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Comment on “Probing the Nuclear Liquid-Gas
Phase Transition”

In a recent paper Pochodzallaet al. [1] report a tanta-
lizing dependence of nuclear temperature upon excita
energy. This dependence is characterized by an in
rise, followed by a wide plateau, and a subsequent r
The authors tentatively ascribe the initial rise to “ord
nary” evaporation, the middle plateau to a liquid-vap
phase transition, and the final rise to a nearly ideal
dependence for the overheated vapor.

Because of its potential significance, it is desirable t
this dependence be verified with alternative methods
determining the temperature. Our Comment, howev
deals with problems that arise from the tentative read
of the “caloric curve” given by the authors.

Apparently, the “paradigm” the authors have in mind i
standard picture of the diagram temperatureT vs enthalpy
H for a one component system atconstant pressureP.
In this diagram, the temperature of the liquid (no vapor
present) rises until the vapor pressurep matches the exter
nal pressureP. From this point on, the vapor appears, a
the temperature remains constant until the liquid has c
pletely evaporated. After the liquid has disappeared,
temperature of the (now overheated) vapor can rise ag

The question arises whether the entire experime
curve can be interpreted in terms of equilibrium the
modynamics. If this is the case, several problems ar
For instance, the claimed distinction between the ini
rise (interpreted as the fusion-evaporation regime) and
plateau (hinted at as liquid-vapor phase transition) is
tenable, since evaporationis the liquid-vapor phase tran
sition, and no thermodynamic difference exists betwe
evaporation and boiling.

Furthermore, the caloric curve requires for its interp
tation an additional relationship between the variablesT ,
P, andV . More to the point, the plateau is a very speci
feature of the constant pressure condition rather than b
a general indicator of a phase transition. For instanc
constant-volume liquid-vapor phase transition isnot char-
acterized by a plateau but by a monotonic rise in tempe
ture. This can be easily proven by means of the Clapey
equation, which givesdPydT along the univariance line
(liquid-vapor transition) together with the ideal-gas equ
tion for the vapor.

For the nearly ideal-vapor phasesP  nT d, we write
dP  Tdn 1 ndT , wheren is the vapor molar density
In order to stay on the univariance line, we need
Clapeyron equation:dPydT  DHyTDV , whereDH is
the molar enthalpy of vaporization andDV is the molar
change in volume from liquid to gas.

From this we obtainnsDH 2 TddT  T2dn. At con-
stant pressuredn  0, so dT  0. For dn . 0, we see
immediately thatdT . 0. UsingdE ø dnDE, whereDE
is the molar heat of vaporization at constant volume, we
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FIG. 1. Temperature-entropy diagram for steam. Curves
shown for constant pressuresP4 . P3 . P2 . P1d, constant
volume sV1 , V2d, and constant percentage in the gas ph
(dashed lines).

nally obtain
≠Ty≠EjV ø T2ynDE2  1ynDS2. (1)

The positive value of this derivative shows that the ph
transition at constant volume is characterized by a mo
tonic increase in temperature.

As an example, Fig. 1 shows a standard tempera
T vs entropyS diagram for water vapor. The regio
under the bell is the phase coexistence region. For
constant pressure curvessDS  DHyT d, the initial rise
along the “liquid” curve is associated with pure liqui
the plateau with the liquid-vapor phases, and the fi
rise with overheated vapor. The constant volume cur
sDS  DEyTd cut across the coexistence region at
angle, without evidence for a plateau.

Thus one concludes that the alleged reminiscence
the observed caloric curve with “the paradigm of a pha
transition” may be more pictorial than substantive, a
that indicators other than the plateau may be neede
substantiate a possible transition from one to two pha
More specifically,an additional relationshipbetween the
three variablesP, T , V (such asP  const,V  const,
etc.) is needed to interpret aT-E diagram unequivocally.
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