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Abstract
In view of recent works [1, 2], it has become possible to

determine reliably the temperature of a steadily evaporat-
ing/condensing droplet, relative to ambient temperature.
The accuracy of determination of temperature difference
between the droplet and the ambient atmosphere reaches
fractions of mK. We determined droplet temperature evo-
lutions for different cases of growing complexity: (i) a two-
component mixture of pure liquids, (ii) solutions of solid
in liquid: a non-surface-active and surface-active and (iii)
suspensions: non-light-absorbing and light-absorbing. In
case of non-light-absorbing droplets, the droplet tempera-
ture is always lower than the ambient temperature and is
controlled by the droplet composition and the ambient
atmosphere parameters (temperature, vapour content)
while in case of light-absorbing droplets, the droplet tem-
perature can rise above the ambient temperature and is
additionally controlled by the incident light irradiance and
by the droplet absorption cross-section. Therefore, the
droplet temperature can be, to some extent, programmed
by engineering the droplet composition and absorption
cross-section and remotely controlled with incident light
irradiance.

1 The outline of the used model
For a micro or even a nanodroplet of a liquid (pure,

mixed, solution or suspension) the steady evolution of
droplet radius )(ta can be described effectively with a
very simple differential equation(s). The derivation can be
found in [1,3] (compare [2] for nanoscale considerations). It
must be stressed that the parametrisation introduced in [1]
uses the temperature of droplet interior rather than the
temperature of vapour near the droplet surface [4]:
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when the transport of mass is considered and
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when the transport of heat from the ambient atmosphere
(non-light-absorbing droplet) is considered. In both cases

mfpAlP 2 . (4)

,M and effq are the molecular mass, the liquid density

and the effective enthalpy of evaporation of the evaporat-
ing component respectively, D is its diffusion coefficient in
the surrounding gaseous medium, asat pp , , and S are its
saturated vapour pressure, vapour pressure at the droplet
surface and the relative saturation far from the droplet
respectively,  and mfpl are the thermal conductivity coef-

ficient and the mean free path of the surrounding gaseous
medium respectively, T and LT are the temperature far
from the droplet and the temperature of (the liquid in) the
droplet interior respectively and R is the universal gas
constant. According to [1], 2.35=A .
In principle, equation(s) Eq. (1) enable predicting droplet
temperature evolution a priori, provided all the parameters
of the model are known with sufficient accuracy. If some
parameters are not known with sufficient accuracy, like in
case of mixtures and suspensions, the droplet temperature
can be determined from the observed droplet radius evo-
lution. The adopted procedure depends on the complexity
of the case (see next sections). It must be once more under-
lined, that the accuracy of finding LT is, in practice, always
limited by the accuracy of T measurement, though the
accuracy of T (the precision of LT ) finding is very high.

2 Temperature of evaporating non-light-absorbing
droplet

2.1 Pure liquids mixture
For pure single-component liquids, constPP mt  11 . This
implies that T remains constant as long as other pa-
rameters are constant. Then, if those parameters are
known, T can be calculated. Otherwise, T can be
retrieved from experimental  ta by means of the heat
transport equation (Eq.(1) with Eq.(3)). For single compo-
nent liquids, equation Eq.(1) can be integrated analytically
and solved for T . For multi-component liquid, the drop-
let temperature reflects the changes of mass transport
caused by the evolution of composition. In this case the
differential form of Eq.(1) must be used and the evolution
of composition must be accounted for in model equations.
In the extreme case of very large T , other temperature-

dependent parameters of the model equations may get
significantly modified. Then the model equations, together
with all relevant parameter-describing equations, must be
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integrated numerically. Here we illustrate the case of a
multi-component liquid and a very small T . In figure 1,

we present the radius evolution of a droplet of diethylene
glycol/glycerol mixture and the droplet temperature re-
trieved from this evolution. The tP1 parameter was modi-
fied to account for two-component liquid and the experi-
mentally obtained droplet radius was differentiated. This
enabled retrieving T without integration of Eq.(1). The
procedure is straightforward, but the minute errors of the
radius retrieval method are magnified by differentiation
(see figure 1) and require post-filtering.

Figure 1 The temporal evolution of droplet radius (solid circles
merged into line) and of relative temperature (open circles) for a
droplet of 1:5 glycerol/diethylene glycol mixture evaporating into
nitrogen atmosphere, at STP conditions.

2.2 Solution and transparent suspension
The presence of dissolved/dispersed phase influences the
evaporation and, in consequence, has impact on T . In
case of non-light-absorbing droplet, it is enough that just
the mass transport equation (Eq.(1) with Eq.(2)) is modi-
fied. We found it sufficient that the exponential Köhler
term (compare [4,5]) is introduced into mP1 parameter in
the following manner:
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where 0a is the initial droplet radius and Sn reflects (but
is not exactly equal to) the initial mass concentration of
solute/dispersed phase [4]. In order to retrieve  tT , the
set of equations Eq.(1), Eq.(3), Eq.(5) must be integrated
numerically and fitted to experimental  ta by means of S
and sn optimisation. This is feasible as long as S is con-
stant throughout the whole evolution.

Figure 2 The temporal evolution of droplet radius (gray, solid
circles) and the resulting relative temperature evolution (open
circles) for a droplet of solution of surface active agent (sodium
dodecyl sulfate) in diethylene glycol. Model equations fit is
represented with red, solid line.

Figure 3 The temporal evolution of droplet radius (gray, solid
circles) and the resulting relative temperature evolution (open
circles) for a droplet of: (top panel) suspension of SiO2 225-nm-
radius nanospheres in (sodium dodecyl sulfate/diethylene glycol
solution; (bottom panel) aqueous suspension of SiO2 225-nm-
radius nanospheres. Model equations fit is represented with red,
solid line.
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We applied the procedure to: (i) surface-active com-
pound solution (sodium dodecyl sulfate in diethylene
glycol, figure 2) and non-light-absorbing coarse suspen-
sions (figure 3): (ii) SiO2 nano-spheres in diethylene glycol
(with sodium dodecyl sulfate) and (iii) SiO2 nano-spheres
in water.
In all cases presented in figures 2 and 3, the evaporation
finally stopped and so the final 0T .

3 Temperature of evaporating droplet of light-
absorbing suspension

The case of evaporating droplet of light-absorbing suspen-
sion is still more complicated. Both transport equations
must be modified and used. The mass transport equation,
as previously, comprises the Köhler term, while the heat
transport equation must account for the presence of inter-
nal heat source(s) (light absorption). The internally re-
leased heat can, in our case, be calculated with the aid of
Mie formulas for absorption cross-section absQ (see e.g.
[6]). Then
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where 0I is the incident light irradiance. The changes in
refractive index, which follow the changes of composition
due to evaporation, must also be accounted for. Again, it is
important for the presented method that S remains con-
stant throughout the evolution. We applied the developed
model to a light-absorbing droplet of fine aqueous disper-
sion of C60 fullerene nanocrystallites evaporating into hu-
mid atmosphere. As previously, in this case the equations
were numerically integrated and fitted to experimental
 ta with S and Sn optimisation. The results are pre-

sented in figure 3. The raise of temperature due to heating
by light is plainly visible. Further on, the final temperature
of the droplet is significantly higher than the temperature
of the chamber ( 0T ).

Figure 3 The temporal evolution of droplet radius (gray, solid
circles) and the resulting relative temperature evolution (open
circles) for a droplet of aqueous C60 fullerene suspension. Model
equations fit is represented with red, solid line.
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