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Application of Diode-laser Absorption Spectroscopy for Measurements of Stable Carbon
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Abstract : A high-sensitivity laser absorption spectroscopic technique has been employed for measurements of the stable
carbon isotope ratio of carbon dioxide (CO»), Bcoy ]2C02, in automobile exhaust. The amounts of >CO, and *CO, were
detected through wavelength modulation spectroscopy using a distributed feedback laser diode in the 2-um wavelength
region. A 0.15-L one-pass optical cell with an effective optical path length of 0.5 m was used for continuous measurements
of automobile exhaust, with the intention of maintaining the residence time to less than 5 s. In addition, a 0.9-L Herriott-type
multi-pass optical cell with an effective optical path length of 29.9 m was used for precise measurements of the stable carbon
isotope ratio of CO; in automobile exhaust, which was collected in a sampling bag. Continuous measurements of the stable
carbon isotope ratio were performed with a reproducibility of 0.28 %o (10) in 14.8 % CO: for every 1-s signal measurement
without signal integration over an 1830 s period. The feasibility of the developed system was evaluated for continuous
measurements of the CO» stable carbon isotope ratio in automobile exhaust. Resultantly, we successfully performed
continuous measurements of the stable carbon isotope ratio of CO> in automobile exhaust and found that the stable carbon

isotope ratio of CO; changed in accordance with the driving conditions.

Key Words : Carbon dioxide, Stable carbon isotopes, Wavelength modulation spectroscopy, Near-IR, Exhaust

1. ¥5

WA, ALAARIO & I, IREBEIRAATH 5 8
LR (COz) DRFIREEIZFELBM LK TE Y, 1IPCC
DH 4 ZREFTIE 2007 FOR T, EEFMATO 280
ppm (parts per million, LAT#REEIE mol/mol TR Y) 25 379
ppm IZHEAIIL 72 L MG I N T B[1]. K5 D €O, D
FoLE AR Pcoy'?co, (T HRERMAEL) (X COa
REEDE N, WAEAZ RS 2 EPMEIN TS
[2]. R&uCi3, {LEBEIOBBEIC X 5 CO, 71Tk <,
Y DI HFRE & DI E o Pk 4 2 PEHIED S CO,
DR E NS H, FAERIC K D REFEMIIEERZ 2 2L
S PICZ > T 53], BERFAAICOWTY, (WA

* Corresponding author. E-mail: tonokura@k.u-tokyo.ac.jp, k_tanaka@
mx.ibaraki.ac.jp

(72)

BIOBRBEIZ X 25D L, EYDOWIRTIZHRE S 2 LIRS
T34, #->7T, COy DEERMARLLDRE X CO,
DPEHTRDLWIIR DR E I & > THMARIBIE E 2 D, CO,
12 & BBV ENEERDRIRICERITH 5.

— RIS TR A7 3 PSR R} & B L 772 % T
I (%) TET sPCEiTRL, MToXTERSIA T
3.

soc =R

sample

standard x 1000

standard

(M

Z 2T, Rample 3> 70D BC0»/"COs, Randara 13 EEE
e Rl Be/PC T, Z DfifilE 0.011237 TH 3[3].
HARIZEBWT, BEIERICE T2 co, oFT, HBEHD
5 OHEHIFH 20 % #1505 2 EPWME I N T W B[5]. T
FETIFRRA R 2RI L2 BB E2SET L TWL 508, K



FHOERERIE 2>, AR L — 5 — WU G o H B HEPEAR  ZRRAL 5 38 B3R V(A BUE I~ oD s T

HRMAIZARHC X D B D, HIZEHY Y T 20~
230 %o, KIRA ATl -35~-50%0 12725 Z EDVRI LT
5[4], Flo, NAF T ARBECT X B COx DERFFNA
FHINC X 2 &, COy DERFBRNARHITIRBERAEICE & T
REBIGEWE b o, S, =V 8 26 %, b7
TUaY 12 %) 1IKBHZEDPRESINTB6].
D—75T, HEHEPEK SO co DRFRM AL ZFHL 7
FER, PR o Al BE D IR BB IC X o TR E MR
DRELSLHT 2 2 EPPE SN, MEOTELELIREICE
WTC, il - CORBEMARD KISHICE DS 5 2 L H
BRI TW A7, 206 DWE T, BRELL 72 EHER
thoy co DRFERMKILE, HAZa< 777 /| EED
Wit % A o 7 LB RINAR B B PR IRMS) 12 &

D, BORBETIHIL Tw3, HEHEHER DS IHEKSE
HECENT 2 v v DRRBEIRIEIC X D PERIREE DA B ¢
52 LT, MBOBLEEINZL, T—A84 T ok
I NDPLRBT IR 2 1T 5. 2D, WEE
FEMNC LT 25T B TEB T 2 il LTk A A
ZALEHS L, MO Z N X35 2 LY
FND. EE, 20X REME T TOMBEIGX A =X L
DIFENT 24T 9 7212, FEEIC X b BOBHEDZE(L T 5 2 lH
frfkZHm e U, MisOmic X 0 BT 5 i)k o %
ERPARLDZE N E ) TV Y 4 DIZEHIT 2 TR H G 5
T E7[8,9]. FICHKBHMADPERIMMEI X ) ZH) T 5
il ECoORIBHEDECE Y 7L AL MCEHIT S 2 &
i, BALKFES CcO otz HIN & T 2o, MEEEIC X
0 2403 2 IGMERE DO H S ALK FE S CO DIEERED
I AT &, ELAIROE AR 72 S b BT
L2 EDHETHS. ZDLkHIC, AFFICEEIND®E
IR AT LA DRI BT 2R E X A= X L &%
HS T 2 701CiE, ZERMELDY TLE A LTD
A EFEET S 2 ENEHTH B,

EBL &9, COr &0, LERMALOFHIICIX
IRMS 23\ 5 90T E 72, IRMS 13 50kS BE 70 225 [F 244 L
FHlIAYCE 2 K, FUBERECR A 2 AEEGHIT 2
A BB IETY 7L Y A4 L TORHIDEEL v &
Wo T H 5. WA, BEMMMALEZ Y 7L A LIS
FH 2 FEE LT, L= —RIUHEEDISHEE S
NTw3, AFEOEFDO—2IF, FHIN RO IRD)
[l HAE R R T 2 WG 2 BRI 2 &, fihofks
FEOTHE LICEHHIIT 2 2 LB TELZHTHS, 2D,
By 7V R BT IS ER I E I AT 5 2 T
X506, WERNMKLD Y 7V 4 L ToEE R
ZBHTEMTESL, L= =N NEZ 72 COy D%
EFMAEHIIC I, 2 E THRIMEIRTH 2 4.3 um 1
DETHAT—F L =¥ =% HoGEERIN R XS
AR TH T E[10-16]. BTA R — F L —H¥—I33FE
FEZDEMRBEBZE L VL = —TH B2, VTILIA L
SIS E YL W 2 550, B oREN, Faoll
CREELEOFHHIETH 5. EARIMER T, N, &

(73)

167

HICRE L 72 1.6 um O3 A R ER (DFB) FBEMA L —
PF—2 NI E Ll L —F =N EEIC X 5 COr DK
PARHEEHII2Mf T T & 72[17-21]. DFB 1%\ a v
X7 b AGIIEEE OGRS L e o Dy, i
12, RAPICHEET 29 F0IEF 1ZhRAEBIC S 2 DI
WU, ERNMEHR TS EER LG5, ZDks, WINHE
MRS RIS IER M BN W L, ¥ v E
T4 =N V7 E Y v aNTE (CRDS) [17]0 052 2 FWK I 5y
Hvk (WMS) [18-20] & V> o 7o G IR L — 5 — R 43 ek &
HAdbe B TbnTns, LaLl, FHIEER
IRMS IZHRTHa TR0 E o MR H - 7-.

KA DITN—=TTlE, TNF T CO DEEFRNFICHES
ZYC, 1.6 um I RIS RS 2349 100 5K & 72 2
um OWIHICEH L, 2 um HOFIRDAHEZ: DFB 2
BRL —Y—%NFE E L, WMS & Herriott B D% &8 S5
e NEHOT, BREERY 7AY A LRHIESEORR
fIoCT&E7[22:24]. A7 PIVIREICE Z 2T, WE,

By — 7 o E LML, T3 EEDD R LIRIY

MAEIRT 2 L L bic, [, WEO GRS Gl %17
o, TRSITED, KX L X)L (424 ppmy, 6°C =
-10.5 %o) D CO2 > 7N Z T, 120 BED T 6"C
DMELEEE LT 0.02 % Z3ERL7-[24). £7-, AEHE
R W K& D COr RFBFENMARLDFHIZ 1TV, HETH
DD COp IRIE & BREMMARLD Y 7V 5 4 LEHINC RS L
72[23,24].

A TIZ, WMS %I L T4 2B%E L 22 ZE
PRI E 2 Vv, 2372 Cor HEHRD—>Th 5 H
FHPRICE EN S COy DRFEFRNALOFHIZFT - 72,
HEJEPERIIRRUC LR COx IBEDE W I &5, COs i
FEOFEH Y VR GGG TYH, AREEE KRR
oV 7L 4 L3N TE 2 X9 BEORELZT-
7. HEEEPESUDERSAR I X D RE AL, filiang
MRREBICE VT, KEFAMEDHISRE LS 2 EHR
BIXNTVRB[T2S, ZRETY 7Y A L TOFHINILEH
HINTwv, 20ky, AEEHPERF D CO, DRFER
PRGN sl U - 251 Ic X, ABid oS %
ZALE ¥, PERELD 72 1285 ST v A filig T, Y
TV A L COp RN G 21T 5 7. Ml &
F 2R D COy IRFERN A HEHI S 1TV, CO, DHEHZ
Bl & RFE RO D WO L 72,

2. RBRE=E

B FINAR I IR D ¥ 5 [23,24] TIER T W 5 WMS %
g e U BECERIIL, RRUCHRCEIRETH %2 AH)
B PR ORI 2 M CRIINT & 2 X 9 v 282%%
LV EET L7, HEHHEREZ Y 7Ly A 2500 20
FEEREEOM Y2 X 1 1R, G 2 2.008 um @ DFB L —
PF—L L, AV RXA—F—2FRIEHEIC, JLFRIVICTA
FIL72, L—F e Lo THEA RS L SIS



168

Membrane filter

HEPA filter Magnesium
perchlorate
Sampling
bag
Gas out
M.C PC
M.c Gasin
L_l_| Thermometer . 3
15
n IJ:\ D Photo
v =V detector
f=500mm Heater f=50mm Ref
eference
A
- DFB
S diode laser

Fig.1  Schematic diagram of the experimental apparatus for the

continuous measurements of CO> stable carbon isotope ratios in
automobile exhaust. M.C: Mass flow controller, P: Capacitance
manometer.
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Table 1  Specification of the test gasoline vehicle.
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Fig.2 Signal intensity as a function of CO; concentration. Line and
circle markers: Low CO; concentration. Dashed line and square
markers: High CO2 concentration. Open markers: 2C0,. Close
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Fig.3 Continuous measurements of COz stable carbon isotope ratio

(8C =-29.7 %o, CO: concentration = 14.8 %) using a 0.15-L
one-pass optical cell.
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Fig.4 Continuous measurements of (a) stable carbon isotope ratios and

(b) CO; concentration in automobile exhaust.
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Table 2 CO; concentrations and stable carbon isotope ratios in
automobile exhaust.

GRiESE [CO2] / % S13C / %o
TV AR — NEED
T A KL 660rpm flfH% 15:0 273
% T A KL 660
T A k,’, P 15.5 29,9
il 4%
% 7 1 KL 3000 rpm 16.9 a1
fih I 4% ' ’
BEHE® 7 4 KL 660 rpm
14.0 -26.5
firk 5 77
ERRBTOREI R -26.6

fRlcBwThlRETVURVWEEISNS,

IV VEBEL GRS v RERE N 7
BEE, v vARRTOBRBEEES R, ABEPEKR
JEDS ER L, $BALELS 2 F b DI BERE DSTEMEAL T 5. Bt
T, HERPORKFER CO 4% £ Dfiluit-c oLt X
N, 7= TR0 COREIEMLbDEEZS
N5, BRSO REEDSTEE 2 RE T, Al o IR R A7
HRHE = v 2 VIRENERS O R DE M T 72 WIRE O R FE R
Rz N, NS RfEIC > TE D, s w»T, Pc
ICHAT P oSS N B A S 0D, il
BEREDITH AL U 72 W05 | ki < JR R IR 44 L & B9
3L, ERRBMTORBEER S T v Y VIREITER O il
TEVET R IO RFRM AL & T e 20, il T,
2C DFHs BC T ARG 2 EAVR e, il
TO CO DALIIEIE, BCo 12k, CO DIF 9 HMELRT
THhD I L, HEEPERT D CO @ pE M A LEEHHTES
W o RSN TV B[5,6]. KILKFEIZODWTH, fil
ZEBT 5 E PC OEGDHMT 2 2 EHEENTED
[28], BALAKZEDMBEEIZO\WT S CO LRI *Cc
RGN TH D EEZ 605, BEhdrs, EXiED k
Szttt o BB TR T 2 £, AEHEERICE
15 CO RUpALAETD *C HMELRMICBLE 1, fil
BB D COr I2ix "C % EEND LI I B 2 EHAG]
Mz X DHS I > 72,

4. #5

2 um D DFB L —¥—% ML L, WMS 12 X 2 ¥
FAFEREIE 2 VT, HEEPESH O Co, REFM AL DFE
WzEIT- 72, HEEF RO Co, WX RGAERLD %
F—F—DWE LD 5, KREAGHMAICBTE L 725
ESEIRE R COy GHINCbWHTE L 2 L 2ERT 5%
&, BEHELREOBEMBEIRZZNTVD 2 ERIERL
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G DOZAIAE ) BERR T D EEB 2 2 S 2 X 9 g
ERHL T 5720, 0151 DH2ER N EHIEAL &,
SR 2 T 5 7% (RFHIITIER 5 ) ICH W
LIV TIE COx BEEEDS 14.8 % DY ¥ 70L&V, BiF%E L
201 BEOFHHIT, 1830 DV 7Ly A4 LFHHIICE W
T, RBEFAMABLOFEBNMEIX 028 % (10) Ek->7. HE)
BRSO RSB 7 A 2 G U 724558, B o EiR S
PEDZACIZAE S COr IRERNARILDEB ZHE A 5 Z L ITHK
WLz, BE»s, v/ LS ERZH S 2 LI
£ b, HEEPESTO CO, REFMALE K 5 B DRy
fRAETY 79 A LEHIITE 5 2 LRI N,
IR X 5 COy DRFRGF LD ZALD IR 2B &
PICT B 70, MEEEIERICE T 25H L, REZ ERAR
TRRBES &7 COr DIRKFRM A LD ZIT> 7. Z2 D
B, PR D R RS RE A TR L 7235401,
filific B L THBEPERICE N D CO LU BRILKE D
20 AMESEIC IR E D T E S s o 7,

AHE

ARWFTEIL, T BTR B AR S i 0 J3  BeAl -
FEHEDO B L L TUThbN,

AR b
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