Colloids and Surfaces A 583 (2019) 123992

Contents lists available at ScienceDirect

Colloids and Surfaces A
journal homepage: www.elsevier.com/locate/colsurfa

Unexpected eﬀects of incident radiant energy on evaporation of Water
condensate

T

⁎

Tao Ye , Magdalena Kowacz, Gerald H. Pollack
Department of Bioengineering, University of Washington, Box 355061, Seattle, WA, 98195, United States

G R A P H I C A L A B S T R A C T

A R T I C LE I N FO

A B S T R A C T

Keywords:
Water evaporation
Radiant energy
Water/air interfaces
EZ water

While water evaporation and condensation are of fundamental importance to our environment, many features
remain under investigation. In this study, we explored the water-condensation circle (WCC) formed on the inner
surface of Petri dish lids covering containers of water. We found that they progressively diminished in diameter.
Surprisingly, the diminution rate could be aﬀected by objects placed beneath the bottom of the container. For
systems that were not in thermal equilibrium with the environment (i.e., warm water in the Petri-dish container),
thermal conductivity of the materials played the dominant role. Heat transfer from the water in the container to
the material beneath aﬀected the temperature of the water and thus the water evaporation, which changed the
humidity in the Petri dish and hence the WCC diminution rate. Yet, when no temperature diﬀerences existed
between the system and the environment, radiant energy emitted by the materials placed beneath the container
was a determining factor. This is unexpected. Common materials placed outside chambers of water are not
expected to impact evaporation rates.

1. Introduction
Water evaporation and condensation are ubiquitous in nature. They
are of vital importance in ﬁelds such as the physics of rain, snow, dew,
clouds, and fog [1,2], as well as seawater evaporation and distillation
[3], internal combustion engines [4], thermal management [5], etc. Yet,

⁎

evaporation and condensation are not well understood. The ocean’s
surface receives solar radiation, which provides energy for seawater to
evaporate to form water vapor. As one of the most important greenhouse gases, water vapor plays a signiﬁcant role in climate change and
global warming [6,7]. Therefore, while water evaporation and condensation have been heavily studied, and models and theories have
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Fig. 1. Progressive diminution of the water-condensation circle (white area) formed on the inner (bottom) surface of the Petri-dish lid. This circle of water condensation is a monolayer of small water droplets lodged next to one another. The right panel is a microscopic image of the small droplets in the water-condensation
circle. The black spheres are the water droplets. The average diameter of these droplets was approximately 40 μm. Experimental conditions: 3 mL of 30 °C water in
Petri-dish container (35 × 10 mm) covered with the Petri-dish lid. The supporting object beneath the Petri-dish container was wood. Same procedures were conducted for other supporting materials.

Fig. 2. (a) Eﬀect of diﬀerent materials placed beneath the Petri-dish containers on the diminution of circle diameter. (b) Eﬀect of aluminum dimensions on the
diminution of circle diameter. Experimental condition: 3 mL of 30 °C water in Petri-dish containers (35 × 10 mm, Falcon®).

environment (i.e., warm water in the Petri-dish container), the diminution of the WCC, from the periphery inward, could be signiﬁcantly
facilitated by placing highly thermally conductive metals (e.g., brass,
aluminum, and stainless steel) beneath, compared to other low thermally conductive objects (e.g., Teﬂon [PTFE], wood, and Styrofoam). If
there were no temperature diﬀerences between the system and the
environment (i.e., room-temperature water in the Petri-dish container),
an unexpected trend was observed: Styrofoam noticeably facilitated the
diminution of the WCC, while aluminum signiﬁcantly prolonged the
WCC. Thus, this study was conducted to explore the WCC phenomenon
and provide a possible understanding of the underlying mechanisms.

been developed [8], our knowledge about these phase transitions is
limited. Numerous features of water remain to be discovered.
Radiant energy from the sun signiﬁcantly impacts water evaporation and condensation. These phenomena have been intensively investigated. However, the impacts of radiant energy emitted from
common materials on water evaporation and condensation have rarely
been explored. A recently discovered type of interfacial water, called
“exclusion zone” (EZ) water, may be relevant. EZ water forms at the
interface of hydrophilic materials and water as well as at the water-air
interface. It builds by utilizing surrounding radiant energy, including
incident light and infrared energy [9–12]. Water evaporation and
condensation involve the water-air interface. Hence, radiant energy
generated by various common materials may inﬂuence evaporation and
condensation through EZ formation at the water-air interface.
While investigating the impact of radiant energy from diﬀerent
objects on the sedimentation of colloidal particles in water [12], we
encountered an unanticipated phenomenon: the progressive diminution
of the water-condensation circle (WCC) formed on the inner surface of
Petri-dish lids (Fig. 1). This WCC is a monolayer of small water droplets
concentrated next to one another to form a circle. We found that the
diminution could be aﬀected by objects placed beneath the Petri-dish
containers. For systems that were not in thermal equilibrium with the

2. Experimental Section
For all the experiments, deionized water (18.2 MΩ cm) was collected from a Barnstead D3750 Nanopure Diamond puriﬁcation system.
Petri dishes (35 x 10 mm, Falcon®, and 95 x 15 mm, Fisherbrand®) were
purchased from Fisher Scientiﬁc and used without any treatment. Each
Petri dish consists of a container and a lid.
Materials used in this study were similar to those used in our previous study [12], and listed as follows: Wood (17 × 9.0 × 1.5,cm,
length × width × height), Wood1 (1.0 × 1.0 × 0.8,cm), Wood2
2
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2 × 2 × 1,cm), Al3 (Aluminum, 7.3 × 4.6 × 0.8,cm), Al4 (Aluminum,
8 × 4.5 × 2,cm), Al5 (Aluminum disk, diameter: 16.6 cm, height:
1 cm); brass (1.0 × 1.0 × 0.8,cm); and, stainless steel (cylinder, diameter:1.2 cm, height: 0.6 cm). The numbers following the material type
(e.g., Wood1 and Wood2) were used to diﬀerentiate materials with
diﬀerent dimensions. The wood used in this study is pine wood. Styrofoam is white in color and made of expanded polystyrene foam. The
Styrofoam used in this study was obtained from the polystyrene foam
racks that were used for holding 50 mL conical bottom centrifuge tubes.
The types of metals used has been provided in our previous publication
[12].
All experiments were conducted on a benchtop made of stainless
steel. Therefore, stainless steel was considered the control background
in our experiments. All experiments were conducted in a dark room
with room temperature maintained at 21 ± 1 °C without control of the
relative humidity in the room. The room’s relative humidity and temperature was measured by a humidity monitor (4300 Construction
Weather Tracker, Kestrel). Warm water was produced by heating DI
water on a hotplate (Isotemp®, Fisher Scientiﬁc). Error bars in the ﬁgures are standard deviations calculated from repeated experiments of at
least 3 times. The infrared images were obtained using an infrared
sensing camera (ThermoVision SC-6000, FLIR) located approximately
40 cm directly above the materials and water surface. The
ThermoVision SC-6000 camera has a spectral sensitivity range between
3 and 5 μm in wavelength (3333–2000 cm–1) and a temperature sensitivity of 50 mK [13].
2.1. Warm water experiments
We conducted a series of experiments with 30 °C water in Petri-dish
containers, which were placed on top of various materials. After
pouring 3 mL of 30 °C water into the Petri-dish container and covering
it with the lid, the WCC was immediately formed on the inner lid surface due to the temperature diﬀerence between the water vapor and the
lid [14]. The diameters of the WCCs were tracked afterwards. Materials
with diﬀerent thermal conductivity (Table S1 in Supplementary Material) were tested, including aluminum (Al), Teﬂon (PTFE), wood, and
Styrofoam. As the control, the Petri dish was placed on the edges of two
Petri-dish lids, which created a 0.6 cm gap between the bottom of the
Petri-dish container and the benchtop (see Fig. S1a for details in
Supplementary Material). A series of control experiments were carried out to check the validity of the control (Fig. S1b).
In initial experiments, a Day-Light Lamp, which simulates sunlight
with 99.3% UV blocked, was used to explore the inﬂuence of light. The
presence of light enhanced the reduction of the WCC (Fig. S2), probably because light provides energy for the water droplets to evaporate.
Therefore, all subsequent experiments were conducted in a dark room
without the presence of signiﬁcant visible light.
2.2. Room-temperature water experiments
Covered Petri-dish containers preﬁlled with room-temperature
water were not able to generate WCCs. Therefore, the ﬁrst step employed 30 °C water. Once the WCCs formed, the next step was to
transfer the lids with the formed WCCs to containers preﬁlled with
room-temperature water. Details are as follows: Petri-dish containers
(35 × 10 mm) were placed on Styrofoam. Then 3 mL of 30 °C water was
poured into these containers, after which they were covered with lids
for 10 min. to create WCCs. With the formed WCCs, the lids were
transferred to cover other Petri-dish containers that were pre-ﬁlled with
3 mL of room-temperature water, which were placed on diﬀerent supporting materials. Experiments with larger size Petri dishes
(95 × 15 mm) were also conducted. Procedures were similar to those
above, except using 15 mL of water instead of 3 mL of water.
Experiments were also conducted to check the validity of the control.
Control experiments on diﬀerent materials did not show any signiﬁcant

Fig. 3. Temperature changes during the experiments. (a) control, (b) aluminum
(Al4), (c) Styrofoam. The arrowheads in the inset schematics indicate the positions where the thermocouple probes were attached. “Lid center” shows the
temperature of the lid’s outer surface, while the “container edge” shows the
temperature of the container’s outer surface edge. The temperature was measured using an OMEGAETTE datalogger thermometer HH306A with compact
transition ground-junction probes (TJC36 series).

(2 × 2 × 1, cm),
Wood3
(2.5 × 2.5 × 1.5,cm);
Styrofoam
(20.5 × 13.9 × 3.1,cm), Styrofoam1 (4.0 × 2.0 × 4.6,cm), Styrofoam2
(5.5 × 4.5 × 4.6,cm), Styrofoam3 (9.0 × 5.5 × 4.6,cm), Styrofoam4
(10.8 × 9.0 × 4.6,cm);
PTFE
(18.5 × 9.0 × 2.8,cm),
PTFE1
(1.0 × 1.0 × 0.8,cm),
PTFE2
(2 × 2 × 1,cm),
PTFE3
(2.5 × 2.5 × 1.5,cm); Al (Aluminum, 1 cm cube), Al2 (Aluminum,
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Fig. 4. Diminution of circle diameter with different metals placed beneath the bottoms of
Petri dishes. (a) Metal blocks placed in direct
contact with benchtop. (b) Petri-dish lids
placed between metal blocks and benchtop.
Experimental condition: 3 mL of 30 °C water in
Petri-dish
containers
(35 × 10 mm).
Dimensions of the materials are listed in the
EXPERIMENTAL SECTION, 2Brass indicates
two brass metal blocks (1.0 × 1.0 × 0.8 cm)
adjoining one another and placed beneath the
container bottom. Figure S8 shows how the
experiments were conducted.

Fig. 5. Diminution of circle diameter with diﬀerent size Petri dishes. Experimental conditions: (a) 3 mL of room-temperature water in Petri-dish containers
(35 × 10 mm); and (b) 15 mL of room-temperature water in Petri-dish containers (95 × 15 mm).

impact on WCC diminution rate (Fig. S3).

Styrofoam notably prolonged the WCC, while the diminution rates for
PTFE and wood were very close to that of the control. Aluminum (Al4
in Fig. 2a), on the contrary, signiﬁcantly accelerated the diminution.
Also, the diminution rate increased further with the increase of aluminum-sample size (Fig. 2b).
The reason for the diﬀerent WCC diminution rates for the diﬀerent
materials placed outside the Petri dish is an interesting question. The
above observations imply that the presence of these supporting materials (Fig. 2a), and their dimensions (Fig. 2b), impact the evaporation
rate of the WCC’s water droplets. The likely factors that could have an
eﬀect are temperature and humidity [14,15]. Fundamentally, evaporation is an endothermic process. We would expect that higher water
temperature could result in faster evaporation and thus faster WCC
diminution.
We thus measured the temperature of the lid center and the container edge as shown in Fig. 3. To reach plateau temperatures (approximately 21.8 °C), it took 30 min. for Al4, 45 min. for control, and
70 min for Styrofoam. The temperature ﬂuctuations observed during
the plateau were probably due to temperature ﬂuctuations in the room.
For Styrofoam, the relatively higher temperatures of the lid center before reaching the plateau would be expected to result in the fastest
evaporation of its WCC, which is contradictory to what we observed
(Fig. 2a). Hence, the temperature of lid center was not the determining
factor in WCC evaporation.
We then speculated that it might be the humidity in the Petri dish
that played the dominant role in the WCC diminution. Because of
technical limitations, we were unable to directly measure the humidity
in the Petri dish. As shown in Fig. S7, a minor change to the lid could
signiﬁcantly change the water condensation pattern on the lid. Placing
wiring into the Petri dish to measure humidity may thus cause undesirable impacts, such as creating water vapor leakages through holes

3. Results and discussion
The WCC decreased following a particular pattern: it diminished
stepwise from its edge to the center, one ring at a time, until it completely vanished (Fig. 1). The water droplets in the WCC disappeared
through evaporation, turning into water vapor. This happened in all
experiments. Although the center of the circle eventually disappeared,
the diminution always began at the circle’s outer edge, while other
parts of the circle remained unchanged. It was a kind of digital phenomenon. This stepwise feature of the diminution pattern could be
related to the air circulation in the Petri dish because the dish was not
perfectly sealed and water vapor could escape through gaps between
the lid and container’s edge. The continued mass loss of the system
during the experiment (Fig. S4) conﬁrmed that the system was losing
water, probably because of the water vapor escaped through the
aforementioned gaps. When the Petri dish was largely sealed (though
incompletely) with plastic wrap or Paraﬁlm, the diminution rate of the
WCC was signiﬁcantly mitigated (Fig. S5 and S6). With small holes
drilled on the Petri-dish lid and the gaps well-sealed, the water condensation areas progressively diminished starting from the holes (Fig.
S7), further indicating that air circulation in the Petri dish could impact
the water condensation diminution. The stepwise nature of WCC diminution is beyond the scope of this study and requires further investigation.
3.1. Warm water experiments
Notwithstanding their presence outside the container, all materials
impacted the WCC diminution rate (Fig. 2a). Compared to control,
4
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container; therefore, it was reasonable to expect faster water evaporation, resulting in more water molecules in the vapor phase in the Petri
dish. The Petri dish systems for control, Al4, and Styrofoam showed
similar rates of mass loss, from water molecules escaping through the
gaps (Fig. S4), implying similar rates of water molecules leaving those
systems. In other words, the Styrofoam system had more water evaporation, but a similar rate of water escaping the system relative to
control- and Al4- systems, which indicated that Styrofoam system retained more water in the vapor phase and thus higher humidity in the
Petri dish.
Based on the argument above, that chamber humidity played the
dominant role in WCC diminution, it would appear that diﬀerent supporting materials impact the water temperature in the container, and
then its evaporation rate, which in turn results in diﬀerent humidity in
the Petri dish and the diﬀerent WCC diminution rate. A question arises
from this train of logic: how can diﬀerent supporting materials impact
the water temperature in the Petri dish?
This may not be a diﬃcult question to answer. Since the experiments began with a 30 °C water temperature, while other components
of the system were at room temperature (21 ± 1 °C), heat transfer from
the water to the supporting materials should be signiﬁcant. As a good
thermal insulator, Styrofoam would signiﬁcantly diminish heat transfer,
and hence temperature reduction, of the Petri-dish water. On the contrary, aluminum is a good thermal conductor and facilitates heat
transfer; this results in faster temperature reduction of the Petri-dish
water, as observed (Fig. 3). With the increase of the size of aluminum,
the WCC diminution rate gradually increased (Fig. 2b) and the diminution rate for all these aluminum masses were higher than the
control. Since larger aluminum accelerates heat transfer, this result
further demonstrated that faster heat transfer and temperature reduction of the container’s water could lead to faster WCC diminution rate.
In order to conﬁrm that heat transfer impacts the WCC diminution
rate, we conducted another series of experiments with diﬀerent metals
(i.e., brass, stainless steel, and aluminum). The metals were in direct
contact with the benchtop (Fig. S8a), or placed on Petri-dish lids (Fig.
S8b). The Petri dish lids were made of polystyrene, which is a good
thermal insulator, while these metals are good thermal conductors.
When the metals are in direct contact with the benchtop, the heat
transfer from the container to the benchtop should be fast. As it turned
out, experiments with these metals in direct contact with the benchtop
all showed fast WCC diminution (Fig. 4a). However, with Petri dish lids
placed between metals and benchtop, an arrangement that should signiﬁcantly slow down the heat transfer from the container to the
benchtop, the WCC diminution rates were notably reduced and similar
for all these metals (Fig. 4b). Thus, it was conﬁrmed that heat transfer
from the water to the supporting materials and further to the benchtop
could impact the WCC diminution rate.
This part of experiments employed 30 °C water, a tepid temperature.
We conﬁrmed the impact of heat transfer on WCC diminution. Since the
isothermal heat capacity of water has a minimum around 37 °C, water
temperature above this particular point may also have interesting effects on WCC diminution. This is beyond the scope of this study, but
worthy of further study.

Fig. 6. Infrared images of diﬀerent materials (i.e., Styrofoam, wood, PTFE,
aluminum [Al], stainless steel, brass). The metals showed mosaic-like yellowish
and reddish color, indicating their high radiant emission. Those non-metals
(i.e., wood and PTFE) were light blue and Styrofoam was dark blue, indicating
their low radiant emissions. Color denotes temperature and scale is provided at
the right. The IR images (3–5 μm emission band) were taken at room temperature (For interpretation of the references to colour in this ﬁgure legend, the
reader is referred to the web version of this article).

3.2. Room-temperature water
Fig. 7. Diagrammatic sketch of proposed mechanisms for supporting materials
impacting WCC diminution. (a) Radiant energy emitted from the supporting
material builds negatively charged EZs at the water-air interface. The dashes “-”
in the ﬁgure indicate negative charges. (b) Radiant energy emitted from the
supporting material enhances the kinetic energy of the water molecules at the
water-air interface. Alternatively, heat transfer between the supporting material
and water in the Petri-dish container impacts water evaporation.

The original goal of this study was to observe the impact of radiant
energy generated from diﬀerent materials on water evaporation and
condensation. Therefore, room-temperature water was used for the
following experiments to avoid signiﬁcant heat transfer from water in
the container to the supporting materials. Contrary to what we observed with 30 °C water, here we found the opposite: Styrofoam noticeably facilitated the diminution of the WCC, while metals (i.e., aluminum, benchtop [stainless steel]) and PTFE notably prolonged WCC
(Fig. 5a). Wood showed modest slowdown. Results were similar with
large size Petri dishes (95 × 15 mm), except that PTFE showed notably

or gaps. Ultraﬁne humidity measuring technique may be required for
future research. The relatively higher temperature of the container edge
for the Styrofoam experiment indicated higher water temperature in the
5
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Fig. 8. Eﬀect of material dimensions on the rate of diminution of circle diameter, with the materials placed beneath the Petri dish containers. (a) aluminum; (b) PTFE;
(c) Wood; (d) Styrofoam. Experimental condition: 15 mL of room-temperature water in Petri-dish containers (95 × 15 mm).

wood and Styrofoam can be seen indistinctly through the Petri-dish
container (Fig. S9c and e). With 3 mL of room-temperature water in the
Petri-dish containers, the water in the containers with metals placed
beneath seemed to be warmer in the infrared images, while PTFE,
wood, and Styrofoam did not show any noticeable eﬀect on the water in
the containers (Fig. S9b, d, and f) [17]. Additionally, as a control,
when an IR LED light was placed beneath the Petri dish as a source of
radiant energy, the WCC remained constant during the experiment,
showing no signs of diminution (Fig. S10). These results suggest that
radiant energies emitted by the supporting materials may bear the responsibility for modulating the WCC diminution rate.
The above observations suggest that radiant energy could notably
impact WCC diminution rate. This raises a question: What is the mechanism by which radiant energy aﬀects the WCC diminution rate? One
interpretation follows from previous work on exclusion zones (EZs) at
the water-air interface [11]. EZs are interfacial water layers on the
micro-scale, and generally bear negative charge [16]. Radiant energy,
most notably IR, builds EZs [9,18]. Water droplets are thought to have
EZ shells at their surface, which are also negatively charged [16].
Though EZ shells are currently unresolvable by optical microscopy, the
water-air interface and water droplet surface have been demonstrated
to be negatively charged [19–22]. External materials with higher radiant energy should enhance the EZs at the water-air interface. EZ enhancement could result in increasing repulsion between the negatively
charged EZs at the water-air interface and the negatively charged water
droplets of the WCC (Fig. 7a). The increasing repulsion might induce
deformation of the water droplets of the WCC, which can alter evaporation dynamics of droplets and thus prolong the WCC’s existence
[23].
Another two possible explanations for the diﬀerent WCC diminution
rates are related to water evaporation (Fig. 7b) [24]. The ﬁrst explanation employs radiant energy. Water evaporation is thought to

faster diminution rate than the metals but slightly slower than wood
and control (Fig. 5b). This distinct observation for diﬀerent supporting
materials was interesting because no obvious mechanism seems available to explain it.
In this series of experiments carried out with room-temperature
water, all experimental apparatus began at room temperature except
the lids, which were transferred from covering Petri dish containers
preﬁlled with 30 °C water. All lids, therefore, had WCCs. We recorded
the temperature of the lid centers, which decreased to room temperature in less than 1 min. after transferring (data not shown). The amount
of heat released by the lids should be negligible because of the small
amount of water on the lid, and presumably unable to make a diﬀerence
in our results.
Radiant energy impacts water evaporation. The most obvious feature of the diﬀerent supporting materials that could play a role in water
evaporation is the diﬀering amounts of radiant energy emitted by those
materials. Could radiant energy emitted by the materials have a such
compelling impact on the WCC diminution rate? Of the materials studied, those with high radiant emission (i.e., metals) appeared to prolong
the WCCs, while materials with low radiant emission (i.e., wood and
PTFE) had negligible impact, or even facilitated their diminution (i.e.,
Styrofoam) [12]. IR has three main subranges: far (FIR, 30– ∼200 μm),
mid (MIR, 5–30 μm) and near (NIR, 0.7–5 μm). Infrared image (3–5 μm)
in NIR range of these materials (Fig. 6) conﬁrms that metals have signiﬁcantly higher IR emissions than either wood, PTFE, or Styrofoam
[12,16]. In our previous study, a similar result of these common materials in terms of IR emission intensity was also observed in the MIR
range (7–14 μm) [12].
The high radiant energies emitted by metals (aluminum, brass, and
stainless steel) are able to penetrate the Petri-dish container (Fig.
S9a–e). However, the Petri-dish container completely blocks the radiant energy emitted by PTFE (Fig. S9a), while the radiant emission by
6
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depend signiﬁcantly on the librational motions of water molecules (i.e.,
water rotations). Supporting materials with high radiant energy emission (i.e., aluminum) thus enhances evaporation by increasing the kinetic energy of the water molecules at the water-air interface [25]. The
water molecules may then turn into water vapor molecules, increasing
the humidity inside the Petri dish [15,25,26]. The other explanation is
associated with heat transfer. The water in the Petri-dish container
evaporates, which requires energy from the ambient (gas phase) as well
as the supporting materials by heat conduction [24]. The heat transfer
between the supporting material and the water in the container is thus
of importance. Supporting materials with good thermal conductivity
(e.g., metals) are expected to enhance water evaporation in the Petri
dish by expediting heat transfer to the evaporating water [24]. This
water evaporation can aﬀect the humidity inside the Petri dish (Fig.
S5–S7). As demonstrated in previous discussion involving 30 °C water,
higher humidity in the Petri dish signiﬁcantly prolonged the WCC’s
existence.
If radiant energy modulates the WCC diminution rate, increasing
external material size should increase radiant energy and thus prolong
the WCC’s existence. Materials of diﬀerent size were tested to explore
their impacts on WCC diminution rate. As expected, with the increase of
aluminum sizes, the diminution rate of WCCs gradually decreased
(Fig. 8a). For PTFE and wood, however, the diminution rates did not
show statistically signiﬁcant diﬀerences with size increase, except for
the largest size of PTFE (Fig. 8b and c). Even more interesting was that
Styrofoam seemed to display a contrary trend: the diminution rate
progressively increased with an increase of Styrofoam size (Fig. 8d).
Careful inspection of the infrared images of the materials (Fig. 6)
further suggests that it may not be the quantity of the radiated energy
itself but possibly its wavelength range that matters. This is to be expected because emitted radiation must resonate with OeH vibrations of
water bonds in order to provide kinetic energy [27,28]. Such inference
can be drawn from the observation that Styrofoam, the only material
that increased WCC diminution rate, in fact radiates more energy than
wood or PTFE (Fig. 6). IR radiation can induce librational motions of
water molecules (i.e., water rotations) at wavelengths centered around
4.65 μm and 15 μm [29–31]. Styrofoam probably does not emit in a
range eﬀective for inducing water-bond vibration, but rather acts by
blocking resonant radiation coming from the environment. This
blocking eﬀect increases also with increasing size of the Styrofoam
support. Cellulose-based materials (e.g., wood) emit IR mostly at long
wavelengths above 7–20 μm [32]. Metallic surfaces, on the other hand,
apart from emitting radiant energy, are also eﬀective in reﬂecting radiation coming from the environment. Aluminum reﬂects most IR radiation from its surroundings [33,34]. It is also worth noting that IR
radiation has been shown to enhance water evaporation more eﬀectively than conductive heating because of its resonance with speciﬁc
vibrations of water molecules [35,36]. However, all the three explanations provided in this study (i.e., EZ enhancement, water evaporation resulting from enhanced radiant energy and heat transfer) may
contribute to the WCC diminution.
In summary, an unexpected phenomenon was identiﬁed: the progressive diminution of the water condensation circle (WCC) formed on
the inner surfaces of Petri dish lids. Objects placed beneath the bottom
of the Petri dishes notably aﬀected the diminution of the WCCs. For
systems that were not in thermal equilibrium with the environment
(i.e., warm water in the Petri-dish containers), heat transfer played a
dominant role in WCC diminution by impacting the humidity in the
Petri dish. For systems that were in thermal equilibrium with the environment (i.e., room-temperature water in the Petri dish), radiant
energy emitted from diﬀerent materials, especially metals, appeared to
retard the WCC diminution rate by enhancing EZ expansion at the
water-air interface or through evaporation of the water in the containers. That common materials placed nearby containers of water can
have profound impacts on evaporation rates is surprising, and throws
new light on still-unresolved mechanisms of evaporation.
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