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In this work, the time evolution of the contact-angle dynamics of distilled water droplets and 0.9% sodium chloride solution droplets placed
on a solid glass surface was investigated experimentally during evaporation. The contact angle was determined using a simple geometrit
approach based on spherical-cap geometry from the droplet height and base diameter, without employing complex optical goniometric
systems. The experiments were conducted under controlled environmental conditions, and the time-dependent variation of the contact ang|
was analyzed in detail. The results show that, for the 0.9% sodium chloride solution droplet, the contact angle decreases faster and in ar
almost monotonic manner compared with the distilled water droplet. In contrast, the water droplet exhibits stick—slip behavior associated with
contact-line pinning and depinning processes. The obtained results indicate that electrolyte ions influence wetting properties and contact:
line dynamics. This study demonstrates the applicability of a simple geometric approach for contact-angle analysis without using complex
goniometric systems. Furthermore, the obtained results for the 0.9% NacCl solution may serve as useful reference data for modeling the
evaporation behavior of physiological saline droplets on solid substrates.
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1. Introduction tween these two limits. In this case, temporary arrest and sub-
sequent motion of the contact line are described by pinning—
Evaporation of liquid droplets placed on a solid surface is onélepinning processes, which lead to a nonlinear evolution of
of the fundamental processes closely related to the physics §f€ contact angle [4, 6].
surface phenomena, heat and mass transfer, and wetting dy- Many investigations of sessile-droplet evaporation have
namics [1-3]. Such processes play an important role in mangrimarily focused on pure water droplets. These studies show
practical applications, including coating technologies, inkjetthat the evaporation rate and contact-angle dynamics of water
printing systems, microfluidics, biological assays, and mateeroplets depend significantly on substrate properties, temper-
rials processing [2,4]. A macroscopic description of sessileature, and relative humidity [3, 5]. In addition, a nonuniform
droplet evaporation is commonly based on the droplet geomdistribution of evaporative flux along the droplet surface can
etry and its time evolution, where the contact angle emergeimduce internal capillary flows, thereby modifying the droplet
as a key physical parameter [3]. shape and evaporation kinetics. This phenomenon has been
The contact angle is defined at the three-phase contattidely studied in connection with the “coffee-ring” effect [5].
line where the liquid, solid surface, and gas phase meet, and Compared to pure water, evaporation of electrolyte-
it characterizes the degree of wetting of a surface by a liquidsolution droplets has been investigated to a lesser extent.
Under equilibrium conditions, it is determined by the bal- The presence of ions in solution alters surface tension, va-
ance of interfacial tensions and is expressed by the classicpbr pressure, and wetting conditions, and can lead to the for-
Young equation [1]. However, during evaporation the dropletmation of concentration gradients inside the droplet during
deviates from equilibrium; as a consequence, both the contaewvaporation [7, 8]. As evaporation proceeds, the increasing
angle and the position of the contact line change dynamicallgalt concentration causes a redistribution of interfacial forces,
with time [3-5]. Therefore, investigating the time-dependentwhich differentiates the contact-line dynamics and contact-
evolution of the contact angle is necessary for a completangle evolution from the pure-water case both qualitatively
characterization of sessile-droplet evaporation [4, 5]. and quantitatively [7, 9].

In previous studies, droplet evaporation is often inter- In this context, an aqueous sodium chloride solution with
preted in terms of two ideal limiting regimes: a constanta concentration of 0.9% is of particular interest. This specific
contact radius (CCR) mode, in which the contact radius reeoncentration corresponds to standard physiological saline,
mains nearly unchanged while the contact angle decrease®aking it highly relevant for medical and biological appli-
and a constant contact angle (CCA) mode, in which the coneations. Investigating the contact-angle dynamics of 0.9%
tact angle remains approximately constant while the contadtlaCl droplets provides useful reference data for modeling
line recedes [2, 3]. Under practical conditions, evaporatiorthe evaporation behavior of physiological saline droplets on
frequently proceeds in an intermediate, i.e., hybrid regime besolid surfaces.
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In this work, the time evolution of the contact-angle dy- -
namics of distilled water droplets and 0.9% NacCl solution ‘
droplets placed on a solid glass surface is experimentally
studied and comparatively analyzed during evaporation. The
contact angle is determined using a simple geometric method
based on measurements of the droplet height and base diam
eter, which enables real-time monitoring without employing
complex optical goniometric systems. The main objective of
this study is to identify differences in the contact-angle evo-
lution between water and electrolyte-solution droplets and to
experimentally evaluate the influence of ions on wetting and
evaporation mechanisms.

2. Experlmental setup and methods FIGURE 2. General view of the experimental setup designed to ob-

serve sessile-droplet evaporation under controlled conditions (iso-
lated environment and arrangement of the measurement system).

This study was carried out using a laboratory setup designed
to investigate the contact-angle dynamics of sessile droplets
during evaporation on a solid surface. Distilled water droplets
and 0.9% sodium chloride (NaCl) solution droplets, known
as physiological saline, were selected as experimental objectsi§ &
due to their biological relevance. The experiments were per-
formed on a smooth and transparent glass substrate.

The droplets were deposited using an automatic piston
micropipette with an initial volume of 5.pL, ensuring a sta-
ble shape close to a spherical cap (Fig. 1). To ensure minimal
kinetic energy, the liquid was slowly extruded until a hanging
drop gently made contact with the surface, effectively pre-
venting splashing or artificial spreading.

The experiments were conducted in a specially con-
structed isolation chamber protected from external airflow
and vibrations. To ensure thermal stability, the inner walls .
were lined with heat-reflecting foil. All experimental runs Ficure 3. Digital USB microscope system used for acquiring
were performed at a constant ambient temperaturz3af droplet images during evaporation. This figure illustrates the imag-
0.5 °C, maintained by a controlled heating panel and moni-ing device only; quantitative geometric measurements were per-
tored using a digital thermohygrometer to ensure stable evagormed on calibrated digital images, as shown in Fig. 4.
oration kinetics. Under these sealed and thermally regulated
conQitions, the relati\_/e humidity ngturally stabilized_at ap-5 5 Opservation and measurement of droplet geometry
proximately 30%. Maintaining a strictly constant relative hu-
midity is critical, as evaporation kinetics and contact-angleThe droplet evaporation process was observed from the side
dynamics are highly sensitive to ambient moisture levelsysjng a digital microscope (Fig. 3). The microscope enabled
By conducting all measurements at this stable 30% humidityea|-time imaging of the droplet side profile, while the droplet
baseline, the comparison between the two liquids was pelgeometric parameters were determined from calibrated digi-
formed under identical environmental conditions. The genta| images (Fig. 4). During the experiments, the digital mi-
eral view of the experimental setup is shown in Fig. 2. croscope was set to a fixed magnification of approximately

100x. This specific magnification level was chosen to en-
sure a clear, high-resolution view of the three-phase contact

’ line while keeping the entire droplet profile within the field of

view. Images of the evaporating droplet were acquired con-

| S i} tinuously at a fixed recording interval of 1 frame per minute

- (i.e., one image every 60 seconds).

. This specific acquisition interval was chosen to provide

FIGURE 1. Automatic piston micropipette used for forming Sufficient temporal resolution to accurately track the rela-
droplets and dispensing them onto the substrate surface (initial voltively slow macroscopic changes in the droplet profile and
ume: 5.5uL). contact angle throughout the entire evaporation process.

2.1. Experimental setup and conditions
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oo > base radius, andgl is the surface tension. The physical prop-
erties of the liquids used in the experiments were determined
at the controlled temperature of 3. For distilled water,
the density wagp = 997.5 kg/m? and the surface tension
was~y = 72.3 mN/m. For the 0.9% NaCl solution, the den-
sity and surface tension were slightly higherpat 1004.6
kg/m? andvy = 72.8 mN/m, respectively. These values were
utilized to evaluate the Bond numbéB¢), which character-
izes the ratio of gravitational to surface-tension forces. For
the distilled water droplet, taking = 1000 kg/m?, v ~
> 72 mN/m, and the maximum measured initial base radius
R = 1.69 mm, the calculated Bond number 2 = 0.39.

Additionally, the capillary lengtH, = +/v/pg for water

is approximately 2.71 mm. Since the initial droplet radius

(1.69 mm) is strictly less than the capillary length, and the
FIGURE 4. Example of measuring the droplet base diamdtand ~ Bond number is well below unityfo < 1), gravitational
heighth in the calibrated microscope image. The calibration factor flattening is negligible. Thus, the droplet firmly resides in the
was 1 mm = 126 pixels. capillary regime, ensuring that its shape accurately conforms

to a spherical cap throughout the evaporation process. Devi-

The droplet geometric parameters—the base radiasthe  ations from the spherical shape would only occur for signifi-
droplet—substrate contact and the heigfitom the substrate cantly larger droplets whetBo > 1. The droplet side profile
surface to the droplet apex—were determined at each tim@as analyzed in the plane as a part of a circular arc. Based
interval during the evaporation process. To extract the geon the droplet geometry, the contact anglés determined

ometric parameters, the acquired images were processed Ygom the droplet height. and the base diameterusing the
ing the microscope’s dedicated measurement software, whidillowing expression:

was carefully calibrated using a standard micrometer scale
prior to the experiments. Under the selected imaging con- 0 — arccos d? — 4n? )
ditions, the calibration factor was determined as 1 mm = d? +4h? )"

126 pixels, which was used to convert pixel-based measure- This f | kesi bl d ine th leb
ments into physical units. The image processing steps in- Is formula makes it possible to determine the angle be-

volved first defining the solid-liquid baseline (the substrate™€€n the tangent line to the droplet surface at the point of

surface). Then, the base diameferas determined by man- contact with the substrate and the substrate plane. The ap-
ually identifying and marking the two distinct three—phase_pl'ed geometric method, based on the spherical-cap approx-

contact points on this baseline. Following this, the droplel’_mation’ is a well-established technique in the study of wet-
heighth was measured by drawing a perpendicular vertica

VR

o . 1mm — 126 pixel &

fing phenomena, particularly when surface tension dominates

line from the center of the baseline to the highest boundar;‘?ver gravity [2, 3]. Compared to more complex approaches

oint (apex) of the droplet profile. These specific measureg'uch as polynomial fitting of the droplet profile or profes-
P (apex) pewp P jonal optical goniometry, this height-width method offers a

ment steps were systematically repeated for each acquirecd0

frame to extract the continuous parameters required for thgractical and robust alternative for real-time monitoring un-
contact angle calculation der controlled laboratory conditions. It eliminates the need

The microscope system was calibrated in advance to er{pr high accuracy for small sessile dropleBo(< 1), where
sure that all measurements were performed at the same scat%g gn oY I¢ . plets ' .
The proximity of the droplet shape to a spherical cap was € profile remains inherently C|rcular..S|m|.Iar geo_metrlc ap-
visually monitored, and cases with noticeable geometric deproaches have been successfully utilized in previous studies
viations were excldded from the analysis to evaluate the evaporation kinetics of pure and multicom-
' ponent liquid droplets on various substrates [3, 4]. During
the evaporation process, the contact angle was recalculated at

2.3.  Method for determining the contact angle each time point, and its time evolution was analyzed.

sophisticated image-analysis algorithms while maintain-

To determine the contact angle, the droplet shape was treateds  pata processing

as a spherical cap. This approach is justified by the fact

that, for the selected droplet volume, surface-tension force$o ensure a precise evaluation of the temporal resolution, the
strongly dominate over gravitational effects. Quantitatively,geometric parameters were extracted and the contact angle
this assumption is validated by evaluating the Bond numbewas calculated at a strict time interval of 1 minute between
(Bo), which represents the ratio of gravitational forces to surconsecutive analyzed images. This consistent 1-minute tem-
face tension forcesBo = pgR?/~, wherep is the liquid  poral resolution was maintained throughout the entire du-
density, g is the gravitational acceleratior® is the droplet ration of the evaporation process for both liquids. The ex-
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periments were carried out under controlled laboratory condroplet height: and the base radius(diameterd) decreased
ditions, with the relative humidity maintained at approxi- steadily, and consequen#yt) showed an overall decreasing
mately 30%. The obtained results were used to identifytrend.

general trends in contact-line behavior, including monotonic At each time point, the contact angle was calculated from
and nonuniform decreasing regimes, as well as possible pifhe droplet geometric parameters using the geometric method
ning and depinning effects. The presented data corresporgbscribed above according to Edi).(

to representative measurements obtained under the same ex- The measured base diameter, height, and the calculated

penme_nt_a_l conditions for_ both liquids. To ensure the re'contact-angle values for the water droplet are presented in
producibility of the experimental results, each evaporation.

- ) able I.
test for both distilled water and 0.9% NacCl solution was re- The fi wuti fth le for the distilled
peated three times under identical environmental conditions e time evolution of the contact angle for the distille
(23 + 0.5°C and 30% RH). The data points presented in thevater droplet is presentgd in Fig. 6 (orange curve). The gen-
results section correspond to the representative average vQEaI trend ,Of the curve |nd|cat¢s that the cpntact angle Qe-
ues obtained from these runs. The maximum relative uncef €3S with time; however, this decrease is not strictly lin-
tainty in the determination of the contact angle was estimate§2" V€' the entire process. In several time intervals, the_
to be approximately-1.5°, which primarily originates from rate of decrease becomes slower, and small short-term devi-
the manual identification of the three-phase contact pointétlons from the overall trend are observed. Such behavior

and the substrate baseline during the digital image proces& corlS|§tent ‘_N'fh possible c;ontact-llne pinning and depin-
ing stage. ning (“stick—slip”) effects, which are commonly encountered

during sessile-droplet evaporation on solid substrates. These
. ) local deviations become more evident during the transition
3. Results and discussion from a stage in which the contact line remains nearly pinned,
corresponding approximately to the CCR regime, to a stage
in which contact-line motion becomes more noticeable.

From a practical point of view, the evaporation process

The visual evolution of the distilled water droplet profile dur- of the water droplet may be qualitatively divided into three
ing the 45-minute evaporation period is presented in Fig. 5stages. In the initial stage, the contact angle decreases rel-
As observed, the droplet maintains a shape close to a sphegtively rapidly while the contact radius remains nearly sta-
cal cap while both its height and base diameterdecrease ble, which is characteristic of behavior close to the CCR
progressively over time. These side-profile images providgegime. In the intermediate stage, the decreagebaicomes
direct visual evidence of the geometric changes discussed #lower and stick—slip-like features appear more clearly, in-
the following analysis. dicating alternating periods of temporary pinning and partial

During the evaporation of a distilled water droplet, the motion of the contact line. In the final stage, the droplet be-
time variation of the contact anglewas monitored over the comes flatter and the contact angle decreases more sharply as
interval 0 — 45 min. At the initial state, the droplet had a the droplet volume approaches its final stage of evaporation.
geometry close to a spherical cap, and at 0 min the con-  These stages may be associated with the coupling between
tact angle wa® ~ 65.19°. As evaporation proceeded, the droplet geometry, evaporative mass loss, and contact-line dy-

3.1. Time evolution of the contact angle for a distilled
water droplet

FIGURE 5. Side-profile microscope images of a distilled water droplet at representative time intervalg (fobrnto t = 45 min) during
evaporation on a glass surface at@3
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TABLE |. Time-dependent values of the geometric parameters and the contact ahgieg evaporation of a distilled water droplet.

Time (min) Diameter (mm) Height (mm) 0 (°) Time (min) Diameter (mm) Height (mm) 0 (°)

0 3.381 1.081 65.194 23 3.095 0.508 36.347
1 3.373 1.040 63.321 24 3.048 0.484 35.238
2 3.365 1.016 62.252 25 3.016 0.460 33.928
3 3.357 0.992 61.167 26 2.976 0.445 33.300
4 3.349 0.960 59.652 27 2.929 0.437 33.230
5 3.333 0.929 58.275 28 2.794 0.429 34.142
6 3.325 0.905 57.124 29 2.651 0.413 34.612
7 3.317 0.889 56.385 30 2,571 0.397 34.324
8 3.310 0.865 55.188 31 2.524 0.365 32.262
9 3.302 0.849 54.428 32 2.437 0.349 31.965
10 3.302 0.833 53.546 33 2.389 0.341 31.865
11 3.294 0.786 51.024 34 2.333 0.325 31.137
12 3.286 0.778 50.677 35 2.262 0.317 31.315
13 3.286 0.730 47.912 36 2.119 0.278 29.405
14 3.270 0.714 47.182 37 2.064 0.262 28.490
15 3.262 0.691 45.921 38 1.944 0.222 25.731
16 3.254 0.651 43.615 39 1.873 0.206 24,811
17 3.254 0.635 42.640 40 1.786 0.199 25.126
18 3.246 0.619 41.753 41 1.746 0.159 20.644
19 3.238 0.587 39.858 42 1.675 0.127 17.245
20 3.214 0.571 39.122 43 1.587 0.103 14.792
21 3.190 0.548 37.923 44 1.524 0.087 13.027
22 3.119 0.532 37.673 45 1.111 0.040 8.237
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FIGURE 6. Comparative time evolution of the contact anglor distilled water (orange symbols) and 0.9% NaCl solution (blue symbols)
droplets during evaporation.
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FIGURE 7. Side-profile microscope images of a 0.9% NacCl solution droplet at representative time interval$ gdirto ¢ = 40 min)
during evaporation, showing the characteristic pinning behavior.

namics. Thus, the water droplet exhibits a nonuniform evosolution. The measured geometric parameters and the corre-
lution of the contact angle that reflects the complexity of thesponding calculated contact-angle values for the NaCl solu-
evaporation process even under controlled laboratory condtion droplet are presented in Table Il.
tions. The observation of the distilled water droplet was con- The contact angle dynamics for the NaCl solution are
cluded at 45 minutes. At this stage, the droplet had enteredompared with water in Fig. 6 (blue curve). For the NaCl
its final phase of evaporation, characterized by an extremelglroplet, the decrease 6ft) is smoother and almost mono-
low height ¢ ~ 0.040 mm) and a very small contact an- tonic compared with the water droplet, and short-term devi-
gle @ =~ 8.24°). Beyond this point, the droplet effectively ations are less pronounced. This suggests that, in the pres-
becomes a thin, non-uniform liquid film where the spherical-ence of the NaCl solution, the contact-line dynamics may
cap geometry is no longer a valid approximation for precisediffer from those observed for the water droplet. As evap-
contact-angle calculation. This endpoint is justified by theoration proceeds, the increase in concentration may modify
physical limits of the measurement technique, as the droplanterfacial interactions and wetting conditions, which could
profile transitions from a well-defined cap to a residual liquidcontribute to a faster reduction of the contact angle.
layer.

3.3. Comparative analysis of distilled water and 0.9%
3.2. Contact-angle dynamics for the 0.9% NacCl solution NaCl droplets

droplet
To directly compare the contact-angle dynamics of the water

Figure 7 illustrates the side-profile evolution of the 0.9%and NaCl droplets, Fig. 6 shows the combiféd) curves for
NaCl solution droplet during a 40-minute observation periodhoth droplets in a single coordinate system. The presented
In contrast to pure water, the saline droplet exhibits a moreurves correspond to representative measurements obtained
pronounced pinning of the contact line, where the base diamunder identical experimental conditions for both liquids. The
eter remains nearly constant for a longer duration while theomparative analysis shows that, although the initial contact
height and contact angle decrease more sharply. This behayngles are almost equal, at later stages of evaporation the con-
ior is visually evident in the later stages of the evaporationact angle of the NaCl solution droplet decreases faster than
process. that of the water droplet and enters the small-angle regime
For the 0.9% NacCl solution droplet, the contact-anglemuch earlier. In the water droplet, tit) curve exhibits
evolution was measured over the interda86 min. Atthe  more pronounced stick—slip-like features. This difference
initial time, 6 ~ 64.85°, indicating that the initial contact may be related to the influence of NaCl ions on surface ten-

angle is very close to that of the distilled water droplet un-sion, wetting behavior, and concentration changes occurring
der the same experimental conditions. This similarity at thejuring evaporation.

beginning of the experiment makes it possible to compare

the subsequent evaporation behavior of the two droplets on@4. Discussion of physical mechanisms

common basis. However, during the later stages of the pro-

cess, the contact angle of the NaCl solution droplet decreasddie obtained results suggest that the time evolution of the
more rapidly than that of the water droplet and, by the end otontact angle during evaporation is closely related to contact-
the experiment, reaches the regime of very small angles. Thigne dynamics, interfacial interactions, and the redistribution

behavior suggests that the temporal evolution of the drople@f mass within the droplet. For the distilled water droplet, the

geometry is more pronounced in the presence of the salineonuniform character of th(t) curve and the presence of

Rev. Mex. Fis72050601
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TaBLE Il. Time-dependent values of the geometric parameters and the contacf alugleg evaporation of a 0.9% NacCl solution droplet.

Time (min) Diameter (mm) Height (mm) 0 (°) Time (min) Diameter (mm) Height (mm) 0 (°)

0 3.397 1.079 64.85285 19 3.246 0.516 35.27402
1 3.389 1.032 62.68527 20 3.238 0.484 33.28807
2 3.381 0.984 60.40534 21 3.230 0.445 30.81021
3 3.373 0.976 60.11708 22 3.222 0.429 29.82299
4 3.357 0.952 59.12148 23 3.214 0.405 28.29050
5 3.349 0.913 57.20174 24 3.175 0.373 26.44483
6 3.341 0.889 56.04167 25 3.135 0.333 23.98724
7 3.333 0.865 54.86331 26 3.103 0.310 22.59856
8 3.333 0.833 53.11635 27 3.064 0.294 21.72666
9 3.325 0.810 51.95236 28 3.040 0.246 18.38632
10 3.317 0.802 51.61399 29 3.024 0.230 17.29864
11 3.310 0.754 48.98699 30 3.016 0.199 15.03496
12 3.302 0.722 47.24055 31 2.976 0.175 13.41521
13 3.302 0.691 45.42196 32 2.952 0.143 11.06749
14 3.294 0.675 4457118 33 2.849 0.119 9.550584
15 3.278 0.643 42.84138 34 2.714 0.103 8.681166
16 3.270 0.603 40.48869 35 2.690 0.071 6.043462
17 3.262 0.571 38.58948 36 2.389 0.040 3.835873
18 3.254 0.548 37.22872

short-term deviations are consistent with intermittent pinninggradients can modify the local interfacial state and can con-
and depinning of the contact line. Such behavior is typical otribute to a smoother recession of the droplet profile. In this
evaporation in a mixed or hybrid regime between the constargense, the faster decrease of the contact angle observed for
contact radius (CCR) and constant contact angle (CCA) limthe NaCl solution may be related not only to evaporation it-
its, where temporary fixation of the contact line is followed self, but also to concentration-dependent changes in wetting
by partial motion of the contact perimeter. In the initial stagebehavior. This interpretation is consistent with previous stud-
of evaporation, the behavior of the water droplet is close taes showing that solute accumulation near the contact-line re-
the CCR regime, since the contact angle decreases while tlggon can modify interfacial conditions and influence pinning—
contact radius remains nearly unchanged. At later stages, tliepinning behavior in evaporating saline droplets [8, 9].
appearance of local deviations and more noticeable contact- | the saline droplet, evaporation leads to a gradual in-

line motion suggests a transition toward a hybrid evaporatiogrease in salt concentration, particularly near the droplet edge
regime. where the evaporative flux is higher. This localized solute
For the 0.9% NacCl solution droplet, the decrease of theaccumulation can enhance contact-line pinning and keep the
contact angle is smoother and closer to a monotonic trendiroplet base nearly constant for a longer period, correspond-
This behavior suggests that the presence of dissolved ionisg to behavior close to the CCR mode. Under such condi-
modifies the interfacial conditions and the mobility of the tions, mass loss occurs while the contact line remains rel-
contact line. As evaporation proceeds, the local salt conceratively constrained; therefore, the contact angle decreases
tration near the contact line increases because the evaporaore sharply in order to preserve the spherical-cap geome-
tive flux is generally higher near the droplet edge. This con4ry. This interpretation also explains why the faster decrease
centration increase may affect both the local surface tensioaf 6(t) in the 0.9% NaCl droplet should not be directly at-
and the balance of adhesive forces acting at the three-phas#buted to a higher volumetric evaporation rate. Although
boundary. As a consequence, the contact-line dynamics malissolved ions may slightly reduce the vapor pressure and
differ from those of the pure-water droplet, and the observedhus tend to slow evaporation, the obseré¢t evolution is
evolution becomes less irregular. mainly associated with stronger three-phase contact-line pin-
A possible physical interpretation is that the redistribu-Ning. In contrast, the distilled water droplet exhibits more
tion of ions during evaporation Changes the Coup"ng be.frequent depinning eVentS, which allows the contact angle to
tween surface tension, concentration gradients, and contacdecrease at a slower overall rate.
line mobility. In evaporating saline droplets, concentration  The present observations are qualitatively consistent with
gradients may develop between the droplet center and the pprevious studies on sessile-droplet evaporation. In particu-
ripheral region, especially at later stages of evaporation. Sudhar, the nonuniform evaporation of pure-water droplets and
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the importance of pinning—depinning effects are in agreeacterized by contact angle fluctuations of upte3° (e.g,

ment with the general framework described for evaporatindetweert = 27 and¢ = 30 min), is markedly absent in the
droplets on solid substrates [2—4]. In addition, the role ofsaline droplets, where the ions effectively stabilize the three-
saline content in modifying evaporation behavior and interfaphase boundary. These observations provide a more detailed
cial processes is consistent with reports on evaporating saltuantitative description of how electrolyte concentration in-
solution droplets [7-9]. At the same time, the present workfluences wetting dynamics compared with previous qualita-
differs from many previous studies in that the contact-angldive descriptions.

evolution is determined here by a simple geometric method In this study, the time evolution of the contact angle
based on direct measurements of droplet height and base der distilled water droplets and 0.9% NacCl solution droplets
ameter, without the use of complex optical goniometric sys-evaporating on a glass surface was investigated experimen-
tems. While previous models often focus on pure liquids, theally and comparatively analyzed. The contact angle was de-
main contribution of this study is the systematic evaluationtermined using a geometric approach based on the measured
of electrolyte influence on contact-line pinning using an ac-droplet parameters, and thét) dynamics were evaluated at
cessible yet robust geometric approach. By bridging the gaglifferent stages of the evaporation process.

between complex theoretical models and practical laboratory The experimental results showed that, for both liquids,
measurements, this research establishes a reliable framewatie contact angle follows an overall decreasing trend during
for studying the wetting dynamics of saline solutions at physevaporation. However, the evolution of the contact angle ap-
iologically relevant concentrations, which has remained lespears to depend on the liquid composition. For the distilled

explored in recent literature. water droplet, the variation @f(t) is nonuniform and shows
features consistent with stick—slip-type contact-line behavior.
4. Conclusion In contrast, for the 0.9% NacCl solution droplet, the decrease

of the contact angle is smoother and almost monotonic, and
A quantitative comparison of the evaporation kinetics revealshort-term fluctuations are less pronounced. These differ-
that the 0.9% NacCl solution droplet reaches the low-contactences may be related to the influence of electrolyte ions on
angle regime{ < 10°) significantly faster than the distilled wetting conditions and contact-line dynamics.
water droplet. Specifically, the saline droplet achieves this The applied geometric approach makes it possible to de-
state at = 33 min, while the water droplet requires approx- termine the contact angle in real time using simple micro-
imately 44 min to reach a comparable angle, representing scopic measurements, without employing complex optical
25% reduction in the total duration of the spherical-cap stagegoniometric systems. The obtained results show that this
This accelerated decreasefitt) is consistent with the find- methodology is practically useful for comparative evaluation
ings of Shahidzadeht al. [8], who observed that solute ac- of wetting dynamics during sessile droplet evaporation and
cumulation at the contact line restricts the recession of théor analyzing the influence of electrolyte solutions on the
droplet base, thereby forcing a steeper decline in the coreontact-angle evolution under controlled conditions. A more
tact angle to accommodate volume loss. Furthermore, thdetailed statistical analysis based on repeated measurements
stick—slip behavior observed in our pure water samples, chaand uncertainty estimation will be considered in future work.
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