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ABSTRACT: We suggest electrochemiluminescence (ECL) sensing platform driven by eco-friendly, disposable, and miniaturized 

reverse electrodialysis (RED) patches as an electric power source. The flexible RED patches composed of ion-exchange membranes 

(IEMs) can produce voltage required for ECL sensing by simply choosing the appropriate number of the IEMs and the ratio of salt 

concentrations. We integrate the RED patch with a bipolar electrode on the microfluidic chip to demonstrate the proof-of-concept, 

i.e. glucose detection in the range of 0.5 - 10 mM by observing ECL emissions with naked eyes. The miniaturized RED-powered 

biosensing system is widely applicable for electrochemical sensing platforms. This is expected to be a solution for practical availa-

bility of battery-free electrochemical sensors for disease diagnosis in developing countries. 

Bipolar electrochemistry involves no direct electrical con-

tact to bipolar electrodes (BPEs). When a BPE, an electric 

conductor, lies on a microfluidic chip channel filled with an 

ionic solution and a sufficient external voltage is introduced 

through two driving electrodes, faradaic reactions occur at the 

lateral ends of the BPE.
1
 To date, various applications of bipo-

lar electrochemistry have been developed, e.g. material fabri-

cation,
2
 sensing,

3
 screening,

4
 enrichment,

5
 and separation

6
. In 

particular, electrochemiluminescence (ECL)-based bioanalysis 

is one of the most powerful analytical tools when coupled with 

bipolar electrochemistry. This is because ECL signals can 

provide direct information about not only the magnitude of the 

current passing through a BPE but also the quantity of analytes 

present on the BPE surface.
3,7-11

 However, many challenges 

still remain in developing practical analytical devices. For 

example, paper-based BPEs applicable in the third world and 

developing countries have recently been reported for disease 

diagnosis, but they still require external power sources to drive 

electrochemical reactions on their surfaces.
11,12

 Therefore, an 

inexpensive, eco-friendly, and easy-to-use power source is the 

most essential requirement for the practical use in those coun-

tries. In this respect, we introduce a biomarker-sensing device 

integrated with a miniaturized patch-type reverse electrodialy-

sis (RED) system for the first time. 

RED, a non-polluting technology generating electric power, 

has drawn a keen attention because it exploits inexhaustible 

salt gradients (e.g. seawater and river water at estuaries) as 

energy resources.
13

 When anion exchange membranes (AEMs) 

and cation exchange membranes (CEMs) are alternatively 

stacked and two salt solutions in different concentrations are 

brought into contact through ion exchange membranes (IEMs), 

a potential develops over each IEM. About 80 mV can be ob-

tained through a single IEM under a salinity ratio of 30 (i.e. 

0.017 and 0.50 M NaCl solutions) on the assumption of the 

perfect permselectivity. Thus, an RED system can provide any 

voltage by simply selecting the number of IEMs and a salinity 

ratio. In this work, we manufactured miniaturized RED patch-

es as eco-friendly disposable power sources for the operation 

of ECL-reporting electrochemical sensors. The electric power 

generated from the patch-type RED drives the ionic circuit 

that develops electrochemical potential gradient over a BPE on 

a microfluidic chip. In the ionic circuit, charge carriers are 

ions without the need of any electronics, e.g. metal electrodes 

(e.g. Ag/AgCl and Pt), resistors, capacitors and so on. As for 

the sensing devices powered by normal electric sources, ideal-

ly non-polarized electrode such as Ag/AgCl is essential to 

minimize the impedance, thus voltage drop, at the interface. 

Inconvenience of conventional non-polarized electrodes caus-

es most of small sensors including microfluidic system to 

adopt bare metal electrodes, novel metals in many cases, to 

transmit electricity between the electric power source and 

electrolyte medium. As a result, voltage of low frequency 

must involve faradaic reactions at the electrode interface, pro-

ducing electric impedance that reduces the voltage applied to 

electrolyte solution. The proposed system in this work avoids 

both voltage drop and faradaic reaction, while allowing sens-

ing devices exempt from novel metal electrodes, i.e. Pt, Ag, 

and Au.
10,14

 

To combine a microfluidic chip with the RED patch for bio-

sensing applications, we fabricated several types of RED 

patches. Then, we systematically analyzed electrical properties 

of the RED patches to find the optimal condition for microflu-

idic sensors that consist of a long indium-tin-oxide (ITO) elec-

trode in a microchannel (Scheme 1). Quantifying ECL emis-

sions on the ITO BPE with respect to the potential applied by 

a potentiostat first, we compared them with those induced by 

the RED patch. Finally, the RED-powered microfluidic system 

was  
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Scheme 1. Schematic Design of the RED-Powered Biosensing System 

 

 

 

used for the naked eye detection of glucose to demonstrate 

biosensor applicability. 

 

EXPERIMENTAL SECTION 

Chemicals and Materials. Tris(2,2’-bipyridyl)dichlororut-

henium(II) hexahydrate (Ru(bpy)3Cl2 ·6H2O), tripropylamine 

(TPA), D-(+) glucose, glucose oxidase (GOx) from aspergillus 

niger (163,400 units/g) and indium-tin-oxide (ITO) coated 

(surface resistivity 8-12 Ω/square) glass slide were purchased 

from Sigma-Aldrich (USA). Polydimethylsiloxane (PDMS) 

monomer and curing agent were bought from Dow Corning 

(Midland, MI, USA). Selemion CMV (cation exchange mem-

brane) and AMV (anion exchange membrane) were bought 

from Asahi Glass Co., Ltd. (Japan). Waterproof double-sided 

tape (ACE CROSS SBX) was purchased from Koyo-kagaku 

Co. Ltd. (Japan). ECL solution was prepared in 0.1 M phos-

phate buffered saline (PBS, pH 6.9) containing 5 mM 

Ru(bpy)3
2+

 and 25 mM TPA. All aqueous solutions were pre-

pared using deionized water (18.2 MΩ/cm, Barnstead Nano-

pure Diamond System). 

Fabrication of RED Patch. A typical RED patch in our 

study was designed as shown in Scheme 1 and Figure S1. 

CEMs and AEMs were stacked alternately in parallel two col-

umns. Double-sided waterproofing tape (4.0 × 2.0 cm
2
, thick-

ness: 250 µm/layer), which had two square holes (1.0 × 1.0 

cm
2
) in distance of 1.0 cm between them, was used as a frame. 

A CEM and an AEM were attached over each hole of the dou-

ble-sided water proofing tape. We put two-superimposed non-

conductive fabric spacers (1.0 × 1.0 cm
2
) on the ion exchange 

membrane to make them fit into the hole of upper double-

sided waterproofing tape layer. Sterile hypodermic needles 

(22G) were placed on the spacers for the injection of saline 

solutions. The unit layer of double-sided waterproofing tape, 

CEM, AEM, spacers, and hypodermic needles was repeated as 

many times as desired, while only ion exchange membranes 

were stacked alternatively. On the uppermost floor, three-

layered double-sided waterproofing tape that had a rectangular 

hole (3.0 × 1.0 cm
2
) inside was attached and a rectangular 

spacer (3.0 × 1.0 cm
2
) was laid inside this hole. Finally, an 

overhead projector film (4.0 × 2.0 cm
2
) covered the top of the 

RED patch. For operating the RED patch as a power source, 

we used 4.4 M and 0.011 M NaCl solutions as a highly and a 

low concentrated saline solution, respectively. We alternately 
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injected these two-different concentrated NaCl solutions be-

tween the layers through needle where the uppermost floor 

was always filled with a high concentrated solution for low 

solution resistance. 

Fabrication of Microfluidic Chip and ITO BPE. A mi-

crofluidic chip consists of a PDMS channel and an ITO-coated 

glass slide. The PDMS channel (length: 2.4 cm, width: 1.0 

mm, depth: 50 µm) was combined with the glass slide to con-

tain the ITO BPE (length: 2.2 cm, width: 5.0 mm) in the chan-

nel. At the ends of the channel, holes (diameter: 3 mm) for 

reservoirs were punched through the PDMS chip. The PDMS 

chip and the ITO BPE were fabricated as follows. To manu-

facture the PDMS channel, a silicon wafer was cleaned with 

piranha solution (H2SO4 and H2O2 with a ratio of 3 : 1) and 

deionized water, followed by dehydration baking (150 °C, 15 

min). SU-8 3025 photoresist was spin-coated (500 rpm for 5 s 

and 1700 rpm for 30 s in sequence) on the Si wafer, and 

prebaked on a hot plate (95 °C, 20 min). We let the Si wafer 

exposed to UV light (21 mJ/cm
2
, 15 s) through a photomask 

and baked at 65 °C for 1 min and 95 °C for 4 min, respective-

ly, before developing a photoresist pattern. The mixture of 

PDMS base and curing agent (10 : 1) was poured onto the 

PDMS mold as prepared, degassed under vacuum, and cured 

at 80 °C for 1.5 h. 

ITO BPEs were fabricated by a wet-etching process. First of 

all, we prepared a clean ITO-coated glass slide by washing 

with ethanol, acetone, and deionized water in order. Hexame-

thyldisilazane (HMDS) was spin-coated on the ITO surface 

and baked on a hot plate at 120 °C for 1.5 min. Then, photore-

sist (AZ 4620) was also spin-coated and baked at 100 °C for 

1.5 min. We illuminated UV light on the photoresist layer 

through a mask pattern. Next, a photoresist pattern was devel-

oped using AZ400K developer and baked at 120 °C for 13 

min. The bare ITO surface was etched with TIN etchant (TE-

100) while preserving the patterned ITO, which covered with 

the photoresist pattern. The remaining photoresist was re-

moved with acetone under sonication. The ITO BPE was 

washed with deionized water. Finally, we used oxygen plasma 

to activate the surfaces of the PDMS chip and the glass slide 

with the BPE for making them bound permanently. 

Measurement of Microchannel Resistance. The PDMS 

microchannel in the same dimension of the BPE-containing 

microfluidic chip was prepared and combined with a bare 

glass slide. After filling the microchannel with 0.1 M phos-

phate buffered saline, we configured a circuit consisting of the 

microchannel and a resistor with a known value, 1.01 MΩ for 

the measurement of microchannel resistance (Figure S3). We 

placed two Ag/AgCl  electrodes at the ends of the microchan-

nel to minimize resistance of charge transfers. The voltage 

drop over the resistor was recorded as 0.758 V while we ap-

plied a certain voltage, 1.0 V into this circuit, thereby estimat-

ing microchannel resistance according to the following equa-

tion (voltage division rule). 

Rch = ���	
� ×
�
�

���
= 1.01 MΩ ∙

����.���� �

�.��� �
= 322 kΩ     (1) 

where Rch is the microchannel resistance, Rknown is the external 

resistor with a known value (1.01 MΩ), Vch is the voltage drop 

occurred across the microchannel, and Vre is the voltage drop 

occurred across the external resistor. 

Electrochemical Measurement in Conventional Three-

Electrode System. The electrochemical measurement of ECL 

reaction was performed using a CHI660A electrochemical 

workstation (CH Instruments, USA). An electrochemical cell 

for a three-electrode system was filled with 5 mM Ru(bpy)3
2+

 

and 25 mM TPA in 0.1 M PBS solution (pH 6.9). A bare ITO 

(0.2 cm
2
) as working electrode, a platinum counter, and an 

Ag/AgCl (3 M NaCl) reference were used for the electrochem-

ical experiments. Typical linear sweep voltammograms were 

recorded at the scan rate of 0.05 V/s. 

Detection of Glucose Using ECL. To fabricate glass-based 

microfluidic chips, we prepared etched glass slides with a 

depth of 50 µm by conventional wet-etching process.
15

 Micro-

channel in the glass slide was separated into two parts (i.e. 

sensing and reporting parts) by 4 mm, which had two rectan-

gles with a dimension of 1.1 cm in length and 1.0 mm in width 

(Figure 4a). Four holes (1.5 mm in diameter) at the ends of 

each channel were drilled in the glass slide for solution reser-

voirs. Then, the etched glass slide was attached to the pat-

terned ITO BPE coated glass slide as follows. Two glasses 

were immersed in the solution of 2:2:1 (v/v) NH4OH (30%) / 

H2O / H2O2 (30%) for 1 h at 180 °C. After rinsing with deion-

ized water and washing with alkonox detergent, we attached 

two glass slides to each other by pressure. Checking that no 

solution remained on glasses, we confirmed the status of mi-

crochannel in the glass chip.  

For an ECL measurement, 30 µL of ECL solution and 30 

µL of glucose and glucose oxidase (1 mg/mL) in PBS solution 

(pH 6.9) were injected into the reporting channel and the sens-

ing channel, respectively. Then, we incubated this channel for 

30 min at room temperature to allow the enzymatic reactions 

for H2O2 generation before capturing ECL images. 

Bipolar Electrochemistry and ECL Image Analysis. We 

applied a constant voltage to the ends of the microchannel 

through Ag/AgCl driving electrodes using a potentiostat (Ivi-

umStat electrochemical workstation, USA). ECL images were 

taken with an exposure time of 15 s in a dark room using a 

digital camera (Canon EOS 750D, ISO 6400). ECL intensities 

from the images were analyzed by using the ImageJ software. 

To construct a calibration curve for glucose, we measured all 

ECL intensities based on the same area, which is at least larger 

than the ECL-emissive area for 10 mM glucose. All quantified 

ECL intensities were then normalized to the highest level (i.e. 

10 mM). 

For the integration of the RED patch with the BPE-

microfluidic chip, we aligned the membranes of the RED 

patch to contact with the two-end reservoirs of the microfluid-

ic chip (Scheme 1 and Figure S2). Immediately after injec-

tion of NaCl solutions, an ECL image was captured to be ana-

lyzed by the ImageJ software. 

 

RESULTS AND DISCUSSION 

Characterization of the Miniaturized RED Patches and 

the Microfluidic Chip. The miniaturized RED patches in this 

work have two parallel columns, i.e. the stacks of ion-selective 

membranes, to make themselves integrated with a microfluidic 

chip (Scheme 1 and Figure S1). Injection of NaCl solutions 

into an RED patch immediately gives voltage as a function of 

the salinity ratio and the number of IEMs. Theoretically, the 

voltage generated across an IEM is estimated to be about 155 

mV with a salinity ratio of 400 (4.4 and 0.011 M NaCl) on the 

assumption of 100% permselectivity of the IEMs. As an ex-

ample, the RED patch with 10 pairs of IEMs generates an ini-

Page 3 of 8

ACS Paragon Plus Environment

Analytical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

tial voltage of 2.50 V, which is 89% of the theoretical value 

(i.e. 2.80 V). This difference mostly stems from imperfect 

permselectivity of the IEMs. Nevertheless, the initial voltage 

of the RED patches is directly proportional to the number of 

IEM pairs up to 3.7 V (R
2
 = 0.99) (Figure 1a). Similar to the 

voltage responses, the resistance of the RED patches also 

shows a linear relationship to the number of IEM pairs (R
2
 = 

0.99) (Figure 1b). Most of the resistance is attributed to the 

IEMs and 0.011 M NaCl solutions, while the resistance of 4.4 

M NaCl solutions should be negligible because of much high-

er electrical conductivity.
16

 We compared the resistance of the 

RED patches with that of the microchannel (length: 2.4 cm, 

width: 1.0 mm, depth: 50 µm). The measured resistance of the 

microchannel is 322 kΩ, which is 554, 476, and 409-fold 

higher than that of the 8, 10, and 12-layered RED patches, 

respectively. Thus, almost the entire voltage generated from 

the REDs is applied to the microchannel. 

 

 

Figure 1. Electrical characterization of RED patches. The 

initial voltage of RED patches immediately after injection of 

0.011 and 4.4 M NaCl solutions (a) and the resistance of RED 

patches (b) as a function of the number of IEM pairs. 

 

ECL in a Three-Electrode System. To predict an onset po-

tential of ECL reactions on the BPE in the microfluidic chip, 

we performed electrochemical measurements in a three-

electrode system using a macro ITO (surface area of 0.2 cm
2
) 

as a working electrode. In the presence of 5 mM Ru(bpy)3
+2

 

and 25 mM TPA in 0.1 M PBS solution (pH 6.9), an oxidative 

current apparently appears from 0.45 V and greatly increases 

after 0.9 V, while there is little change in current under the 

PBS-only condition (Figure S4a). On the other hand, the cur-

rent responses in the reductive sweep are similar regardless of 

the presence of Ru(bpy)3
2+

 and TPA in PBS solution. The ca-

thodic current substantially increases at more negative than -

0.7 V, which is attributed to oxygen and water reduction (Fig-

ure S4b).
17

 In the principle of the bipolar electrochemistry, 

oxidative and reductive currents passing through the BPE in 

the microchannel must be equal when faradaic reactions occur 

(ic = – ia). According to the linear sweep voltammograms, the 

difference between the cathodic and anodic potentials at a 

given current density of ± 50 µA/cm
2 
was calculated as  

∆Eelec = Ec – Ea = 1.049 – (– 0.846) = 1.895 V                  (2) 

This indicates that we need a potential difference larger than 

1.895 V between the two ends of the BPE to observe an ap-

parent ECL emission. 

ECL on the BPE in the Microfluidic Channel. We sys-

tematically analyzed ECL intensities with respect to applied 

voltages to two driving Ag/AgCl electrodes positioned at the 

ends of the microchannel. Non-polarizable Ag/AgCl elec-

trodes minimize potential drops at the interface so that as large 

and accurate voltage as possible should be applied along the 

microchannel. ECL signals start to appear from 2.1 V and 

increase up to 2.5 V (Figure 2). Importantly for practical sen-

sors, we clearly observe the ECL emissions with the naked eye 

at 2.2 V and larger voltage. A voltage drop along the solution 

over the BPE can be estimated from the ratio of the BPE 

length (lelec) to the channel length (lchannel) in our system. 

lelec / lchannel = 2.2 cm / 2.4 cm = 0.92                                   (3) 

Therefore, for the overall applied voltage of 2.1 V between the 

two driving electrodes, the estimated voltage drop over the 

BPE is to be 1.932 V, which agrees well with the minimum 

potential (1.895 V) for ECL reactions measured in the 3-

electrode system. ECL emission diminishes at a voltage larger 

than 2.6 V because of water oxidation on the BPE and physi-

cal damage of the BPE surface.
18

 

 

 

Figure 2. ECL intensities on ITO BPE as a function of applied 

potentials to the two driving electrodes (∆Etot). The micro-

channel was filled with 5 mM Ru(bpy)3
2+

 and 25 mM TPA in 

0.1 M PBS solution (pH 6.9). 

 

ECL on Bipolar Electrode Powered by RED. Prior to at-

taching the RED patch to the BPE microfluidic chip, we 

measured initial voltage of each RED patch upon injecting the 
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salt solutions; 1.94 ± 0.02 V, 2.50 ± 0.02 V, and 2.96 ± 0.12 V 

for 8-, 10-, and 12-layered RED patches, respectively (Figure 

1a). No ECL emission is detected at the anode of the BPE 

with 8-layered RED patches (Figure 3a). Meanwhile, we ob-

serve obvious ECL emissions powered by the 10-layered RED 

patches where the intensity is very similar to that obtained at 

2.4 V applied from the potentiostat (Figure 2, 3b, and S6). 

This is because the RED potential continuously decreases dur-

ing the exposure time of 15 s for ECL imaging by a digital 

camera (Figure S5), whereas potentiostat maintains a constant 

voltage of 2.4 V applied. Additionally, there is a time delay 

(approx. 10 s) between the voltage measurement and the ECL 

signal acquisition. Thus, the ECL intensities are not signifi-

cantly different between the cases powered by RED and con-

ventional electronic instrument, potentiostat, in spite of a little 

deviation in the potentials applied. It is safe to see ECL emis-

sions with 12-layered RED patches. As mentioned above, 

however, damage of the BPE surface is possibly serious so as 

to cause irreproducible emission. Overall, we assure that the 

miniaturized RED patches can provide sufficient electric pow-

er to drive ECL reactions on the BPE. 

 

Figure 3. ECL images of Ru(bpy)3
2+

 on the BPE in the micro-

channel after the integration with an 8-layerd RED patch (a), 

and a 10-layerd RED patch (b) as a power source. 

 

Detection of Glucose Based on RED/BPE System. We 

can demonstrate the functionality and applicability of RED-

driven ECL system through the detection of glucose as a mod-

el analyte. We employed a solution-separated BPE system in a 

microfluidic chip device (Figure 4a). The microchannel is 

separated into two parts containing different solutions while 

the single BPE is still contacted with the anodic and cathodic 

solutions.
1,11

 The advantage of the closed BPE is that the ana-

lyte solution of the sensing part is physically and chemically 

isolated from the ECL solution of the reporting part. As a re-

sult, the oxidation and reduction reactions in those two parts 

can occur individually without interfering each other.
1,10,11

 

Furthermore, current flow along the BPE takes nearly entire 

current in the microchannel that is physically blocked for min-

imal ion transport. On the other hand, both electric current 

along the BPE and ion transport in the solution contribute to 

the overall current flow in the microchannel that is not 

blocked. Thus, the separated solution system can allow us to 

apply potential gradient over the BPE more  effectively, i.e. 

stronger driving force for electrochemical reactions on the 

BPE, than the open channel system.
11

 

GOx catalyzes oxidation of glucose to produce H2O2, which 

is more readily reduced than the dissolved O2 on the ITO sur-

face (Figure 4a).
9
 As the concentration of glucose increases, 

cathodic current increases in proportional to H2O2 concentra-

tion as a consequence of the catalytic reaction by GOx. Thus, 

ECL intensity in the anodic part depends on glucose concen-

tration. In order to reveal that H2O2 can reduce the potential 

required for ECL emission on the BPE sensor, we performed 

linear sweep voltammetry as a function of H2O2 concentrations 

in a three-electrode system. As expected, cathodic current 

greatly increases (Figure S7a) and exhibits a highly linear 

response in accordance with H2O2 concentration (R
2
 = 0.99) 

(Figure S7b). When 10 mM H2O2 is present in PBS solution, 

the onset potential for the ECL reaction at ±50 µA/cm
2
 is es-

timated to be 1.499 V, which is 0.396 V lower than the poten-

tial necessary for O2 and water reductions, thereby demonstrat-

ing that a stronger ECL emission can be induced by means of 

the enzymatic reaction of GOx depending on glucose concen-

tration at a moderate potential. 

 

 

 

Figure 4. Schematic illustration of the closed BPE / ECL sys-

tem in the microfluidic chip and the glucose sensing mecha-

nism on the BPE (a). ECL intensities on ITO BPE as a func-

tion of the concentration of glucose when a voltage was ap-

plied by 8-layered RED (b). The error bar is the standard devi-

ation from three independent experiments. The dashed line 

indicates the limit of detection determined by +3SD in the 

absence of glucose. 

 

We then measured ECL intensities as a function of glucose 

concentration with a given concentration of GOx (1mg/mL) 

using a conventional potentiostat, which was employed to hold 
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a constant voltage of 2.0 V between the lateral ends of micro-

channel. ECL intensity responds well to the concentration of 

glucose and its slope begin to slow down at 5 mM, whereas no 

emission is observed in the absence of glucose (Figure S8). It 

is assumed that the saturated ECL intensities at the two highest 

concentrations seem to be caused by which remaining oxygen 

become insufficient in the microchannel solution since the 

amount of dissolved oxygen is more likely to be a deficient 

component compared with glucose. The limit of detection 

(LOD) is estimated to be 0.1 mM, defined by the lowest con-

centration whose signal is above three-time standard deriva-

tion at the absence of glucose. 

Finally, the ECL-reporting sensor was operated by the 8-

layered RED patches capable of generating 1.94 ± 0.02 V. 

This is fairly reasonable, because if the 10-layered RED patch 

that produces 2.50 V is employed, oxygen reduction as well as 

water oxidation/reduction should be involved, rendering a 

background ECL emission. As expected, the RED-powered 

quantification of glucose worked in a similar way to the results 

obtained by the potentiostat (Figure 4b). It is notable that no 

ECL emission is observed with 10 mM glucose while in the 

absence of GOx (Figure S9). When the BPE biosensor is driv-

en by the RED patch, the LOD is 0.5 mM, which is a little 

higher comparing with the data obtained by the potentiostat. 

This is because the initial voltage of the RED is slightly lower 

than 2.0 V and cannot be maintained at a constant value over 

time.  In addition, the RED-driven biosensing system in this 

work offers less reducible ECL responses than that by the po-

tentiostat. The deviation in ECL intensity is ascribed to varia-

tion of initial voltage as well. Notwithstanding such the prob-

lem, it is undeniable that the miniaturized RED patch success-

ful works as a new type of ionic power source, which is porta-

ble, easy-to-use, and eco-friendly, for biosensing operation. 

 

CONCLUSION 

We have developed the RED-powered electrochemical sens-

ing device based on ECL/BPE system for the first time. Dis-

posable miniaturized RED patches were specifically designed 

and fabricated for appropriate combination with ECL report-

ing in the microfluidic system. We found that voltage de-

manded for electrochemical sensing operations can be readily 

obtained by adjusting a salinity ratio and the number of IEMs. 

In addition, the easy-to-use, eco-friendly and biocompatible 

characteristics of the RED patches can augment practical val-

ues of various analytical devices that require low electrical 

power for their operations. In spite of attractive capabilities as 

a new power source, there still remain tasks for practical uses 

in the third or developing countries. To name a few, simpler 

way for injecting salt solutions and alternative materials 

cheaper than commercial IEMs and electrodes (e.g. paper-

based ion-selective membranes or electrodes) are necessary 

for cost-effective manufacturing.
9,19-22

 With subsequent effort 

for advance, it is expected that the eco-friendly portable RED-

powered electrochemical sensing system might be emerging as 

the stereotype of disposable battery-free biosensors for the 

practical applications in the near future. 
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