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. ABSTRAGT

Applicatirm of high pressures égn‘ giire rise to ei%plos'ive decomposition

of various materiale. Fossible reasone for this phenomenon are discussed.
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More than twenty years ago Bndgman £ound t.hat some chemica.uy atable
| conr:xpeunds suffer explosive transformations at pressures of several times 10, 000
atm’ Bridgman applied in his experimems a considerable chear. Under normal
conditiona the ahear strain would have quickly exceeded the elastic limit and no
great shear stress could have been established. ‘But at high pressuree the elastic
'limit is greatly increaaed and consﬁderable shear atraine can be eatabushed

Recently experimeats have been carried out with sugar, which in
'_Bridgman 8 experiments’ had given negative results. Ia these experimante éugaf :
was exposed to a pressure Qf aeveral times 10,000 atm and was exploeively de-
composed at various temperatures imule s}mar stress has not been applied in
| as pronounced f'ashion as in Bridgman‘e 'ex‘perimeﬁts, t&ere are indications that
no explonon occnre if the pressure is purely hydrostatic. |

‘In the huawing. poaeible explanationa for these explosive phenomena arxe
discuased. Actuauy. aeveral explanat:ona are possxble, and more detailed experi-
ments may be_needed in order to find the relevant mechanism. We shall consider
the explosion of sugar as our main example.

From the point of view of the energy balance, the explotion of sugar is not
‘ too surprising. The transformation of sugar iqto carbon and water releases
per unit weight 55% of the ’energy that is liée'rated in a TNT explosion. The
problem is in what m;annex; the high preesure.’qreates the conditions for thp; ex-

plosive decomposition.
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A detonation  may oc-cur if the energy produced in the reaction will raise
the temperature to a sufficient level. The temperature i sufficiently high if it
' wxu perrmt the neighboring molecules to react before the local energy has been
transferm& by the sonic {or supersonic) proces- to a bigger portion of the substance,
thereby lowering the temperature below the point at which the exploaion can proceed.
While these ié’eas can be ﬁormulated in a quantitative manner, for our discuegeion
the qualitative approéch will suffice,

High pzessurév ;znay aid the explosive proéesa by- making'av greater fraction
of the energy available for ,léca,l reactions. At 50,000 atm the value of pV is
comparable in solid sugar with the energy of decomposition of the sugar molecules
inte water 'and carbon. The external pressure times the original volume is a
measure of the energy that is locally preserved (for a short period) for the activation
of further reactions. In the absence of such external ﬁxesaure. more energy is
imthediately converted into translational kinetic energy of the surroundings. This -
kinetic energy is not‘ available for activating further molecules. While it will
eventually be converted into heat, this does not happen until the enér.gy has been
distributed over much bigges volumes and thereby has become ineffective.

However, there are two strong reasons againsﬂ: this explanation. One is
quantitative, The actual contribmion of the exteznal preseurs to the available
thermal energy in the explosion wave can be obtained frowm the theory of sheck
propagation. This energy per unit mass is pAV/2, ‘where p is the external
pressure and AV is the change éf the volume of 1g during the compression phase
of the explosion. To this term further contributions must be added which are due
to the fact that the final preéeure and the volume change AV also depend on the

external pressure. These terms can increase the contribution pAV/2. Nevertheless,
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this latter quantﬁty ia a better eetimam 95 the additional internal energy than
pV ' emd pAV/ 2 will probably not amount to much more than 10% of pVv. Thie :
arnount 16 too small to cause a substantial diffemm'e'ia the éegcnation process,
4' The second a‘rgumem is off a e&uaﬁgdﬁive nature. The effect of the external
pre‘ssnre on the_ energy fells to explain the appaee#i influence of shear stress.
Anéther expianaﬂsosi that has been proppsed is connected with the considerable
~ local heating which gmat shear stresses may produce. However. a detona&ion
requires that. appmpriam energy ster&g@ should be available everywhere in the
crystal. otrong locall heating could explam only the triggering of the detonation
wave aﬁd not the propagation of that wave. The real prob&em is to emplam the
mechaniam of this propagation. and l.ocal production of heat is af no real help in
thie reapact. .
| | It is most probable that the explaaation of the phenomenon is connected
~.with a lpweringv of the activation energy. Another way of stating this is tha.t
- the work stored in the material due to compmesibn and .shear‘ becomes available .
for tha production of an appr@priam activatad state which forms the lowest barrier
between the original componnd ard the final products of decompesision. ‘
It seems p&auaible that a lowering of 2 potentaal barrier by 0.5 to i .ev could
be sufficient to tr'a.n‘sfo:"m an‘ exothermic reaction inte'an eniélosive; process., Such

amounts of energy are delivered by the work of compression  '

jpdV_

at 50,000 atm to 2 volume of approximately 100 cubic Angstroms. In sugar, such
"volumes are occupied by a section of the carbon chain contalning three carbon atoms
{the onygen and hydrogeﬁ atoms attached to the carbon chain are of course included

in this volume). It may seem a lttle difficult to imagine that all of this energy
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.' ':;heum- be made available to the corroct degree of frecdom which consists in the

motion of the atoms from the original state into the activated position. The
fonowing model may illustrate one way. in which thig could happen.
” . L.et us symbolically represent the motion of the system from the orsginal
state through the activated state into the -final atate by the motion of a point from
' a somewhat higher paraboela to a éomewhat lower ;Sarabola.l Thie situation is
chown in Fig. l‘(é). Poinis 1,2, and 3 correspond to therriginal position, the
activated state, and the end pl_roduet. If we agsume that the crystal is compx_éseéd.
it is natural to assume that the axea of the two parabolas will come closer to each
other. Then a situation will arise as shown in Fig. 1(b). it will be hoticed that the
'_two pa.rabol&s are gimilar in the two ﬁgurea and that the difference of their |
minimum er_:ergies ie also -similari But the two parabolas will lie closer to éach
othé r, and therefore their point of intergection 2, which is the activated state, has
been lowered to a conszderable extent. Because the'two curves ihters‘ect ina
region where they are msmg steeply, a relatively small dieplacement can produce
a coqezderable lowering of the activation ene'xgy. It would seem quite possible

that é displacement by 0.2 or 0.3 Angé'troma could'iower the point of intersection
by 0.5 or L0 ev. | |

The question, of course, ariscs whether the same effect could halge been

vaéhieved by a tempera%uié excitation of the‘origi-nal subatance. Such a ternperature
excitation could distort aziy portion of the original subskanée and thereby bring

the eld and the new qqmlibrmm poaitions closer together. Since temperamre
distributes energy equally between degrees of freedom, any such temperature
excitation requires an gnergy that must bg as great as the increase of the activated

etate which we wish to accomplish. .
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In the eompreeaed crystal. however, the activated state can depend on
the position of a.u the naighboring atome. That the positmn of a dozen atoms
ahould have a strong influence on the height of an activated state is not too aurpriaing.
The volume of these atoms contains a large enough portion of the compression
'energy to account for the chaage in activatioa energy. '
it ahould. of coume. be realized that this model represents only one of
sevetal_possibihtiee by which the probabiuty _of the activated state can be lncreaseé
in an effective manner. In partlicular, it is possaible that éhe entx;opy of f.he activated
 state will be increased by ?hg -ceﬁ:gareasion.
in view of the 'experimental Iaets concerning shear strees, it is of particular
interest to ﬂnd out whecher by shearing the substance one mig,ht accompheh a
greater storage of energy. and them"by make more energy available for the reduction
of the activated state. "As a rule, the ehear strees is condiderably smaller than the
gtress in the compression. On the other hand, the shear strain is very-mﬁch :
greater than the displacement of the atoms in the compreeeion It is therefore
quite possible that the work performed by the shear stresses make the greatest
contribution »&a the energy store of the substance. It would De of intercet to ‘ﬁnd
_methods by which to measure the energy that has been made available to the éubstance
by the shear étrasses. This could be done by-x;waeuring thé work of the shear
_Btresses and by subtracting from this work the _enérgy ﬁhalt.ha's been transformed into
héat through local slippages. In an ideal experiment these local"slippéges should.
be avoided and the stress should not éontﬁbgte to the_\he-at:ing.of the cﬁsml prior

to the explogive transformation.
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An ad&itiénal intere’éti‘ng aéproach would be to investigate the dependence
of_ the detonation temﬁeraauré orn the state of ;straii;. I,f the activation energy
dépen,da limaﬂy on the &aplaceéxéma under strain (as {s the case in the model
that we propoee). then the temperature ehould be a iinear mnctian of the components
of the strain. If, in addition, the activaxion entropy cshould depend lmearly on the: |
‘displacementa; then the deton_ation temperature should be;a. ratio. of two expressmna
that‘are limear'in the strain coxi:po‘nehésl It §8 éntireiy pdssible. 'howéve’i t.hat the
activation caergy is not linear in the displacements, but dependa more directly
on the comprasaion work per unig volnme or on a gpecific fraction of that work.

Experimente have not yet imlicated a telatﬁon between the state of etra.in

" and the temperamre of detcna.tion.
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| . LEGENDS .
Fig. 1. Repredentation of thé motion of the eystem from the otiginal'stéte {1} through
- the activated state (2) i.nté Athe ‘fix'mt state {3). (a) Without compression;

{5) after compression,

‘kzyﬁhﬁﬁcms
b"‘:!Z‘hita 'véo'rk-waa d-ox;:e "gvndéi_-_‘.xhe miapice,_s of the U. 8. Atomic 'Energy Ca#nmiésion.
1z, w. Bridgman, E"hﬁs; Rtev. 48, 825 (1935). |
%The éuthor is inﬁeb&eﬁ to Da;vid T. 'Gri:ggﬂ, G@ofge c. 'Kenhedy. and Willa.td F.

Libby for infarmatiou conceming preliminary. experimental res\uta and

- stzmulating discus aiona on the theoretical probiem.

3John von Neumann, Office of Scientific Reséarch and Development Report No.
549, 1942. - o ’
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