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Concerning analysis in a microfluid, so-called WTAS, the precision of the analysis is greatly

affected by the flow-rate precision of the pump used.

In response to this required precision of

the pump, we have developed a gas-pressurized micro fluidic pump (UFPump) without any pulsa-

tion.

Its applicability was examined by comparing the precision to that of a currently used

pump, such as a micro-syringe pump and a diaphragm pump. The precision was compared
through a model analysis, a quantitative analysis of nitrite ion in JIS K 0102 (Industry drainage
examination under Japanese Industrial Standards), using a glass-made microchemical-chip as a

reaction chip and a Thermal Lens Microscope as a detector.

As a result of the comparison

experiment, in the case of an analysis using our uFPump, a coefficient of variation (CV) of 0.7~
2.0% and a detection limit (30) of 0.0058 g/ ml were obtained, and it was clarified that a sever-
al-fold higher analytical precision than that of using the other pumps can be obtained.
Moreover, the experiment indicates that a pump with stable flow without pulsation is necessary

to carry out an accurate analysis in a microfluid.
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Fig. 1 Constitution of the gas-pressurized pump (LFPump)

PI: pressure indicator; VO: 2-way valve; V1, V2: 3-way valve
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FEERIZHWIRWAR Y T, EHEOLSVRFE L2 ALK
BR 7 (fLiF#, LDUF uFPump &3EF) XL, HE
AELTRARE® 28R L) VYR T (KDScientific
B) LAY TIFGEARYT (RAY—HER) 2REL .
CDFAXYTIT AR TORNREBIZIEIEEVPOPa D
B2 170 ul/min T 3 25, EHEERIEFHV RIS
FTERIE, HEIHE W/ min IZRADT 22 LAFHRIN
o, WBHRVT7ELTHRHEL. UWFPump DR %
Fig. 1|Z/RY. pFPump it, No H AKX, EMHE%,
ZHNIVT, WiledF -7, BEAFMVREUHESRD?S
BRINE. REETZTEBICTE2DIC, Ng HAKRY

N, I=HAI—-MN) v T FATEL, EEBEICHARA
TwWh, 37, BREMNDPOW-DTF 12— T IIBEES
FHLUTHEBEL, BBRTLEIET LRICEAR2Y D
Z, AESINI N, FRAZHDOF 2 —T K, WHE%E
MELCHY. fiRE=5frhl oA 7 uftEsy 7
WZESNE., FOR, YEHEY2—-LVE2AESELIL
WKLo THAENICLZ2WERHLZTREE LTS, &
B, MEBEZEGHETHHETEL L) T4, BEMT
Va—VHRBETELHAMAL RO TS, ZO—EDHE
fEIZ, WAL THEMLENTE Y, FRIEH DR
WKLo THEEDHRENBBONS.

2:2 MEBRFEHOLE (REVDILE)

UWFPump 2 A > ) Y VRV FICEEREFT
(Sensirion ) #¥&HkL, KERCREZHE L. HE
ol e i EE Y 1.56 Hz, FEHE 0.0001~ 50
ul/min, 78 0.007 ul/min TH 5. REIOKE L Z2IE
FEICEHE§ 2 720, RWIREBHRE L Th HEH % Bk
L, BoBEEmEAE L CRERE (D), ZE{RE (v),
S, RAME, B/AMEERD, BEBEE LTHAE
Awv, &1, 2, 3, 4, 5ul/min D5 FIZOVWTENRF
NRELA., &, uFPump Tit, MEHM 0.5~5
W/min FOEEREY 2 — V%, VI Y IRy TOEE
XUy UAER 100, 250, 500ul (NIV VR D3
HERWTERL.

2:3 EEHBELREMHICETIHBOMSE

BARBROBWE I A~ 7uft®EF v 7 (w470
LZEFERFEL, 30 X 70 mm, S4 L v 7 A8, 3§k, W8
100 um, # S 40 um, FWEEEA 80 cm O FIF TR D
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AL CRIES3SODEANE 1 20RO L 425

Fig. 2 Glass made microchamical chip used in this
study

A: NO; standard solution; B: sulfanilamide solution ;
C: N-l-naphthylethylenediamine dihydrochloride solu-
tion

Table 1

K, L, Fgs, B, FK, 20, AR, s

7 A ERB RV AR B X R 70 uTAS ~OE A 1171

W R oTWwA. 5, 0.02, 0.04, 0.06, 0.2, 0.4,
0.6 ug/ml (B L 72 NO, BHEBE W % 5 pl/min THEWE
L, RIZ4TI/RXVEVANVT 73 FEHZ 1 ul/min
THEBLTERSES. ®mEIZ, ZHWIENIL-FT7F 1T
FLIYITEZTALABRE 1 ul/min TERLEHKRS®
SWAERIGEE. 2%, PEITFCHAL v XHME
(ITLM-10, <4 7 U{b¥HMH) 2HVCRELIE L
7-.

YN URYTTHEBT DHEIX, 100WBEEDY Y ¥
VEFALT3IAEKRE I/, pFPump X 1 B2 451
YHBILDITAVEER L. YAXYTITLARYTS
DA, HHEESE LEOFHICRETE LW o,
HoMPLONO, BEBNE 4TI/ XVEVALT 73
FBERORGH L ZHIENIF 7 FNVZF LY IT U E
Y LABRO 2BEOBHEEML, BAW 80V, 20
Hz) & AL N1-F 7FNVIZFL O IT VBT LAEBR
(60V, 10Hz) ZZHnZFN 1ul/min OB TLREDF v
TIZEBRL. Ro-BAORRELF 7T Yaf b
& OV 7 CHIkL 7.

3 MREZEH

31 REREHOLE (IREIOLE)

VY VRYTORBOFHHK R % Table 1 & Fig. 3
D la~cil, WFPump DFER%E 2IIRT. YUYy IR
7T, b)) v UBERBBRELRL L, RO E K
EEVRLDLIENFEREEINZ. 5 ul/min DIFE DK
100ul Y I Tk S.D.: 0.11, CV: 2.2%, FE¥ik#:
4.90 ul/min, WARMWE: 5.17 ul/min, RFHEEE: 4.63
uwl/min (FERWE: 0.54 ul/min) TH 5B, 500l >V ¥
TTIES.D.: 0.23, CV: 4.6%, FHE: 4.94 ul/min,
R RAE 5.48 wl/min, B/DNREM 4.34 ul/min (JE&E
M. L.14ul/min) %0, Y)Y IBREBFKEL B
TEVIFEE DMK AR O NIz, BIZ, HEIKEL
BABIHRECIRBIAKRE (&), REOHEIKL % 280
RO, ChOOBFITELTE, YV IRy 7
A OIRE DI WAL B & EAGEENCEZ 5 K-l
OREFRPERAL TS EBBIHASLTEYY,
AMEOHELFRETH 72, —F, uFPump &, S.D.:
0.01, CV: 0.14%, F¥HHKE: 5.05 ul/min, KA E:

Comparison of flow rate stability

Pump Average/ul min ' Minimum Maximum S.D. CV, %
Syringe pump (Syringe capacity 100 ul) 4.90 4.63 5.17 0.11 2.2
Syringe pump (Syringe capacity 250 pl) 4.93 4.61 5.24 0.14 2.8
Syringe pump (Syringe capacity 500 ul) 4.94 4.34 5.48 0.23 4.6
Gas-Pressurized pump 5.056 5.02 5.06 0.01 0.14
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Fig. 3 Comparison of flow rate stability
1: syringe pump, syringe capacity: 100 pl (a), 250 pl
(b), 500 pl (c); 2: gas-pressurized pump (LFPump)

5.06 ul/min, HR/NFEEME: 5.02 ul/min (FRETE: 0.04
wl/min) &%), REOEBFIZLALEL, BEITHE
WENTVWDRZLEHRALL. FAXTITLRYTOREE
i, =4 70Fy 7ERHCEVENRROBCESFT TR
HEPKELZDTETCLE ) DA TE ko,
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Fig. 4 Flow rate in the microchemical chip
1: syringe pump; 2: gas pressurized pump (UWFPump);
3: diaphragm pump
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3.2 BEHARERHGICHTZHRBOMESD
FEAEERPE A 7 0fbEF y FIZEB L ZHORE
HEMHRE Fig. 4187, YUY Y IRYT (Fig. 41) i3,
ENBREOBNTF vy TNORXBIZTHETH B, v 70
AL%EF v 7OHREICBRE CIREBIDVAEL S 2 LR E R
7z. —7, uFPump O¥E (Fig. 42) &, <A 7 ufts
F o FNOEBHTEETH S & & DT, EIREHERA T
T&7:. %3, WFPump DELA L 0.3 MPa A% No 77 A D
KHEMENTH 5720, BIKICF v 2 VIEIRNF v TR
BVF v 70X ) ICHEFKEVEEICIE, HBENTRE
LCHRBICERE R WSS H o7, FAXYTTARY
704 (Fig. 4-3) 13, mAWEEL %5 300V, 60 Hz
(0 Pa T CHHK 1500 ul/min) IZRELTH, HHEDS
60 kPa (FEE K, 300V, 20Hz, i 0pl/min FTT) &
NEWLDIZ 2/ min L RVWEELPEONT, B
FENHEEFHETEHRBEZHETE L IIEBETH o 12N
ERBEWO T TH S LIPHRTEL. LrL, BN
BEVSLBTERE, HZONTWZREDHIEALT 57

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

w X KE, Ik, AL, BO, fik 2R, LR, % 7 ARRBREIREEEA Y 7O uTAS ~O#EH 1173
Table 2 Characteristic comparison of pumps
.. Maximum ) Maximum Minimum
Driving . . Control
Pump Pulsation discharge . flow flow
system object
pressure rate rate
Syringe pump Mechanical High 18kg? Rggzz:zfy 2126 pl/min 0.0016 nl/min
Gas-Pressurized ’ Regulating gas - . - .
pump (PM5)" Gas pressure None 300 kPa pressure 51/min 0.5 ul/min
Diaphragm pump Diaphragm None ¢ 60 kPa F:;z?;;:w’ 1500 pl/min 170 pl/min®

a) syringe capacity: 100 pl, b) PM5 is back pressure module of 0.5~ 5 ul/min, c) at a high back pressure, d) extrusion pressure, €) at

back pressure of 0 Pa

Table 3 Analytical result

Pump R 30 100 v, %
Syringe pump (Syringe capacity 100 pl) 0.998 0.0077 0.0257 2.3~6.1
Gas-Pressurized pump 0.998 0.0058 0.0192 0.70~2.0
Diaphragm pump (20 Hz 80 V, 10 Hz 60 V)* 0.999 0.0024 0.0080 0.38~4.2

Detector: Thermal lens microscope, a) Analytical condition using diaphragm pump is different from others.
detection limit, 10 o: determination limit, CV: coefficient of variation

ML H 5O TEESLETH L. &RV TORMZ LK

=]

4 #

R’ linearity, 3 o

L Table 2 {257

3:3 NO, HMFIC& 2R FHREDFEE

SHEOR Y 7E2HWT= A 7 0fb¥F v FTNOy &
W %47 - 7=# %% Table 31273, EHEME (R) &, v
TR VIGEWEZRLTBY, Ky 7OEEICL 5%
WHRM R L o7 RINTR Bo) LTI, “VY
YYRYT (V) YRR 100u) T 0.0077 pg/ml,
uFPump %% 0.0058 ug/ml TdH 1V, IREASK & W IE R
TRE E, -7, EETHR (100) IZELTHEIZ,
WFPump DIEH A3 ) ¥ IRV TICHARBIFTH DL Z &
o7z, CV I, pFPump 2%0.70~2.0%, ¥ ¥ VK
VITIH23~61% &4, EBREOZEBICL - TRIF
LEBRBIHEONTVS, B, ¥1Y7746K0 7%
BAu-afgRICE L L, RRRE, REHENELS
DI HBHTE WA, T O5MTIE wFPump FHEIR
BHFEEITNE DI, WThOEBE b BEFRMELZRL
7oo 722U, MUBEBEEABERICREL THEZBRLTD
FLHEXEONT, REHHOBIRMEICHBELNDH - 7.
Thi, HREFEWDIZ, bTrRENEREOEL
(BT OREELRMN e ZR 2 EOREDRALE) O
HEEPZITLIEI LN INSG, DEhs, HERFR
Y TOREDL NI EBVHIEELE O S Z LA
LMo 7.

I AR B 2% AT BB 7% pFPump 2%t LT, WD 72012
BAHBLZY ) VYRV TR AXY 7T LR TR
T, REVOWHEEICG 2B ERF L. ZORE,
REBOKE WYY VIRV TIE, FHRERO CVIRKT
6%, BRITRME (30) #%0.0077 ug/ml & o7z, %
IZx L, AREZSIEHE /N & v uFPump D5HTHE R D CV
ERATH 2%, B THRIE (30) 1&0.0058 ug/ml & 7%
D, WIFRLREOHBIY IR TL D LBOHIHE
EXELNT. HBEMEWT A YT I LR TOHRE
X, REOEREVFRETH 22D Ry 7L &M%
ZHRT-RBHRBITE a0,

LTAS 7B CIREMHAWES E L MERESFEZL LN T
BY, TNLHICERALY ARV THREINDDOH B,
ZOHFIZHo THERB TERT LI LEIERLERTH D
ZEDHERRTE 7. NEUE, BN VESHEEE ShTw
5 UTAS FHIZBWT, HRAESHTEEI$T % pFPump i,
MREIAHEL, Lad, KRENHEREOE/ 4 VA TAS #
BHOBREXBER Y 7L LTHHTE b0 LHIFESN
5.

2005 4E 5 A, %5 66 ml5HT{t
EHBLIIBVWT—BEE

X 79
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WMWK L M 2T <4 7 ORESH T AT 4 (UTAS) I2BWVT, HWAREEEY 7OHRBEOR
BT CEREE T 5. MR L F AEBRBRIEIRB) XK > 7 (WFPump) % uTAS (ZEH L, ¥
VYIRYTRTAXNTTARYTERBL, TNENORY FIZE BEBOGHEICE 2 5 8% REt
L7z, JISK0102 (TEHKREREE) OHEMBEEE (NO, ) SHEEZEFVE L, WG - Bl L L
THAIARA7uFy 7, BllGRE LTEHEL V JHEBE* A TONMIBEORBE21T-7:. ZOHKE,
HFPump O¥ 6, #YELGHHEE (CV) 0.70~2.0%, B TRIE (30) 0.0058 ug/ml 2545 5, REID
HEHRYTIZHRBAGHHEENSBOND 2 LR ENT. UTAS ICL AHEOB VS 21T 720101,
EREBRECTELEICERT LI ENBETHL I LATRBR IR,
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