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Characterization of Nitrogen Compounds in Coal Tar and Pitch
Makoto SHIMURA, Itsuko SUZUKI and Yasuharu MATSUMURA

Synopsis :

Analytical methods have been developed for determination and characterization of the compounds contain-
ing nitrogen functional groups, found in small quantities in coal tar and pitch, without separation
procedures. 1) Identification of chemical forms : The nitrogen functional groups were transformed into
N-methyl (or ethyl) derivatives by the reaction with methyl or ethyl iodide, and were detected by '"H-NMR
(Nuclear Magnetic Resonance) spectroscopy. The hydrogen chemical shifts of the N-methyl and the
N-methylene groups enabled to identify the nitrogen functional groups (amines, pyrroles, and pyridines).
2) Characterization of the pyridine-type compounds : N-methyl quarternary salts of the pyridines, formed
by the N-methylation, were detected selectively by FABMS (Fast Atom Bombardment Mass Spectrometry)
using glycerine as matrix. The pyridine-type compounds could also be detected as N-protonated pyridi-
nium ions by FABMS using glycerine matrix containing an acid.

These methods have been applied to characterize coal tar and pitch. Pyridine-type compounds of one- to
four-ring structure were found in coal tar, and those of three- to six-ring structure were found in hex-
ane-soluble fraction of pitch.

Key words : tar; pitch; analysis; instrumental analysis; characterization; identification; nitrogen hetero-

cycles; NMR; mass spectrometry.
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Table 1. 'H Chemical shift for N-methyl and
N-ethyl derivatives of pyridine-type, pyrrole-type,
and amine-type compounds.

N-CHj3 N-CH,CHg

Quinoline 4.68 5.15
Nicotinamide'® 4.52

3-carboxypyridinel6) 4.48

Pyridine 4.42 4.70
2-chloropyridine!® 4.35

Acridine 4.00 4.34
Pyrazole 3.85

Carbazole 3.80 4.34
Indole 3.74

Imidazole 3.69 4.04
Pyrrole 3.59

Dimethyl (alkyl) amine!® ~3.1

a-naphthylamine 3.03
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Fig. 1. Expanded H-NMR spectra of N-alkyl
derivatized tar A.
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Fig. 2. Expanded 'H-NMR spectrum of tar A.

Fig. 1 1 & N-7VFVKED Y 7 F v sBH 5 5EE 7251
EHARKLTRLTHS, Ifb7 vFE N ERIL S AR
D7~y bVE Fig 2125”7, Fig.l & Fig.2 &% R
K ERDLEKHIEF LTI F NI T AFLED
Figie E o THZICEL - 7 F M THY), N-T V¥

Table 2. 'H-NMR signals for N-methyl deriva-

tized nitrogen compounds in coal tar.

Tar N-CHj3 chemical shift (ppm) Assignment
Tar A 4.09, 3.99, 3.96, 3.92 Pyridine-type
3.65, 3.59 Pyrrole-type
3.36, 3.34 Uncertain
Tar B 4.09, 3.98 Pyridine-type
Tar C 3.69, 3.55 Pyrrole-type
3.41, 3.39 Uncertain
Tar D 3.94, 3.91 Pyridine-type
3.80 Pyrrole-type
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Table 3. FABMS peaks for N-methyl derivatized

nitrogen compounds in tar B.

[ Fig. 3. FABMS spectrum of
250 N-methyl derivatized tar B ip
glycerine matrix.

Table 4. FABMS peak intensities of acridine with

various acids in glycerine matrix.

m/z gii?xtsli‘lt?r Assignment

144 100 Quinoline

158 31.0 Methylquinoline

172 11.9 C2-Quinoline

194 14.2 Acridine, benzoquinoline
208 6.7 Methylacridine

218 11.3 Azapyrene

Acid pK, in H,O Relative intensity

Phenol 9.82 2.4
Benzoic acid 4.20 1.0
Citric acid 2.87 4.2
Trifluoroacetic acid 2.59 6.0
Oxalic acid 1.04 23

Hydrochloric acid —3.7 4.0
p-toluenesulfonic acid —6~—7* 34

C2 : Dimethyl, ethyl

a: Carbazole b: Acridine c:Pyrene d: Naphthacene
e : Benzo [e] pyrene f:13H-dibenzo [a,i] carbazole
g : Coronene

Fig. 4. Model compounds of tar components.

b ALY — 2 (MHY, m/z2=180) 2" a b &)
% 572 (Fig. 5). €u—VELEMTH B A VN — )b
DE—2 (M-F, m/z=167) bW ahrs, 72
DT L LEENFEEINECEHNTES.
TOEI, BEREMLAEZIEY v ETRNY 9 2R
& LT FABMS 2<% b VvEHIET 5 LIERBERIL
Y EBIRBICOMTEDL I b o, TOHET

* Estimated value

i, 7 Ry 2 A CEEMER A AD 7T |
MEREABI 5o TwBDOT, {INTABEOMEI L~
BREICERETLLEZOND. FIT, BO pK, (BF
BEBOSEHOERMNK) LTV roTa A
¥— 7 s OBRE RN, =7y P EII—EED
HEEWE 2pl) 2 FEECAEHECHELLLEDE -
7 D5y MEDHKD AT ERE % Table 4 (IR
WML 7-BED pK, DIEN/NS L B T2 )T vE—
7 OHXRE SN T AEMICH - 72, b OfED )
L, p-MVIZUVANKVEERMAEEDY — 7 EE
PERbKEPS7OT, UTF, p- by 2k v B
PHWAZ LI

EEOS -V OB EFERLTHELL AT b
VOBPIBLUEY— 2 DIFE% Fig. 6 (. Hil
BEREKIEBCTNFVAEIEL 2EEDOLDE
WTEHEATRLE. =0V A BXUBHIZKRESh
ZFILAWE Table 50T &7z, $72, Yo FOn
FHCABELHORE SN BFELLEY S Table 5 1C
T D7,

1 2 =

4-1 N-PILXIEICEZEHRIEEMD 21 TR
ZFRLEWE N-THEMETH I LK, N-TW
FNAZEONMR 7 IH V27 ML Y o ELE

— 124 —



A=Wy =¥y FHOEFLEWOFH 2193

100
, 180185
N -Glycerine
O ,\ Glycerine
= 277
w
oy
2
£
o 50
=
O
O]
[ans
167
0 _' il l et obdid " . 1“ Ll ] R
150 200 250 300 Fig. 5. FABMS spectrum f)f th‘e moc‘l—
el compounds of tar shown in Fig. 4 in
Mass Number {m/z) glycerine matrix containing oxalic acid.

100 180

O

11

194 ‘

122

Relative Intensity
n
o

218
108 208 230
o 7% gl < | a4 Fig. 6. FABMS spectrum of tar B in
50 100 150 . 200 250 glycer‘ine 'matrix containing p-toluene-
Mass Number (m/z) sulfonic acid.
° 17— VA I AP A 3 -
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