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Analysis of Polycyclic Aromatic Hydrocarbons by Negative lon Chemical lonization Mass Spectrometry
and its Application for Analysis of Coal Tar

Yuji FujlokA

Synopsis : Polycyclic aromatic hydrocarbons (PAHs) were analyzed by gas chromatography/mass spectrometry (GC/MS) using electron ionization (EI),

positive ion chemical ionization (CI) and negative ion chemical ionization (N-CI) mass spectrometry. PAHs are major constituents of coal tar,

and GC/MS technique is a useful analysis method for complex mixture of PAHs such as coal tar. EI and CI methods give similar sensitivities

for each PAHs in reconstructed ion chromatograms (RIC). N-CI method gives different sensitivities in RIC for structural isomers and alkyl-

side chain compounds. The results of GC/MS analysis of coal tar, RIC by EI and N-CI method were quite different. It was confirmed that

N-CI method is useful for analysis of PAHs mixture, because of good selectivity for PAHs structural isomers.

Key words : negative ion chemical ionization mass spectrometry; gas chromatography/mass spectrometry; polycyclic aromatic hydrocarbons; coal tar;

structural isomer.
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Table 1. Sample compounds of PAHs.

Compounds Elemental Molecular Proton
Composition Weight Affinity®
(kJ/mol)

Acenaphtylene Ci2Hs 152.20

Fluorene CisHio 166.22 837
Anthracene CisHio 178.23 866
Phenanthrene CiuaHio 178.23 831
9-Methyl anthracene CisHiz 192.26 895
1-Methyl phenanthrene CisHae 192.26

2-Methy! phenanthrene CisHiz 192.26

Fluoranthene CisHio 202.26 834
Pyrene CisHio 202.26 862
2-Phenyl naphthalene CisHhe 204.27

9.10-Dimethy] anthracene CisHua 206.29

3.6-Dimethyl phenanthrene CisHuy 206.29
2.3-Benzofluorene Ci7Hae 216.28
Benzlalanthracene CisHiz 228.29

Chrysene CisHis 228.29 843
Triphenylene CisHie 228.29 830.5
Benzo[alpyrene CaoHe 252.32

Benzolelpyrene CooHiz 252.32

Perylene CooHi2 252.32 884
9.10-Dimethyl benz[alanthracene CeoHis 256.35
Benzolghilperylene CoaHz 278.35 872
Dibenzla.cJanthracene CaeHiy 278.35
Dibenz{a.hJanthracene CozHuy 278.35
Dibenzola,hlpyrene CasHus 302.38

Carbazole CigHsN 167.21

Diphenylene oxide Ci2HsO 168.19

Diphenylene sulfide CioHsS 184.26

60/80 mesh, 2mX3mme # F A EH 7 4

H 5 LWRE D 140°C (S BREE) , 8°C/minHim ,

280°C (15457 REIfR#F)

F %) 7 —# Z : He 40 mL/min
(2) BEEHEIESMN

44 VLB EI(70eV), CI (200eV), N-CI (200eV)

HIHEE @ 3kV

EHEEREM | El (m/z=40~400), CI (m/z=100~400),

N-CI (m/z=50~400)

BESMEEE 1 1000

EERE | 25/, 10 scan/min THED B LER

REH R L2 AFNT OIS (AVTEY)

2.2 HHEHLIUHHEAR
(1) PAHsiR#

Table 112 HIEIZfE U 72 27f8 8 D PAHSiA K 2 R ¢ .
PAHsDRIIZ, 7 F 7F LV v a4 VEELLI
B4 52010, i FEPFECMBERERSEEL 20
Kol 10~1fEEARAL, BIEAET -7, Table 21Z{R
BB OB K OREO—FlERT, BT DIRE R
Immol/LEAB LD PALTVIZHEBL, ZO1uL %
GCMSIZIEA LTz, =L, PRV Ya,hl€L Vid b
IUNDOBEHBEMEL, BEZFAMTCE L, 572,
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Table 2. PAHs mix sample composition.

Compounds Concentration
(m mol /1)
Acenaphtylene 0.99
Anthracene 1.12
9-Methyl anthracene 0.99
Pyrene 0.99
9.10-Dimethyl anthracene 0.97
2.3-Benzofluorene 1.06
Chrysene 1.06
Perylene 1.02
Benzolghilperylene 1.00

Dibenzola.hlpyrene*

Table 3. Elemental composition of sample coal tar.

Elements Concentration (m:ss %)
C 89.5
H 4.70
N 0.87
0 1.24
S 0.49
(2) IA—NnF—J)L

- g =, EET—-s 2FTREL, BIER
EOEH W, TEHIEM% Table 312039, T -
Z—nid01gh ML, LT v 100mL & MA THEEL
726D ELFEAS UMD K Y T I T LA uTF L vE
T4NLA—THHAL, ZD1uL % GCMSIZHA L,
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Fig. 112 PAHs IRA KD (a) EIL, (b) C1 #6 & U (c) N-CIIEIC
X BEMKA A 2 0 b 25 4L (Reconstructed ion chro-
matogram; RIC) #7/5¢, RICIZ2-1 (1)EHT/RLIERS
MratflE &G coSEEBRERBIC VTR SNz 4
¥ D FE4HE (Reconstructed ion intensity; RIT) DIRFFEIZEL & 7R
L7=3DThH5H, Fig 1(a) EIB KU (b) ClikiZH T,
B 72 PAHS IR AR ORMIA S A3 A TR S Tu
BH, () N-CIETIREEWEICHW T T 7F LV &
NYVghi]RY LY, YRV [a,h| €Ly DAMEL #
BX N T3, Table 41ZHIFE L 729 /XT D PAHs KD RII
DWERER R T. EL CHETIEIRAMORINIZIEEALE
FZEAVD, N-CIETIRRS Z EITRRIENKRELSR
BHZ LD, HIEL-27HEDOPAHsD H 5, K
WRIDEEAEVE O, HEMBEICHVW 2T FT7FL
vV, IAFI VT, Ry V[alEL Y, XYY [ghi] X))
LY, UNYYa,h¥L Y R EREDPAHs TH D, HE
FRBRIZAFAENR DO DL, HNIIERENMED 5
2o YNV [ahlEL VX P LT Y ANDEBREPEL,
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Fig. 1. RICs of PAHs mixture ionized by (a) EI, (b) CI and
(c) N-CL
1: acenaphthylene, 2: anthracene, 3: 9-methyl an-
thracene, 4: pyrene, 5: 9,10-dimethyl anthracene, 6:
2,3-benzofluorene, 7: chrysene, 8: perylene, 9:
benzo[ghi]perylene, 10: dibenzo[a, h]pyrene, *:
impurity.

oKy & DIREIZEHEOS, RERBRE SNz, /72X

VU EL Y, R Vel¥ L Y ERY L VIZITTEMRE D
E<FEIUBEREMATH B2, ZOHTRENY J@EL
YHARGBESE L, ORISR L 1T 100~ 1000 55
ERREE TN, $hbbrav b5 7 4 -2 5
RO L N-CIEEIC B T 2R HEE DR A FIHT
S, BHELRAMO R 6 REDOMED &% EIRMISR
HTBZLBUEETHEEZELILNDETY,

—HEL CLETIERSBORINIZIELE A EE T LW EE
% 53, PAHs DIRAMITIXEL CIIEEIZ K B RICHOE — 7 58
EAMARR ORI ERTEDEZELIOND, 7L,
EHEIZ B BRI 5120, BIRA AV E=ZZ TV
%" (Selected fon Monitoring; SIM)¥E VA& W5 D RE W,
3.2 HEANY MIORE o

Fig. 2127 b4y, 9-XFLT Y b TXY, 910-¥
AFNT IRy, Fig 3127 F 2V LV, I-XAFN
TxF LY, 36-VAFAT S L VDEIER X
R MNERT, TV Tvy ik EMSEE 7 & PAHs
DEIEEARZ PALTIE, 7352V M A ViRIEEA
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Table 4. Comparison of reconstructed ion intensities.

Compounds El CI N-CI
Acenaphtylene 100 100 100
Fluorene 116 101 12
Anthracene 126 102 3.2
Phenanthrene 126 97 0.5
9-Methyl anthracene 135 130 4.1
1-Methy] phenanthrene 140 136 0.5
2-Methyl phenanthrene 138 133 0.2
Fluoranthene 141 119 104
Pyrene 143 123 1.1
2-Phenyl naphthalene 138 131 0.1
9.10-Dimethyl anthracene 130 116 3.0
3.6-Dimethyl phenanthrene 123 123 0.2
2.3-Benzofluorene 132 108 2.4
Benzlalanthracene 140 135 7.1
Chrysene 141 84 0.3
Triphenylene 162 136 0.8
Benzolalpyrene 140 138 567
Benzolelpyrene 138 136 0.6
Perylene 132 129 5.2
9.10-Dimethyl benzlalanthracene 125 118 18
Benzolghilperylene 141 125 521
Dibenz[a.clanthracene 135 138 51
Dibenz(a.hJanthracene 119 123 0.1
Dibenzola.h]lpyrene 58 53 173
Carbazole 98 142 20
Diphenylene oxide 128 67 0.1
Diphenylene sulfide 126 117 0.1

BRSNS, 2l F4 4 Y MDD ThIZRA X
NEBETHD, MMEDGFROHEENESZTHHED
D, HEBERIELEALEGLAL L, AN A FLELID
T, RIEFDMTARSBEIE NS M, 9,10-P A F LTV

SRy, 36-VAFALTFVIRFLYDEDIT, AFN
2oLk, dc0BzFLELECEICEBE, B
AFAM-15YDT 57 AV b4 F V58 kb,

Fig. 4127V b5 XY, 910-VAFLT YV FTFTHY,
3,6-VAFILT 2F VL VYDCIERANRY PLERT,
CIEEZXRZ LTI, PAHSIZIZE A BMH 25 X |
P-EI&EN X527 72y b4 A VbR, 72, 4
FAEEAE2DHETHLAMTE, MA* E< BB h, 7
TEDODWENEG LD, RENRAIIHW AV TR D
Fa b vENIEN6e83kImol T, Thikbhg ot v
MARKEFNE, MH' 2 8BBIE NS, &k, XV a]
VLVUYDOCIERANRY FLTI, MHT TidZe < MY 235
CBHlE I/, BEMIEEFADLWIKEIZHSDTAH
RHETHDBH, PAHsOBAEZ B TOWRT, MTTER
EBEDVRHHEDEEZEL LN S, Fig 4 THEE AT
5 (M+43)", (M+5NTIX3EA + 25D CH, CHy
mAx>Ths,

Fig. SIZ72F7F LV, XYV @RELYBLURYY
[ghi] XV L Y DN-CIBEAXY L %&/RT, Table 417K
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Fig. 2. EI mass spectra of (a) anthracene, (b) 9-methyl an-
thracene and (c) 9,10-dimethyl anthracene.
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Fig. 3. El mass spectra of (a) phenanthrene, (b) 1-methyl
phenanthrene and (c) 3,6-dimethy] phenanthrene.
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Fig. 4. CI (positive) mass spectra of (a) anthracene, (b) Fig. 5. N-CI mass spectra of (a) acenaphthylene, (b)
9,10-dimethyl anthracene and (c) 3,6-dimethyl benzo[a]pyrene and (c) benzo(ghi)perylene.
phenanthrene.
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