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A Cytidine-Modified surfactant anchored liquid crystal Droplet-Based 
sensor for rapid and accurate detection of silver ions 
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G R A P H I C A L  A B S T R A C T  

Here, we synthesized a cytidine-based surfactant and anchored it onto the surface of liquid crystal (LC) droplets to enable the specific detection of silver ions. The 
synthesized surfactant could induce LC droplets into a radial configuration, and the introduction of silver ions changed the configuration of LC droplets in an in
termediate (including escaped-radial and axial) configuration within 2 min. The LC droplet-based sensor developed here can specifically respond to the silver ions as 
low as 0.6 μM, making it suitable for the detection of Ag+ in environmental and food samples.  
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A B S T R A C T   

Liquid crystal (LC) droplets exhibit unique and sensitive response behaviors to surface absorptions, making them 
promising candidates for sensing aplications. Here, we have developed a label-free, portable, and cost-effective 
sensor for the specific and rapid detection of silver ions (Ag+) in drinking-water samples. To achieve this, we 
have modified cytidine into a surfactant (denoted as C10–M–C) and anchored it onto the surface of LC droplets. 
The specific binding ability between cytidine and Ag+ enables LC droplets anchored with C10–M–C to respond 
rapidly and specifically to Ag+ ions. Furthermore, the sensitivity of the response meets requirements for the 
harmless concentration of Ag+ in drinking-water. The sensor we developed is label-free, portable, and cost- 
effectively. We believe that the sensor reported here can be applied to the detection of Ag+ in drinking-water 
and environmental samples.   
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1. Introduction 

Silver ions have been widely used as potent antibacterial agents, as 
well as in the electronic manufacturing and pharmaceutical industries 
[1]. However, excessive discharge of silver ions into the environment 
can be toxic to various aquatic organisms, highlighting the need for a 
convenient and rapid strategy for monitoring silver ions. Existing 
methods for detecting silver ions mainly include fluorescent spectrum 
methods [2,3], electrochemical methods [4,5], and DNA-assisted 
colorimetric methods [6–8]. However, these approaches usually 
require sophisticated instrumentation or costly reagents. Therefore, a 
real-time, cost-effectively method for monitoring silver ions needs to be 
developed. 

Liquid crystals (LCs) are materials that exhibit both the fluidity of a 
liquid and the anisotropy of a crystal. LC molecules show a rod-like rigid 
structure that imparts them with long-range ordered properties [9]. 
Stimulus arising from the absorption of analytes on the surface of LCs 
can be transitioned and amplified to changes of LC molecular arrange
ment at the micron level [10]. Various chemical and biological sensors 
had been developed based on the unique properties of LCs [11–13]. In 
particular, LC droplets-based sensors have emerged as a particularly 
promising platform due to their advantageous fluidic properties and 
high specific surface area, which confer upon them exceptional sensing 
capabilities [14–16]. 

LC droplets exhibit distinct birefringence patterns depending on the 
orientation of LC molecules within them. When LC molecules are ori
ented perpendicular to the droplet surface, which is known as the radial 
configuration, it shows a Malta-cross-like pattern under the polarizing 
microscope where there is a point defect located at the center of LC 
droplet. Conversely, when LC molecules are tangential to the droplet 
surface, which is referred to as the bipolar configuration and results in a 
full-moon-like pattern observed by the polarizing microscope where 
there are two point defects present at the poles of LC droplet [17]. 
Moreover, during the conversion between these two configurations, 
intermediate configurations such as axial, pre-radial, and escaped-radial 
configuration can arise [18]. During the configurational transition, de
fects can move from the center to the surface of the LC droplet or vice 
versa, accompanied by a change in the number of defects after under
going an equatorial defect. Recently, several LC droplets sensors based 

on electrostatic interactions [19–22] and hydrophilic-hydrophobic in
teractions [23–25] have been developed. However, non-specific ab
sorption resulting from these interactions between probes and targets 
can be easily interfered by similar reagents. Therefore, specific binding 
events on the surfaces of LC droplets need to be explored. 

Here, we aimed to develop a novel LC droplet sensor for the specific 
detection of Ag+ Fig. 1. Inspired by the specific binding interaction 
between cytosine and Ag+ (C-Ag+-C) [26], we have modified cytidine 
into a surfactant and used it as a probe to anchor onto the surface of LC 
droplets. The hydrophilic head of the cytidine group exhibited specific 
absorption of Ag+, causing the surfactant desorption from the surface of 
LC droplet. Consequently, the configuration of LC droplets underwent a 
transformation, which was reflected in the altered birefringence pat
terns of LC droplets observed under a polarizing microscope. We believe 
this novel LC droplet sensor is expected to provide new sights for 
designing real-time outdoor chemical sensors. 

2. Materials and experimental section 

2.1. Materials and instruments 

Materials: Acrylamide (AAm), ethylene glycol lipase, n-decyl 
alcohol, maleic anhydride, sodium acetate, n-Heptane, 4-methylbenze
nesulfonic acid and silver nitrate solution (0.1 N in H2O) was obtained 
from Shanghai Aladdin Bio-Chem Technology Co., Ltd. Cetyl trimethyl 
ammonium bromide (CTAB), N,N’-Methylenebisacrylamide (MBA), and 
2-hydroxy-2-methylpropiophenone (HMPP) were purchased from 
Sigma-Aldrich. 4-cyano-4′-n-pentylbiphenyl (5CB) was purchased from 
Heibei Huajing Scientific and Technological Development Co., Ltd. N,N- 
Dimethylformamide (DMF), cytidine, lead dichloride, ferrous chloride 
tetrahydrate, copper dinitrate, mercury(II) nitrate monohydrate, zinc 
chloride, calcium chloride, chromium(III) citrate nonahydrate and 
nickel(II) chloride hexahydrate were obtained from Shanghai Titan 
Scientific Co., Ltd. All of the regents were of analytical purity. Ultrapure 
water (18.25 MΩ•cm) was obtained from ZOOMWO water purification 
system. 

Instruments: Fourier Transform Infrared (FT-IR) measurements 
were performed on a Shimadzu IR Affinity-1 spectrometer. The 1H NMR 
measurement was performed on Bruker AVANCE Neo 400 (400 MHz, 

Fig. 1. Schematic diagram of the detection of silver ions using the LC droplet-based sensor.  
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German), and the sample was dissolved in D2O. The optical appearance 
of LC droplets was observed with a polarizing optical microscope (Nikon 
ECLIPSE 50i POL, Japan) in a transmission mode, and optical micro
scopy images were acquired by a digital camera (MD50, Mshot, China). 
The interfacial tension of 5CB and surfactants solution was performed on 
LAUDA Scientific GmbH, LSA-100 (German). All glass slides used were 
treated with a plasma cleaner (PDC-36G, HF-Kejing Material Technol
ogy Co., Ltd., China). 

2.2. General procedure for synthesis of C10–M–C 

C10–M: The n-decyl alcohol (15.8 g, 0.1 mol), Maleic anhydride (9.8 
g, 0.1 mol) and sodium acetate (0.256 g, 1 wt%) were added into a 
cleaning round-bottom flask and stirred at 80℃ for 3 h. After cooling to 
room temperature, the product was recrystallized using toluene to 
obtain white needle-like crystals. 

C10–M–EG–M–C10: The C10–M (25.6 g, 0.1 mol) obtained above, 
ethylene glycol (3.1 g, 0.05 mol) and p-toluenesulfonic acid (0.029 g, 
0.1 wt%) were dissolved in 100 mL toluene. The mixture was then 
stirred at 160℃ with removing water during a 6-hour period. After 
removing the solvent, the obtained product was washed with petroleum 
ether. The obtained yellow oily product was stored at room temperature 
for further use. 

C10–M–C: The synthesis of C10–M–C was achieved through an 
enzymatic acylation. In detail, 65 mL heptane containing 26.9 g (50 
mmol) C10–M–EG–M–C10 and 35 mL DMF containing 1.22 g (5 mmol) 
cytidine were mixed, and then 60 kU lipase was added to the mixture. 
The enzymatic acylation was carried out at 40℃ for 12 h. After 
removing the lipase and the solvent, the product was purified by column 

chromatography over silica gel using a gradient elution (eleuents: 20:1 
MeOH- CH2Cl2 and 1:1 MeOH-CH2Cl2). 

2.3. The preparation of PAAm hydrogel embedded with LC droplet-based 
sensor 

The LC droplet-embedded PAAm hydrogel was prepared following 
our previous work. In detail, 25 μL 5CB was added to a precursor solu
tion containing 0.1 g/mL AAm, 2.5 mg/mL MBA, 2.5 μL/mL HMPP and 
1 mg/mL CTAB, then the mixture solution was dispersed into emulsion 
using a vortex stirrer (Mixer 4 K, Sangon Biotech Co., Ltd., Shanghai, 
China) at 4000 rpm. Next, the above emulsion was added to a home- 
made slide mold as shown in Figure S1. Immediately, the precursor 
solution in the slide mold was moved to a UV crosslinker (365 nm, 5 
mW/cm2, Scientz 03-II, Scientz Biotechnology CO., Ltd.) for 20 min. 
After washing by ethanol, PAAm hydrogels was immersed in 30% DMF 
solution for 12 h to remove the excess CTAB. Finally, LC droplets in 
PAAm hydrogel show a bipolar configuration and the PAAm hydrogels 
were stored at an aqueous solution for subsequently use. 

2.4. The incubation of LC droplet-based sensor with CTAB and C10–M–C 

To anchor the surfactant on the surface of LC droplets, PAAm 
hydrogels embedded with LC droplets were immersed in different con
centration and ratio of CTAB and C10–M–C mixture solution at 40℃ for 
10 min. Subsequently, the PAAm hydrogels were placed on a glass slide 
to observe LC droplets without under a polarizing microscope additional 
treatment. 

Fig. 2. (a) The synthesis route of C10–M–C. (b) The FT-IR spectrum and (c) the 1H NMR.  
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2.5. Response of the LC droplet-based sensor to Ag+ solution 

Before responding to Ag+ solution, PAAm hydrogels embedded with 
LC droplets were washed three times with water to remove excess CTAB 
and C10–M–C. Then the PAAm hydrogels were immersed in an Ag+

solution of different concentrations for 2 min. Subsequently, the PAAm 
hydrogels were placed on a glass slide to observe LC droplets under a 
polarizing microscope without additional treatment. 

2.6. The observation and counting of different configurations of LC 
droplets 

The observation of LC droplets was achieve using a polarizing mi
croscope under the orthogonal state. To counting different configura
tions of LC droplets, five regions at the center and corner of the hydrogel 
film were selected. Then different configuration of LC droplets was 
counted and their proportions were calculated. 

2.7. Calculation of the surface coverage of surfactants on LC droplets. 

The surface coverage of surfactants on LC droplets can be determined 
by measuring the interfacial tension between their solution and LC 
(5CB), followed by calculation using the equation provided below [27]: 

γ − γ0 = Γ∞RT[ln(1 − m) ] −
Km2

2  

where γ and γ0 represent the interfacial tensions between LC and the 
surfactant solution, and between LC and water, respectively; R is the gas 
constant, and T is the absolute temperature; m denotes the surface 
coverage of surfactants on LC droplets, and Γ∞ is the maximum 
adsorption capacity of the surfactant. The value of Γ∞ for CTAB is 3.39 
× 10-6 mol•m− 2, while the value of Γ∞ for C10–M–C is calculated to be 
4.19 × 10-4 mol•m− 2 according to the previous report [28]. To simplify 
the calculation process, the value of K is set to 0. By converting all nu
merical values to standard units, the surface coverage (m) of surfactants 
on LC droplets can be determined. 

2.8. Recyclability of LC droplet-based sensor 

To regenerate the radial configuration of LC droplets after respond
ing to Ag+ solution, the hydrogel film embedded with LC droplets was 
first immersed in a 30% DMF solution for 12 h, with the solution being 
changed every 4 h. Then, CTAB and C10–M–C were re-anchored to the 
surface of LC droplets according to the method described in Section 2.4. 
At this point, the LC droplets can be reused for the detection of Ag+

solution. 

3. Results and discussion 

3.1. The synthesis of cytidine-based surfactant C10–M–C 

Enzymatic reactions have been highly appreciated in recent years 
due to their environmentally-friendliness, remarkable selectivity and 
exceptional efficiency. As a result, the modification of cytidine was 
achieved through the enzymatic acylation. The lipase can break the ester 
bond and specifically modify acyl group at the 5′ site of cytidine [29]. 
Thereby, we attempted to introduce an ester group on the dcyl alcohol 
(C10) at first (Fig. 2a). The introduce of ester group was achieved by 
linking ethylene glycol (EG) and n-decyl alcohol (C10) through the 
maleic anhydride (M). Resulting products were cleavage by lipase (ob
tained from the Aspergillus oryzae) and achieved the acylation of cyti
dine (C). Finally, the mixed products were separated by column 
chromatography, and the product (denoted as C10–M–C) was expected 
to be eluted as a highly polar component. 

The synthesis of C10–M–C was confirmed by FT-IR and 1H NMR 
spectrum. As shown in Fig. 2b, the C10–M–C show characteristic ab
sorption peaks for hydroxyl and alkyl chains at 3220 cm− 1 and 2920 
cm− 1, respectively. Besides, a decrease in the absorption peak at 1730 
cm− 1 and an increase in the absorption peak at 1650 cm− 1 was observed, 
which indicates that the esterification of carboxylic group in C10–M. 
Furthermore, the synthesis of C10–M–C can be also confirmed by 1H 
NMR, where C10–M–C was dissolved in D2O. As shown in Fig. 2c, the 
chemical shift of proton peaks at 7.79 ppm and 6.01 ppm implies that 
the presence of cytosine, while the peaks at 0.81 ppm and 1.23 ppm are 

Fig. 3. Polarizing microscopy images of LC droplets embedded in PAAm hydrogel. (a) LC droplets with 10 mg/mL C10–M− C anchored on their surface; (b), (c), (d) 
correspond to LC droplets immersed in 1 mM NaOH, 1 mM HNO3 and 10 μM AgNO3, respectively, in the presence of 10 mg/mL C10–M–C. 
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attributed to the alkyl chain of C10. These results demonstrate the 
successful synthesis of C10–M–C. 

3.2. The surfactant nature of C10–M–C 

Next, we present an analysis of the surfactant nature of C10–M–C, 
focusing on its HLB value and critical micelle concentration (CMC). The 
HLB value, a measure of the balance between hydrophilic and lipophilic 
parts of surfactant, plays a crucial role in determining its amphiphilic 
properties. Here, the calculation of HLB value for C10–M–C is 11.19 
according to the Davies’ method [30]. This value indicates that 
C10–M–C can be used to form oil-in-water (O/W) emulsions, which is 
also capable of dispersing the LC into droplets in an aqueous solution. 
Upon addition to an aqueous solution containing LC droplets, the 
C10–M–C adsorb onto the surface of droplets, exposing its cytidine 
group to aqueous phase while its alkyl chain extends into the interior of 
LC droplets. The CMC of C10–M–C was determined by measuring its 
surface tension. As shown in Fig. 2d, the CMC of C10–M–C is 41.05 μg/ 
mL (86 μM). As the concentration of C10–M–C exceeds its CMC, the rate 
of decrease in surface tension slows down with the addition of C10–M–C. 
These results indicates that the C10–M–C shows good amphipathic. 

3.3. The preparation of PAAm hydrogel embedded LC droplet-based 
sensor 

Subsequently, we prepared LC droplets that were embedded in a 
polyacrylamide (PAAm) hydrogel using the method developed in our 
previous work [31]. After preparing the LC droplet-embedded PAAm 
hydrogel films following the steps outlined in section 2.3, the excess 
CTAB on LC droplet surface was eliminated using a 30% DMF solution. 
Only after removing the excess CTAB, were we able to anchor signal 
recognition molecules on the surface of LC droplets. As a result, LC 
droplets with bipolar configuration embedded in PAAm hydrogel were 
acquired. 

3.4. The configuration of LC droplets induced by C10–M–C and the 
anchoring stability of C10–M–C on the LC droplets surface 

Adsorption of surfactants onto the surface of LC droplets can induce 
LC molecules to orient perpendicular to the surface, balancing the sur
face anchoring energy and elastic free energy, resulting in a radial 
configuration. We thus tried to introduce C10–M–C to the surface of LC 
droplets and evaluate its stability upon adsorption. As illustrated in 
Fig. 3a, LC droplets exhibited a radial configuration after the hydrogel 
being immersed in a 10 mg/mL C10–M–C solution, indicating successful 
adsorption of C10–M–C onto the LC droplet surface. As a nonionic sur
factant, the hydrophilic head of C10–M–C is less susceptible to acid and 
base effects. After immersing the hydrogel in a 1 mM NaOH (Fig. 3b) or a 
1 mM HNO3 (Fig. 3c) solution, LC droplets with C10–M–C anchored still 
exhibit a radial configuration, demonstrating that the stability of 
C10–M–C against acids and bases, and its ability to adsorb stably on the 
surface of LC droplets. In addition, cytidine can coordinate with Ag+

specifically to form a “C-Ag+-C” structure. When the hydrogel was 
immersed in a 10 μg/mL AgNO3 solution, a transformation of LC drop
lets was occurred, as shown in Fig. 3d, indicating that the introduction of 
Ag+ weaken the anchoring strength of C10–M–C on the LC droplet 
surface. Collectively, these results suggest that C10–M–C can serve as a 
well-performing signal transduction molecule for detecting Ag+ in an LC 
sensor. 

3.5. The optimization of CTAB and C10–M–C mixture solution 

However, the radial configuration for LC droplets induced by 
C10–M–C alone requires a high concentration, which is not conducive to 
improving the sensitivity for Ag+ detection. To overcome this limitation, 
we utilized a CTAB and C10–M–C mixture solution to adjust the 
configuration of LC droplets. The reason we chose CTAB as a component 
in the mixed solution is because CTAB has a relatively low concentration 
requirement for inducing LC configuration transition (Figure S2), while 
also considering cost-effectiveness. Nonetheless, a higher concentration 
of CTAB can disrupt configurational transition during the combination 
between C10–M–C and Ag+. Therefore, we investigated the optimized 
concentration of CTAB at first. As seen in Fig. 4, the addition of CTAB 

Fig. 4. The optimization of CTAB concentration in the mixture solution of CTAB and C10–M–C. The figure a-f refer to polarizing microscopy images of the PAAm 
hydrogel embedding with LC droplets immersed in a 0, 0.2, 0.4, 0.6, 0.8 and 1.0 μg/mL CTAB solution, respectively. 
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triggered a configurational transition from bipolar to radial for LC 
droplets. The LC droplets exhibited intermediate and radial configura
tions at 0.6 μg/mL CTAB, whereas an intermediate configuration was 
observed when the concentration of CTAB is 0.4 μg/mL. Thus, the 
optimal concentration of CTAB in the mixture solution was determined 
as 0.4 μg/mL, at which the configuration of LC droplets was not dis
rupted. At this concentration, the surface coverage of CTAB on LC 
droplets is 79.24%, which will significantly reduce the concentration of 

C10–M–C required to induce LC droplets to adopt a radial configuration. 
Subsequently, we optimized the ratio of C10–M–C and CTAB in 

mixture solution in the presence of 0.4 μg/mL CTAB. Polarizing micro
scopy images in Fig. 5 reveal that LC droplets exhibit a radial configu
ration completely upon the introduction of 1.0 μg/mL C10–M–C, 
suggesting that the optimal ratio for mixture solution is 0.4 μg/mL CTAB 
and 1.0 μg/mL C10–M–C. At this ratio, the surface coverage of the mixed 
surfactants on LC droplets is 90.29%, causing LC droplets to exhibit a 

Fig. 5. The optimization of C10–M–C concentration in the mixture solution of CTAB and C10–M–C. The figure a-d depict polarizing microscopy images of PAAm 
hydrogel embedding with LC droplets immersed in a 0.4, 0.6, 0.8 and 1.0 μg/mL C10–M–C solution in the presence of 0.4 μg/mL CTAB, respectively. 

Fig. 6. The response sensitivity of LC droplet sensor to Ag+ generated by C10–M–C. Figure a-f show polarizing microscopy images of LC droplets in response to 0, 0.2, 
0.4, 0.6, 0.8, 1.0 μM Ag+ solution after the incubation in a mixture solution of 0.4 μg/mL CTAB and 1.0 μg/mL C10–M–C. 
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radial configuration. Further experiments were conducted using the 
mixture solution with this determined ratio and concentration. 

3.6. The sensitivity of LC droplet-based sensor towards Ag+

Next, we investigated the response sensitivity of LC droplet-based 
sensor to Ag+ generated by C10–M–C. As shown in Fig. 6, an increase 
in AgNO3 concentration resulted in the transformation of LC droplets 
from radial to intermediate configuration. The intricate configuration of 
LC droplets is a result of a delicate balance between surface anchoring 
energy and elastic free energy [32] when there are no external fields. 
The introduction of Ag+ leads to the formation of C-Ag+-C structure, 
resulting in a decrease in the surface coverage of C10–M–C on LC 
droplets. Figure S3 demonstrates that upon the addition of 1 μM Ag+, the 
interfacial tension between LC and the mixture solution increases, 
thereby reducing the surface coverage of mixed surfactants on LC 
droplets from 90.29% to 83.19%. Consequently, this decrease results in 
a reduction of the surface anchoring energy penalty. LC molecules in the 
droplets then redirect to reduce the elastic free energy, driving a tran
sition in the configuration of LC droplets, which is visually apparent as 
changes in their patterns under the polarizing microscope (Fig. 6 d, e, 
and f). A significant transformation in configuration of LC droplets could 
be observed when the concentration of AgNO3 reached 0.6 μM. Ac
cording to the Guidelines for Drinking-water Quality, Fourth Edition from 
WHO, a human can tolerate up to 0.1 mg/L, or 0.93 μM Ag+ without risk 
to health. Therefore, we conclude that the sensor reported here is 

capable of responding to Ag+ as low as 0.6 μM, which meets the 
requirement for detection of Ag+ in drinking-water samples. 

3.7. The reusability of the LC droplet-based sensor 

The ability to be used repeatedly is a crucial attribute of sensors. LC 
droplets are confined within the PAAm hydrogel, allowing for renewal 
of surface adsorption through simple washing procedures. Thus, the LC 
droplet-based sensor can be regenerated by washing it with 30% DMF 
solution and re-immersing the PAAm hydrogel embedding with LC 
droplets in the CTAB and C10–M–C mixture solution. Fig. 7a illustrates 
the reusability of the LC droplet-based sensor. The configuration of LC 
droplets exhibited good reproducibility with negligible volume loss of 
LC droplets during four cycle of washing and responding procedure 
(Figure S4 e and f), which indicates that the LC droplet-based sensor 
hold significant potential for practical applications due to its good 
recyclability. 

3.8. The selectivity of LC droplet-based sensor to metal ions 

The coordination between cytidine and Ag+ is a specific interaction 
that permits LC droplets to selectively respond to Ag+. Fig. 7b depicts 
that LC droplets anchored with C10–M–C showing negligible interfer
ence and remains in a radial configuration from other metal ions 
(Figure S5), demonstrating their potential for accurate and reliable 
detection of Ag+ in complex samples. 

Fig. 7. (a) Reproducibility of the configuration of 
LC droplets. (b) Selectivity of LC droplet-based 
sensor response to metal ions. (c) and (d) repre
sent the polarizing microscopy images of LC droplet- 
based sensor towards the river water sample with 
and without the addition of 1 μM Ag+, respectively. 
(e) and (f) represent the polarizing microscopy im
ages of LC droplet-based sensor towards the river 
water sample with and without the addition of 1 μM 
Ag+, respectively, both captured directly using a 
smartphone.   
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3.9. The detection of Ag+ in river water samples 

The portability of the PAAm hydrogel film and the label-free capa
bility of the LC droplet-based sensor make the sensing strategy proposed 
here highly promising for practical applications. Therefore, we investi
gated the response ability of the LC droplet-based sensor to spiked river 
water samples. As depicted in Fig. 7c, LC droplets anchored with 
C10–M–C remain in a radial configuration during the PAAm hydrogel 
was immersed in river water taken from the Xiangjiang River, indicating 
that the river water does not affect the adsorption of C10–M–C and the 
configuration of LC droplets. While LC droplets underwent a configu
rational transition when the PAAm hydrogel was immersed in river 
water containing 1 μM Ag+ as seen in Fig. 7d. By equipping a portable 
microscope lens on a smartphone and placing the LC droplets between 
two orthogonally oriented polarizers (Figure S4), we were able to cap
ture polarized microscopy images of the LC droplets using the smart
phone. As shown in Fig. 7 e and f, the obtained microscopic images 
clearly depict the changes in the configurations. Therefore, compared to 
other methods as shown in Table 1, we have achieved both portable 
detection and high sensitivity. This capability empowers our LC droplet- 
sensor with the ability for portable, real-time and on-site analysis of 
environmental samples. 

4. Conclusion 

In conclusion, we have modified cytidine with n-decyl alcohol 
through an enzymatic acylation. The successfully synthesis of C10–M–C 
was confirmed by FT-IR and 1H NMR spectrum. After demonstrating the 
surfactant properties of C10–M–C, it was used to anchor onto the surface 
of LC droplets to adjust the configuration of LC droplets. Moreover, the 
C10–M–C on the surface of LC droplets exhibited excellent absorption 
stability to acids and bases, as evidenced by no change in the configu
ration of LC droplets. Upon introduction of Ag+ into the solution, the 
configuration of LC droplets transformed, indicating the potential of 
C10–M–C− anchored LC droplets for use as an Ag+ sensor. The LC 
droplet-based sensor was found to respond to Ag+ as low as 0.6 μM, 
making it suitable for the detection of Ag+ in environmental and food 
samples. By equipping a portable microscope lens on a smartphone and 
placing the LC droplets between two orthogonally oriented polarizers, 

the sensor enables the monitoring of Ag+ in river water for potential 
human health hazards using a smartphone. This indicates that the LC 
droplet-based sensor proposed here can be applied for reliable, rapid, 
sensitive, and portable detection of Ag+. 
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