from therm31 decomposition 3t 195”C, 
reported NH, and CH,O, in addition to the low-mo- 
leculx-weiE&t gases observed by R3uch rind Fan&i [2] 
and Goshgarhn [3] _ Other investigators reported sim- 
il3r products and 31~0 determined varying activation 
energies [5---7]_ 

Bradley et al. [S].employing a mass spectrometer 
for product identification, investigated the thermal 
decomposition of RDX under high vxuum below the 

melting point. In addition to the low-molecular-weight 
products they also observed Iarger fragments with 3mu 
v3lues 3s high as I-% They employed 3 two-stage cell 
in which the first ceil was kept at 175”C, \\hile the 
second cell varied from 175 to 235°C with its orifice 
open to the m3ss spectrometer. They obtained solid- 
phase reactions with one open cell and g3s-phase re- 
actions when both cells were used. StrtIs [9], in 3 mass 
spectrometer study of RDX decomposition. msde 3c- 

curate mass mertsurcmcnts of 23 species in the 17 to 
I I Z amu range. 

Goshgarian [3] inserted a gl3s.s probe containing 
the RDX sample directly into the quadrupole 1113~s 

spectrometer ion source to minimize gas-ph3sc reac- 
tions- He reported slightly different higher molecular- 
weight species below and nbove the melting point. The 
heaviest species observed ~3s 3t 148 amu. 

The study at this laboratory \\as performed to de- 
termine whether the mechanistic reactlon of RDX 
therm31 decomposition involved ring frzlgmentation _- 
folio-ed by fragment decomposition to smaller mol- 
ecules and radicals. An effusion cell which allowed 
gas-snmpliny times on the order of microseconds by 

rhe mass spectrometer ~3s employed for this inves- 

tigstion- 
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2_ Experimental 

The duzi vacuum chamber-quadrupole mass 
spectrometer used in these experiments has been de- 
scribed previously [IO] _ The RDX samples were con- 
tained in an alumina effusion celI 25 mm long, with 
an inside diameter of62 mm; an elongated orifice 
O-775 mm in diameter by 5.5 mm long was empioyed 
for beam collimation. The cell was positioned within 
5 cm of the ionization chamber of the mass spectrom- 
eter, allowing species leaving the solid or liquid sur- 
face to be measured within IO .us or less- The alumina 
cell was heated by a resistance furnace and tempera- 
ture measurements were made by means of thermo- 
couples imbedded in the cell body. 

The ion intensities were identified by their masses, 
isotopic distributions, and appearance potentials. The 
method of determining the mass spectrometer reso- 
lution, as well as the measurement of the isotopic 
abundance rstios, has been presented previousIy [ 1 I ] _ 
AH quadrupole experimental mass discrimination ef- 
fects were taken into account and the necessary cor- 
rections to ion intensity pressure relationships were 
made. OnIy the chopped, or shutterable, portion of 
the intensities was recorded, since the mass spectrom- 
eter was equipped with a beam moduIator and a 
phase-sensitive amplifier. 

it was necessary to ascertain with 3 high degree of 
contidence that the measured ion intensities were 
those from the parent species and not from the frag- 
ments of the larger molecuIes_ Therefore, the mass 
spectrometer was operated at an ionizing voltage of 
1 to 2 eV above the appearance potential, which in 
nearIy ah cases allows onIy the formation of the ion 
from the parent species since a fragmentation process 
usually occurs at higher ionization voltages [12-l S] _ 
The concentration of each species can then be ob- 
tained from a knowIedge of the cross sections and 
other parameters, 

where ‘ii is the concentration of species i, li the ion 
intensity for species i, o the relative cross section at 
the maximum of the ionization efriciency curve._.+ 
the appeamnce potentia1 in eV, E the energy of ion- 
izing electrons in eV, S the multiplier efficiency, cor- 
rected for mo!ecular beam effects if necessary. and 
T the absolute temperature_ The resolution of the 

30s 

mass spectrometer is 1 in 500 and detaik have been 
given previously [l 11. 

3. Discussion 

Employing the techniques described in section 2, 
mass spectrometric studies were made below and 
above the melting point of 204~5°C Fig. 1 shows the 
peaks observed below the meking point at amu values 
of 28,30,42,44,46,56,74 and 83. Fig. 2 depicts 
the peaks at 28 to 74 and fig_ 3 shows peaks appearing 
in the range 82 to 148, all above the melting point, at 
220°C. The species observed in these studies are in 
agreement, for the most part, with those previously 
reported from mass spectrometric investigations 
w,91- 

The arrival of the two large fragments of RDX at 
the mass spectrometer in severai microseconds sup- 
ports a mechanism in which the molecuie undergoes 
fmgmentation by splitting into two parts at 148 and 
74 amu: 

These two fragments are unstabIe species and thus 
will rapidly fragment to smalIer particles. The obser- 
vation of the 75 amu peak by previous investigators 
[3,S] would indicate the addition of an H atom by 
the 74 amu fragment, CH,N201, to form the more 

Fg_ l_ Decomposition of RDX below the melting point at 
200°C; amu range 28-83; ma_s spectrometric peaks corre- 
spond to: 28 = CO, 30 = C&O and NO, 42 = CzHeN. 44 = 
N20. 46 = NO=* 56 = C2&Nt. 74 = CH2N20,, 82 = 
C3N3H4 and 83 = C3N3HS_ 
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FQ,. 2. Decomposition of RDX above the meltings point at 
210°C; amu rage 28-74, mass spectrometric peaks corre- 
spond to: 28 = CO, 30 = CH20, 42 = Q.&N. 44 = N20, 
46 = NO2 and 74 = CHZN202- 

stable molecule, CH,N,O,_ The largest gaseous frag.- 
ment observed in these studies, at 148 amu, confirms 
the results of previous experimental investigations 

[3,SI - 
The strong peaks at 82 and 83 smu found in this 

and previous studies indicate a second mode of de- 
composition in which the ring is stripped from its NO, 
group, forming dihydro-syrn-triazine as well as a num- 
ber of low moIecular weight species. Two peaks at 82 
and S3 are seen as 3 result of the RDX ring stripping 
of two NO, groups: 

B 
12 

/=\ 
w - x x 

\ I 
H - c c-x 

- 3*02 * H 

3 
y 

I 

I”\ 
~2~~. e3 

h’oz- N 8 N - w2 I 
%-- 

a.-%__ 62 

In this decomposition the NO, o~roups are stripped 
from the RDX molecule_ The other decomposition 
species identified below the melting point were CO at 
amu 23, CH20 and NO at 30, C,H,N at 42, N20 at 
44, NO2 at 46, and C2H4NZ at 56_ Incomplete strip- 
ping of the ring resulted in a peak at 128 as intense 
as those at S2 and 83. This may be caused by the re- 
moval from the RDX ring of two NOa molecules and 
an Hz molecule, leaving 

Fig_ 3.. Decomposition of RDX above the melting point at 
22O”C, znnu range 82-148; mass spectrometic peaks corre- 
spond to: 82= CsNsII1, 53 = C3N3HS, 103 = C2H4N302, 
120 = CH2N30s, 128 = CBHGNa02, 137- 2 CzH4N403 and 
148 = C2HJN404_ 

Further decomposition of the 14s amu species re- 
sults in release of NO, molecules, as 

CZHqN_o; - C2H;xJOZ + Y:02 
a.=.u_ 145 LX__. 107 3.1._. ;c 

c.p4~30z 3 C2d;X2 * \02 
L-%1. 102 2.=.._. 56 a.m.,. ‘6 

The removal of an 0 atom results in the amu 132 
species, C2W4N403- The CH2N304 peak at 120 may 
be the result df further disintegration of the 148 fraz- 
ment. This appears to confirm the postulate of St& 
[9] that the RDX ring undergoes contraction to the 
14s amu species, which releases CH,N, and finally re- 
sults in a molecule at amu 120. 

In summary, it may be concluded that the RDX 
moIecuIe does not appear in the vapor phase; instead. 
it breaks into at least two large fragments_ These frag- 
ments, which are unstable, then undergci further de- 
composition to numerous stable species with relatively 
IOW mass values. However, ring stripping of the RDX 
moIecule also occurs, forming dlhydro-sym-rriszine. 
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