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We have developed an ultra micro sample injector for a gas chromatography (GC). An ink-jet
chip, originally used for industrial recorder, was modified at the edge near the orifice and fixed
into the GC. To evaluate the characteristics of this injector, a sample injector and a thermal con-
ductive detector (TCD) were connected directly and water was used as the sample. The volume of
the droplet, the interval time and the back pressure to the ink-jet chip were investigated. Within
a range of 1 ~5 nl of sample injection, the TCD response according to the amount of the sample
volume (about the volume of 1 drop from the ink-jet micro chip: about 1 nl) was obtained. The
reproducibility of the peak area was obtained to be about 1.0% of the RSD value. To compare
the injection method of the ink-jet chip with that of the usual micro syringe, a method using the
ink-jet chip could introduce 1/1000 amount of the sample and give reproducible result.

Keywords : ink-jet; sample injection methods; thermal conductive detector; water; gas chro-
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HBENEREORREZLEL T, REOXFEDD
D CGCIZBITZHAFBEALLE LTIk, A7) v bL RiE
ANERA U H T LFEAERESHVLNREY. CGCIlZBLT
AN T HENEIZDNT, Grob 53 C;~Cux DT
WA EEEELTAMNI v A RIA 702 ) Y IUTHE
AL, RALKFE (Ci Cou, Cou) DREHEARE R OEA
BIZOWTHHF LA, ZOHE, 52510002y Y
EHOWIEEGIIBWT, BHELCERIGEATE2EH
W2EARIZ 03U THLH EHmIITTn5b, ¥— 7
OFEBABFIZO>VTE, 5225 10UDT ) YV EHWT,
BIZHUh® 0.1 pl ZEA LA, HNEERE (rela-
tive standard deviations, RSD) %) 20% T&H 5 LW L
TWwa2™,

AR, BUNEEZ ERICIE TR, ZoMEROEZ
HWTEBEVHREDL, A7V MFNAL ADTA
/T4 AR =L LTS HELrLbFERESATW
B0 A4V ey FFENAL ZOBERIZE L, 1950 E L%,
DA T DR, 1980 ERDIEIZIZ 7Y ¥4 -2 L
TELBEBLsh, BRICE->TH5BEY,
b 7734 A3 micro electro mechanical system (MEMS)
DRETH, WYLy —AThHhhAESbRTWAE"., #H
DAY T Ty FFNALREEOHIDOEADH LY. R
EHLLTECHVORE 0DV EDIE, CZVETH
R2HWZLDOTHY, H)PE2EINTVY =y PR
THb. MiGEYZVRERFICHEHEZIAMT A LD E
TEERESE, ¥yUET 1 —%IEMTAILICLD, WK
ZHME A, HBEFEMEOMTICRELS 70 —%
=L Dk E MRS R E, T BE S5, KufR
TH VYLV EAFH MEMS G 758 % micro-total
analysis system (W-TAS) DFF T A 7 0K Y 7 EITF
AENTWRY TRETHE, FEFOFEICLIG
Hah, 17y bHDNARA 70T LAIIEBITS
REOBRBEICHEH IR TWE" ™, GH b~ iEH B
& LTI&, Nilsson 525k a<x V77 7050 5 LD
WEZYRA 7074 ARV =225 X7 VERIKENIC
IBHLZY. $£/2, < Mo 7 ZALBL - il 4~
1t (matrix-assisted laser desorption/ionization, MALDI)
RATEF RV &5 #75T (time-offlight mass spectrometry,
TOF-MS) IZBWTd, ¥4 272574 ARV H =38
MALDI # =%y b 7L — MIF LTHRARY MIH M
SN, FONRTEHOBRBET BIAHRE ST
%070 KR OB AIIOVWTIE, AR E<A S
O7F 4 AR —PLEZEF YT —IJICEAL, v
Y7 ) —ERkE) (capillary Electrophoresis, CE) % 1T -
7Bl D HE STV B, Berggren i, Y ¥ ¥ —
RKOVCZVETFERHVEF /AP0 5 —%ERL,
10 pl DFEFZ TOFMS IZEA L™, ZhFToORES

A
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Fig. 1 XAMIETHWA v 7Py My TOBKK
KOWHRZ RS, AT, L¥ERESHCERSN
TWEAY V2w by 7 (BELERE »%BRLTE
BBt L, o407 T ey bRy TR, YY) asER
KHEIZFSA TS ARy F o VIZLDilR2TEEL, 2R
WXL Ly 7 AT ARGBBESG LT/ 70 F v 2L
HEEHRLTwA, I AEKEIZIZITO ZREL, A
DBEMEL TS, ZLT, ITO KER, Y VvHEF%
FEEAICL D HS AR OFIT T3, Lo vHELHE
WX EOEREAEEL, FOBHE LTS, A V7Y
v by 7HEO S XNVIZERE (1878 um, F X 38
um) THH, KA > 27 (WE: 5 mPa-s) ZHHX
L &IZ 1S 300plilhb,. T2, FvTE
REEAAHOR ) L F L v Fa—TE 58T A0k
WE—%fFZTw5h, Fa—-70b) IR AFL >
WICHRL, RBEZDELL. A7y M Fy TO%
WIS AT =L F—N—MTEHEL, GCORAFEA
TICRRBEUEEIC L7z (Fig. 2). MEHIZBEEER 2%
(TCD) %A 72 GC (GC-14A, Bift3) #@HL:. 4
YoV xy bRy TERGEERS, A 70F v XAV
WCERAL D BEE, BEAHELAVHE DS, F2
T, ¥4 70F ¥ Y ANVIZREALEATIROR @z
B, 72, KEOBIMEE® D720, MilliQ kT
SIEICHER LT A NI MAOL TAHL Y (AN
B) #3UCVICTREZOIEAL, REZDENTT
LT EICEDF v AIVAICHZ Lz, 15 S ERGE L7
%, Milli-Q KIZTHWIHET S LI X D ATREZ 1T - 7.

GC DRFHEALA~DA 7Yz y b F v 7TOHREIZL
TOLHIAT-72. F9, HE7 27U AR (HE 2mm,
B 40 mm) OHIZEBEIL (7mm X 2mm) ZiRiT7-.
FOEBILICT— =LA L7-F» 7hmae@ml,
RE @ HOCEE L. NS, PO EE 1l mm
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Fig. 1 Detail drawing of ink-jet micro chip. A) Elevation view, B) Cross

sectional view, C) Enlarged illustration
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| Stainless insert

120 mm Heating block

«—— Carrier gas

Graphite ferrule

________________________ ﬁ‘
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To GC oven

Fig. 2 Outline installation drawing of GC injector
combined ink-jet micro chip

DEBILZETAHHMN G5mm A, EX2mm) A7~
VASB S MIEEL, RBBEARO LE~GE L 7.
B%IC, YA B8Oy rE 77U MRESROMIZ
BE, N4 YF—=r)y TEHCTEEL: (Fig. 2).
R GEABO TIPSO AT L AMWE A >V — b (N
5mm) AL, Y5774 b7V HOTHEHEL,

Fo T ANEAL = PMAOOEREN 6 mm 1225 L9
L7 Fy o LiEE, 4 o — MRS S
FRLTEAF YUY —H A (2R oherbls, 1
Y —PAEETRL, KILTAHE (Fig. 2) L7
A o — FRTEALL 723083, &5 A EEMEPICHEEL
T2AF YLV AEE (W 1mm, EE 250 mm), A7~
L AZzEss L (HEL1/16 4 v F, BE 100 mm) &
CRAF v L ASE (FE 1mm, % 300mm) %@L T
TCD & &\ e,

Ao T2y bVFy 7OBHICE, EREHREEE
GMS200-02 (0~200V, 0.2A MAX) (Metronix #) % fi
ATHABRFIAN—VAFLEHAW ELVUETI, B
BEEL 100V, /SIVANREZ 80 us TEHRE)L7Z2. 77— 7%
MBZIE, CRIA plus 7 AR My 7 4 V77 L —% —
(BER) 272, REHEBA L 72 Milli-Q K% v
2. B, GCORBEBAL, # 7 2HEMEKT TCD &
b 200C ICHRELL. MHOERIEIIET TATA
ER-120A (A&D ) %\ 7.

3 HMRNUEE

31 A>3y bFyTHoMHTIEERE TCD
&

400 Yxy by 7ERFBEACHWEEIZE, !
HEELHHHEZBRANEHHTE 20 EL2D D, RIFE
T, FPHBEEELZ CTEROBHLAREAL, 1§
L7 TCD g (E— 2 2»oEsleHlkico
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Table 1 TDC l‘esponses‘” on several number of drops with different intervals of injection using the ink-jet microchip
Number of B - Interval of injection/ms - B -
drops 0.25 0.5 1 10
1 4002 (1.20) 4002 (1.08) 4011 (0.94) 4047 (1.50)
2 6819 (1.02) 7051 (2.20) 7142 (1.87) 7209 (1.59)
3 9029 (0.51) 9856 (0.78) 9934 (1.24) 10062 (1.57)
4 10950 (0.41) 12257 (0.53) 12581 (0.95) 12517 (0.59)
5 12712 (0.58) 14624 (0.46) 15197 (1.41) 14870 (0.38)

a) Peak areas, Values in parentheses are relative standard deviations (%, n =5).

2 drops

3 drops

10ms Ims 0.5ms 0.25ms
- —> P —>

1 drop

10ms 1 ms 0.5ms 0.25 ms

TCD signal intensity

10ms I1ms 0.5ms 0.25ms

—> t+—> —>  —>

|

L

20.0

30.0 50.0

Time / min

Fig. 3 TCD response of water by ink-jet injection

Carrier gas: Ny; Flow rate, 54 ml/min; Sample: MiliQ water; Detector: TCD; TCD condi-
tions: Current, 70 mA; TCD temperature 200 ; Injector conditions: temperature 200C,
column oven temperature 200C ; Ink-jet conditions: Piezo electric element applied voltage,

100 V; Pulse width: 80 us

WTHRE L. A2 Y2y bRy T O THEENIZE
AT HWHEEE 1~ WET1LHHERETER, T2
NTCD ILE#B/2. Tok s, WEOmMHELZ 0.25,
05, 1, 10ms EELEV. FREROFMIIBVTH
5N 72 TCD 5% % Table 11287 . Z oS, HHMEC
DWTEHLRER, BWHEEIrZVWELEL2E0/hEL
HBMENCH -7, ZOMEE LT, WHED Y
BHix 7 ANERABOFAL DB TE L2, 1
KA L 7258 G EHR AN T 5 7o 1 BUE AN
LLzeEZONDY, HEMEICOVTIE, 0.25 ms il
TLE/ONIREVNEL LB WD DI L0550
7z, Fig. 3121, 2 RO 3WHEBEALZE D TCD INE
ZART. Fig. 325 MMHMET 025 ms ET5E, K-
THNESL R BEANCH D EHGH D, HEHEE 05
ms & LT3 igdkEA LEAI0E, =2 BRI R

EBllrol, wFholhHBBIZBwTh, wmiks
TCD B L OMIZERBRBEONLZ LB T o2
(Table 2). HHHEAT0.25 ms OH AL, EhDAD
HHEEOLELD L 1HLD)DREINSILHDLI
LARER I N, 0, WThoHBEBIIBWTY, &
MO1HEZFRUBOREL D FEPKREL, 15~1.6
fe (MBI 05, 1 R 10ms) HBWid 2.0 (5
0.25ms) THoHIEIREIh, TRHDERELT
i, ErVEFHROREHHBENIKRECBERTLEE
AbNA. Ao Vzy My 7T, dEELTHEBZIL
HE 20, CXVETHIIT AEELER, S8z,
FLT, HORBICETLAASHEBE Ty U7 1 —ICH
KITBLEVIEMEERRDET. 20K, CLVETHRED
REICHEITLEE, JAVERAHPE L VEFDIE)
CERICR Y, BEBRICL VBRI TRA RS
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Table 2 Linear relationships between TCD respons-
es” (y) and number of dropsl" (x) with dif-

ferent intervals of injection using the ink-jet

microchip
Interval of yZaxth
injection/ms slope (a) y intercept () R
0.25 2155.1 2237.0 0.9908
0.5 2644.9 1623.4 0.9967
1 2781.0 1429.9 0.9986
10 2695.4 1654.8 0.9959

a) Peak areas;b) x =1,2,3,4and b

bbb, T2, RFETEHF A2 a< b7 70RHFIE
WEES Y7 V2 b Fy 7HBFBLTVL D, RER
ERANDAEFRELREHZ LD 2 Vo5 “&#ﬁ#o
TWwh ERBENG. FRCHHBRE EC LA,
J AN ATFED T2 %éﬁ%_ib%mifﬁ
RS2V BIZ, RO ZIHE L TV AMREEL D
L. ZOIZLEH, —HOKRIIHELZOTE LRV A LR
BEhi, wERIZLTh, 12V y bFy FEHRV
BRI & B ¥ — 7 RO IR 2130 1%
THY, EAEXF nl LRV THEHIZL00boT, <4
s Y ERGTEALLEEY VLD BRITRFHH
AR I N,

32 42971y bMFyTHhoMET IRBEBOM
T

A7 zy My 7TEROEE, 1N 0
TWNTH B0, 1EOEERCEREZEENTET S
LIXHNEETH L. FIT, 64000 % 1 ms OEIETHH
B, TORERFZETTATAIZTHEEL, 174720
OFHBFERFEMN L2, 205, 64000 HoOBERIZ
66.5+04mg (n=5) Tho/:. 1iHLE-)OFHERE
WAKOEER 0998 g/ml (20C) & L7zL &, 1YY
OFHEEIZ 1040l ERB SN, COFRITKRES &
7 ToOtE (300pl) ZHELTREVKRE L7
KA ¥ 7 ODEENH 5 mPas THAHDIZHL, KTiE
1.002 mPa's (20C) &HEVK . 2070, KOEKE
X ANVEmTI LB EIN L ZIZE DS OERM:
HLTLEI 2D THIEELIOND,

32 A9y b FuvTETL A TICED
HAEBAOLE

A0 ) YV EAVCTHENEO KT EAL .
Fig. 2 DB EATE IS 7V xy bFy THIETL,
WEDGCTHVE LI Ty LF YT, s5ul<A4
ray) Y NIV ) ZHWTKE 025, 0.50,

Ml : GCHBHMEA > 272y MMy Y2y —oE%k 537

Table 3 TDC responses obtained by using a

microsyinge
Injection volume /pl Peak area Peak height
0.25 577959 (11.4) 23945 (1939)
0.50 1180894 (3.42) 29461 (13.0)
0.75 1747039 (3.82) 35585 (6.32)
1.00 2157619 (3.65) 38025 (1.61)

Values in parentheses are relative standard deviations (%,
n =D5).

0.75 R 1.00 ul & 5 M2 A L7 (Table 3). <4 7
Ol Yy ITEALLZEE, TCODRE (¥—2EB) o
BHBEA 2 P2y My 7 THEALZE EOFERME X
DHHEL, B2, 050 X022 uliEALE &, MHxt
BEREIZENEN3ARVYI11.4% (n=5) THo7-.
2422 rIEHNVTnl £ =¥ —0RFHEAZHE
FEARUMRETHLIEEEETLE, A7V Fy TR
M7 BHE AL, nl 4 — 7 —oRFHER 2 HHEHM X <
GCILEBATELHEELTENTHL I EIURBER
7.

3:3 Xy UY—HAREHN TCD ICBICRIZTTE

Fig. 2 D &9 iR AT OBS, v ) Y — 7 A0k
NoPZt v 7Yy bRy 7hoiHliEzHHT 22 LI
b, Lo T, FXYV)XY—HRAREIZL - TIHEED
FALENTNA = FNEAET B % L U TREREA
BhoEEE L (PSR uRBndyd 5. 22T, Fx
X —HAfEE 21, 32, 43 KU 54 ml/min & Z{L X4,
LiHEALE EO TCD IBEOHHMEIZ >V THRE L7
(Fig. 4). ZOHfH, MHEERLEZE LTE-7HEII0
WTIEENLEN 2,67, 1.17, 279 LT 2.64%, ¥— 27 [
oW TIRZENRZENR 0388, 0.79, 0.11 KT 0.90% &

a7z, HERREAV/NSIVEZIZET—) Y 7P KRE
KRy, 42— MEOREIRBEINT. ¥— 7 0

OBBEER BB TH LI Eh D, F3 )XY —F At
BEVA YTy bRy I 0lEE LT 5 BB RIE
TREIRBEN N NSVWEZZONS, L2L, ¥—=22F
=V YIBROND I LN, BRFEATORESF v 7
JANEAL Y — M OMBBES (KETIE 6 mm (ZE
E) HLHVIEAL o= MEIRREEWETLIEICLY,

RNy FTREEAR» OB TESLEZ LN
5.

34 HBBABADEND TCD HHEICRIFTTE
SETOMETIE, BBEATHIZIILEALKRETH
LeEZOND, GCHA T LAZERLIEA, RBEA
HANOEINE ERT B, AETHOA > 7 V=Y bF
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21 ml/min 32 ml/min 43 ml/min 54 ml/min
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Fig. 4 Effect of flow rate on the peaks shape using ink-jet injection

Injection volume: 1 nl; Other conditions are same as Fig. 3.

10000
E os000y = v =,
g
2.
o 6000
2
5
¥ 4000

2000

0 1 2 3
Back pressure / kPa

Fig. 5 Relative peak area vs. back pressure in the
injection port

Conditions: interval injection time, 5 s; Carrier gas:
Ny, Flow rate, 20 ml/min; Other conditions are same
as Fig. 3.

v, YZVETTHEREHTILIZLD 2 ANHh 6K
FAMBENBETH L. REBERZOPARETICDH
57:0, REEBEATNOENFBCEBERISHLE SR,
WP TE L B2 TFHENS., 22T, A#f
RTHH LA Yo V2w NFy THREOREONEE T
TELCHEEHEHTE 202 R L7 (Fig. 5). Bk
iZix, TCD OO AT v L A8E (N{E 2.2 mm,
FE&15m) #BL, 11 AZXYY ry¥y—hoKk (11)
WAT Y VABEERFELA IO TVE, CORETECRE
LTTCDREVRONLIhEMET L. ZokE, £
yVxy My TS Y LEERL, s BEETS M
FOEA Lz, KPS B S RHE A RO E D
FWE L., REAOBR, Fx U XY —FREEH20

ml/min D & &, WHEAH 2.5 kPa T T2 E L7z TCD B &
PO, FOENEBZ5E TCD REXEFS L
Kotz LA, HIRTIZIEMORIKE L, »
DRIOUBEHECFYET ) —h 5 LA TOFMICRES
N5, CGCTDF ¥ h 7 2FEADEE, 100~ 300 kPa @
AOETOFHPEESNS. 5%, / ANVEEZNELCT
%, HECIIRBHERZDEMET 5 5 EORENLET
H5b.

4 Al Ei

frvodzyv=fraFy TERHLREBEA, Rt
FELAEL, AFEAR, HRAELRL GCToOEHZ
ELIMEHZIT- 72, ZOFKRE, nl LNVORBBRE
MNEEERZE 1% BRETEATELI L2 BRALL. &
%, METCTHMTES L) LEBROYBEEZTHI L L
EIZXD, FXYESY—AFLAANDF U H T AEAFEAD
IGH, drwidmkru~x 79714 — (LC) R CE %
CRAERBMEETLOMRE, KERA L+ LI
(FID) B THAEMEE (AED) &0 GC FIMHeEL
DAY =T —AELTORBREDPHFFEINS.

AR EZETT AN, THERPIHOEBYE L
() BESESMTAR G AT ZERT O BT EIRME L ICE O BHLH L LS
7.
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FArOa<T RIS 74— (GC) ORFBADT-DOHHRA VI Vxy My y—ZHBLL. A
v TVry hvAraFy Sk, Fu TSk ET—R—MTL, GCORPEAIICHELZ. K1V
y 5 — DR PRSI B 7200, REHE AR BB (TCD) ZEAME L7 ke LTKEMW, It
W, HHEREEOCA v 27 Yy M Fy 7RSS0 5FER GC A Vx4 —Et LTHWwAYD
O R ORI 217> 72, AFHEAR 1~5 nl DT, RBORIS L TCD BEVR LN 4
YUy MCLARBEAR 1YV BEZ 10 TH), ZOHHAKIIE -7 HHEH 1.0% (RSD,
n=5) Thotz. HMBELEFHEA V7 Vv My Iz —TREAEDOIA 7Y MVZ - AAY-WiR:S
D 1000 57D 1 ORFEZFEIAL L CEATHI LN TE.
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