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I. Introduction

The properties of materials laser-ablated from a surface are of considerable

interest. The interrogation of these properties inevitably occurs at a point some distance

from the surface. One might then ask what processes have occurred in the intervening

path length. Immediately, for example, one wonders whether the material was released

as such from the surface or was formed as a result of collisions at a distant point.

Similarly, one might ask if an observed "temperature" of the material is characteristic of

the ablation process or of subsequent events. We will Indicate here how measurements

of metastable evaporation rates can provide clues which are pertinent to these questions.

||. The Kinetics of Evaporation

Consider an aggregate of material bound together by van der Waals forces. If it

is sufficiently hot, it may undergo evaporation. Any such event will cool the residual

material, which will then undergo further evaporation at a lower rate. As a first

approximation, the aggregate will have cooled to the point where the rate constant for a

subsequent emission is equal to the reciprocal of the time since the original "big bang".

A more careful analysis [1] indicates that such an evaporating population, isolated

and normalized to unity at time t0, will be given at a later time by:

P(t) = 1 - (C/y2) In Mt,, + (t - g exp (-Y
!/C)]} (1)

where C is the heat capacity of the aggregate in units of kB, and y is given by

V = V,a/[1 - (Yg/C)2/12 ] (2)

where yg is the Gspann constant. On a microsecond time scale, and in the absence of

discontinuities in the heat of evaporation, a "best value" for y0 equal to 23.5 (±1.0) has

been suggested [2].
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Other cooling mechanisms exist. Thermionic emission has now been identified in

several materials [3,4], but is at best unlikely to occur more than once in a given

aggregate. Infrared emission will also occur but only on time scales much longer than

envisaged here.

III. Pertinence to Ablation

Equation (1) prescribes what is in effect an upper limit to how hot an aggregate

can be. Thus, if it is even hotter at the moment of ablation, or if it is generated later via

massive condensation, then it will have undergone subsequent evaporation. On the other

hand, if the ablfition is more gentle, or if a subsequently condensing aggregate is cooled

by an adiabatc expansion, before the cessation of collisions, then it is likely to be less

prone to evaporation than equation (1) would prescribe.

IV. Two Experiments

Radi et al. [5] have ablated carbon clusters from a graphite rod and have studied

their evaporation probabilities. They are compatible with equation (1) above [6]. When

the same carbon clusters were generated by ablation from a poiyimide surface [7] using

generally lower laser fluences, the measured decay rates are instead about an order of

magnitude lower.

This difference cannot be attributed to a laser fluence effect, under the supposition that

a honer laser produces hotter clusters. Campbell et al. [7] found that as they increased

the fluence, their clusters became cooler, i.e. less prone to evaporation. These authors

suggested an increased role for hydrodynamic cooling when ablation was more massive.

V. Discussion

Ablation of a poiyimide necessarily releases non-carbonaceous material into the

vapor phase. If it does not condense, then this material would be cooled by any

hydrodynamic flow effects and would in turn b<. available to cool the condensing clusters.

This may explain the differing resultant 'temperatures".

A second difference exists between the two experiments. Radi et al. [5] carefully

rotated their carbon rod during their experiments so as constantly to expose a new

surface; Campbell et al. [7] apparently did not. Deep pitting of a surface might tend to

accentuate any hydrodynamic flow effects.



Experiments to distinguish between these two possibilities are not hard to

envisage. The immediate point is that both possibilities can be avoided, i.e. that clusters

can be made which are as hot as they can be, and that a diagnostic test for this

condition exists.
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