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Analytical Method of Stable Isotope for Ultra-small Amounts of
Carbon Dioxide with MAT250 Mass-spectrometer

Hideki WADA*, Noboru FUJII*, and Nobuaki NIITSUMA*

The experimental procedures for carbon and oxygen isotopic analysis of ultra-small
CO, sample (the minimum quantity is 1 x1) were developed regarding the following items ;
(1) pressure effect, (2) isotopic effect by volume change, (3) purification of CO,, and (4)
cleaning of capillary leak, by using the MAT250 mass-spectrometer at the Shizuoka
University. ,

(1) Pressure effect : When the amount of sample gas is equivalent to the amount of gas
effluent during the isotopic analysis, it is difficult to keep the pressure of sample gas
equal to that of standard gas. As the leak separation changes with the pressure, the
apparent isotopic ratios of sample gas also change, which is called pressure effect. This
effect can be compensated by giving appropriate offsets to three amplifiers of masses
[44], [45] and [46] (Fig. 1).

(2) fsotope effect by volume change: A steady state of gas flow in the capillary leak
is reached in 10 to 15 minutes after the start of gas flow under the following conditions ;
pressure of gas reservoir is 40 mmHg, flow rate of effluent gas is 3.4 ul/h, output of mass
(45) is 1.6 volt. At the steady state, the isotopic fractionation is constant between CO,
effused and CO, in reservoir, and the isotopic composition of reservoir changes with time
from the original one. Such an isotopic separation process can be treated theoretically in
terms of fractional distillation and be expressed by the Rayleigh equation. The original
6?C and ¢'%0 values of sample gas can be obtained from the relationship between the
change in gas volume of reservoir and the changes of ¢*C and ¢'®0 values of the effluent
gas (Fig. 2). However, in the case of small amount of gas, one cannot extrapolate the
Rayleigh equation to the condition at the start of gas flow, because the fractionation factor
before the steady state gas flow is different from that of the steady state. The amount of
effluent gas from the start of gas flow to the beginning of the steady state can be calculated
to be 0.88 ul. One can determine the reliable ¢"*C and 60 values of sample gas by
eliminating the amount of gas mentioned above from the volume at the start of sample gas
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(Figs. 2 and 3). When the fractionation factor in the steady state is large, however, §°C
and "0 values obtained by the above process (Fig. 2) may contain considerable error
owing to an error in measurement of gas volume. In order to avoid such error, it needs
to diminish the fractionation factor by increasing gas pressure and flow rate of gas leak.
The isotopic ratios of gas reservoir are scarcely changed at the steady state (Fig. 4) under
the following conditions; pressure of gas reservoir is 60 mmHg, flow rate of gas leak is
9.22 ul/h, output of mass (45) is 2.6 volt.

(3) Purification of CO,: When the CO, gas evolved from carbonate was purified by dry
ice-isopropyl alcohof trap technique, it was observed that ¢'*C values increased with values

of their standard deviations and that the relative output of the mass (45] against gas pres-

 sure (mV/mmHg) of sample decreased with increasing values of the standard deviation of

o08C analysis (Fig. 5).

by existance of water vapour.

This may be ascribed to the change of ionization rate of mass (45)
Therefore, CO, gas was purified for removing the vapour
using the n-pentane trap technique (—131°C) instead of conventional dry ice-alcohol trap
technique (—72°C), under which vapour pressure of ice at —131°C was reduced to 1/2 x 10*
of that at —72°C.

(4) Cleaning of capillary leak : The time interval between the start of gas flow and the
beginning of the steady state gas flow becomes much longer by the presence of absorbed
water within the inner wall of capillary tube. Therefore, occasionally heating the capil-
lary tube is necessary with CO, gas flow till capillary tube gets dull red (ca. 600°C) with
a torch, which method can avoid the precipitation of graphite on the inner wall of the

capillary tube.
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Fig. 1. Pressure effect and offset of carbon and oxygen isotope

analyses.
‘®: When bressure of sample reservoir is 0.5 volt lower than
that of working standard, §'°Q value was represented to be
lower than 1% with respect to 3% value of equivalent pres-
sure..
x: Giving offsets + 2.1 mV for mass [45] and +5.0 mV for
mass [46], the pressure effect reduced.
C : Giving offsets —8.0mV for mass [44], —4.0 mV for
mass [45], and +9.0mV for mass [46], one can obtain con-
stant 8®C and &80 value for the output difference of 0.5
volt of mass [45] between sample and standard.
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Fig. 2. Changes of 6"C and 80 values of MSTD correspond-
ing to reducing volume of gas reservoir by gas effluent leak
separation for small amount of CO. gas for (a) 2.67 ul, (b)
1.64 1. Analytical conditions are as follows; pressure of gas
reservoir is 40 mmHg, output of mass [45] is 1.6 volt, flow
rate of gas leak is 3.5 #l/ h. Broken line represents the begin-
ning of steady state gas flow. Until the time represented by the
broken line, 0.88 ul gas was effused. The intercepts of broken
line show §3C and 80 values of original gas reservoir.
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Fig. 3. Carbon and oxygen isotope results ob-
tained by intercept method mentioned in Fig.
2, for several different volumes of MSTD gas.
@ : intercept for the volume at biginning of

steady state gas flow.
x : intercept for the volume at the start of
gas flow.
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Fig. 4. Isotope effect of carbon and oxygen
isotope analyses by capillary leak separa-
tion. Analytical conditions are as follows;
pressure of gas reservior is 60 mmHg, out-
put of mass [45] is 2.6 volt, flow rate of
gas leak is 9.22 pl/h. This figure shows that
there is no change of isotopic ratio of gas
reservoir during the gas flow.
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Fig. 5. Isotopic results of carbon and oxygen
isotope analyses of individual benthic fora-
minifera Melonis barleeanus by the purifica-
tion method using dry ice-isopropyl alcohol
trap. (a) relationship between &80 value
and its standard deviation, (b) relationship
between 8C value and its standard devia-
tion, (c) relationship between the relative
output of mass [45] (mV) against gas pres-
sure (mmHg) of sample gas and the standard
deviation of 8“C analysis.
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Fig. 6. Trace of [44] — p[45] value by compensation
circuit for carbon isotope analysis. [44] and [45]
are output of mass [44] and [45], respectively, and
p is compensation factor. ST: trace of working
standard, X: trace of CO; gas having large stand-
ard deviation of carbon isotope analysis extracted
from Melonis barleeanus by the purification method
using dry ice-isopropy! alcohol trap.
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RP : Rotary pump C: Cracker

DP : Ditfusion pump

DT : Dry ice trap

Fig. 7. Schematic sketch of the modified inlet
system of MAT 250 mass-spectrometer of
Shizuoka University.
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Fig. 8. Oxygen fugacity temperature diagram.
Thermodynamtc data are cited from Robie
et al. (1978). In the temperature range lower
than 880K, graphite can be precipitated by
reducing of CO: under the oxygen fugacities
buffered by the reaction FeO, = 3Fe + 20,.
Fe;O, =3Fe +20,.
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FGENMEEZRLTHS. ZDHRH 5600C LT TlE,
Fe " HAES DEENEERFIEIZ, CO, 7 A DRI L
IBEFELNVELA LS. X2 T ) —ND Fe DR
EIZE->THBEFENED LTS ETHUE, CO,
AN L TTE 8% I Fe LLAL Fe0.k 7
D, 772774 BT E ik b, ->THE
BTKREAAZRLTHLHERFIIBHTY, 0
LI)RRIEHBEINELY, FrE5 ) —|3MigkT
BHCATFYLRARF—LTHE L, RIEEED
B ENS, ZOLEIBREICEREI > Tuwiun,
FrETY =NV FN—F—OEBEL TR
& (600°CHI%) 1242 £ THEAL 2B &1, 20
R & HRIGHNZIZEI0 & D REICHLT 5D T,
77774 PORHRIEE LR THRLI LTk
5, 72720, MBERFPLHHBII ZORIGHSEZ 2
ATREMEDS D 53, Z ORI KICRRMIC B L <%
DECEEZONDZOTEHRTE L), EBICF»
E7 ) —%&/"—F—THEAL T Hd &PRAMES
ARBBBAEL 28R WIEhs, 20Xk
RIGIEEBIZBEI > THuREVwES 5,
PEDZ o FrE5Y) —HNEZREL T2
KRG HEN—F—THAL TREL CLREEL4E L X
W 2L, BRI, iHESRIGLAS IR
PEAL Tl ) BT ILENHS.

5. ¥ ¢ ®

MAT 250 RV &S HrEHc & 2 BHMERR Y A O
K - BERALRLLOEIE HEOME S D W T
~feps, IS ORESEERL T, EFEELNEHAE
RO ThaHIEREEZATICERD,

(=B bRZEREOH ABD DESTIZ 60 mm Hg,
HEH (45 oM HIBH26volt T, 7 AHEIL
9.22ul/hThsb. IORETOF AT, EITH
M ey, REATANEERICHREL TL AV AHE

111

OROFERELLDO IR /NS S EETE B,

QIEMERFEE DR, HIEFCHET A3 * ¥
E7Y)—V—20%BLTHRETS:0, ¥AEDH
DEAMETT 2., COEHNRICE b2 H0T
DEMIERE A E 2 T8, EEH [44], [45]
BLU [46] 0av 75 —DOBIEBRIZOWTWE Y
O S FHRER I offset 5% 2, ZOBEIC L
H 12mm Hg (H &% [45] O HiJ1T 0.5 volt) BED
ENELHRDH->TH, By TOREMELIIERL %
W,

QEFLHB LR XY OREAH NV 7 LARBOBREIL,
BESMEHCOER U 72 KEE AR (E - b,
1982) 1= & - T, 5kHE 60.00°C &Y VB = KIS
IV BRI FE L 22, ARRHOBEI, AXE
CERLRIREEE N Y o A EEEE AR, 5000C T
30 o3 InEE, EEHAL, 1,1000C 2 B0zt
FoTHRBIITEBLRER L 5 (F1H - i, 1984).
FTOREER7 T v —2RAVCTAEZHTHY, R
FHEARBIZEAT S, ZhoRBH R IIKERE
“BRILREBELANDH A EELOT, n—XyF b
7y 7EROTRELLOS, EBHMERN LR
FEALEICHEAT S,

WRAELOBIE I, R ABEAKL X+ ES
V=) =27 2@BLTHET 24 AWMHBEFERE I 2
5FTHSUERFLEET S, BIEIR, EEF XL
BT 2DV TR, 5 BHEGD (S R &
R 2D RGLIR D Z A 20 %0 Lh L& B AT,
100 MF>LE»XH S), I0BHERHL, Zht4
EEEDELFHEZKDZ. Tz 1EDORNEE L,
RE T ZAH RS T BHAILBE 3EOPEET X
J.

B Xr b 7Y—1—71%, WNEIZKGTH T
T3, BROEFRECR S TORMBEL &
5,200, FrET) =) — 7 FEERKD/N—
F—TREFTAZHL BN SHMOREIZR S E T
B CBEROBRELR2ITRS., ZOBREREZES:
B B T1T20, X, EREAEFTH 1~2
A1 ERERITES.

E

KRE LT R I2HD, BHREAFEEEHbERE
FHELE FEL, SRAKEEETHFREKRS
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BEERCIEAROESREZ L Tz Puik, X, 1
R FEFEHIREI S B E S M E R B L U
HEBRICIEERPE 2w, BEAXEE
EEMEEERRICIX, BXOKEE2ED -7,
FHHFOE, KIUSCFE - BRI RR
SIS, ATRICH L Tz &, BEKE
HERIIAT ZRICIE, ARERICHIL Twr
Wi, BEELTESMBL TS,

HMARRE, XHERIEMARREE—REA
(FREES 56420018) WLV ERL 2 DDO—E T
H5,
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