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Introduction: The Hertz-Knudsen (H-K) equation for the 

rate of condensation of a gas or evaporation of a solid or liquid is 
used for systems in thermal equilibrium [1,2,3]. In astrophysical 
settings, both processes may occur when the gas temperature, Tg , 
differs from that of the condensed phase, Ts . Here, we modify 
the H-K equation for this case, and apply it to shock wave-
induced evaporation and condensation of a chondrule precursor. 

Theory:  The number of molecules of gas colliding with unit 
area of a surface per unit time at temperature T is υ(T)C / 4 , 
where υ(T) is the mean velocity of the gas molecules at T and C  
is the gas concentration [4]. If αc (T) is the sticking probability, 
the condensation flux, Jc, is αc (T)υ(T)C(T) / 4 (Eq 1). For a con-
densed phase in thermodynamic equilibrium with vapor, the 
evaporation flux, Je, at T equals the condensation rate and is writ-
ten α e (T)υ(T)C e (T) / 4  (Eq 2), where C e (T)  is the concentration 
of the vapor in thermodynamic equilibrium with the condensed 
phase at T, αe (T)  is the evaporation coefficient, and αe =αc . 

For evaporation where Ts ≠ Tg , Ts  is the temperature of the 
condensed phase within an atomic layer or so of the surface. If an 
evaporating molecule thermally equilibrated with the condensed 
phase passes through a transition state, TS (a point of no return), 
to the gas, it does so with a velocity distribution given by Ts , so 
the T in Eq 2 is Ts  and C e (T)= C e (Ts ), the concentration of vapor 
in thermodynamic equilibrium with the condensed phase at Ts .  

In the condensation flux of Eq 1, there are two limiting cases 
when Ts ≠ Tg . One occurs when a molecule lands on a solid, 
thermally equilibrates with it but has only a small probability of 
settling into some site, so re-evaporation dominates. In this sev-
eral step process, the rate-controlling step is the final settling in, 
the point of no return is a TS thermally equilibrated with the 
solid, and T for αc (T) in the condensation flux is Ts, not Tg. In the 
other limiting case, landing of the molecule on the surface, per-
haps in a specific orientation, is the rate-limiting step, there is no 
prior thermalization with the condensed phase, and settling into a 
site eventually always occurs. Since thermalization of the collid-
ing molecule with the condensed phase occurs after the rate-
limiting step, αc(T)=αc(Tg). For liquids, no diffusion along the 
surface to an appropriate site is needed, so αc(Tg) is used, not 
αc(Ts). Using υ = 8kT /πm  and C = p / kT [4], the net evaporation 
flux for the latter thermally non-equilibrated system is 

J = α e (Ts )P e (Ts )
2πmkTs

−
α c (Tg )P(Tg )

2πmkTg
 (Eq 3).  

Application:  Eq 3 was used to study evaporation and recon-
densation in partially molten chondrule precursors subjected to a 
6 km/sec shock wave in a complementary gas enriched in dust 
and water but otherwise of solar composition. Evaporation curves 
for Ts = Tg  are compared to those for Ts ≠ Tg . The thermal disequi-
librium effect is significant but relatively small. 
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