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Abstract: The existing miniature capillary electrophoresis (CE) devices use a tablet or a com-

puter for data processing and analysis, which hinders their portability. In order to solve this
problem, a smartphone-based CE device was proposed, which allowed for real portable quanti-
tative analysis. The device integrated the functions of capacitively coupled contactless conduc-
tivity detection ( C'D) and Bluetooth communication. Furthermore, a Kotlin language-based
application with a user-friendly interface was developed. The application could not only control
the electrophoresis run in the CE device but also receive the data from the C*D detector in real
time, display the electrophoretogram, and process the data. The peak areas could be calculated
automatically on the smartphone, and the migration time could be obtained. The size of the
developed device was 20 cmx20 cmx15 cm, and its weight was 2 kg. Quaternary ammonium salts
(QAs) in disinfectors ( dodecyl dimethyl benzyl ammonium bromide ( DDBAB) and dodecyl trim-
ethyl ammonium bromide (DTAB)) were used as the analytes to verify the performance of the
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developed device. The experimental data showed that the linear ranges of DDBAB and DTAB
were from 20 to 1000 and from 30 to 1000 pwmol/L, respectively. The correlation coefficients
(R*) of DDBAB and DTAB were 0.999 5 and 0.998 9, respectively, indicating good linearity
between the peak area and concentration. The limits of detection (LODs) of DDBAB and DTAB
were 10 and 13 pmol/L, respectively. The intra-day relative standard deviations (RSDs, n=3) of
DDBAB and DTAB were 1. 9% and 2. 7% respectively, revealing good repeatability. In addition, a
mixture of DDBAB and DTAB was tested. Two QAs were separated within 8 min, showing good
selectivity. Finally, QAs in a bromo geramine disinfector used in the field were tested to further
validate the performance of the designed device. The recoveries of DDBAB and DTAB were
100. 5%-101. 5% and 96. 2%-99. 3%, respectively, indicating good accuracy. The developed device
has the advantages of good linearity, low LOD, good repeatability, high accuracy, and real por-
tability, and it can be used for the quantitative detection of QAs in disinfectors.
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Fig. 1 Smartphone-based portable capillary electropho-
resis with capacitively coupled contactless con-
ductivity detection ( CE-C*D) device with (a)
high voltage supply and detection module and
(b) smartphone controller

MCU: microcontroller unit; DAC. digital to analog converter.

~-= Digital signal ---= Bluetooth signal
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Fig. 2 Schematic diagram of CE-C*D device
a. capillary; b. high voltage supply; c. anode background
electrolytes (BGE) vial; d. cathode BGE vial; e. sample vial;
f. C*D sensor.
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3) B ISR I ¥ 32, 75 31 DDBAB 5 DTAB
i LOD 43124 10 1 13 wmol/L( W3 1) .
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FIFHTF K B8 BXE 1.3 15625 1 SEPRAE RO
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Table 1 Linear equations, correlation coefficients (R?), liner ranges, LODs and
RSDs of two quaternary ammonium salts ( QAs)

Compound Regression equation R? Linear range/ ( pmol/L) LOD/ ( pmol/L) RSD (n=3)/%
DDBAB Y=6.2478X+0.0057 0.9995 20-1000 10 <1.9
DTAB Y'=5.3290X-0.0940 0.9989 30-1000 13 <27

DDBAB: dodecyl dimethyl benzyl ammonium bromide; DTAB: dodecyl trimethyl ammonium bromide; Y. peak area; X: concentra-

tion, pmol/L.
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Fig. 3 Electrophoretograms of (a) background
electrolytes, (b) DDBAB, (c) DTAB
and (d) their mixed ion solution
a. 25 mmol/L Lac-B-Ala; b. 25 mmol/L Lac-B-Ala with 1
mmol/L DDBAB; c. Lac-8-Ala with 1 mmol/L DTAB; d. 25
Lac-B-Ala with 1 mmol/L DDBAB and 1 mmol/L DTAB.
Peak identifications; * system peaks.

B, Horh RGEESZ B N AR ER 52 e T AR 22 A
KB U R EEACAH [], teAbh 450 s BF, 4 S
] f5 DDBAB U4 [fi #1/%) RSD 4 2. 3%, Hi W& i 6] (1Y
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101. 5% F1 96. 2% ~ 99. 3%, 55 45 % 7w, FF i W
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Fig. 4 Repeatability test of QAs in bromo geramine
disinfector

(A %534 DDBAB, H AR QAs REFEFE & A7
WL B R T T & 12 B RE N T AR QAs
R 53 B 0 h
* 2 FERKREFE DDBAB 5 DTAB Ky
IFREIEE (n=5)

Table 2 Spiked recoveries of DDBAB and DTAB in
bromo geramine disinfector (n=5)

Background/ Spiked/ Found/ Recovery/ RSD/

Compound mg mg mg % %

DDBAB 1.07 0.8 1.882 101.5 1.47
1 2.081 100.5 2.13
1.2 2.286 101.3 1.19

DTAB 0 0.8 0.794 99.3 1.17
1 0.962 96.2 1.35
1.2 1.187 98.9 2.29

23 EHMAEERR

BEARSCIF A1) CE-C*D 2% B 5 8 A (45X CE-
C'D B THAR , 25 R W3 3, MR al s, A 3¢
AR E TR T UG 1 T4 b 2
FGTHT I8/ T 2 AR A B A I LA S f #5 1 I
AMEEH, SR, 2 EAE LOD Lid it —2 42
Thas1m]

%3 ANFEM CE-C'D £BESNELBMLE

Table 3 Comparison of developed CE-C*D device
with existed devices

LOD/ Size/

S h
Device (pmol/  (cmxcm martphone
controlled
L) xcm)
Automated CE-C*D 5 45%35x15 no [17]
CE-C*D of small volumes 0.36  20x33x17 no [19]

biological fluid

CDC-based CE-C*D 12 not reported no [20]
Smartphone-based 10 20x20x15 yes this
CE-C*D work

CDC: capacitance-to-digital conversion.
3 #Fig

ARICKE T —Fh TR BE T HLAY AE#E 50 CE-
C'D3E Pk T FHLS AR, 5 T B w5
7, AR LU ] CE & B FL PRI AT, 38 T LASE
HC C*D Kl i & 1 AR 15 B, 7 L IR BT A
PEAT R AL AN 3B, 1k — 20 B e 7 A R L Y
k., WRIEIZEE B R TERE , LEPEPIFR QAs 110 7
Pty TR, LI A R AR 0% B R Mk
4 LOD i TR 47 Emf vy, U B Lr S50 A
SEHL TR QAs T TR B2 AR R W A
B TE QAs i B 5 A9 L7 5 A I vk 4 R
R,
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