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Fabrication of Paper—based Microfluidic Devices by Plasma Treatment and
Its Application in Glucose Determination

Yan, Chunfang  Yu, Siyang Jiang, Yan  He, Qiaohong*  Chen, Hengwu*
(Department of Chemistry, Institute of Microanalytical Systems, Zhejiang Universtity, Hangzhou 310058)

Abstract Currently, various methods for fabricating microfluidic paper-based analytical devices (WPADs) have been pro-
posed due to their great potential applications in many fields such as clinical diagnosis, food quality control and environ-
mental monitoring. Hereby, a novel and simple method for the fabrication of microfluidic paper-based analytical devices via
plasma treatment is reported. Paper was first hydrophobized via octadecyltrichlorosilane (OTS) silanization. The OTS silan-
ized paper was then region-selectively plasma-treated via a mask with channel network. The plasma-exposed area of the pa-
per was turned to hydrophilic channel network due to the degradation of hydrophobic OTS molecules coupled to the paper’s
cellulose fibres before. Two types of hybrid polymethylmethacrylate-polydimethylsiloxane (PMMA-PDMS) masks were
developed to obtain well defined hydrophilic channel with the required depth. With the elastic PDMS piece adhered to the
rigid PMMA piece, it excellently solved the problem of the expansion of hydrophilic channel caused by the leakage of plasma
atmosphere in the gap between the mask and paper. The effect of plasma-treating time on hydrophilicity of paper was inves-
tigated. The water contact angle (WCA) dramatically decreased from 133.9°+1.3° to 0° with the prolonging of the plasma
treating time from 0 s to 30 s. Meanwhile, the depth of wettable channel could also increase to nearly the thickness (180 pm)
of the paper after treated for 30 s. Attenuated total reflectance Fourier transformed infrared (ATR-FT-IR) spectrometer and
X-ray photoelectron spectroscopy (XPS) were applied to characterize the surface chemistry of paper during silanization and
plasma treatment, and the related mechanism was discussed. The fabricated ptPAD was applied for detection of plasma glu-
cose in whole blood. After diluted with 2% NaCl by a ratio of 1 : 4, plasma could be separated from blood cells due to their
different mobility in the channel on paper. The separated plasma reached test readout zone and reacted with the substrates of
Trinder’s reaction. The analytical results observed with the pPAD-based colorimetric assays agreed well with those deter-
mined by conventional glucose meter.

Keywords microfluidic paper-based analytical devices; octadecyltrichlorosilane; plasma; whole blood; glucose
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Figure 1 Effect of plasma treating time on wettability of filter paper

(a) water contact angle against plasma treating time; (b) depth of the hydro-
philic channel against plasma treating time

2.3 HEEMRITSHK

L PR E TS A0 400 b gt e R T S5/ /K T
W25 (1) DG Bk, R 55 & TR E PR AL EE OTS-JE4RHT,
2 BT RUR o WAL B SR AR IR 22 BB TR T 1, 51 SR
KEIE 5K, s R, i, ARSERHERT
ML E T e, K 2a W e
R TY KA N )R, BB XK R 4% 3.5 mm, 1
18 C PN 2.0 mm. 3K OTS-JE4.O T v BA
4 2a iR B EN PMMA. 64, UK
PMMA-PDMS & & Fr GRIAE T2 DL S8 36 43 4.1.2 5,
MSCRIIE, BT TN AREE 30 s 5, /el
IFRO XN 15 uL SRt FH B 2K, £ B4
ORI XS 1, R il 2b~ K] 2d s,
2, KA PMMA FIEG & SR, 258 7R 5
KX R HAR I KA 4.5 mm, 4.2 mm, J#iE C
T 98240 50%. 1] WX PR Al TR EL R85 1 Re AR, A
Re st PSS T HRAANY B3k, mxXH
PMMA-PDMS & & F/E BRI, ORI WX, SEK
K= EEAR AT KK 2d FroR). tHkrl WL, PDMS BRI
AU R AE, ATAEON B, WY TR B AR S R [A] [  4]
PE, Bk, ASzib e PMMA-PDMS 84 A4 H T-HLA
(R ZH k.

Acta Chim. Sinica 2014, 72, 1099—1104



B2 AR E R BRI

(a) ERMLEIEZMAL (b) PMMA BLEIE RO (o) SESBEm
P Ak 8OR; (d) PMMA-PDMS 52455 HL (1 B ZE A0 0

Figure 2 Comparison in the performance of masks used to pattern the
OTS-paper via plasma treatment.

(a) original pattern of the masks. Wetted area of the plasma-treated paper
masked with (b) a PMMA mask, (¢) an aluminum mask, and (d) a hybrid
PMMA-PDMS mask

S T E AR KRS AN R 75 3R, AR S a6 v v an
3 FNIIP R M, L2 RS EEN
PMMA-PDMS & & fv, FJZ4 4] PMMA-PDMS #
hr, TR My, BRI R E R
PMMA-PDMS & & F, iRV BHE. Hrp, BLA
M, o] - RIE SR KB IE PR B /N T U840 B . 15 1 PR Fr
B K PERE I ACES Fr, T T S B, R it B
JVEIX ;AL M ] FH TR SR G I R P S5 TR AU
IR T BB 33 o 1 HEA D AR 1) R JEE R B ot s s
Fr, WERACE By T 98554 B .
M, I H BN BN A

PDMS
OTS-Paper
PDMS

.
M, HNH N BN v

PDMS
QOTS-Paper
PDMS

N . e

B3 PMMA-PDMS 5 4B A

M,, R, M,, RSB

Figure 3 Schematic structure of the hybrid PMMA-PDMS masks
M, mask for single-side patterning ; M,, mask for double-side patterning

A3 R LR PRI LG OTS-BE4CREA T AN [ Hif [1]
[R5 B8 FARAL T, AR o A B A B 3% /K X 38 T T f o0
W 15 uL KSR, JELRT I AN T 13
Ranle 4 pror. Hodp, K da AR S B BT S 10 K
FAROR, AT, ARERE RN T 20 s B, SUE RSO
JK, G AR KRR R AKX
(B RATEEE); M AR 20 s J5, 8405
(AT X 3 L 56 428 K, AR T A AR PR FF — i 1 B 7K
PE, il 4c s, ST LA EE 30 s 1) OTS-9E4L, 723
WA IR0 15 pl 200 (0 5w, WaM ik
SR REREAL T AL, B e R 12004040, Ui g
R T PE R, 1R XU S A (B 4b FiR),
155 3 PSR E T RIS OTS #EAT i,
AEER 20 s J5, W RITTYBIE TS T, AU B R R A —E,
T FLAR BRI ) IE K 5 45 s I, SRkl o) S k.

Acta Chim. Sinica 2014, 72, 1099—1104

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

t 10s 15s 20s 30s

BH

B 1

t 10s 15s 20s 30s 45s

B K

H
]

B4 B RO 45 A A B A B SR AR RCR

(a) FIH BB BRI B SRR, (b) RIS S BRI SALRCR (o)
FATHIALEE 30 s W IEARTS HIIF /K T

Figure 4 Effect of plasma treating time on the patterning of the
OTS-paper via single-side (a) and double-side (b) plasma treatment; (c) a
water droplet on the back of OTS-paper after plasma treatment for 30 s
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Figure 5 ATR-FT-IR spectra for paper at different stage of surface
modification

(a) native paper; (b) OTS-paper; (c) Plasma-OTS-paper
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Figure 6 XPS spectra for paper at different stage of surface modifica-
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(a) native paper; (b) OTS-paper; (c) Plasma-OTS-paper
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Figure 7 Layout of the paper-based microfluidics used for determina-
tion of glucose in human blood

S, sample dosing site; B, buffering area; R, test readout zone.
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Figure 8 Effects of NaCl concentration in diluent (a) and sample dilu-
tion ratio (b) on the efficiency of on-chip separation of blood cells from
plasma

After diluted blood sample was pipetted into the left sample reservoir, blood
cells and plasma solution moved towards right in the hydrophilic channel with
different velocities. The red front indicates where blood cells reached while the
brown-grey front indicates where the plasma reached
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Table 1 The determination of glucose in whole blood sample

Proposed method Reference method”
mmoleL "' mmoleL
RSD/% RSD/%
(Mean=£SD, n=3) (Mean£SD, n=3)
Sample 1 3.6%£0.5 13.9 3.1%0.1 32
Sample 2 6.610.8 12.1 6.3%0.1 1.6
Sample 3 11.1£1.2 10.8 10.6£0.2 1.9

“ Determined by Accu-Chek Active Blood Glucose Meter (Roche Diag-
nostics GmbH, GER).
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Figure 10 Schematic of the process for the fabrication of
PMMA-PDMS hybrid pieces

1. pour PDMS on the piece of b and cure it; II. remove PDMS from the piece
of b and adhere to piece of a; III. formation of hybrid PMMA-PDMS piece
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Figure 11 Schematic illustration of the process to fabricate paper-based
microfluidics via plasma treatment

I. filter paper was silanized; II. OTS-paper was sandwiched between
PMMA-PDMS masks and exposed to plasma; III. the masks were removed
and a patterned paper was achieved
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