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Dolomite sample measurements using MAT-250
mass-spectrometer at Shizuoka University

Tatsuya TsuBor', Asami KASHIWAGI, Masayuki UtsuNomiya®’,Hideki WADA?,
M. SaTisH-KuMAR® and Nobuaki NIITsuMA®

Abstract In this paper, we report the procedure for carbon and oxygen isotopic measurement of small
amount of dolomite powder using IR-MS system, MAT-250 at Shizuoka University. Although the do-
lomite samples had been measured using a batch method, we tried to prepare the carbon dioxide gas

of dolomite sample using the existing online carbonate (calcite) sample preparation system. The ex-
amined analytical conditions are (1) set reaction vessel temperature 100 °C and (2) set reaction time
more than 60 minutes. In addition, we describe the operation manual for precise measurement of small

amount of carbon dioxide, derived from carbonate minerals reacted with conc. phosphoric acid or

carbon dioxide prepared offline and stored in a glass tube. We hope that this paper helps the users to

understand of the usage of the mass-spectrometer.

Key words: stable isotope, carbon, oxygen, dolomite, online preparation

&

il

TR OWE L, BEEMTHEZHWTiTbR S,
BEAONFHE, B4 s D 25, BEomik
RNk DFEIELL ZNET 2700 FEE LT, BRILh
HTh D, KT, FRKSEMAT-250 B & 0HTRHD 4
g %R LT, BEESEOE RSN, BT,
B AR TR TFEINEL, ZOEEIIE T
s 22 TH 2. FKFEMAT-250 E& A5 HTEICIE
nE§~ﬁtht4j/wif,@lbtgﬁmﬁiﬁ

ABRYTAT VT 4 TRV IO RELTZETFIZLD
A 4L, 6KV OEBILEEINZ TIE S ¥, B
ICEAL, 14D TOERISUTHMETHIT S
A AV E—L%AFvarvy z—THHlT 3. E%ﬁ’
B 2 ZERAMARLOWM B W EREHIE ST 272 D1,
Nier-McKinney 2 & BfiX 4 2 G D A E A (Dual
Inlet) ZEEZEIHLCTH D, ZOFH2HH EoIEARN
HiffficowTid, FIHEIE 2 (1982, 1984a, b, 1991, 1996)
2RI - AIE (1993) 2 Wada & Ito (1990) 4 Tty
SNTWS, BT AEA (Inlet) 2EEIX, 2ok

VR KR BB AT SR, T 422-8529 4 THEATH K A48 836

! Graduate School of Science, Shizuoka University, 836 Oya, Suruga-ku, Shizuoka, 422-8529 Japan
E-mail: r0134010@ipc.shizuoka.ac.jp (T. T.), sehwada@ipc.shizuoka.ac.jp (H. W.)

* B KA IR AES L BR R A, T 422-8529 i TR X K43 836

2 Institute of Geosiences, Shizuoka University, 836 Oya, Suruga-ku, Shizuoka, 422-8529 Japan
SRR B ST, T 240-8501 R+ » B XS 79-1
% Graduate School of Environment and Information Sciences, Yokohama National University, 79-1 Tokiwadai, Hodogaya-ku, Yokohama, 240-

8501 Japan



34 PR ERIZ D

1 FRRRS: MAT-250 B & T aT O 24,
Fig. 1

HABAEE DL, FNFN) 7 7 VY AT A E R
BIHAZEAL, 20D HAZIKLHIZA F ALBIZEA
T3, ZHITEYD, £ 3R —BITEoT2F &,
HELGH D #H2 Z LTS3 (Nier et al,, 1947),

R TIE, 19804ERBEHY &, ME_ILRED
AT & B RFE - BERRENM AL OREERIE % /Beic g
2DDEBOWUEEToTEY, ML OEFEEHEA
T &7z (Wada, 1988; Satish-Kumar et al., 1998; Satish-
Kumar & Wada, 2000), #RKZEICKEBSN TV ER
OMTEHE, 24HEFFinnigan MAT 418 o MAT-250 & &4
FChH Y, WEOMESLHRA, MEEARKESED 2V
o — & HfEicowTIE, BECHE s hTws (Fil
1320, 1982, 1984a, b, 1991, 1996; F£H - F1H, 1993; Wada
& Ito, 1990).

B K MAT-250 B &0 HTRHC B 1 2 R HE O
R MBELERMALOREIZBEIL T, BT AEA
(Inlet) #EEOBMEFIEIE, 194 VBT 7T
4 MEABOWED T DIZEFTS TS, 2070, F
u<A b E, BYVREDEEMGE TORM R W
Bt ORE 1L, FEBER IGEREE Oy F1k) 238
wWh i (B - FiIH, 1993), RERERIGEER % v/ K
u<A FRBROWES I, s Tuwirol, L
2L, Swart eral (1991) 12 & 2 &, fEBIEE FIGIA
HEE W BRRZEFRMARLLOWEMIZIE, 0.2~0.4%
DR LEBBIERHENT WS, 207, FEHERH
EDT: DI, BY vBKISREETAwWTt Y714~
TRuo<A bRABLERY vBERISS Y, BAELIZZER
LRBV A ZERAMNTFHIEFZEAL, WEETTO RS
TH5., 22T, RESEHMIEDT:ODHHFO< =2
TVERANT, Fo<A MABORE - BRRLEROER
HZHEST 2 HEEIZoWTHRE LT,

AMETIE, Fo<a M2 lET 270 08FD
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l L

General view of the MAT-250 mass-spectrometer at Shizuoka University.

R a7 VOBIERIZOWTIRE T 2., 7z, RS,
R MAT-250 B =t 2 W O CEM 3 224 %
GORFAEICEYT, a3v¥a— 2k 23T 2
BAEBEORMAO DO w Nz, WEICELFIEE
RS 22 L8 TED X IT LT, WERMANE DR
MR TEHDED T, EERNT~x=aT7 VERDL LI
T,

M AS MAT-250 DL E

MAT-250 & & #rEt3, 19504501z BIF & 1, 1981
AEITERI ORI ERE S iz, MAT-250 B &0 HrEHIC I,
A4 v Ee—2OM/NERZFHIT 2 a1V 7 % — LEiERR
DO HHE S LT WS, MAT-250Z &N+ DR
1, KABAERHAWLNATED, A4 VIEBE (~
10kV) #Z{LE 22 LI12LoT, A4 VEREK (m/
e) 282570 £ TOWE L I WHEBRBIZA LY THET
5 Z EDHBETH B, FAKY:MAT-250 B =TT,
“RfbRE T A (EER44, 45, 46) oMEMIza v
72 —DEERELTH 2. HEMEFREOIERN
TEREHZOWTIE, RELEES I LW,

BT AEA (Inlet) EEOBEKZK2I1TRLT:.
FRRA R MAT-250 BT O U 0 A A ZEE 1, B
L4 v D—EHEBRVTEERLEL, £, SNVTIT
&, R (~3.75%0E) itk - CHMT 2 &E#
~No—RBEZE NV T R L Tw 3 (FIEIEA, 1996).
NVTOEIAIZ, ava—&HEIZX 5, £, RHN
HR T AMD ) F—N—1F, A7V ABOYHE~T —
RNH T ABDIKERR Y PR LT D AT v
TE—X—TLETs¥, AT ORELZEIESED 2
ECHEDAERT S (FIHEIE A, 1982),

el K2 MAT-250 E R ATEF o  ICIE, R R



R REMAT-250 B ATEHC & 2 Fu <4 alkloWERE 35

MSTD
6
P1 . WSTD SA
16) (7) T5
)
T N © &
{2 P2
O @ 13~e3="T |73
Cracker
=\ ' 7\ Yy
b C 2 L9
8
S ¢ .
DP 1 —(2) @ 10 ﬂ |
T4
RP CRS P3 Hg Reservoir

2 Ry AEAZEEOMSR. By 7, PIREDF, Tk b7 v 7, DPIXDiffusion Pump, RPiXRotary Pump, CRS (Carbonate
Reaction System) (3 RBIEIIGEEE, Cracker 1Z (LT A FEREALS, WSTDIXV —% v 7 A X v X — RKHT R Y ¥F—,n—, MSTD

BV VARV X = RTRAY)F—=N—TH 5.

Fig. 2 Schematic diagram of the inlet system for MAT-250 mass-spectrometer at Shizuoka University. Encircled numbers indicate the pneu-

matic bellows valves. P1— P3: Pirani gauge. DP: Diffusion Pump. RP: Rotary Pump. CRS: Carbonate Reaction System. Cracker: extrac-

tion apparatus for sealed gas sample in a glass tube. T1 — T6: traps. Horibe trap (T4) removes water vapor using chilled n-pentane slush.

WSTD: working standard gas reservoir. MSTD: machine standard gas reservoir.

GAEBEOa vy a—28EL, EEOREKIZOWT
TR L CHELBEID B, AR AEAZE TS
WTOFMIE, OBITHELIBREZEIZT 3.

FEYE LERSEYE LHRERERN

R - BBELERMELOWEIZIE, KE-FHro
A 7N D PeeDeeJ@ 2 LEH 3 281 A1bH (PDB) %4
YYPE L LCfE4 2. PDBIE, 3 TITIVWRL ST
LEoTxD, REWE L L TPDB & QLKL D223
BEA o E ey e (NBS) #fHLTwWs, A —2Z
Y7 e U4 —IREEE S EBRET OMES (IAEA) 23
fiofi U Qv MY 121, RE - REBEREEMARLD
MIEM L LTNBS-18, NBS-19, NBS-20, NBS-21
(NBS-18, NBS-19, NBS-20 %, NBS-2113H
£) »bH 5. BE, NBS-18, NBS-19, NBS-21 BAF
ARETH 2. EUEY)E T H 2 PDBIZiT$ 2 & NBS ik D
HESRAE 1L, ~7 2 (2007) 226N TWS, %72,
22 B RNAREE OIE D 72 » OFEHEY)E 1218, PDB @
1EHTHEHETE K (SMOW) 235 5.,

K2 MAT-250 B & EHCiE, WERIER O Y
77 VYAFTAUD ) F—N—1ZE AT 5 LR ED

AET =XV T RARYX—FK (WSTD) F A ELMECF, [H
BtmuedE (NBS-20) OEHITHHLZERA Y « AN
DV TIHIGDY VR — T = VITEHT 2K (Solnhofen
limestone ; IS LA E FARDEHRRLE LTEH. Y
ZFHNTA L) BRY VBERIGSETHRE LR
CRFEHT A R L TWS, WSTD Z A%, RKEEH S
2 DHIEDHIERIIZY 7 7 VY AFT A D ) F—/N—2
AL, REFEE D2 OWEDKTHRIZHTWSTD Y
PF—N—ZENT 2, 2D, WSTD 2D E#IZH
7z (X, RO OZEL % 1F - iR oW %
Gl 3. WSTD # A DRAKRLOE L E RS 272
Sz, WEHORM LmFRIL, Y VY ALZX VX —FK
(MSTD) # R EMEATWS ZibREST 2 (WSTD &
A LD % 1T > e LR BE T R) ZWET S Z
LIk o T, WSTD & R DRI DZEA DT i % TR
$T22LIZLTWS, MSTD #" &1, MSTD ) HF—/8—
Po—EaxEtID L, AEILT, RAEELAMDOY
F—N—IZBAL, WEKTRIHR TS, ik,
MSTD Y % —/N—WN O Bt R5E D A DR %214t
S9N, WSTD ¥ A ORI Z BT 2 Z & »3AlHE
L5,

F7:, RFE - BERERMAELOEREZNED 72D,
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[E B #EY) ' C B 5 NBS—19 5 & FNBS-20 O JI5E % 1T
W, BEIISCTHIEZfT> TV 5,

REERGEE

RIBHFHR D RE - REREFMARLOWEITIE, F
HIZ2 (1982) @ Figure 71255 L 72 R IR SUGEEE 28
A9 2. RBEMGEEE X, B) vBRKISEHoE Fiz
BRiE Lz mEiE R T, k24 ok e RETE 5,
RIBHEEENE, 1EUEMBIZR Y YRS IR L, 4b
EBD F A N 2 THEIE GEHRIZ60°C) 1R 7o iz BB
BHTHIGSH S, FEEWDIE’) V(AR VR IX
IRE 8% Dy u v MROWETH 223, LERAMELD
HEIHHES 2 ) vERIZ, #BY ~B# (conc. phosphoric
acid) TH Y, IEV VBIZHBLY v EZB{brzon%
FEBMZ THEMGSET0b, HHOEZEERN TR
BLTWS GEllzowTix, fIEIE 2 (1982) #3118
DI L)

EY) VYBOMERIGIZ L o TERENDIEY VBT
Envyﬁﬁimﬁ@,@ﬁ%ﬁﬁﬁ@mtb,E£¢
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T, BV VBOEENLWE, fEEbT5ZLE0DH
3.

2H3PO4 = H4P207 + H20

100% Y ~& (100% phosphoric acid) & UIE UIEEC

WZEPND T ENDH DD, THIFIEY VEBRIRKIZE Eh
515%0)7J( THBE=Y v (P20s5) ZALAEERIVIZM
ZI:WEOZEEF S, LarL, 100% Y Vi (_—LE')I/
% 5 Al42.35°C, MEEORESEMEREE) X, £FL &I
BOHEST 2 &ML T L E D 720, ERMEKLD
HEIEHV LR T W,

RBHEHER LR Y YBRORIE T, KBRS OBER
FDI b, 23HRRACKE T AT, 1/32KITBET 5.

CaCOs + H4P207 = CaH2P207 + CO2 + H20

FD®, “BRLRET A DBFELERMEIMEIE, E
BEITkE L CRE RAMESBEE TS, Wiz, 15
YR LR CRIBRIEEE (A v) 25 T B REER

DYy, —EDPISIRE DS TIHAE LT ZIR{LRE D
2EWESTL2RHELD 5,

LoL, Fo<A bk EBY YRROSEERIGITIX
HNH A FEBHIEART X D BV ZHE L5 3,
FD1®, Fo<xA MR REDRE - BBERTEENEK
WEHES 2354810, RIREZ EF2ZEi2koT
SRS E CORMZEMHT 2, RcKME2RS T4
EOVEE DRI B,

KBRS X DBEAFE
*%Eﬁ]j(? MAT-250 E & Hrat okl 7 2 A (Inlet)
EI2I1E, RBERICEE (Carbonate Reaction System,

CRS; .2) DIEZ, ZRILRBET A BFAE S, IME
6mmeopdLLIFImmo DY T AEITE AL LT E

T, TIAENOZBILRETATEAT 572

OB bR 3E T A AREAER (Cracker, [M2) 23%E
ENTW3,

SRIBHE UG E 2 R LR D AR A 2 6 EA
SN TLRET R, RN FEE) Ty FeF]
LS HoEEREN B S 2 HETkEREL,
R ZRICRBIAITREE L TCWS, RYRFT v T
i, BHIL7zn-_y &y (—128°C) I2L>THIT AN
BEE 2 BRI > T d (FIHIE2, 1991), E#E L7
FRILIRFE D AL, MAT-250 E &0 4T 5T O RENERL 7 24l
DYV F—=N—IZEBAT 5. KOFEEIZ, BEESI ORI
EEMASOH DI E L5222 L03H 510, WL
BB OEE RS MO CEETH 3.

WHILU Ton-_y &2 v FfIH Uz H0BEEE 1, W,
WEKS (FI2S02) #EL T AL O BILREY A
OB AN D, T2 TIIKRELSTEEZ L D& T
L2DIZFIHLTWS

F&ﬁ&m %%ﬁm%?h
BRE S D HFEIIOWTE, Bicwo»ELTW
5. BRETRDOT T 7 74 FilklEE ZBLRE T A
BLELTERKRT 2 HFEICOWTIE, FIHIFE2 (1984b)
RSN TWS, F72, wru—2x (EWHHER) <t
YT OREY, KRTDOT T v 7 —RVFEORER
PRI ZE T 2 72 & O RGN O br BB 12

BEIT ZRRACR SR A A

SWTIE, FARIEFS (1995) 1B RLEATVWS, 35
12, KT ORI R E O L EE T AR I
Wik, B -l (2002) 1R ATW S,
ALy FEBOEREFIE

BRI K22 MAT-250 & BT 12, BB 2 A

(Inlet) ZEEOEIEREMENL LTz~ =2 7 VIMERL S 1
TW5a, BT AEAZEEDIN S P56 WSTD 72D
A, MSTD A DEA LJE, REFET R OHIGE,
WSTD 2 DRI, HE A EAEEBEOKRT £ TORKTF
JHiZ, $_XCavva—xfficiTbhsd, £, KK
WS (CRS) & b5 4 A BRRE A (Cracker)
DO2MEHD HABAFHFIIIGE T, A2 EARED
R RINTE 5. R 1LICFIHO—EZ2 R LT,

Fo<4 FEEIDBIE D7z DRFERER

RBEEERD S 5, 24 bkl T 774 ik
BomRix, 60°CORY VB & 155 DRNITBERIET
(McCrea, 1950; fIFHIZ A, 1982). L22L, Fu=<A4 b
B OBIERIZ, 25°COIEY) VR L T2 IS ST H 5%
2583 (Epstein et al, 1964), 50°COE) YL D
SEAERISIZD 24K % E 3 2 (Al-Aasm et al., 1990),
Z01:®», Fu<A MalblokE - BRLCEREKLZ
WES 2860z, FEIE  (1982) L’\Bi’L'Cb\éjf
TRIZHE > TR L ITHRFR & RBEGEE (CRS) |
BTsw2L, LY vBE DG TR W (X
JEHEEINZ 20 ~304) 7oz, IEHE 2 ERNAR L 235
L, B Il (1991) 1%, ARSI
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2B B R)GIRE % 100°CE L7z 2 006, RBIEIG
BEED A A NVNZADIRE % 100°CIZERE L, FUGKRIZ
DWT OREEZ{T - 72,

Fo<A Mkl &R Y YIBOEEKIG £ TR %
B33z E1F, Kicdidriz. 20k, BFo~x==2
TNVIHED &, FFRINICRIGE IR Y Y BNICERIFE L
TzRu<A M, ROWPWEFRE O RKISRERIZ d Kk Lt
5 ZE2hh, ROAKOMEREIHEL 5 2 57
B DH L. 22T, BIFRu~<A b2, ROMWEHR
252 2B R REET 22012, Fu< A MR E
NBS-20 X HIZHIZEL, Fu<A MBoT2KIEE
TORIZOWTHAEL 7z, Fo<A PRl 1>~
R <K THRIMENT: Fu< A N REAZHWT.

Fu<A4 Fitkl & NBS-20 DX HHIEDFERIZOWT,
NBSEEL O R OHESE B 22 & D4, B VBN
OBFFU<A FORISIZX o THRAEL T ILREY
ZI2EBHDTHBEREL, =ANTVAFHEED &
12, B YBHNOESE Fo~<A MlboBRER BE R
oA FR/AEIHWT Fa<( b & (%)) #EHL
7z, K31TiE, Fu<A MlRo RIGKH & RFEEOHM
RERLT. Fu<A MRIFHETH 25A, Fux
A4 FERY) VRO, REELBEET 2720, B&
FRIGHERICHHIT 2 Lz N5, £, FELLD
BRILERFET A, WHREZRTHOTTINTEINL, BE
SHEHIEAT 2 2 &2, ICKM EERERIZZE, A
OB A LN IETTH L, MIEEBROKER»L D,
FOGKEH & BFRICIE, HABALNE XS THS. F
7z, BOGKRNCE R R T 72854, Fo<4 M
DFBERISE TORI M, 88X Z60~704HT
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Fig. 3 The relationship with the reaction time and the residual ratio
of dolomite sample. ®: Acid temperature = 100°C and unstirred.
Solid lines indicate regression line. O: Acid temperature = 100
°C and stirred. Dotted lines indicate the translation lines of the
regression lines.
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3).
LELOMFEERBROFER * ER OB A WTERT 2
7212, B VIBRRGIHFE OIRE % 100°C & L, 7z
FOGK % 304> (BEFO <=2 7 VIZBWT, RIGEEHH
%, 30 EETH 20T, ARTORULKHIE, 605
L 3) EL, ZOMOBIEE, BEO~=a 7 vz
feoTRu=A rilkl& NBS20 % R HAZHIE LT, £
7z, WDz, BY YRR TEOME % 60°CE L
12 EIT OV THEERICIE L 72, JERENE, 74
¥y« VA 7 E®Buhoc point TEREL S 7 BFAH & WX
N3/ Va—NThH5, WRIZENTZEENZmON
Ko<, H2 I BOR#EROEINEHIA> TS
(K4)., BRI, FYZVFY VTHIDED, X
JUHASATEIELTHEM LD EHWT., BERD
—EB T DWW T XRDMARFER 1TV, EEEIEY 25 §
u<A NTHDBZEEMERLL (X5). RERMKLD

B4 749EY . v FTEHETERMLBRERE 27—,
N¥<— (#J30cm).

Fig. 4 “Kikkou-boulder” sample taken from Leyte Island, Philippines.

Scale: Rock hammer in the boulder is about 30cm long.
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Fig. 6 Result of mass spectrometry. (a) (b): acid temperature = 60°C. (c) (d): acid temperature = 100°C.

WEITIE, BELZ£01~02mg (CO2 TARIZLTH &
Z20~40 pl) OMKFBZMHL 2.

60°CO M Iz BT ZHIEFRR # K 6a, 6blz, 100°COD
ST BT BMERRE L6, 6dIZTTFE LT, KB, ~N7
Z (2007) 12 & HUE, 60°CO UGS IZB1F 5 NBS-20
DHEXZHE I1Z, 8 Cpps = — 1.06%o, 8" 0smow = 26.64%0 T
H 5.

60°C D 12 317 5 NBS—20 @ Il i -5 {1,
8B Crps = 0.85 = 0.42% (n=5) & 8"Oswow = 28.05+
0.83% (n=>5) THoT:. NBS-20 DHERAE & K4 2
L, S8Crppfii & 8™ Osmowfili & B 12, HBTD Fa<4 M
BroflEEOM EWEOMD 1TBELTws, Thb
5, 60°COEMTIZ, Fu<A bR RISKRPIZ5E
GRS, ROMEFRE TH 23 NBS-20 O SUGKE 12
b Fo<A MR IGH kL, W50 ZfR{LREY
ZADREE LT 2 E12X 5T, NBS-20 OfE hsHESRAE 12—

HLhdrolztEzobnd,

100°C D 41412 3317 3 NBS-20 0l EfE © ¥4 1%,
8%Crpp = — 1.09+0.45% (n=5) & §°Osuow = 25.83+
0.06% (n=5) THoTz. NBS-20 DHERZAE & L4 2
L, SBCopafifild, HERH L IZIF—HL TV, §%0smow
i1k, HEISAE & R L T 1% R EZ R L7z, R
R OB ERMARK I, BEEREELD 2 Z L
»5, 156 N BRFBRERNMARLL OJEMOHESEE2 &
DEX, HEREFEEZ KWL :TREEsH 2. Lizdio
T, 100°CoLMlx, aiie (Fo<4 Mk o
BEIF & A EZITTITNBS-20 OYIE D 7 S Tz L HEE
Sha,

Fo<A MREM02 mgl T THhUE, B VKR
TS DIRE % 100°CITEYE L, RIGKH % 60 ~ 704
GBY YIBRUCIRTENZHI) 12322 L1t - T, BiF
D=7 VEHHLIIENTRETH 2.
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Eh$hBREAT7EY b

BAGRRREATEIZ & 2 AR OWEE, Fv €T Y —
e (avAM)Z7yaviwnd) ZEITkD, VT ¥
VYAFTALRMBRTZAOTHREZHE L LTHIEST 2
OMWFEAITH S, 2L, v ) —2oifLish
7207 7 VY AT ARKIGREI T A &, KifEiiEkE LT
RN B AL 2 S U2 4 AMLBICEAS ¥ 5720 T
H2., BEAFEEA (Dual Inlet) ZEiETI, FLOVY
AJET CTEA S NTAZHERBL T 2 & RAGRLT 2 23, [H
—DAFMETA A bE N7, BBHEARAL
LEITB T AR BIIER S s THS D, L
L, TAEDDBERL 254, ¥+ €7 ) —HNORMER—
DFROFENRL Y, RERMAERLOWE DK R
EHZEIIIGC TR EE T 2 2 &8 THENs (Fl
M3 A, 1984a).

WEFDOTAEDW R, ¥ TV —DLDHA
THBEIRET 2. BT AR TORICHEER TS 28
&, BT A DIENETER TS 25, WERY A DO
FEDYE, WEFIZHL »LELrRD LD, FEFK
ZEMAT-250 B M EHTIx, REERI T 2 O 7 2 &2t
FEHEIRAECHY 6 ul, F ATRHIEERY 10 ul/hour D 54T,
BEB45 0o HE, BABERIZ 1.3 volt FRE DK}, 920
SRR OMTERTENZIE, 1.0 volt RE ZCIET T2, #
R LT, BT R & RN 2 DD ZEDEAN
23, EMNALLOMEMOZENE LTHENSE Z &23H
D, ZOBRELEDEHEEESR, N KFEMAT-250 %
HOMTEHZI BV T, mﬁﬁfﬁxrb%ﬁﬁbfméﬁ

M, EAFEEE BT, TAFRIZL 2 EHED %
ﬁj&?\i@$/7ﬁﬁmb,@m¢@FbﬁT%mé
CLTWB o TH2S (FIHIZED, 1982).

EAIRIREVEGEITE, av sy X —THifEd a1 Ny
7?7& FHEROHBIHEIZE 7Ry b WELF X

WY S 2 EAMH) 2522 2 E12& o T, REERY
A D HAET O D FEHEHRL A L DJESZEIT X
/A oA OZEERHIEST 2 Z 5T 5 (Al

HIiZ2, 1984a). TN ETIT, EHROMEIZONT
BELfTbONTET:,
FERNROFEL, Ny 77Ty v FefHEREMEIC

fRote g %, BHETRDERIAS O HITF LT, %ﬂ
S ZDOHHEE — 0.2 volt, 0volt, + 0.2 voltlzZ1b
SHTHIETEZ LITE-oTHARLNS, 20104EE DOFF
i K% MAT-250 & S0 AT T OBBRRFIZSEHE L 72 0 %h
RoOBMKREZXTIR U, BHORER, REXEW
LR 12 0.55%0/0.1 volt, BRFRZZE LA LLIZ 0.46%0/0.1
volt DJENZIRHER S iz, #2C, HEEP4S LEE
Ma6DMHiz, FRFN+59mMVE+54mVDF 7
vy bEMZT 7%y MEOEDEIR OB I
DWTKITIZTR LTz, Z DR, RFE - BRLERNMMK
o EDRIRIZE, #Z40.00%0/0.1 volt & 0.02%0/0.1
volt TH o 72, AR FEMAT-250 F \AMTEFIT & 2 M
FA (5 ulBAF) oWETIE, EENLIEDZOZEIR
D03 volt IR TH 2, F7z, HAKFEMAT-250E &5
WrEt o g E 1%, +0.05~0.1% (10) RETH 5.
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Fig. 7 Pressure effect of carbon and oxygen isotopic ratio and offset
effect via pressure difference between standard (WSTD) and
sample gases. Dotted lines indicate regression line without offset.
Solid lines indicate regression line offset values [45] = +5.9 mV
and [46] = +5.4 mV.
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Fo<4 Mk EBY VB OSERRIG £ TORE % i
TOEREMNDH oI, £2T, Fu<4 FalbBlome]is

1ZE S 2 Iz o W CHREE L 72, @ﬁ%%@@%
Y VRS OIRE % 100°CITERET 5 Z &1
T,FU?%bﬁﬂw%mwm%&ffméﬁmﬁéy
L 2VRIBE Tz,

MEFSEBR DS R % D Lz, B VRSB OEE %
100°C, RUCHiZ B8 X £6040&E LT, Fu<A4 Falk
L NBS-20 # R AIZHIZE LU 724558, NBS-20 o HIEKEH
VX, HEREE & 1313 (BBERERAAKLIZOWTI,
RERGEEZEER) L2 20, RBEREOHED
OO HFEDO< =27 vEAWT Fo <A B2 HlE
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FrOERA BRIz WT ZHEIR W 272wz, IWERF o
FERIE A, BEEEMRSUIZTT O miEih gL, #HEK
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RIHRSTHERzWRWi., 2013k, THhwvi:
PPV H IR L BT 5.,
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R HHRRSE MAT-250 H TR & 2 3% - REBELERMAKLAE< =27 v,
Appendix 1  Online preparation manual of MAT-250 mass-spectrometer at Shizuoka University.
BX 2) REIEHHMOREDBE ORIFFIR

1) HRAZREA (Inlet) KEOFIHO > €2 —F DiLE)
2) REBIEFHSOHE DB E DREFIE
2—1) Start Up
2 —2) Carbonate Sample Set
2—3) WSTD-In
2 —4) MSTD-Start
2 —5) Measurement
2 —6) MSTD-Final
2 —7) WSTD-Back
2 —8) Close Down
3) ZBIbREH AR DA DIBE DRIEFIE
3—1) Start Up
3—2) WSTD-In
3—3) MSTD-Start
3 —4) Measurement
3—5) MSTD-Final
3—6) WSTD-Back
3 —7) Close Down
4) U Bk (Acid Exchange)
5) = a7 IE5|

) AR A ZREA (Inlet) EBO#HHO > 1 —F DiLE)
aVVa—XDEREAND.

“Lin2.exe” O7 A av X TNI ) v 2755,
RA=a2—=N—=0 “line2” #7 Vv 735,
MUFIZR L7zl 2SN 5.

B W N = -

aVEa—XDEAEIE, Start Up — Carbonate Sample
Set > WSTD-In - MSTD-Start > Measurement —
MSTD-Final = WSTD-Back — Close Down DJIHIZ{T 5.
COMMENT ## & 2121, “NEXT” 227 V) v 2735,
PRIz, SEBRIcFR S5 COMMENT 0 —%% /R,

2—1) Start Up

WSTD #AD Y #F—,N—, MSTD H A D Y ¥ —/8—,
RIBIESGERE (CRS) 2ok nan VT (@, B, @,
®, @, ©, ©, ©@) PUSNEET, 74 vHNEHEEIZT
AEZE.

1 |Start Up Preparation 2 |Good Morning

3 |Date? 4 |Room Temperature=?
5 |Tcp Value=? 6 |VI Value=?

7 |Plot Tcp and VI 8 |Check Air Compressor, >3.75atm?
9 |Rotary Pump on? 10|Open Valve 5

11 |Diffusion Pump on? 12 |Wait 20 Minutes

13 |Diffusion Pump Warmed? 14 |\P1=?

15|P2=? 16 |P3=?

17 |Plot P1, P2 and P3 18|Set Liquid N2 on T1
19|Open Valve 8 20 |Open Valve 13
21|P2=? 22|Open Valve 23 Manually
23 |P2=? 24|Open Valve 15
25|p2=? 26|Open Valve 0
27|P1=? 28|Open Valve 1

29 |Wait until P1=<1.5 30|P1=?

31 |Close Valve 1 32|Open Valve 16

33 |P1=? 34|Open Valve 1
35|P1=? 36 |Close Valve 16
37|Open Valve 11 38|Open Valve 14

39| Wait until P2=<2.2 40|P2=?

41 |End of Start Up

21 x|
" Tube (= Start Up
Cracker
€ Carbonate || ~ working Standard In
" MSTD-Start

TIMER (" Measurement
I " MSTD-Final
(" Working Standard Back
(" Carb Sample Set
(" Acid Exchange

GOMMENT |[Start [1] Start Up Preparation

Selct=Start Previous=Start

(Manual Operation

Walve Number I OPEN GLOSE

(" Close Down
NEXT EXECUTE I
Back Step |
Operator Name
| ok | |
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2 —2) Carbonate Sample Set 1 |MSTD-Start 2 |p2=?
PRERIEGR & BRI SUCEEE (CRS) ITfAL, RY 3 |Close Valve 15 4 |Close Valve 14
VR SRR Y %;‘i\"f:ﬁc 124 3% ﬁz% 5 |Close Valve 11 6 |Open Valve 6
7 |Wait 1 Minute 8 |P2=?
1 |Set New Carbonate Samples 2 |Close Valve 0 9 |Open Valve 11 10 |Open Valve 15
3 |Close Valve 1 4 |P1=? 11|Close Valve 6 12|Open Valve 7
5 |Open Valve 9 6 |P1=? 13 |Wait 1 Minute 14 |Close Valve 7
7 |Open Valve 0 8 |Close Valve 9 15|Set Liquid N2 on T3 16| Close Valve 11
9 |Close Valve 8 10 |Close Valve 5 17 | After Next Step, Read P2max 18 |Open Valve 6
11 |Open Valve 4 12 |Wait until P1<5.0 19| P2max=? 20|P2=?
13|Close Valve 4 14|Open Valve 9 21/Close Valve 15 22 |Wait 1 Minute
15|P1=? 16 |Close Valve 9 23]po—>? 24|T3+
17|Open Valve 4 18 |Wait until P1<5.0 25|Open Valve 15 26 |Open Valve 11
19|Close Valve 4 20 |Open Valve 9 27|p2=> 28|Hg Up to N2 Bottom
21|P1=? 22 |Close Valve 9 29/Close Valve 15 30 |Close Valve 6
23|Open Valve 4 24 |Wait until P1<5.0 31| Close Valve 11 32|Open Valve 9
25|Open Valve 9 26 |Wait until P1<5.0 33|Hg up 34|p1=?
27| Close Valve 4 28|Open Valve 5 35 |Close Valve 9 36| WB Temperature=?
29|Open Valve 8 30 |Close Valve 11 37|Open Valve 11 38|Open Valve 10
31|Open Valve 1 32|P1=? 39| Thimble Down 40]Set Pentane Trap on T4
33 |Close Valve 9 34|Wait until P1<1.5 41 |T4=? If T4>-126, Cool Pentane Trap|42 | Measurement
35|P1=? 36 |Open Valve 11 43|Hg Down 44|P1=?
37|End of Carbonate Sample Set 45| Close Valve 1 46|Open Valve 15
47 |Wait 1 Minute 48 |Open Valve 1
49|End of MAST-Start

2—3) WSTD-In

WTSD # R G HEAR T A M D Y F— N —I1TEAT 5

(= 2 —5) Measurement
1 |Select Tube or Carbonate 2 |Hv off Dﬂ{ﬁﬁiﬁ%ﬁ*# & {)% ) ‘/ﬁfﬁ@}iﬁ: T%EE L 7::%’”{,}}%%73
3 |Klein — Gross 4 |Hv on A %*ﬁ% L, ?/E\]Jij_é'ﬁ;%. Zﬂj;s, W\Kiﬁﬂﬁj‘éﬁﬁ?iﬁ
5 |Emission Lamp OK? 6 |WB level=? R ERY VIRO RS DIEE E 5T,
7 |WB on 8 |RSV Volume=? 1 |Start Carbonate Measurement 2 |P3=?
9 |TC=10C — -15C 10 |Chart on 3 |T4=? If T4>-126, Cool Pentane Trap| 4 |Set Liquid N2 in T2
11| Tcp Range 104-8 — 107-7 12|Tep Value=? 5 |Close Valve 1 6 |After Next Step, Read P3max
13| Close Valve 15 14| Close Valve 14 7 |Open Valve 9 8 |P3max=?
15|p2=? 16 |Close Valve 11 9 |Magnet Stirrer on — off 10 |Wait 3 Minutes
17| Wait 1 Minute 18 |P2=? 11|p3=>? 12 |Wait 1 Minute
19|Open Valve 12 20| Wait 1 Minute 13]p3=? 14]Close Valve 9
21|p2=? 22 |[45] Value=? 15|p3=> 16| Close Valve 11
23| Close Valve 13 24|Set Liquid N2 on T5 17| Open Valve 1 18|P3=?
25|RSV Value=? 26|[45] Value=? 19|Close Valve 10 20 |P2=?
27|Tep Value=? 28|P2=? 21|T4=? If T4>-126, Cool Pentane Trap| 22 |Set Liquid N2 on T3
29| Close Valve 12 30 |Wait 1 Minute 23 |Open Valve 14 24 |0pen Valve 9
31|p2=? 32 |Get Liquid N2 Off from T5 25| After Next Step, Read P2max |26 |T2 Off
33| Wait 2 Minutes 34 |P2=? 27 | P2max=? 28 |P2="?
35| Close Valve 0 36|P1=? 29|T4=? If T4>-126, Cool Pentane Trap| 30| Close Valve 15
37|Open Valve 11 38|Open Valve 15 31|Wait 1 Minutes 32|P2=?
39|Open Valve 14 40|Adjust Peak Center 33|Hg Up to N2 Bottom 34|Close Valve 14
41|Close Valve 1 42|Open Valve 3 35 |Hg Up 36/ Next Sample or Ignore for MSTD-Final
43|P1=? 44 |Close Valve 11 37|p1=? 38 |Close Valve 9
45|Open Valve 1 46 P1=? 39|WB Temp=? 40|Open Valve 11
47|Close Valve 9 48|P1=? 41 |Open Valve 10 42 |Next Thimble Drop into Reaction Vessel
49 |Open Valve 11 50 |End of WSTD In 43 |Measurement 44|Hg Down
45|P1=? 46 |Close Valve 1
9 4) MSTD-Start 47 |Open Valve 15 48 |Wait 1 Minute
MSTD 7 2 & REFB 7 A MO ) #—x— AL, O e
51|End of This Carbonate

WES 21E.

4k, 1oHORBIEHEOMED Tz

12, R YBRROGHE CREEGR LR Y YRRO G S

ol Ta .
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6) MSTD-Final

R REMAT-250 B ATRHC & 2 Fu <4 alkloWEE

B A DY F—N—I128AL, WET BIEE.

43

1 |Start Close Down 2 |Room Temperature=?
3 |Tcp Value=? 4 |VI Value=?

5 |Check Air Compressor, >3.75atm?| 6 |P1=?

7 |P2=? 8 |P3=?

9 |Close Valve 14, if it is Opened |10|Close Valve 23 Manually
11 |Close Valve 13 12 |Close Valve 15

13 |Close Valve 10, if it is Opened |14 |Close Valve 0

15 |Close Valve 1 16| Close Valve 11

17 |Close Valve 8 18 |T1 Trap Warmed?

19 | Diffusion Pump off 20 |Wait 30 Minutes
21|Diffusion Pump Cooled? 22|Close Valve 5

23 |Rotary Pump off 24 |Computer off

25 |End of Close Down

1 |Start MSTD-Final Preparation 2 |P2=?

3 |Close Valve 15 4 |Close Valve 11
5 |Open Valve 0 6 |Open Valve 6
7 |Wait 1 Minute 8 |P2=?

9 |Open Valve 11 10 |Open Valve 15
11|Close Valve 6 12 |Open Valve 7
13| Wait 1 Minute 14 |Close Valve 7
15 |Set Liquid N2 on T3 16 |Close Valve 11
17 | After Next Step, Read P2max | 18|Open Valve 6
19|P2max=? 20|P2=?
21|Close Valve 15 22| Wait 1 Minute
23|P2=? 24|T3+

25|Open Valve 15 26 |Open Valve 11
27|P2=? 28|Hg Up to N2 Bottom
29|Close Valve 15 30|Close Valve 6
31|Hg Up 32 |Measurement
33|Hg Down 34|P1=?
35|Close Valve 1 36 |Open Valve 15
37| Wait 1 Minute 38 |Open Valve 1
39 |End of MSTD-Final

2 —7) WSTD-Back
WTSD #" A % WSTD V) ¥ — N — (5 EE.

3) ZRILRFZH RAARDBIE OFE DRIEFIR
3—1) Start Up
2—1) LA CIERZTD.

3—2) WSTD-In
WTSD A Z iR T 2D ) F— N —IZEAT S
e, Tk, HWERBOBHASNI LI 2 E % LR

1 |Start WSTD Back 2 |Set Liquid N2 on TS

3 |Close Valve 15 4 1pP2=?

5 |Close Valve 11 6 |Wait 1 Minute

7 |P2=? 8 |Open Valve 12

9 |P2=? 10 |After Next Step, Read P2max
11|Open Valve 13 12 |P2max=?

13|P1=? 14 |Open Valve 10
15|Close Valve 1 16 |Close Valve 8

17| Close Valve 5 18 |Open Valve 4

19| After Next Operation, Read P3max| 20 |Pentane Trap off from T4
21|P3max=? 22|P1=?

23| Close Valve 4 24 |Open Valve 5
25|0Open Valve 8 26|Open Valve 1
27|Chart off 28 |P2=?

29 |Close Valve 12 30| Wait 1 Minute
31|p2=? 32|Get Liquid N2 from T5
33| Wait 2 Minutes 34 |P2=?

35|Open Valve 11 36|Open Valve 15

37|Tcp Range 104-7 — 101-8 38|TC=-15°C — 10°C
39|Hv off 40|Gross — Klein

41|Hv on 42 |End of WSTD Back

2 —8) Close Down

TRTONNVTZHD,

BT A A (Inlet) %EE D

Hfla vy va—RERT S LEE.

A AGHBPEAGS (Cracker) ITEXET 21L&,
1 |Select Tube or Carbonate 2 |Hv off
3 |Klein — Gross 4 |Hv on
5 |Emission Lamp OK? 6 |RSV Volume=?
7 |TC=10°C — -15°C 8 |Chart on
9 | Tcp Range 107-8 — 107-7 10 |Tcp Value=?
11 |Close Valve 15 12 |Close Valve 14
13 |P2=? 14 |Close Valve 11
15 |Wait 1 Minute 16 |P2=?
17 |Open Valve 12 18 |Wait 1 Minute
19 |P2=? 20 |[45] Value=?
21|Close Valve 13 22Set Liquid N2 on T5
23 |RSV Value=? 24|[45] Value=?
25|Tcp Value=? 26| Close Valve 0
27 |Set Tube 28 |Close Valve 8
29 |Close Valve 5 30|Open Valve 4
31 |Close Valve 1 32|Open Valve 0
33| Wait until P1=<2.0 34|P1=?
35 |Close Valve 4 36|Open Valve 5
37|Open Valve 8 38|Open Valve 1
39|P1=? 40|P2=?
41|Close Valve 12 42| Wait 1 Minute
43|P2=? 44|Get Liquid N2 Off from T5
45 |Wait 2 Minutes 46 |P2=?
47|Close Valve 0 48 |P1=?
49 |Open Valve 11 50|Open Valve 15
51 |Open Valve 14 52 |Adjust Peak Center
53 |End of WSTD In

3 —3) MSTD-Start
MSTD & A Z REFHBI T A D Y F— N —IZEA L,
HE S B VEZE.
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1 |MSTD-Start 2 [p2-? 3 —5) MSTD-Final
3 |Close Valve 15 4 |Close Valve 14 2—6) LRI CEEZITS.
5 |Close Valve 11 6 |Open Valve 6
7 |Wait 1 Minute 8 |P2=? 3— 6) WSTD-Back
9 |Open valve 11 10 |Open Valve 15 o =1 1 P
11|Close Valve 6 12 |Open Valve 7 2= eH CAREATS.
13| Wait 1 Minute 14 |Close Valve 7
15/ Set Liquid N2 on T3 16| Close Valve 11 3—7) Close Down
17 |After Next Step, Read P2max | 18|Open Valve 6 2-8) ¢t EIRVEEEES #1712,
19 |P2max=? 20|p2=?
21/Close Valve 15 22| Wait 1 Minute 4) U B3 (Acid Exchange)
23|p2=? 24|T3+ RRIEOSEEE (CRS) DR Y YRIUSHET DR Y
25|Open Valve 15 26 |Open Valve 11 VB E AR B,
27|P2=? 28|Hg Up to N2 Bottom
29/ Close Valve 15 30| Close Valve 6 1 |Start Acid Exchange 2 |Close Valve 0
31|Open Valve 0 32|Hg up 3 |Set Receptacle of Acid 4 |Close Cock 17 of Receptacle
33|Set Pentane Trap on T4 34 |T4=? If T4>-126, Cool Pentane Trap 5 |Close Valve 8 6 |Close Valve 5
35 | Measurement 36 |Hg Down 7 |Open Valve 4 8 |Close Valve 1
37|P1-? 38| Close Valve 1 9 |P1=? 10]Open Valve 0
39| Open Valve 15 40 |Wait 1 Minute 11|Wait until P1<=5.0 12|P1=7
41|p1=? 42 |Close Valve 0 13 |Open Cock 17 Slowly 14 |Replace Reaction Vessel
43]Open Valve 1 44|End of MAST-Start 15|WB on 16|OB off
17|Close Valve 4 18 |Open Valve 9
19 |Open Valve 4 20| Wait until P1<=5.0
3 —4) Measurement 21|P1=> 22|Close Valve 4
BT AERE) BB AT T4 Y NITEA - 1 23 |Open Valve 5 24 |Open Valve 8
B, WETBEE B, KIHEST2HE2EAL 25 |Close Valve 11 26|Open Valve 1
12 T A ZIRAL B R U A RS AEE (Cracker) 12 27|P1=? 28 |Close Valve 9
e 2 Ve AT, 29 |Close Cock 17 30|Close Valve 0
31|Set Empty Tube 32|Close Valve 8
1 |Start Tube Measurement 2 |Crack Sample Tube 33 |Close Valve 5 34|Open Valve 4
3 |Set Liquid N2 on T2 4 |Open Valve 10 35| Close Valve 1 36|Open Valve 0
5 |P3=2 6 [P1=2 37|P1=? 38| Close Valve 4
7 | T4=? If T4>-126, Cool Pentane Trap| 8 |Close Valve 1 39|Open Valve 5 40|Open Valve 8
9 T2+ 10| After Next Step, Read Plmax 41|Open Valve 1 42| Wait until P1<=15
11 |Open Valve 0 12 |P1max=? 43Pl 44|Open Valve 11
13| Wait 7 Minutes 14 |P1=? - -
15| Close Valve 10 16| Wait 1 Minute 45 [Wait untl P2<=2.3 40 |Pa=r
7Pz 13P3=? 47|End of Acid Exchange
19 |T4=? If T4>-126, Cool Pentane Trap| 20 | Close Valve 11
21|T2+ 22|Open Valve 10 5) v = a7 IE5|
22 8"56 z"":"e 10 ;g i;:z AR 2 A (Inlet) HEQHIH 2> ¥ a— XTI,
ose Valve =? — o — -
27| T4=? If T4>-126, Cool Pentane Trap| 28 |Set Liquid N2 on T3 TEROFME R LT COMMEI_\IT pEREns. BT i<
29|Open Valve 14 30 |After Next Step, Read P2max Z ® COMMENT & EEIAT S VER OISR TR T
31|72 off 32 [P2max=? COMMENTEZ7 V7 7 Xy MHEHE L >TWS, £72, &
33| Close Valve 0 34Set Next Tube NTOVEEIE, FHO/ — MIFEEAT 2.
35|Close Valve 8 36| Close Valve 5
37|Open Valve 4 38 |pP2=? COMMENT TEENE
39 |T4=? If T4>-126, Cool Pentane Trap|40 |Close Valve 15 Adjust Peak Center Peak Center % #ffi 3 5.
41| Wait 1 Minute 42|P2=? After Next Step, Read Plmax  [JROAEZE & [ARf 12 P1 DI RIE 2 L.
43|Hg Up to N2 Bottom 44|Close Valve 14 After Next Step, Read P2max XX OVEZE & [AIRFIZ P2 D i KAH % #i s,
45|Hg Up 46 |Close Valve 1 T
27| Open Valve 0 13[PL? After Next Step, Read P3max | OV & [AIRFIZ P3 D i KAH % #i 4s.
49 |Close Valve 4 50 |Open Valve 5 Chart on (off) @)ﬁﬁ%:%/ul’i ;; Uii%%é%giég
51|Open Valve 8 52|Open Valve 1 () 2).
53|P1=? 54 |Open Valve 11 ' T av 7L v F— 3. 75am £ D
55| Measurement 56 |Hg Down Check Air Compressor, >3.75atm Hoo L RHEET B
57|P1=? 58| Close Valve 1 SR A A (Inlet) 2 o filfE = >
59|Open Valve 15 60 |Wait 1 Minute Computer off Va2 DT 5.
61P1=? 62| Close Valve 0 Close Cock 17 of Reseptacle NNT1TZFETHD 5, %120
63 |Open Valve 1 64 |End of This Tube
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COMMENT

VRSP

COMMENT

VRN

Close Valve 1

NVT1 %O 5, %28

Set New Carbonate Samples

A BRSO REE 1T BB S 5.

Close Valve 10, if it is Opened

NUT AT WIS, )5,

Set Pentane Trap on T4

T4IZRY RV N Ty TEHRET 2.

Close Valve 23 Manually

EESHEARED NV 723 % FH)TH
DD,

Set Receptacle of Acid

Y Y RRBUSH % SRR SOS 2B 12 3%
EHY 2.

Crack Sample Tube

ABOEA SN 7 AELE .

Set Tube

B EBEALIY 7 A EERIET 2.

Date?

A Z5e8k s 5.

Diffusion Pump on (off)?

T4 7 a—VarvRy TEREET 5 (1)
2).

Diffusion Pump Warmed?

F4T7a—TavRyTDIA VN
BEn, HRLTCVD 2L 2HERT 2.

TC=10°C — -15°C

Y-/ -7 DK% -15CET
T3,

TC=-15° C—>10° C

Y—€r/—7—OHK) £10°Cx Tk
F5. ¥%4ZHR

Tcp Range 107-7 — 107-8

Tep DV ¥ V7100812 D #Z 5.

Diffusion Pump Cooled?

F4 T a—VavRy TOL A NVEH
ENTVWDZ ERIERT 5.

Emission Lamp OK?

LIy YavIvIREAILTwE 2
R T 5.

Get Liquid N2 Off from T5

T5 2 LIRRER T hRET 2.

Gross — Klein

BRDWEAKRIT D 5 VN — % Gross 1>
5Klein izt D 2 5.

Hg Up

FRAERAR T 2 ) & ARG 2 0
H—F 5 TR E LT 5.
*3ZM

Hg Up to N2 Bottom

T4V H—bTy TOKEZ TKIRE
EFs., %3z

Tcp Range 107-8 — 101-7

TepD V¥ Y% 10A-TIZHI D E 2 5.

Tcp Value=?

Tep DfEZMER T 5.

Thimble Down

RO A o TeB IR Y YRGS
HTFT 5.

T1 Trap Warmed?

TUIEARERE I > TV RN & &2
w5,

T2+

T2 ITHAEERZMNZ 5.

T3+

TR EFR T2 5.

T4=?1f T4>-126, Cool Pentane
Trap

T4 DIRFEZTERST 5. — 126X D
WA IR ER TS 5.

VI Value=?

VIDfEZ 7 — MZFEAT 5.

Hg Down

KT TR E CTT IS, %3]

Hv on (off)

Hv2A vy FeAnd ()3).

Klein — Gross

BERMTEIAREIZDH 2 vy —% Klein 2»
5 Gross IZH) W & 2 5.

Magnet Stirrer on — off

BT IC L 2R YRG0 %
=25,

Measurement

WEHa Y Ea—2I2 X DPEELT .

Next Sample or Ignore for MSTD-
Final

ROFEZWE L R 0GHEIE, HEE
I2Y YIRS T 3 2 /F3 2 140
ER

Next Thimble Drop Into Reaction
Vessel

DA o TR 2 R Y v RS I
BT 2.

Open Valve 1

NNVT 1T 2. %221

Wait Until P1=<1.5

P12315 & V&< % 2 & CRo.
PR

Wait Until P2=<2.2

P2252.2 X DKL % % & THFO.
PR

Wait 1 Minute

15>,

Vo — R —NZDKMETERT 5.

WB level=? %65
— — YN =gy
WB on (off) Y4 — X —NADERFEAND (U3),

62

WB Temperature=?

Vg — R —=NZADIRERHERT 5.
6B

[45]DFVEr V=) A= —DH D%

Open Cock 17 Slowly

NV T1T ZFETO - < DT 5.
1z

Pentane Trap off from T4

TePERYEY NIy 7ERDERL.

Plot P1, P2 and P3

P1, P2, P3Oz TN 77127
uy bd5,

Plot Tcp and VI

Tep & VIDMEZ HXE 7 7 717 ay
F3 5.

P1=? Pl OE%TER T 5.

Plmax=? Pl O Z RS 5.

p2=? P2 DI Z RS 5.

P2max=? P2 DA Z RS 5.

P3=? P3 DIEZ RS 5.

P3max=? P3 DI KEZHER S 5.

Replace Reaction Vessel Y YRR O E 2 RS 2.
Room Temperature=? HREEFTCcER T .

Rotary Pump on (off)?

u—x) =Ry 7EERET S (12).

RSV Volume=?

RSV Zilffi L COTE ORI EZZ 5.

Select Tube or Carbonate

SO T 2 B IRS 5.

Set Empty Tube

BOHTAEERET D,

Set Liquid N2 on T1

THZREERE  AND,

Set Liquid N2 on T2

T2 ISR T AN S,

Set Liquid N2 on T3

T3ITRIEER T AND,

Set Liquid N2 on T5

T5 IR ER T AND.,

[45] Value=? W+ 2.
X1, av 71712250 T

avy 7 171%, 1IEY VB

ANV Y VR EARAE LT

V) VBRERE T 2 OOEARBINE Loy 2 TH
3., B VBERET - O0HMAARIZOWTIE,

Hizp (1982) #Z&RoD

N

¥2., ava— RIS nre NNV T OB DLIEIZD

"ANE

a Y ¥ a—4%OCOMMENTHiIZ, “Open Valve 1”7 %
“Close Valve 1”7 % & OFIRDIHHL L 72112, “EXECUTE”
Vv rE3E, NVTORMMTbNS,

$72, == a2 7 VTANVT ORI 1T D %413, “Manual
Operation” fl® “Valve Number” DZHIZBHEAS 2 N
NTDFEEEAIL, BT 25HEI1TIE “Open” %, D
AL “Close” 227 Vv 735,

%3, Ko L& - FTROHIEIZOWT
IKERD E& - FRZ, AF v TE—Z—I12&k > T{Th
N3, ZOEBOFHMIOWTIE, FIHIZ? (1982) %

ZRDZ &,

E2PIN
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¥4, TC (F—€27—95—) 12250V <T
I a2—&DOCOMMENTHiOHF %, UMTD LS
IZAEZTWVWD,
“TC=10°C —» — 15°C* —
“TC=—15°C - 10°C* —

“TCZOOC s 150Cn
“TC=—15°C — 0°C”

¥5, JEBF (PIRANI gauge) 122oWT

JE /& (PIRANI gauge) 1%, HZE5 4 YHND3BFTD
BZERE 2 WE LT 5, BIFERKIE S 21T 5 PIRANI gauge
DOBEZEMOMMEIE, P1=18, P2=3.0, P3=0.6TH
3., FO7:®, av¥a2—X&0OCOMMENTHOF R %,
MUTFDL2IisaEzTws,

“Wait Until P1=<1.5"7 —
“Wait Until P2=<2.2” —

“Wait Until P1=<1.8”
“Wait Until P2=<3.0”

%6, Vx—&—nNZ (WB) I22oW\WT

22— ZDOCOMMENTHiIZ, vt —&—1N2A
(WB) off HZHELTWa., LaL, BfE, 100°CT
DOHEZTREIZT 272017, A4 v A (OB) ZEA
LCW%, ZOz®, avt’a2—XdOCOMMENTH D
TRk, UTO XS ItHABZ TV,

“WB level=?” — “OB level=?"

“WB on (off)” — “OBon (off)”

“WB Temperature=?”" — “OB Temperature=?"



