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EXRILEMERVEERII ICBERTOF IR FETH Y, RISERYEEDOSHICIE MS 2
ABuvbhs. BRCR2EHORERAME (HEEHK 35 R 37) BREET S, BEXEER 2HFE>H
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Tihabb, BoREEESHFZRAVESERKECII Y LRLAD 2o MER

L, EBRAE (S/N>10 LT 0.015mg/l) 2Edi. KIZEBILEVHERICE T 5 FHeRITL
EER, m/z 217.9007 Tk WTCEKEZ 2 EREALZ2ERTHIE, APk TFETETF IS 2
RRYEVRED 0.5% PERBCEETDICLN LI LR -, BV Zr R A Zv-dy REE

#HARD CH,Cl B CDCl, 0 FERZFT - 7.
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BENEFBETH DA, F0B, HirbahHeonT,

DEB o U IEBC oM TE A LXLETHS. &
Fii HRACRERM G2 2 & (3ClL, ¥Cl) T
5icd, BEEREAHmTOWTIL, D~ oabd
Mhs, »Cl 22— ¥Cl LB Eh 2 B LA UHEER
tigh, DREXZ-_BRILAHOEERVEHELBELN D
% (UUF ¥Cl % »Cl 2RA L\ B840, bk
T CI* LERT3). Al iiRERBRCK TS 7r e~
v VvEOERBE OB Ol b BRIt E Yy Ce
H,Cl,, G;HDCl,, C;D,Cl, o 3 ¥y =) CTRIE T 5 b
EH)PH B4, CH,CI*Cl, } C,D,Cl,, C¢H,Cl*, Cl &
CeD,CI*Cl, /p & DA AL TIIEERME LT/t 5.
 LOIDBEHEOLRETD GC/MS kit 2 HLEA A
v (MID) Tk, 2BENTARET DD, RN
Brage— 7@ENLCEKELLEHOESERELHET
HCLBHETHS.
ZELIIHEDOBFEEROAETFOMBC L HY
CH,CI*Cl; + GC¢D,Cl, i, 0.0155 o'BEEXDH %
CEREBL, BAoMRECRIT A MID ZHV, Ol

* TEBFRREAZERMERN : 305 FORB oI
/NEF I 16-3

FEExoNERTHHEERI L.

FrIrsmeRvEvEroEAFE LY LT TCB
Zs LBEED) ©oC, BEEN—BTHHF L X0
FHRE%Y Table 1 @iRLi. X, AUEEHOE -7
T D LB EEE R (R=M/AM) #8f€ TR
L.

Table 1 Precise mass weights for tetrachlorobenzene
and its deuterated derivative

Ion number Species Precise mass Resolutiont
216-1 CeHCI*Cls 215.8881 13900
216-2 CeD2Cl4 215.9036
218-1 CeH:Cl*2Cl2 217.8852 14100
218-2 CeD2CI*Cls 217.9007

t Resolution required for separation of the peaks at
1 and 2.

DX vic, CH,Cl,, CHDCIl, CD,Cl, o 34K
(LUF Cl Ffirfkd Kol LicwWBa& zhth TCBZ,
TCBZ-d, TCBZ-d, &BEEC) ¥ ThEhEE LW
&, ®ED MID 13 TCBZ-d, » TCBZ DI
IO EERZT BN, BESWE O SHBEY 14000 &
EE TR, 216-1 & 216-2, 218-1 & 218-2 o\ T
BEERCEbLE THARGTA A vBELYE =4 —7
hi¥, TCBZ, TCBZ-d, #*FAMRCEEEETSZ &N
T&5.
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TCBZ-d = ouTit, m/z 215 A EE KT
», @HED MID CRIENETHH. LT TCBZ,
TCBZ-d, 04 & JEx {752 L% WETD
%. BC OFEEXERT S L, EREE— 7 OB
L, WENLOBETISTERLI RS D, TT
TREFREFROBERM 10 £LIHT, BC O 8L
Fisuvdy, ZiTh MIEF R @O BBty dREL
7z,

2 % B

2.1 2 ¥

D % & A7 TCBZs i3, BE#R? LE UJET CDCL
(Aldrich %, Gold Label, >99.6 atom2;,) @ #&%E4: ik
rhicgshiedEsL . Thiz, TCBZs LT
REAZEZEEZVIOL LA, 2HELIOOREY
ThD.

EkEzEG TR TCBZ 1z, 1,2,3,5-5 57 rm
vy ¥y (HrfbkI#EHR, GR) 2RV,

2.2 EBRBUFREORE

B MID v b =728 L 2 M-80B B
BENREE> e (L) ZEALR. FEBERILVVX
BELARY vy PEOREHE L LBE, 6000~ 10000; F
TAY » PR BEROMBEOMHAREE 75 & 10000 BL
roaBERBLINE. vEFvy-¥IJvREYWEH
Wik m/z 79 TR 5o MREREERY Fig. 1 WRL
7.
AR CACEERS IO BIES&H 2 Table 2 T
A~L7z.

Table 2 Operating conditions for a double-
focusing mass spectrometer, Hitachi

M-80B
Tonization method : El
Impact energy 70eV
Ion current 100 A
Ion source temp. 160 °C
Lens slit width 2 pm
Collector slit width 3pm

1400 V. (Fig. 1)
2100 V (Figs. 2~4)

Electron multiplier voltage

2.3 KRBRENF

2¢3¢1 1,2,3,5-F pbSo/na~yErRRBOENK

SIREER TR Lictk, Table 1 o 216-1 1
vETHEECEY, BPRELYEEL. K\W\T %
BEAF VBRBHAT7 7 e VBEROBSEHEY, TCBZoD
216-1, 218-1 o —7hRRFThLh X b 0.016 X
%\+ TCBZ-d, DBEEMBIZ R\ T HJEN TThh b X
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TCBZ 0.03~1mg/l 7+ t v BEKEL 3pl oW
wEAL, GC/MID sr~<t 75405 E— 7HEKX
hBREHAIER L. 5t Fig. 2 o X 5ThH, &K
ERERIERTR, HENEE OF = » 7 RV TCBZ
7% TCBZ-d, HIEMEIC 5% 5 8% BT 5B (&
MU

2:32 SsnoxXayvd, BBRERHORE
CD,Cl, 2 pl DBREEAERD T & + v IR 400 pl %4y 50
pl CBHEL, £ 3ul 2 GC 4 v 275 —%EL
TEAL, m/z 215.9+0.1 i\C TCBZ & TCB
Z-d, Dv'— 275 Fig. 3 0ol 52 +HoRoEELTW5
TEERHRLE. X, BRERERO®K, 71EHEE GC/
MID ¢, CD,Cl, MEEAERY 7 £ + VIR (BFEHED
FDOFrIrrrXvEy RUOEO BEAR LY 2 EE
L.

3 FREOER

3.1 RMEERRER

<y, ¥V vEEHDO m/z19 - 7%,
10% T Fig. 1 @iRLicX 5 7% 35Dl
14000 BEOHSBENNETHD. EELORKBRIT K
T 2% BTHEE ShTWwb0T, 4R 14000
DETHD, ZHEOBNEET IR TATHD LS
z bhic.

3.2 BEY
ABBEHIRE LRSS, BHROT 7 VEEMNF

79.0422
79.0503

_J

Resolution test for a mass spectrometer
employing benzene-pyridine mixture

m/z

Fig. 1

Test sample——benzene : pyridine=10: 1; m/z
79.0422=CsHsN+; m/z 79.0503=Cs13CHs*
(M/AM=14000, as 10% valley).
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Fig. 2 Calibration curves for unlabeled tetra-
chlorobenzene

(a) : 216-1; (b) : 218-1; GC column : 1% OV-
1, 1m; Column temperature : 90 °C; MS
detection : MID at m/z 215.8881 for (a) and
217.8852 for (b)

3.3 ERRR

TCBZ v — 7 216-1, 218-1 oW CEEFRE R
Dk A, S/N>10 s\~ TH 0.015mg/l ThH -
7c.

3e4 IHNIMBEE

CeH,Cl, KUt GC¢D,Cl, 2RERFELI> ¥Cl:
75.77%, ¥Cl : 24.23% OFLEHY L1t &0,
Table 1 TR LA A+ v D v — 7 [BHENRE (GHEME)
i Table 3 DX 5THotz. 32 KFWTEBRLK
B X b, TCBZ iwox m/z 216, 218 v — 7 M
HWEHETHE 1:0.45 Lich, Table 3 of5R XY
R EHAE Lo,

3.5 CD,Cl, R4 miMrhd TCBZ XU TCBZ-d,
DHE

Fig. 3 iRl X S5E, MEBRAESNTSIHA
HAVRAFTSAY—BEY LS, ho—EBDERIRY
EHLEBEE, 44V E—270MLEN, 7 1 X0%EM

S, B ESMEEMS X577 v YV EroBEKRKELLBOSBIER
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Table 3 Relative ion intensities for
C¢H,Cl, and C¢D,Cl,

Ion number Relative ion intensity?t

216-1 1

216-2 0.78

218-1 0.48
218-2 1

t Calculation includes following hypothesis; 1) Con-
centration of the two compounds are equal. 2) Rela-
tive abundances of Cl isotopes are; 33Cl=75.77%,
37C1=24.23%.

(a)

P 1 17 T 17T 171 17T 17T T1T71T T 1
“—>
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Fig. 3 Separation of C¢H,Cl, and C¢D;Cl, at m/z
215.941

(a) authentic CeH2Cl4, 1mg/l; (b) mixture
of CeH:zCls and CeD:2Cls, obtained from a
combustion of CD:2Cl2

DESTF 4 AT VLEINB T LHHE . KEROBAE
yohicS L Tws. LaLl, TCBZ % (Fig. 3a)
LB L, CD,Cl, REEARM+ (Fig. 3b) i LH
. TCBZ-d, 7B bivie. ‘

3.6 TCBZ-d; AEICxd 5 TCBZ YR

AiEd 2-3-2 BEHIER LRk, £ 3l 3o TCB
Z F¥EEAL, TCBZ-d, OBEMBECISVTERIE
haEDEXEY B Lic. m/z 218 CTHELLBE,
TCBZ ®pgsst 0.3mg/1 LI it 20 0.5% »s TC
BZ-d, {H: LTHEINABZENHBELL., O
TCBZ 7t TCBZ-d, gD 10 SRBEU TR BT, X
XEEBEREIELVWEELZDRSD., ThbOREE
ik, ZoDE—705b, —ANRKEL DL BES]
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X, ChiiMfh oL EL S0, RET 0L MEINME
T+ aORERTII RV EEL BT,

3.7 CD.Cl, #issmrho) TCBZ X TCBZ-d,
DTmER

BiEE 2:3-2 o XS BIE L B4 FE MID 7 e =
P75 sk Figo 4 WLk, HEERD 1.5 Sl
BT3B —D - 273 08RRE] 1,2,3,5- L 1,2, 4,
5-TCBZ oRHE—-7ThHH, EH2HCEHRS HE
Dve—7i11 1,2,3,4TCBZ ThH5.

TCBZ Bizowtit, BEAEx & e\ 1,2,3,5-
TCBZ W xHV, 7wv—=<t 75 atho 216-1, 218-1
DB Y » ©— 7 EEEAIER LICBER (Fig. 2) Xb

BH L%, TCBZ-d, £ix Table 3 pMEMRELEE
(a) 0.1 mg/l C5H2C14
218-2
216-2
Q
2 —n N-A 218-1
& ~ 216-1
3 2 1 1
= 0 2 3
5
E. (b) combustion products of CD;Cl,
[
a M 218-2
Moo 216-2
A 216-1
0 1 2 3

Retention time/min

Fig. 4 MID chromatograms for authentic GgH,Cl,
and combustion products of CD,Cl,
Sample (a) : authentic CeH:2Cls, 0.1mg/l,

(b) : combustion products of CD:Cl:; GC/
MS condition : identical with Fig. 2

Table 4 Concentration of C¢H,Cl, and C¢D,Cl,
in combustion products of dichloro-
methane-d,

Measured m/z CeH:Cls CeD:2Cl4
216 0.056 mg/1 0.041 mg/1
218 0.066 0.044

The values for CeH2Cls were obtained directly from
peak areas of the ion peaks at 216-1 and 218-1 using
calibration curves. CgD2Cls were determined with a
combination of above CeH2Cls amounts and relative
ion intensities as in the Table 3. Thus; Ion intensity
at 216-2 will be equal to the intensity at 216-1x1.28.
Ton intensity at 218-2 will be equal to the intensity
at 218-1x0.48.
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L, 216-2 o481 216-1 o 1.28 f,
WET 218-1 B 0.48 {22 LT kD1,
Bix Table 4 X 5Th 7.

m/z 216 KO* 218 X h RDI- EREKRD FHEMILHE
bW & BEBENT—HL, XEHLEHELD TR
b EBROROBEANCLFEHATESL Z AP LM
Eilcote.

218-2 D
Zh Bk

DEDX SR BEBEES YA GICSE A4 v
BHBECIY, S5 27nexvyy tBAELYSTFA
W 2fEE - LRBEREO S PIERELRA, WRET N
Ry ohic. ZofEtaHoB 1+ v OBEEER
BT Bcw, thoBBERREAHTHTFAHRC
BARRETHAEEEEA Ihicbahe d RBENCEH
AHETH H, AEWEHAE LOZEREE, SBRRIEOBE
i E OB B RFERELS 5.

L, Effilc ~ENRBERAHHELREL TS
&, TOSREERBCS HBEOMM LNMELELT
B 0b b, BOREREC—EOHBEERED
PEE R X 00NBEECTH B L, ELHE
MID o BRHRE #E o MID X h{E- (B 1/
10) &, EPRKEDORREL->TWD. ThbirE
BOVat o MEEOKEE o iR & S0 MiEIIEME R BAMR
TS, B, 77 erBERED, X hREMLEN
Hiiekrh, HUKEINBTHASS.
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Determination of tetrachlorobenzene and its
deuteride by high-resolution mass spectrometry.
Takashi Imacawa and Akira Mivazakr (National
Research Institute for Pollution and Resources, 16-3,
Onogawa, Tsukuba-shi, Ibaraki, 305)

Deuterium labeled compounds are quite effective to
clarify their reaction mechanisms. Among chlorinated
organic substances, there exist some difliculties to
distinguish their deuterides from unlabeled compounds,
because chlorine atom has two stable isotopes, 3°Cl and
37Cl. Tetrachlorobenzene-d, has the same nominal
mass weight with the none deuterated compound of
a heavier chlorine isotope. And the precise mass
difference between them is 0.0155 amu. In this study,
tetrachlorobenzene(TCBZ) and its deuteride (TCBZ-
d;) were separated by a high-resolution mass spec-
trometer having a resolution up to 14000, and each
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compound was determined by a multiple ion detection mechanism of chlorinated organic compounds.
(MID) technique. A quantification limit was 0.015 (Received January 28, 1988)

mg/(l at S/N>10. At m/z 218, a positive error on the
TCBZ-d, concentration due to a contribution of TCBZ
was below 0.59; of the TCBZ amounts. This method
was successfully applied for an analysis of TCBZ-d, in
the combustion products of dichloromethane-d, and determination of deuterated tetrachlorobenzene, high-
the method may be applicable for studying a reaction resolution MS, precise mass weight.
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