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Highly sensitive and multi-parameter optical detection
for whole blood on centrifugal microfluidic chip
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Abstract: The absorbance measurement method has a shorter optical path due to the microfluidic chip
with smaller sizes. Therefore, a multireflection structure based on a quasi Fabry-Perot cavity was pro-
posed to enhance the optical path length and complete the highly sensitive and multi-parameter detec-
tion for the whole blood on the centrifugal microfluidic chip. First, the optimal condition of the lar-
gest path length and the proper Signal and Noise Ratio(SNR) were analyzed theoretically. The results
indicate that the maximum path length is only inversely proportional to the square of the beam diame-
ter and the SNR is dependent on the reflectivity of the mirror and the number of reflections. Then, a
detection pool was designed, the structure sensitivity of the pool was verified by the methylene blue

solutions with different molar concentrations, and its path length was proved to be improved by two
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orders. Finally, the albumin and glucose in the whole blood on the centrifugal microfluidic platform

was measured, and the good linearity with typical R* (linear relation coefficient) values of 0. 999 07,

0.993 94, and 0. 992 87 were obtained. From these results, it concludes that the quasi Fabry-Perot

cavity is suitable for the whole blood biochemical detection and can satisfy the requirements of accuracy.

Key words: microfluidic chip;quasi Fabry-Perot cavity;pathlength; SNR;R? value

1 31 =

Bifi 5 5 2 1) R R, % I 2 12 M B 2R 1 SR
AW o B TAE GE A B Ak AR I I PR A AR A 5 2
AR TP A B B Y 0 S5 = b, R 22 BRI PR 12
e 2T NAE S0 = 58 Uk I i R AR B L 5 5 L%
BT, Pt AP R 12 W R 5 A A9 IR 31 Kl (Point of
Care Testing, POCT) 3815 TH s & &, M
BRI RE I A 2 i int ik A sh AL ds B 5 T 52 8L
3T RGN TRLAL B AR £ W g HESh POCT
KSR FLWE i M B R . B H BT Y
Lab-on-a-chip #1£ & Chip-in-a-Lab, chip i 3fj g
WA BRE . JE AR, B SR o A
O 15 B Z B A AR SSEL T Al R e
f B T 4R B, AR A R A L O B TR A RO S R
g,

WG S A N L JHG N 5 ) Jo o 288 22 | 45 A R B
SRR L — B R B B AT SE Y 43 B 7 iR . Lam-
bert-Beer 5& # # F AT TWOL B 5L IE L, X
A PRI ERR AR AN B AR R . A
Z %M E A0k angh [E Cho A58/ NHIF & T
— PP K B iy 5  DNA S ¥ T
S 1fi O AR DNA 2B IF HaR#F 58 7 —Fh
F A gz o 5 A A A B e B R & S b
&4 Piccolo Express(Abaxis)™™ | Analyst [[ 8%
[l (Hemagen) """ 45, 53¢ 264G 0 J5 20088 - 7K FL 4%
Ko HA T332 QB v Y82 5 4G I D) LR SR AT 5 %
INT RO AT S RS RE R AN R A %
YRR SR R AR L E R WO I A BE Y B
BHYA Dupont 2 &) HJ Telflon AF1600.2400 2§
JUR, Ho S 450 52 BAE Ak 2o B sl on) /9 20 15 VTR
B A AR R X 0 T EAR B A A iy . B
T 72 Bt o) G 000 32 2 A I O Y S G S Y Bl )
LS, A5 6 AR 5 4 A 5l GE 1 K A YT
L Sty o A 000 R R 1) A ) O EF RS O

YRR A SO B TS [ A R Y e K
W AT 98 4K AN T o PR a5 e [ s 52 300 22 2 500 0

S AR SCRT R T R 28 FOP R R
18 4 B S5F 1R 245 4 7 B 0 2B o b S
S () 2 0% K 22 2 80 A A B R I - 2 A T
B0 15 BT 0 25 A SE BRI TR 4 B s BT
3 25 0 56 B I 5 RN R TR ) E TR A RN 5
FH 22 W 4 RS HEAT WO BE A3 BT o AT 3R 8 ) 1
B KT RO TR 8 i R S 4 o L3 B 1 R AF A
PRItk 52 JR G A E L 2 K IR 200 A TR g O
R B 5 2 6 S0k e B A A AT AR . R
PRAR s B B A BT T RS RO S AR R
Mt b 178 4 T 3tk 255 49, 43 AT 2 B gl 0 ) A AR — 5
B HE f KOG FR A 5 A SO0 BE 5 427 O R
{5 18 HE B DR 2 23 R S S VR B8, O R IR A
— B SR A O TR R T B 22 R B e
T AN [A) 3 B 1R 2%

AR LN =3y I R 11 0 L Ve A I S
W AE T BT B 0 R b R JE FP R £ K R
SRR T 5E% 4O E I YR
=R I i Sl 5= S | - R (N &
1 CALB) F1 4 49 88 (GLU) W Rl g Jit o 28
MEZRE N 0.993 94 Fi1 0. 992 87, )i
MG 0T T 2 2 28 F-P R 7 A4 4 K
J7 18 B X,

2 WMRELAEL ZREHEMN T E

2.1 BoXRBRESHRSAFRNAS

UntE 1 R BOR 5SS R I8 E AR 85 0 Max-
on EC A ELIL JC kil B AL L DSP 4% il 7 /7 BE T LA
FH T e B 23 B ML AR E B IR 3 T L]
THERERGI E r o U A 4% 38 3 18] AH B S 35
AR TE] A A 25 48 an 1 1 Ca) B BE AT LS B
AR TR) N 22 i A A ] 490 T 4 0 A ARG o e A L S B
AR 4 i o B — My B A I o S R e L



%11

Ja SCHE A5 < A B0 150 B0 i R U 2 2 HOLIR I 2823

Jo gt ad i o) B AT B L . R 5 fRE e e i v
JI A0 RE F IR S L SO o i 28 Bk R b A7 I
JCRERTI . S 8 RO S Bl 3 )2 PMMA
F R P IR PMMA S 4544 J2 11T 13 A 52 Rz sk
RIS E SR A BAET. BN PMMA JZ
M AT A A A3 AR T A B

M motc

(b) AR R S
(b) Optical measuring system and
centrifugal platform

L" Detecton F _, »
(a) B ORUGIEL Fr 46518
(a) Photograph of centrifugal
microfluidic chip

ST RTINS e o3 oAl %21
Fig. 1 Centrifugal microfluidic chip and optical

detection system

IO 8 A 2 R 5 56 2% ¥ A 5 O R L
BB M E B HEAOLL JEE SOt TR
BB R G5, i 1(b) FiR, )8 T &
s REBEOCLT A M E AL,
628 3d JELF R Uit 1 SRR M 1 35 B 0k A 3
2 E BB i g Ot IR B G R
B NAAF T R BB 40 55 (5 5 b 3k AR
BLEAT B R4
2.2 RS EIE RS R RN

I8 Lambert-Beer B, WOGE K .

A = log % = loge « e(A)cl s (D

A WO, I, D i h 5. I o il Ak
588+ (A S 15 TR0 TR WAL I T O B8 I e R 8 ¢
WA EE RS - L oA . OB EEARR I i R b . 5
HIRG Z AR uGIR R —E . Z BRI B M 55
O J7 3 () M I o8 350 R0 A o 19 4 o) B I AT E i
AN TR BE AR RN BT 2 FIr 7R 26 F-P 24

i g SR A G R AL 2 3 AT R

From fibet~01! :
0h : : .+~ To detector
P Upper aluminum mirror /. _PMMA
92 0 H H it
0\ | PMMA
: Lower aluminum mirror } PMMA

2 K F-PREERERGE MR EE
Fig. 2 Schematic diagram of quasi Fabry-Perot cavity

L 1 L
2 2htan t%h cos 0, sin 0,

(2)
T e S AR PSP 2 B R e D AR T R
JE L A AR A L 0, S AR I 3 v i B A
RN T R I A4 e AR S R K B
AGHEA KR

[ = 2nh/cos O, =

-

: -
' P
i -
i -

e ' |
i

1 '

gd

B3 L ORISR R B R

Fig. 3 Schematic diagram of propagation when beam

Theoretical position

spots are next to each other

R I AR B — o B R R RR I R &
AL HE PRI b 15 B AR b R B RS BRI A S
RS BS e KOG A T A — B & 3 il A
RS, AR RO BE TAR 2 fi O B v o0 19
FEES A d/cos 0s . B 2 Je &l 3 43 BTl

d/cos 6§, = 2htan 0. (3)
PR e KOG N -
I L \% 2V )

sinf, BedehsinG pd’
Hodr . VR BRI AR FL d RERIMDGBE BAR .8 AR
] 25 ZR 8K 5 SR F ML E % i A 1) 158 2%, — ik
B1.2~2.0, bR, BRSNS V
d A 5%, 5 iy 4 B L BE RS IR ER R G
AT B AAR R — 3 B A — B R AT LRI
A 0 e RAE S BVAS [7) A BT BRIS fe ROCRE SR [R]
22 I s X 22 UK R ST R A M L RO
20 50 W 22 W S5 R S R B e Al i 0k
=", (5)
AHran Ry BT A OB I A R SR W 4R O R Y
1/ b, JCAE RN e Lh ik B B A
A3 BRI 6 T 2% vkl Ok R0 b Y O 5 5
225t O 5 A5 20 Bl DU S W O BE . R L T
— 0 B L W AR I R [0 Sl o S Y R 1 i e T
52 ME 5 R R R0 2 [ e ) — bk . SEIS
b, R R ML i B R R AE DD ) 1R 2201
Rl A BT 3 L T — R 0 e A o A P B ) R AR



2824 ﬁlﬁ%

PE B0 T 5 S T R R U NR 2 A8 £
USSR 2 B, 72 A — B iR 250 O T 2O
2R T A UT) aR 2 RN B R R A G 6T H b R S T
(9 BRI 38, S0 i A A BE Dl 50°, 0, = 357, A4
S A G b 1) e BRE B AR B T O 25 K i G 4T o
BB EHAR DT EEERN ERN 1 mm, T
B B A5 75 B 7] A5 JEOL A A 97 1 Lambda 950
PR R R 90% , A 9 GO 12 mm,
Fem iR 24 0.5 mm, ¥ [ iR 2 K 0. 15 mm,
Aa=0.57",

PMMA £ 550 85 2L B KL FL A L 35 5 %
s PO H RGO 208 LR R R Z —
PMMA EE4351051.0.5 #10.5 mm, |24t
T 48 58 b 28 & B AR 3 O 1 By R RS I U
FEAR b g | S R BRAR SR B R B R R — )2
H YA AP Z Parylene C, b T S5 R ~F
818 6 mmX 1.5 mm Al 10 mm X 1.5 mm,

h i AN TR R Yl 22 T T B A AR R Y —
FPE IR ATR A TAMER T BT RO
AR T B D3 25 LUK R 2 25 AN TR] 0 0 s [] — b i
Dz 37 B O BE B e AR ] PR
L yurerz

Iwmcrl

C 12 25 3 b A 3] B0 A G B A P AT L
A5 ) S BRI b T T A R0 6 5 A O B L S BRI
1 55 AR S ¥ A TR ' B AG T

° Ireamionl . (6)

Ireacnon?

3 ZRdEHER

AN AT A A7 pL B I3 B s AL
HEF] 3 000 r/min ¢4 2 min, 8.0 53 5 14 2 1
T ARG 0 2 2 BRI A A 11 B i A5 B 4
X I b ) d A AR R, FRAILEL 1500 ¢/ min IR 5#
JE G s — 7 PB4 1l TR 55 % 1 AR B 1 AR R
HIRA VRV . R GO TE IEA I 45 1k B0
By TR R A R AT 43 ) X 2 2 Sl R R DN i 3 1 7
PR

R AN T 1 AT — SO I 0 R e A
AH TR] R I b 7K 5 A 33550 A B o OG5 114 56 R B AT
L3S T A [F] 00 b 22 [ f — S0Pk o 43 51 % 0
WEVS W A AR A AR R AT —
M L S5 R A 4 PR

%21 4%
210
[N 1
o) L x * 2
§20 ¢ _s e ‘ P | j’ -
I 1 ¥ ¢ * v—4
S1.9t *5
=9 <6
5 18] 7
=) o8
217
=
1.6+
1.5 1 1 1 1 1 1 1 1 |
o 1 2 3 4 5 6 7 8 9
Measurement No.
(a) JMEF LW
(a) Solution of methylene blue
1.6
1.3l 4 : ¢ =
* =] e -2
£ = —i ol
14/ ¥ v—4
E =
p=—1 >
<\’:1~3- > 7
5 s
S 12]
1.1
1.0 . ; ; , :
17273745 6 7 8 9
Measurement No.
(b) AHE A TR
(b) Albumin corresponding reagent
12 -
i 1
-2
1.1 3 e =
2 Ty i =
AN S ]
.E]'O B <« 6
1 > 7
209 o8
3
0.8
0.7

o 1 2 3 4 5 6 7 8 9
Measurement No.
(o) MY LA
(¢) Glucose corresponding reagent
4 AN R AT 7K B — S0P DU % 2R
Fig. 4 Consistency measuring results of dif-

ferent solutions ws. water

P A v B o I S g 5, AL R T DL
SR FH A T35 DU A5 A TR) #8000 b =2 [0 ) — 01k 152 25
< £3%0. AR A R R B TR 2 5] R
TR IR

S5 v 3@ a0 S P JR VR BE A 10°° mol/L ~
107 mol /L {14 V. FH 356 e 7% V00T JIT 152 31 19 4 DU il 2
BB SR AT S 56 0 E 4 59 R AR 8 B A Lamb-
da850 X AN [R] JEE 7R ¥ JBE 110 SIU. FF L 8 V5 Y0 A 7 A
WS iR, B 5 Ca) by 3ok A4 52 56 26 i MM 7 ik



%11

Ja SCHE A5 < A B0 150 B0 i R U 2 2 HOLIR I 2825

A5 B STV Y 66 0 0 RS2 3 5 R L MR AR OC R AR
0.999 07, 5(b) A Lambda850 5 45 A& 5(a)
SZIy 45 B %) G, Lambda850 52 8 v 19 % 2 S 10
mm, & 5(b) R B AT R 12 mm G T A
[ W A IO B £ €8, Jr A 1 5 Ca) o 1Y) 52 56 45
o S ROEE S s EE T H B ORI
FIML A E Ry 12 mm 2247, IR 22<<£3% (B R
DI HL RO

0.25p —=— Experim ental data -
—— Fitting line of the data e
S
0.201
e
g

o 0.15F
g ,/
2 -
2 0.10F ~
=]
<

0,05k A 3=0.024 62x-0.014 96

yd =099 07
0.00f
0 o 4 6 8 10

Methylene Blue(10"*6mol/L)
() YEFF LA s 4 2R
(a) Experimental result of methylene blue

Il | ambda 850
I Photodiode |

0.20+

Absorbance

1 2 10

3 4 5 6 7 8 9
Methylene Blue(10”-6mol/L)
(b)5 Lambda850% Lt 51256
(b)Result contrast between photodiode and Lambda850
5 M FPORREE VA WK 5 R R A AT
Fig. 5 Measuring results of methylene blue and analysis

of sensitivity contrast with Lambda850

N NS SR - SN R R a7 R A
MR AT 25 R 6 iR

P 6 Ca) Sy AR Bl 16~52 g/ L 19 10 4
I 2 2R SR A O RO 0,993 945 8] 6 (b)
AR 1. 1~ 11 mmol/L {1 10 4 £ 45
RGP RN 0.992 87,

JAE B0 AR B R DA B S 0 R
20 77 (9 1 58 B ) 43 B R A B T

—m—Experimental data
07k Fitting line of the data
0.6
3
805t
5
2
<04}
y=0.012 06x+0.066 87
03l R=0.993 94
02 L 1 1 1 ' 1 L 1 1L 1 1 1 1 1 1 1 ' 1]

15 20 25 30 35 40 45 50 55
Concentration/(g-L")

(a) AEAMA KR

(a) Experimental results of albumin

07 F —m—Experimental data

| Fitting line of the data|
06 F
» 05F
% |
£ 04t
2 L
2 03f
ol 1=0.055 46x+0.070 54
L R>=0.992 87
01fF "
0 2 4 6 8 0 12

Concentration/(g-L")
(b) F M S g A
(b) Experimental results of glucose
&l 6 st v b AR A S 0 A
Fig. 6 Measuring results of albumin and glucose for

whole blood on microfluidic chip

FRAGBR 1 T J5 2 W6 B AR . SR 2K F-P s 2%
P T DA & 4R e AR N R S A AT LR
DA 6 5 V3 I E T 22 R R S R A 1 R A
T 1~2 DECRR 56 BT R AR Y &
TR, X I FP T A A ARG T 2k Tk A e R ECR
0.999 07, A T Kzl 4 ifn w09 K [5] 46 b » A i
BIT AR g P 6 (U8 r HEAT I s &5
G AME T A O 0 R B DT A ol i
BRI AR 2 R T SRR A G R B0 Bk
0.993 94,0.992 87, R AT 218 B S 5 %
S A 1 25 1)t R 0 TR 22 B iR 2%
128 I 15 25 55 R 2 5 R AR [ 4 00 b > R 1 A8 — 38,
RE MR IR 22 FE AN RE 2 2Tl bR, L iR 25 <130,



2826 e R TR _—
BB H L B T LR 5 A — i K R R BT R (=
4 T #® 99 %) ST LA S B K Ve BE 6 TR0 450 1

B2 2 O £ R 0 2 B 2
7 T 6 D351 00 2 T A8 e B
B HH A 1 O T B A Iy 0 R i
SR M L T 0 T 0 K L R
6 S 7 5 51 BT L0 5B A AR
P06 S ELR B BB R BE WD
FCRLEL L P A0 I 4 U B0k B LR L
4 U R 5] 20 I E B S0 L R
o0 2 XA G A 4 e e T
IR IO 1 0 P 2 R R 5
o SHIEHE Parylene B2 s /N I 5 U BORE £
o B AR AL PR L e
B i LT LB 22 2 0 MO A% F-P
e LA B BB R R AR B 8

x®
(=]
T

D
(=]
T

B
=)

Reflectance/%

33
(=]

550
Anm
(a) BRI thy P AT 50 26 AN ] (00T I8 B S Sp) 1% il 2

(a) Response of reflectivity to different refractive indexes

& 7

— AL,
EEEENE.ZLFPEAUT LA AL
V2 W60 R R S R R AT IO B R L i T DL T
Xif 5 T ST R0 A A K I . 2 PR b i AT
RO RE, VN 2 )2 B AR A B R A el s,
SIEREEE KW, it LT 22 R4
H1 20 J2 Al O; . MgF, = fIk 47 5% 36 6 4 1, A 5
FRE R 50° (5 ELAS A 7 s, B 7(a) AR
47 565 R T RO R B 5 E L IE 7(b) A
[l 47 S5 5% T 03— f d B SR H S 05 B IR . AR
HRT DL S )T S S R K R G R T
Bk 99 % . KRN T 50 Y0 K 1E £ Uk R
JEIH O SR B PR . 1% 2K F-P R 45 M AR Ok
FEASAE (45 B0 S0 450 TR A /D B
T 100 pm,
0.8
07
0.6

— 133

1.45

-0.1 I 1 L 1 L 1 s 1 s 1 L 1 " 1 s
400 450 500 550 600 650 700

A/nm
(b) Z S G HT 5K 2R AN R B0 B B A k'G5

(b) Normalized intensity of different refractive indexes

through multireflection

Z )2 IRJE F-P JL i b Bl W3 5 A oA 19 S5 R 5088

Fig. 7 Spectral dependence of reflectivity and normalized intensity on different refractive indexes in Fabry-Perot cavity

AR SCER X SO 4 R RTINS R B )
6 BE ARSI J7 32 v 4 e e e )L 4R M TSR T 2 IR
S A 0 07 25 ok 3G e #E L B 2 A 1 iR A AR
— I A R RO TR R B A MR L Y AR R
Fr W B8 e RO AL S A SOt BE HAR A G
R I HE DU phy SO R 5 B S ROk e . i e A
. PR R IE T 3% 05 A T LR S 5 e oot

JEE TR 24 2 0 A RO s S8 I T 2 il
SRS ING KR RN 7/ D) (R T RIS S
TS IR A AR R L A
AR A 2 B R Y ARG I £ P AR G &R o) Sl
4 0.999 07.0.993 94 F1 0. 992 87,3 I It A
A 3 P T LA IO 4 aff A HG A A ] 5L B A AR
F LB 25 o 52 B0 A B0 U #2808 7 b4 1l iy
ZZBOo RN . B e T FP A
el S S A A Al 23 A A I T T 9 S R A A
BRSP4 I 2 S B0 B E T AR



5511 41

Ja SCHE A5 < A MO A0 R B9 R R U 2 S HOL IR

2827

S E Wk

(1]

(2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

YAGER P, EDWARDS T, FU E, et al.. Mi-
crofluidic diagnostics technologies for global public
health [J]. Nature,2006,442(7101) :412-418.
MAO X L,HUANG T J. Microfludic diagnostics for
the developing world [J]. Lab on a chip, 2012, 8
(12):1412-1416.

AT K P KO, S BT PDMS HBEHE 4 R
I 5L 48 1 3 IR S R 0 ar A D). e 4 242,
2011,19(8) :1852-1858.

DU X, ZHANG P,LIU Y SH, et al.. Burst pres-
sure of capillary burst valve based on glass and
PDMS [J 1. Opt. Precision Eng., 2011, 19 (8)
1852-1858. (in Chinese)

AR AR S IR AR AT L R/ B KPS [R] BE T 2H
T T PR TE LR A A R B SN, L
A% 1 42,2010,18 (7):1562-1567.

DENG Y B,ZHANG P,DU X, etal.. Aspect ratio
for microchannels with nonuniform surface proper-
ties and spontaneous capillary[[J]. Opt. Precision
Eng. ,2010,18(7):1562-1567. (in Chinese)

KPP B, X245 FHEEABEA SN
Wit S HAELI] &5 H % T4, 2010,18(4):
872-879.

ZHANG P,HU L H,WU Y H, et al.. Design and
{abrication of micro mixer with main-assist channels
[J]. Opt. Precision Eng. ,2010,18 (4):872-879.
(in Chinese)

KPR & AR AR OB TE N BB AR A AR
B AN L] A% HE A, 2011,19
(12):2919-2926.

ZHANG P, XU L,DENG Y B. Dynamic effect in
process of stopping capillary by step value in micro-
channel[ J]. Opt. Precision Eng.,2011,19(12):
2919-2926. (in Chinese)

STEIGERT J, GRUMANN M, BRENNER T, ez
al. . Integrated sample preparation,reaction and de-
tection on a high-frequency centrifugal microfluidic
platform[ J]. The Journal of Academic Librarian-
ship ,2005,10(5) :331-341.

CHO Y K, LEE J G, PARK J M, et al.. One-step
pathogen specific DNA extraction from whole blood
on a centrifugal microfluidic device [ J]. Lab on a
chip,2007,7(5):565-573.

LEEBS, LEE Y U, KIM H S, et al.. Fully inte-

grated lab-on-a-disc for simultaneous analysis of bi-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ochemistry and immunoassay from whole blood [J].

Labon a chip.2011,11(1):70-78.

PiCCOLO.,ABAXIS Inc..[BE/OL]. http: //www.
abaxis. com.

ANALYST T .1, HEMAGEN Inc.. [ EB/OL].
http://www. hemagen. com.

PAN ] Z, YAO B,FANG Q.. Hand-held photom-
eter based on liquid-core waveguide absorption de-
tection for nanoliter-scale samples[]]. Analytical
Chemistry ,2010,82(8) :3394-3398.

MA J, DASGUPTA P K, BLACKLEDGE W, et
al. . Cobinamide-based cyanide analysis by multi-
wavelength  spectrometry in a liquid core
waveguide [ ] ].  Analytical Chemistry, 2010, 82
(14):6244-6250.

STEIGERT J, GRUMANN M,BRENNER T, et
al.. Fully integrated whole blood testing by real-
time absorption measurement on a centrifugal plat-
form [J]. Lab on a chip ,2006,6(8):1040-1044.
NODA T, TAKAO H, YOSHIOKA K, et al..
Performance of absorption photometry microchip
for blood hemoglobin measurement integrated with
processing circuits and Si(110) 45 degrees mirrors
[J]. Sensors and Actuators B :Chemical,2006,119
(1):245-250.

MOGENSEN K B, PETERSEN N J, HUBNER
Js et al.. Monolithic integration of optical
waveguides for absorbance detection in microfabri-
cated electrophoresis devices[ J]. Electrophoresis,
2001,22(18) :3930-3938.

RO K W, LIM K, SHIM B C,et al.. Integrated
light collimating system for extended optical-path-
length absorbance detection in microchip-based
capillary electrophoresis [J]. Analytical Chemis-
try,2005,77(16) :5160-5166.

F—HE KPR F L 2 IR R O S
B LR % - o L CN101907629 AP, 2010.

WU Y H, ZHANG P, DENG Y B,et al.. Multi-
function integrated microfluidic chip and the meth-
od of fabrication; China., CN101907629A [ P ].
2010. (in Chinese)

STEPHENS E R. Long-path infrared spectroscopy
for air pollution research [J]. Applied Spectrosco-
py-1958,12(3):80-84.

WERLE P, SLEMR F. Signal-to-noise ratio analysis in

laser absorption spectrometers using optical multipass

cells [J1. Applied Optics .1991,30(4) :430-434.



2828

%21 %

1£&

i
A

>

BT (1987—) B i RFEM A 1
WF5EAE - 2009 4F T N 52l olk R 2% 3k
LA, EEMNFEHRES AN
AR I s e P B g BT 4 4R LT
m 5% T fE. E-mail:
chao666@126. com

zhouwen-

OB 1982—) B db A KN Tl
+ L BIAF 5T 51 L 2004 4F F e 1L K 23R A5
g, 2009 4 T AR BE K AL L
FRARAR 2, EENFE RO
RGO GE AL Oy T Y B ST TR
E-mail: hp312@126. com

XYEEAR (1987 —) . 5 UL VH s M N L By B
BRSLL 2008 4F -4 15 K 4 8% +
SE02.2013 4R T BB K R O SR R
LA Wy PR AF 5% BT 3R A5 1 2 7,
FNFOGEL A Wi HE 7 15 IR 2SO
TAE. E-mail:guigenliu@hotmail. com

UK (1982 —) . 5 . H MK AN 1L
WhFE A B BAT 5 51, 2005 4F F 7 #hK
R, EEM R N
MEMS il T. T. 25, E-mail: liuyong-

shun@ hotmail. com

R—1B(1965—), &, HMKFH N B
Bt A 5 00, 1991, 1996 4F F
B 1< & S AL T 43 0 2K 15 A 2
B, FENFEHOCHL R R 57 iH
M W 5% . E-mail.:

ac. cn

yihuiwu @ ciomp.

(RRALFFE REWHA FEER)



