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Carbon and Oxygen Isotopic Measurements of Ultra-Small Samples

Hideki WADA’ Nobuaki NiTsuMa* and Tsunemasa SAITO**

The MM 903 mass-spectrometer set up at the Yamagata University and the MAT 250 mass-spectro-
meter at the Shizuoka University are newly developed for measurements of ultra-small samples after
Nier-McKinney's design. Both are controlled by a desktop computer for exchange of sample and stand-
ard gases, isotopic measurement, and calculation. The triple collector mounted at the end of the
analysis tube of thesc mass-spectrometers makes it possible to measure both R 45/44 and R 46/44
simultaneously on CO. gas sample. Specially designed 90° sector permanent magnet of the MAT250
spectrometer gives a high dispersion of ion beams enabling high resolution of analysis. These two
mass-spectrometers are equipped with improved inlet systems for the ultra-small quantity of CO:
gas of 0.001 cc. The minimum quantity for isotopic measurement is 0.001 cc for the CO. gas and
4.5 pg of the CaCOs. Reprqducibility for measurements of carbon and oxygen isotope ratios are
both 0.04 %.. The noise level is lower than 0.01 to 0.02 %..
basic information of isotopic measurements of ultra-small samples, such as isotopic change of gas

This paper reports the experimental

composition in a reservoir by capillary leak separation, pressure effect on isotopic ratios, the equi-
librium time to get the normal capillary leak after the initiation of the gas flow, the correction
of data with international standard material, and cross-mixing in ion-source during the exchange
of the change-over valves. We have newly designed a receptacle for preserving phosphoric acid
for a length of time as well as a reaction system for the extraction of CO, gas from CaCO; sample.
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Table 1. Comparison of specifications on the analyzer, ion source and
inlet system between the MAT 250 mass-spectrometer of Shizuoka
University and the MM 903 mass-spectrometer of Yamagata Uni-

versity.
#*1
AFRD M

MAT 2503 & Of MM 903 4P & 53 st oo o3 W45,

A A 5, Wb

MAT 250

MM 903

Analyser magnet
Analyser radius

Accelerative high voltage
Vacuum-pump for ion source

Change-over valve system
Volume of gas reservoir

Inner diameter of capillary
Length of capillary

Specially designed 90°
permanent magnet

23 cm (effective radius
is 46 cm)

0-10 kv
Turbomolecular pump
(110 [/sec)

Pneumatic metalsealed
high-vacuum valve
1~20ce

0.12 mm
60 cm

90° permanent magnet

9 cm

0-5 kv

Oil diffusion pump
(170 I/sec)

Stainless steel valve
solenoid control
10~70 cc

(0.5 cc in cold-finger)
0.15 mm

80 cm
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Inlet system for ultra-small amount

of pyrex glass. Mercury pump with bel-

lows is made of stainless steel. For con-

.

Hg reservoir

Il
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nection between glass and metal, flexible
glass-end tube is used. For the MAT 250
spectrometer rise and fall of the mercury
pump is controlled by a linear-head motor.
On the MM903 spectrometer, the mercury
pump is made of pyrex glass and manually
controlled by hand compresser and vacuum
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Table 2. Noise levels on isotopic measurement of carbon dioxide
with the MAT 250 (A) and MM 903 (B) mass-spectrometers.
These results indicate mean values of the standard deviations

for isotopic measurements of identical gas.

#2

MAT 2508 L X MM 9032 L5 /4 AL~ DIlE. 2o

FERAL ] A A 2 WIE L 72l ORI 22D BT H %

A) Output from 44 collector

Noise level of 45

Noise level of 46

(volt) collector ( %o ) collector ( %o )
6.8 0.011 0.026
2.0 0.015 0.027
1.0 0.022 0.032
0.65 0.020 0.032
B) Range Noise level (20y)

(Ampere) (%o )

1 x 10~ 0.10 ~0.07

2 x 107° 0.05

5 x 1079 0.03

Amp. 12 U 44 H 77 % 80000 1 + 2 &, ¥ 2 i3,
0.0036 cccc/hr TH H MAT250 DE & 44 O H /7
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Fig. 2. Changes in carbon and oxygen isotopic
ratios (%) of carbon dioxide in a gas reservoir
from which gas flows through a capillary
leak on the MAT 250 spectrometer. The hori-
zontal axis with logarithm scale represents
the fraction of residual gas in a gas reservoir.
Experimental output of mass-44 is 1.0 volt.
Circles and triangles indicate the gas pressures
of 10 mmHg and 34 mmHg, respectively.
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Fig. 3. Relationship between isotopic effect by
capillary leak and gas pressure in the reser-
voir. Vertical axis with logarithm scale repre-
sent 1,000 (1 —a). The data with USC was de-
termined by N. Niitsuma with the Nuclide 60
spectrometer of the University of Southern
California. Paired data connected with solid
lines represent the results obtained under a
constant condition in constricting the capil-
lary leak.
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Fig. 4. Changes in ratios of 45/44 and 46/44
from the starting of gas flows in the MAT
250 spectrometer. Horizontal axis indicates
the time duration after the start of gas flow.
Vertical axis show 45/44 ratio(Right) and
46/44 ratio(Left). Circles (A) are obtained
before the capillary backing. Triangles (B)
are obtained after backing.
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Fig. 5. Relationship between the output from
44 collector and the ratios of 45/44 (right
scale) and 46/44 (left scale).
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Table 3. Pressure effect upon isotopic ratios and change of
isotopic ratios when some offsets are added to the outputs
of the mass-45 and -46. For the MAT 250, 1.8 mV offset
was added to the mass-45 output and 5.3 mV to the mass-46.
For the MM 903, 4 division offset of offset dial was added
to the mass-45 output and 6 division to the mass-46.

A: MAT 250, B: MM 903.

3 [N DI & 458 L 1F46D 11 offset iz 72 &

E 4 . MAT 250 Ti345(21.8mV 46{25.3mV ? offset % 11
Z.72. MM 903 Ti345iz 4 div. 46iZ 6 div. offset # /N2 72

A) Output from 44 Without offset With offset
collector [45]/[44] [46)/[44] | [45]/[44] [46]/[44]
( volt ) 1.8mV  5.3mV
0.7 1.1787 1.3813 1.18127 1.38887
0.6 1.1781 1.3797 1.18110 1.38853
0.5 1,1775 1.3780 1.18110 1.38860
0.4 1.1766 1.3753 1.18110 1.38855
B) Output from 44 [45]/[441 [46]/[44)]
collector 4 div 6 div
( frequency )
30603 109899 38204
40511 109917 38221
51647 109913 38217
60691 109923 38206
71421 109921 38205
81916 109928 38212
91907 109913 38200
101045 109917 38205

18 g PRI TLEM, AL TR, A
570 % AN ARSHY L, EFREICETS 2810

\\n\ﬂL\\gho__ﬂ;hmw AHERIEL 2D EE R SN D,
41590 RICHEBAAT ABO L EZICLTBE, BHESR

WO EFERER ERETH A2 AR, L 735H#
#, BESAREDOREREL, FOBREOHEET
BAY LT 22720 4 OHEIEL 2 HIE L
72(R4), FH LT RREEES AENZ L TVL SO

-21.80

T
A

-21.80

-22.00

e 44 715 0.598 V TH 0, /5L 7 %2R AN Y]
R N LT TR T DR S &AL, 10 BRI, 1D
Idle time (sec.) BZED 0.11%DH T ETH AT 5, ZOEHESY
Fig. 6. Relationship between the waiting du- ADEFEORD IR 6 1o LR S Hii s
ration and isotopic ratios of carbon and ox- DODER—HT 5. ZOWEDRICEKA A &
ygen measured with the MAT 250 spectro- TRHEAT A & DRGALED Z DY 20 %% & K E WHEI
meter. The counting time is 10 seconds. 12, FFLEIS 10 LETH B0, 5 % THHRIL,
6 MAT 250 (= & 21§ &R & picdk - BRI ir BN ADOPERBCBIIZTHRD 1/412%20,

RILDBIGR . G 31050 FHEE A S MICL THIRFRT0.01 %0, BETH
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Table 4. Change of outputs of mass-44 ion with the
start of 0.598 volt output after shutting off the gas
leak and calculated residual percentage of carbon
dioxide in ionization chamber.

F4 TEBMOHTIH0.598 VDS, i L 7)) fi
ZHDUMUDEEHRNT LA EE A A RO Lk
FRR AR

Wating duration Output from Residual percentage
44 collector of CO; gas
(second) (volt)
1 0.0033 0.55
3 0.0015 0.25
5 0.0010 0.17
10 0.0007 0.11
15 0.0005 0.08
30 0.0003 0.05
Table 5. 8"C and 60 values of a sample CO; gas for

the counting duration of 10 and 30 seconds. The wait-

ing duration is

15 seconds.

#5 KRSV TYIN IR EFDORFHLERIISMIC BT 2, i 5y
M08 b L U30M s it B (LR FE D 8°C B L U 60
DA,
No. Counting 'time (seconds)
L 10 30
dBCv. PDB 6%0v. PDB | 0 ®Cv. PDB 0 ®OQv. PDB
( %0 ) ( %0 ) ( %) ( %0 )
1 -22.1540.14  —15.86+0.01 | —22.084+0.07 —15.894-0.04
2 ~22.074+0.01  -15.97+40.05 | —22.114+0.01 —16.00+0.01
3 ~22.174+0.04  —15.874+0.04 | —22,154+0.02 —15.954+0.03
4 —22.07+0.04 —15.89+0.03 | —22.08+0.01 —15.96+4:0,04
mean | —22.10+0.04 -15.9040.04 | —22.104-0.03 —15.95-40.04
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Fig. 7. Apparatus for carbonate decomposition

by phosphoric acid. Carbonate reaction ves-
sel made of pyrex glass (A) is connected
with a sample receiver made of stainless
steel with O-ring flange (J,). This apparatus
is connected with the vacuum system and
liquid nitrogen trap with the O-ring flange
(J.). Carbonate reaction vessel is kept under
a constant temperature of 60.00 C by circu-
lating hot water under the control with wa-
ter bath. Carbonate samples are set through
the window O. Revolving the G-nob, sample
falls in the reaction vessel through the tube
H. MS is a glass shielded magnet bar of
magnetic stirrer.
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WSTD Reservoir

RP C 3530 30

DP

Carbonate
Reaction
System

Fig. 8. Schematic sketch of the inlet system
of sample gas. Numbered circles represent
vacuum stop cocks with O-ring which are
made of pyrex glass. Numbered squares re-
present bellows valves. G is a pirani gauge.
T, T, and T, are cold trap by liquid ni-
trogen. DT is dry ice trap. DP and RP de-
note oil diffusion pump and oil rotary pump,
respectively. MSTD is a 1 liter glass flask
gas tank for calibrating the WSTD. WSTD
is a |1 liter glass flask gas tank for work-
ing standard. J,, J,, J; are ground joints. C
is cracker.
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Fig. 9. The receptacle for preservation of
concentrated phosphoric acid. J,-J, represent
the standard ground joints. C is a O-ring
vacuum stop cock.
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DL, EEL T, BIEMDIES DX 2 - THEE
DHEW® AR TE S, 2O LD BREHMTUSC O
Nuclide 60 BIEE55#iat % H» T &SRR =
HIE L 7o kS8 2 RIAA L O & 2 DEHERZE
(0) THE 6 7T, FAAMKLOE X Scripps DT
ZeFRO Craig e = THWV T w5 PDBIZXT % b
DThHb, ZOER»SHMLHEEIC NBS20 D o il
OAEHRESREL & L T/ W T E s, B b [RILE
RN HETH S 2 EFEmTE 5. NBS20 (2/8H
& Solenhofen 13 K & O T ki Fi 4 ¥ # A EHIAES 1L
b O ThHY, KEREAEYER (National Bureau
of Standards) » > AFT 52 L MNTE, PDB D
RER b s ST % (CRAIG, 1957), 4 [ENIAR#E
Fam o AT X 45 NBS20 438, ZOERICLk->TE
DFREDENH LA EET L Cale, Huzalihiz
ZHEB R A 1960 FEIC AF L2 2 & 1981 i A
F L7z LEOE 3 {E &, ILFRSF T 1980 F ik =
Z3 1EOEHAETH L (FT)., SEEREN
B AREEREZ 0.1 % AT THY, K6 DG

BELHIGLTWE, Lrd, FRFAOFHES
BRHERAZ0.05% T—HL Twnwas I E&h»sNBS-
20 13137 0 BE TEBEEO S OAEERE L w2
5, F£T7TD 450D NBS20 O FH{#E 1x CRAIG (in
BLATTNER and HULSTON, 1978) @ NBS20 & &
EETH S, LLEOFER, S NBS20 # EHES
ELTH UL, 0.05 %0 OFE T PDB LT
XL ENERTE B,

MAT250, MM903 (CHFEFH T ZHEH# N 2 (%
NBS20 & [6] U Solenhofenfs JK & (B id k%, JbH
ﬁ&ﬁﬁ)%6omrf9y@tﬁﬁéﬁf%6u
LZBILRFETATHS, RTICRLILE I

NBS20 & i3 6B3C 23 1.5%,, 60 H30.5%2 75—
Twab,
AEHIE ORI D - o F b HAEHES A (7 —

FUTAY L —F I WSTD) ZHIEFH R L
Twb e, RAMEEICHENT 5 &\ 2> TL
o h, RMEESELRT 28008 H 5, FLAE
HOZ bl NBS20 # HWTHIS 2 EAJRETH 5
D, BT A LM TEROLDT, 11 OH
A@HE LS 1EFFL, ZOHAHIC WSTD O
1 &2 AN TE %2, WSTD DREIER-ESE(LL T
A BET B OCHGS, TOF A2

TiE=y v AY > ¥ —F (MSTD) EFERZ &2 F
A.MSTD HOH AEHIZiF~Ra— /v 7 % 21§
EANZ DU ThY, £3, FAEOHEO LT A
UMSTD % sV 7 ORI OENRN (NEFE0.36cc)

Table 6. Comparison of homogeneities of four international
standard materials. These data were determined by using
of Nuclide 60 mass-spectrometer of the University of South-
ern California. TKL-1 and K-2 calcite standards come from
the Te Kuiti Limestone No. 1 and Kaikoura No. 2 (Blattner
and Hulston, 1978). TS-1 is Pismo clam (Tivela stultorum)
shell samples using for machine standard of USC.

26 4 MO EPE AR B P k.
Nuclide 60 fit5p#ratiz & - Tirb iz,
K — 2 13 Kaikoua No. 2 (Blattner and Hulston,

{1KkNo 1,

IS DFERIZF USC D
TKL-1{Z, Te Kuiti

1978 Zhit). TS 112 USClcs T2y 28— F &L THW
T H (Tivela stultorum) 3% 8874 %

Sample BCv. PDB 0'"®0 v. PDB Number of
( %o ) ( %0 ) measurements
NBS — 20usc | —1.002+0.048 —4.2624-0.090 10
TKL — lysc | —1.609+0.348 —4,2814+0.085 10
K — 2usc —3.468+0.113 —26.459+40.382 10
TS — 1lusc —1.837+0.062 —2.5744+0.102 7
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Table 7. Carbon and oxygen isotopic ratios of four international
standard NBS-20, and Machine Standard CO: of MAT 250 of

Shizuoka Univ.

K7 [EHEFREGE NBS-20 0 k%R B & UBERRIAIKIL, 5L Ok

2 MSTD D [EIf7 & b
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0¥ Cv.PDB 00 v. PDB Number of
( %o ) ( %o ) measurements

NBS—-20 Yamagata —1.040+0.015 —4.2494+0.018 3
NBS—20 Nagoya —1.04740.066 —4.13610.,057 3
NBS—20 Nagoya-old —1.14940.008 —4.,216+0.093 3
NBS—20 Nagoya-new —1.043+0.080 —4,1194-0.042 3
Mean and standard —1.070+0.046 —4,180+0.054
deviation
MSTD CO: of Shizuoka | +0.598+0.024 —4.696+0.043 3
Univ.

WEAL THSEHAL, IRICEESHEHIID s 7 %
BV T, MSTD #3EH A EAEIZ 7 4 > H— ~
Zy 7EBOWTHEESHEE #1T75. MSTD O #lZE I

Y I HOMEDHIBIZIITY 28Il Twa,

7. BREASORE

BFE B L RFRDORNAALLOMIEIX, HTBREBOZE
EOMER EOEYIR D B WX EYEERES R TR
BT 2 2 LT E B8, (B 20E, -, 1977)
ek Z ORRGF A S TR SN TR,
ZOHBOE1 &L TIZEESHTNEMTE
HTHY, SETCRIEONTMRETUMERTE
Binolz ZENBEToNETHAS, &2 X LTI,
HROEBTIZHED DI LBEDRABAEST 20D
T, AR EFRST 2. DICE RO AZREL LT
Wiz ZEREToNG, AEER, E20HETkR
T270ICHEBERNTHETCEX2 L5 IcTksh
oW ABO ZBFEL TWD, ZOH AED DKL,
KiRE ETFTEH 2 EICLE-5T80cerd 0.017 ce
FOEGACELES L ENTE S, 22T,
INF TRNTHRILZEESFHOMRE L bV T,
EOREOMERANE THETL I ENTEX 2%
BEt L TH72.
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Table 8. Carbon and oxygen isotopic measurements for ultra-small
amount of carbon dioxide with MAT 250 and MM 903 mass spe-

ctrometers.

#8 MAT 250 & " MM 90312 & 3 #@imakhic ¥ 5 kFEB & v

F MR WE F= 14

MAT 250 MM 903
Output of 44 ion 0.6 volt [ 80000 counts
Flow rate (cc/hr) 0.0030 0.0036
Sample gas pressure (mmHg) 18 24
Noise level ( %o ) 0.02-0.03 | 0.05—0.10
Wating duration for measurements (seconds) 3 5
Equilibration time for capillary leak (minutes) 5 5
Minimum numbers of measurements 3 3
Gas volume for equilibration and measurements | 0.0006 0.0012
(cc)
Minimum volume of gas for reservoir (cc) 0.0004 0.0005
(dead volume 0.017cc)
Minimum volume for a determination of carbon | 0.0010 0.0017
and oxygen isotopic ratios (cc)
Minimum weight of calcium carbonate (2g) 4.5 7.6
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