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Development of Septum-Free Injector for Gas Chromatography
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The gas-chromatograph (GC) is a type of analytical equipment that has been most commonly
used in environmental studies such as concerning offensive odors and residual pesticides. The
GC has been regarded as being a well-developed analytical equipment, since the introduction of
a capillary column made high-resolution analysis possible, and hyphenation with a mass-spec-
trometry detector advanced the identification ability. There are, however, several disadvantages
to be improved. For instance, a silicone rubber seal is used in a septum for a sample injector.
Therefore, (1) there is an upper limit to the applicable temperature, (2) the background level
increases and/or interferences are formed by contamination of the septum, and (3) the GC
injector requires an exclusive type of equipment for thermal desorption, pyrolysis analyses and

SO Oon.

To solve these problems, we introduced another carrier gas line, instead of the septum
seal outside of the conventional carrier gas line.

When the two gas lines are set at the same

pressure, leakage of the carrier gas is likely to be prevented, regardless of the existence of hole

for the preparing the syringe needle.

We called it a “septum-free injector”.

In this paper, we

demonstrate the analytical features of this novel injector.
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Fig. 1 Schematic illustration of the septum-free injec-

tor

CGI: Carrier gas line; CG2: Seal gas line; SI: A part
of the conventional septum type injector; —: Flow
direction of the carrier gas
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Fig. 2 Action of the septum-free injector

CG1: Carrier gas line; CG2: Seal gas line; SI: A part
of the conventional septum type injector; —: Flow
direction of the carrier gas
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Table 1 Analytical conditions
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Standard sample

GC

Injector temperature
Column

Oven
Detector

Carrier gas
Sample dosage

VOC s standard stock solution mix
Di-n-butylphthalate (DBP)
Bis(2-ethylhexyl) phthalate (DOP)
50 ug/ml (Methanol)

Condition 1

280~ 450C

GL Sciences TC-1

60 m X 0.32 mm DF = 0.12

40C (2 min) — [3C/min]— 92C
= [5C/min]— 160C — [10C /min]
— 280C (27 min)

FID (280C)

He 2.3 ml/min (120 kPa Constant)
1 ul (Splitless mode)

Condition 2
280~450T
VARIAN WOT ULTI-METAL
25 m X 0.25 mm DF = 0.12

60C (3 min) — [3C/min]— 130T
= [20C /min]— 280C (7.5 min)
FID (2807C)

He 1.9 ml/min (120 kPa Constant)
1 ul (Splitless mode)

Septum-free Carrier gas He
injector Pressure 120 kPa
Flow rate

Needle insertion time 0~30s

10~ 50 ml/min

H5. F72, FREEZHEBT D CC2IET=— FU NV Tf
EMERIEDORHPD CG2 DHEFEOHE 2 Fio TV 5.
HHE CGl & CG2 %, MUENTHIH I TS, 22T
BB E~A 702 YV TEATLIEHA, Fig. 2 (2) 12
AT LI, PRV EMLAAEAT L. ZORET
AEERTEAT 5.

3.1 DSt

FEBUE, KRFEEAF Akl & 0 GC %l (Bt
GC17A) WCMEL 72 TS L7 —A4 vV 22 7 — %I
DA FEREL 7.

AV r 7 —HER, 7y 2ML YTy y—Ti
WIS I N5 280C 205 GC % O & & S
(450C) F CHMiFFZE T L CTHW 2. Table 1 12AFRN M
et ERT.

3.2 HBOEA
ABOEAL, €T 5 28AL Y27 5 —TORHEA
ERBRICATY . BB, REEIE, £ T7F ML VS
—DEHIIA YY) YYD TIT LRI L LN
Bzl EXRoERTR=VNVTIEE T 2w
729, §HEAS00° Ay ENY A TEHW T2, &
TELNT)— ATz F7—1L, WEOLT Y LHEL D
75— RE T 57290, #rkwdo (&R
70 mm) EEMH L7

3:3 BREABORE

AR, SENBRBEENE I S D, BIRAbAE R
FEMEARILEY (VOCs) BAFERM (555# EE 1000
ug/ml)  EHDEHESES DBP FEHE M (di-n-butyl phthalate

standard) K OFDGHEZE R DOP B H#E W {Bis(2-ethyl-
hexyl)phthalate standardf % % ¥ / — )V CTHBIEAS L 50
ug/ml (ZFHE L THW 72,

3.4 EEFE

R Ty A T) — A4 V¥ 27 7 —DOTFHRBO
B, O =27 BEICHBEES R, @ RFHEARICZ R
DFARNDTEET D, <47 v Isoihkixl
DIEICEHED T y 7 3 d GRIT %< % 5) R EDOHGEH
RBooNiz, 22T, Ll O~@ ORELHIRT L7209
D& DAL B OEA S O R BAL % D 72,

4 RRLOEE

4.1 BENREL

4-1-1 #HEDEARZ CTILNT)—=A Ty
7 —Tix, DRV YU RMHLTWS. B L
X, GCEED A= —HEDHEARZMZ L TV 57,
ZOREHHHE © OB ET 2ENO—2 L HEiE
SNl 22T, #EARZBEOLT LML D20 s
—THHLTCWAEEIcAbELZ LI L. Tk
KX TOHEOMAFTDOFEREIX 26 mm TH > 7=DITxF L
T, Ml Ty L 7)) =4 VY27 ¥ —TiE 17mm &
BN EDGhotz. 22T, Y)Y IVHOTHAL»SH
oo, EXomm 28K LA, HBMORMEIE, EiEs
WaE 5 EHEALZYE - HETITo72. TOMEHR, ¥—
7 AR TO/BBUE IR HERZE (RSD) T8% &40,
SR EEHT O RSD 60% LA CTREERIC T L L7z,
4:1-2 JUCTHOBAOORK 752671 —
I ROV ' 155 G 7w SR BV VR i
72D DHAL (Fig. 3) 13, #1283 €57-:00H @R
CHEICF = v Z NIV TERED R — VN B B ETHI &



224 BUNSEKI

0.7 ¢
| Conical hole

Cylindrical hole | r
|

4

stainless steel ball (3mm O.D.)
Type(1)

Ruby ball (3mm O.D.)
Type(2)

Fig. 3 Improvement of the inlet needle
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Fig. 4 Effect of the orifice insertion on analyte peak
areas

Conpounds —a: 1.2.4.5-tetramethyl benzene, b: n-
undecane, c: n-tridecane, d: di-n-butyl phthalate, e:
bis(2-ethylhexyl) phthalate
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Fig. 5 Effect of seal gas flow rate on analyte peak
areas

Lz 1.2.4.5-tetramethyl benzene; + : n-undecane; & :
n-tridecane; O: di-n-butyl phthalate; * : bis(2-ethyl-
hexyl) phthalate
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Fig. 6 Variation of the peak area by the needle inser-
tion time

¢ 1.2.4.5-tetramethyl benzene; + : n-undecane; A
n-tridecane; O: di-n-butyl phthalate; * : bis(2-ethyl-
hexyl) phthalate
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Fig. 7 Effect of injector temperature on analyte peak
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L Z 1.2.4.5-tetramethyl benzene; + : n-undecane; & :
n-tridecane; O: di-n-butyl phthalate; * : Bis(2-ethyl-
hexyl) phthalate
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Table 2 Reproducibility

RSD, % (on)

Correlation
Compounds .
Area Height coefficient
1.2.4.5-tetramethyl 2.63 4.59 0.9990
n-undecane 2.01 3.42 0.9968
n-tridecane 2.49 3.53 0.9975
DBP 8.38 8.41 0.9998
DOP 15.24 11.86 0.9997
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