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R SEBOB L N R — W R e B A O RRE SR £F il ) eI T 3 WU Skt o 1 105
A, EEE P TR TSRS SISO LR . SRR, DO S A iR L ' 2T il v B S O M N T 2298, 2T
JEFATI FBOR, G E LTl 7 AT IR IRt 5 B SR VA P ORI BERIR D T Y6 2Tl i PO T8 skt B %
H; A RIS 2 B IV AR LR BRI E FT ASRAS I £ i e 3 24 S 9 e R A R e il
FOGHAR ST BT T ORI LA Bl i AR AL, THIT A RS LI SR, AERIEAL b, Bt IR IE T
—Fh B = ANEIE R R P R U IR, B S AN R 2 B E N GRHR FE 1955 0.1 mmol )% B
640. Z T B LTI 6 G B LW RRRA T, SR I OCL Sl A Ol 77 X, 78— PR TR e A

Fr LRI SEBL T =SSR B R AR G

KRR AL R, PO RE, TR, = BORIOLIR

PACS: 42.81.-, 07.05.Fb, 33.50.Dq, 42.68.Ay

1 5 =

MR R AR (Microfluidics) 42 & — 18 K4
LA SR T BRI n T 54
TR SE QU 1) A2 SCE R EOR, 3 E B
A B A S5 Ry R, T R RR O B A
Jr, WP ERSEES % (Lab on a Chip) B¢
4= 4> BT & 4t (micro-total analytical system, -
TAS) =31 Jif 42 H R (Optofluidics) =7 & &5 &
Microfluidics A1t 2% ' L~ 2% H AR T B 83t
A58 AT I 2R AOR, AT AR GOK R B i 4
FEUUAIE B R G680 B T 2R PR H
. BT IZR R G RA TR = R B R D 55
e 5101 45 Optofluidics BN pu-TAS HH i ik
AR SRR A A FE AT Y. D6 A 2 H AT Optofluidics
RGP B 2 BRI T i, OB TE S 5O0
(laser induced fluorescence, LIF) £l % T 2 A
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HR1.432) EIOES, RIS R MK (3554 1.333)
ERALE, 755 = B E BT (polydimethylsilox-
ane, PDMS) & 5 B0 iE v IR R T = 3R
B L2 (liquid core and liquid-cladding) ¥ &3 F,
T8 3 FH AN R ) Be k5 1 AT DUSRASAS [R5 70 [
(7 e bt Yang 25 191 $2 56 # A 4 Z Hi sh 1)
LA (liquid core and air cladding) 24 R8¢, 1X
Tt Y 170k 5 2 #E PDMS A it 1 v i VA N G
B> T 1 S I 3 26 ) & AR e, PRI
A (Fr AT 2R 1.000) 1E RS AL, TR
O JFR 2 AR R A 5 26 22 ( H 5 1 % 3 0
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AR SCRs B — 3T 5 A A SRR A (T A R
1.458) #H N\ PDMS(#7 4 2 1.41) B Jy i) S 1
FE AL TE i N AR 3 6 B B RHE WU E e
JZ, KW O6 AT il i e sl U 3K, WO e i o' 21
M) LASZ 44 i 77 30 (frustrated total reflection,
FTR) {6 4% U0, Ml 36 2 mmh, JHE
L VR 3 X35 N D ek o 1 P AR OGRS, X
Tl 75 OB A AN B R A 1) B
A GEF T I N J5 R AR I, Aot
LEANIRRLE R 2) POGAR S BIURI G T 3 7
A, WRUBN G IR I L DG AT TR I R 3 AT 1, RO ER
SHESGET R 2 35 A0 . DR, SR I G 2 il 1)
THHE 3 UR ¢ 77 :AE PDMS 3 Jy P = AR AT 2%
O, BT EARI g SOG4 7 5K
FAAE B A By 115101 7 g 3 mh b W78 T WOk
2T b 17 B J2 BT A R DA B GBI R X 9% D' e
SRIZHISEM. ARG, B IRmIE 1 —F B =AM
JUIE B PDMS %7, il 78 =Nl & b7y il
ANTRI QR IV, R HII DG 2T b e Y 1R 6 B 77
i, EA BB K 2% A4F T, £~ PDMS %
Fr BRI SEIL T =S AN R BB SRR A

2 ERER 5Tk
2.1 SHEUK AR ERST

e, WA IEHIE 7T PDMS i i 18 5
b, B LS. R R E RSP 925 mm x
0.3 mm x 0.3 mm, H 75 MBS RS A R 2
Al A FERIE. BRRIER R e mIfER b o
2 M A B PDMS 2 /v (RS 934 mm x 15 mm x
2.5 mm), FF EOGLETE KR~ N34 mm x
0.2 mm x 0.1 mm. JLRIUENEFJE T o f
(], BT DA 21 3830 A 4 S i Y 350 43 (1) Bt 1 1)

JASFA25 mm x 0.3 mm x 0.15 mm; 2R 5 H %
HREALETWH RS, A ENLLEER
134 mm x 0.2 mm x 0.2 mm, HAEER TN
25 mm x 0.3 mm X 0.3 mm. fEEFHN 185 pm [
FL— 3T 5 R B A AR B AF (fiber) A 200 47 1Y
B freh, R B S AR B PDMS IR 4F
TRt 18 T8 [X 35k 71 S £ 8 18 A PDMS 2 [8] [ 48 B AL,
FEEE T E 24 h R TRAREFE T, A 60 °C 5
44 30 min, [E A5 BP AT CRUEAS & A I, ZE R0
I IE X 35 PDMS 5 6 25 1 4% BR AL 73 N HT 5 26 11
FRNE A E A B B 2.
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Fig. 1. Structure diagram of the PDMS chip.
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L— WIEK 25 mm *)‘

2V I Rl ¥ U O A I D B ] (O £F 3 NS AR
0; = 22.3°; JLLT ARG H 0p = 74.8°)

Fig. 2. Schematic diagram of the fluorescence emission
based on evanescent wave pumping(entrance angle of
a beam on the fiber end face ; = 22.3°; incidence
angle of the beam on the fiber side face 6y = 74.8°).

DL KN 532 nm FHE SRS (CW) BOL S AER
WOl ', K R 6 25 il v O B0l 77 =X (40 B 2 fi
7R), WG G L il e LLFTR 7 A% ik, FH it
) (Ep) BB B0 R ER, e XA
WU AL 7 7 A 9 OEHR A (Tr), KOGIOGE R
T4 S HH R B3O 6 AR O R A R 4t (ICCD,
PI-MAX; Spectrometer, Spectrapro 500i).
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Fig. 3. (color online) (a) Fluorescence spectra from different positions along the fiber axis; (b) fluorescence emission

intensity distribution for different positions along the fiber axis; (c) picture of the fluorescence emission along the

fiber axis.

K 3 (a) 1 3 (b) 73 50l 2 60 2 0 WA 5 3R A1
(1.361), YR} FE#/ (0.1 mmol) (2 FHEH6 G
(Rhodamine 6 G, Rh6G) {56 4F A AR E (Z)
Ak 15 A B e 1 T R I — A TR ¢ D' i A i B
Z WK R, B 3 () O IEHT L il v 4 3 524
Bl. B3 (b) o n, AU ETESC LR A1 PA S SR 2 Ak
AR 1) AR 43 5 2 b 6] R S Jig 48 T 8 e 35
PAR C R e e 2R 1 < R 4 Bt R = BB R
TR T ()2 e Rh ), FOvR a4 la) LA
FTR 7 A% #, Bt LSRR 6 1 58 B U S 2 il ) 2
AW ZE IR, R T L I8 h 1) 5 e S i A N M
IR, I 3 (a) v, ROGEE S RERE Z B3
AW 28, H R A K. B 3 (b) £ 2Otha S
E— LR RS Z AR R, R, 984
S 5 P T G 2 i ) R N T R ek . T R e
W Z 7 )62V VAT S 3R T ek bk B 5 S
S5F 8 () 5.

2.2 HWRARIEENER
221 QRERATHE

FHIT 5 RN 1.361 A1 1.432 (I L /K L EER 2, —
Big 53 A AC B T 9K FE 38 2 mmol i Rh6G 4k} £
W, PR RE % — e LR & 5, FRTHE RN
1.402(ZWA-J BBl D147 5645 52 48) (1 VR & ¥ VK.

] 4 o AN [R] ¥ T 3T 55 3 1) 28 1 4 B0 9 P52 ¥4 016 21 i
AL SC . Hl B AT, SOGAR S I 9 BB DL 2T
S ) B S PR T T U, G AT BRIV S AR A
TR, ¢ A S i S A D' 21l 1] ) S DRl B R 5 3
LRIV Z I R AT DASEEIL A A S 5
JEET A 17 AN TR

T T T T
1.0 |8
x2.2
08k 1
2 v
§ x1.8 |
& 0.6
-
(o]
= m na=1.361
B o4t v no=1.402 g
= ng = 1.432
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El4  (PTR) AR 5 3 1 58 lohm 5 o B Bt or B 142 1k

Fig. 4. (color online) Fluorescence emission intensity var-

ied with Z for different refractive indexes.
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Ik, LRI P SRR BEBOK, 56y e £ i 17l
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Fig. 5. (color online) Fluorescence emission intensity

varied with Z for different dye concentrations.

2.2.3 LM
TH HE YR 1) 9 56 W G AR 4% ) I AR 4 B
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Ir(Z =0)

_ ACA, Lo W
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B YGRS 2240, A S BB YE O R & 0K I e

B3 B 2 ' B 005 A5 DR 25 K R e 1R
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abs
b aP, REBUROGEO IR SR, B RG24
AT R 3 b FOE R Yo B TR R B
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A 2
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+ Oésbs,in(l - np)]Z} (4)

B (4) 0 B 3 (b) Brid S5 45 St 1T 4L
EIHE. XA SRR I S5 R g, (4) X
B mp ATASE, A B — A B AR 1 E 1 SE R E
BCHLR AT R SIS BT IR R4, 1
A6 YE B N RO O F O 97%—99%, X N Y
M R Haly, , ~ 0.0002 cm ™!, Rh6G Z B I
£ 532 nm P KA 1 S T s = 4.8 x 10716
em? U0 X EE C = 2 mmol B W, Wit &%
Ahpg oue = D78 ey BN YEAE LT A B K
LT AN AR ) R AR 43 5 B 2 L, Sk AR SRR BT
64, HETEA R THE H oy, FEHSE, FRATR
R ARAE 1) 77 1 45 6 5256 3088 1005 15 31 np, BI1A.
1E B3 (b) AR — 4 S350 4 53 (Z, In(2)), F
— RHNRIRAE np, 1N (4) 2, RIS I6AE 75 & B i
IR ARAE mp, WL E LW, . ERI3 (b)), 34
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i e B s e proR. B3 (b) LG 45 R %
W, np = 0.0002 5l & 7E 3G 75 G2 VAT 59 %2 1.361,
Rh6G #FE4 0.1 mmol 254 T 355 n,, {A.

FE G BFR FE — 2 S LR, FRATH (4) Xt
5 s Segm 2 Rk AT 5. B A R AL X4 o
RO 1.361, 1.402 F11.432 (I YeRHATR, Houk v
5 mp A8 43 79124 0.0002, 0.0003 F10.0006, B il % ¥
AT S 2RI R0,y (BB HT IO, T3 8 T Rl
TAFE aby BOBEIN. 1 B AR 0L 2 VA T i A Rk
F OG5 E B BRI AR E R, S
SR np A8, np (BB, R TG HE #i N
HHEZ 4R T2 20K, WAFE ol HEEZ
O, T 5 BOG A2 AT S 2 B OR, 9
D S R S Y Y 2T 1 S DB R L

FEGRNE AT 2 — B WG OL T, FRATERE
(4) X B 4 B s2 56 245 RAT R & BB 5 T,
SRR EE 4 5028 0.1, 1 A1 10 mmol FI¥ER, Hxt
INE (1) mp, (L3518 0.0002, B BE & G b ik 38 0, n,,
EAAE. B, SRR R &2 04
By, b THUh I WA B 2 ek 1%
FIWOR, WAHRFE b, BEZ IR, I EEZ
TR BORL R FE RO, S D ' £l [ 1) 08 ikt
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H 3 (b) B4R 5 a7, (4) RpgiH 5 dh 2k
555200 45 AT G IRT, B ERAT I AR SC R IR SRRl
R G EALE AR R AR . Bk, FRATAHE
R T 6 AR S R, e 4 AT 5 o )
SEHS R T ARG R, [EIEE, B ER AHe]
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SRAF ULl 1) — 7 R 2 Y Rl P B2 0 38 A 1
AT, Wl 3 (b) B, ST U (1.361), B¢
B B8/ (0.1 mmol) B, H5% Y648 5 5 E
0—25 mm P ZEIRED (<10%), BEiF, AT LA A
F L ) 5% S S 5 B R I I S 1.

3 ZWBR AR

I FH I S £ il 1) Y D8 0N P ¢ D' e S P
M, BATBEE T AT PDMS I E A =ANEIE (chan-
nel, Ch) FIUIRIERE Fr, a0 6 (a) Bros, =AM
HIER 803 mm x 0.3 mm x 0.3 mm, PDMS

(a) X Inlet Inlet Inlet Bibes
| Z Ch1l Ch2 033 l
| m—t
Pump <«— PDMS

Outlet Outlet Outlet
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B6 (MTIRE) (a) SHETORRIT I, (b) =il
PIESEYIR; (o) —ImIE % eiE El
Fig. 6. (color online) (a) Schematic diagram of
tri-channel fluorescence emission; (b) picture of tri-
channel fluorescence emission; (c) fluorescence spectra

for three different channels.
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[F I S T = AN AN [ B B 350 50 1) 5% 4 3
WE 6 (b) fras. B 6 (c) & =A@ IE BTt M2 6
%, BT Rh6G 1E SEEE R 196 8 F 8%
e 01 BT A% e 5 8 P AR K 5 5 Rh640 7E B
TP B9 R PR B ) BT LA 648 5 58
FE B AH X 55,

4 #

SR FHR ' 28 ) Y8 | B 'l 77 =X, UG A
A g A w0 NS A AR R, A it
217 PDMS 5 Jr BIpP RS 1), [RIE, BT 28 AR5
RN G BV 37 7= A2 0N 6 I 3 7R G 4 T
BBl & 35 2110, T DA% O 4 5 76 D 28 J Tl e 72 35 )
(). BT T G Z IR AT S 2 S Gerhifk o 2t
RS SREE R, 45 R R, SV S AR OR,
IR GET il ] 1) 3 0Bk 5%t 0 SV QR
FERR R, 2 G 6 2 b 1m] (0 0t R s Jd i ik
PROE Y 1AL J2 VAT 9 26 DA R ek bk B T DASR AR
T Gl 1) A0 35 5 1) 2 R S FH Y I U
PGS B THE T G R G £ il n) (1) 32
fh, MR R GSLRTE R, S5 2EBOL
PR T B AN OB IR AR PO AR S IR R T —
M EA =AEIER PDMS & |, B £ =AM @iEH
I3 ENASF GBIV TR, R P W 06 £l e i i g
RN 77 2, AEA SRR A S LT, B
PDMS £ Jv B[R SEEL 7 = AN AS [R] kB ) #63E 1)
SRR GRS, AT IR i PDMS i &5 7 vl oA
CE R s E T SR A — R 2 5T B RO IR,
%F Optofluidics F 48 LEMFA 122 fh 24y

104208-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66,

No. 10 (2017) 104208

4% 2524 TAR BV TE R AN B, =@ R
O P AT B e 28 3R = Beu ol e
P AR B T A AT PO R LR AR R A A
Go e E 345 1201 J5 TR AT TR N .

SE

Thorsen T, Maerkl S J, Quake S R 2002 Science 298
580

Liu K K, Wu R G, Chuang Y J, Khoo H S, Huang S H,
Tseng F G 2010 Sensors 10 6623

Manz A, Graber N, Widmer H 1990 Sensors and Actu-
ators B: Chemical 1 244

Psaltis D, Quake S R, Yang C 2006 Nature 442 27
Helbo B, Kristensen A, Menon A 2003 J. Micromech.
Microengin. 13 2

Monat C, Domachuk P, Eggleton P B 2007 Nat. Photon.
1106

Chen Y C, Chen Q S, Fan X 2016 Lab on Chip 16 2228
Gilardi G, Beccherelli R 2013 J. Phys. D: Appl. Phys.
46 105104

Li M, Zhi M, Zhu H, Wu W Y, Xu Q H, Jhon M H,
Chan Y 2015 Nat. Commun. 6 1

Fan X, Yun S H 2014 Nat. Methods 11 141

Zhang J, Wang S, Liu K, Wei Y, Wang X, Duan Y 2015
Anal. Chem. 87 2959

Lim J M, Kim S H, Yang S M 2011 Microfluid.
Nanofluid. 10 211

(13]

104208-6

Wolfe D B, Conroy R S, Garstecki P, Mayers B T, Fis-
chbach M A, Paul M P, Whitesides G M 2004 Proc.
Natl. Acad. Sci. USA 101 12434

Vezenov D V, Mayers B T, Wolfe D B, Whitesides G M
2005 Appl. Phys. Lett. 86 041104

Lim J M, Kim S H, Choi J H, Yang S M 2008 Lab on
Chip 8 1580

Moon H J, Chough Y T, An K 2000 Phys. Rev. Lett. 85
15

Zhang Y X, Pu X Y, Zhu K, Feng L 2011 J. Opt. Soc.
Am. B 28 2048

Zhu K, Zhou L, You H H, Jiang N, Pu X Y 2011 Acta
Phys. Sin. 60 054205 (in Chinese) [#LE, W, JtutiF,
LA, /I 2011 PEA4R 60 054205]

Ulrich B 1986 Lambda Chrome Laser Dyes (Lambda:
Lambda Physik Gmbh)

Mayers B T, Vezenov D V, Vullev V I, Whitesides G M
2005 Anal. Chem. 77 1310

Sun Y, Shopova S I, Wu C S, Amold S, Fan X D 2010
Proc. Natl. Acad. Sci. USA 107 16039

Pilgyu K, Perry S, Xavier S, Dakota O D, David E 2015
Sci. Reports 5 12087

Fan X D, White I M 2011 Nat. Photon. 5 591

Mellors J S, Jorabchi K, Smith L. M, Ramsey M 2010
Anal. Chem. 82 967

Wu D, Luo Y, Zhou X M, Dai Z P 2005 Electrophoresis
26 1

Vasdekis A E, Laporte G P J 2013 Int. J. Mol. Sci. 12
8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1126/science.1076996
http://dx.doi.org/10.1126/science.1076996
http://dx.doi.org/10.3390/s100706623
http://dx.doi.org/10.1016/0925-4005(90)80209-I
http://dx.doi.org/10.1016/0925-4005(90)80209-I
http://dx.doi.org/10.1038/442027a
http://dx.doi.org/10.1038/nphoton.2006.96
http://dx.doi.org/10.1038/nphoton.2006.96
http://dx.doi.org/10.1039/C6LC00512H
http://dx.doi.org/10.1088/0022-3727/46/10/105104
http://dx.doi.org/10.1088/0022-3727/46/10/105104
http://dx.doi.org/10.1038/nmeth.2805
http://dx.doi.org/10.1021/ac504515g
http://dx.doi.org/10.1021/ac504515g
http://dx.doi.org/10.1007/s10404-010-0649-5
http://dx.doi.org/10.1007/s10404-010-0649-5
http://dx.doi.org/10.1073/pnas.0404423101
http://dx.doi.org/10.1073/pnas.0404423101
http://dx.doi.org/10.1063/1.1850610
http://dx.doi.org/10.1039/b805341c
http://dx.doi.org/10.1039/b805341c
http://dx.doi.org/10.1364/JOSAB.28.002048
http://dx.doi.org/10.1364/JOSAB.28.002048
http://wulixb.iphy.ac.cn//CN/abstract/abstract18375.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract18375.shtml
http://dx.doi.org/10.1021/ac048692n
http://dx.doi.org/10.1073/pnas.1003581107
http://dx.doi.org/10.1073/pnas.1003581107
http://dx.doi.org/10.1038/srep12087
http://dx.doi.org/10.1038/srep12087
http://dx.doi.org/10.1038/nphoton.2011.206
http://dx.doi.org/10.1021/ac902218y
http://dx.doi.org/10.1021/ac902218y
http://dx.doi.org/10.1002/(ISSN)1522-2683
http://dx.doi.org/10.1002/(ISSN)1522-2683

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 10 (2017) 104208

Fluorescence radiation characteristics based on
evanescent wave pumping in a microfluidic chip”
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Abstract

A bare quartz optical fiber is implanted in a microfluidic channel of polydimethylsiloxane (PDMS) substrate.
Pumping the microfluid by a continuous wave laser with a wavelength of 532 nm along the fiber axis, the fluorescent
spectra from the channel filled with lower refractive index (RI) dye solution are obtained. Due to the fact that the
evanescent field of the pump beam is homogeneous around fiber, the fluorescent emission from the rim of fiber is
uniform. It is found experimentally that the fluorescent emission intensity decreases with the axial distance of fiber, and
the intensity is very sensitive to the RI of the dye solution and the dye concentration. For the dye solution with a large RI,
the emitted fluorescent intensity attenuates along the fiber axis more obviously than that of the dye solution with a small
RI. For the high dye concentration solution, the emitted fluorescent intensity attenuates along the fiber axis also more
significantly than that of the low dye concentration solution. Therefore, it is possible to obtain a uniform fluorescence
radiation along the fiber axis by selecting a suitably smaller RI and a lower dye concentration solution. The observed
experimental phenomena are well explained based on the mechanism of evanescent wave pumping fluorescent radiation.
Based on the features of fluorescent emission in the microfluidic chip, a PDMS chip with three micro-channels is designed
and fabricated. After injecting ethanol solutions of rhodamine 640, rhodamine B and rhodamine 6 G separately into the
three channels and pumpingthese solutions by evanescent wave along the optical fiber axis, three fluorescence emissions

with different wavelength ranges are successfully observed in a single PDMS chip.

Keywords: microfluidic chip, fluorescence radiation characteristics, evanescent wave, tri-band fluorescent

light sources
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