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SUMMARY 

Gas chromatography-mass spectrometry (GC-MS) has been used to identify 
nitrogen compounds in basic fractions from three coal liquefaction products_ Selec- 
tive chemical derivatisation was used to assist in distin_wishing between the various 
possible isomeric compounds types. The compounds thus identified were quantified 
by GC in conjunction with flame-ionisation detection (FID); they were largely aza 
heterocycles and anilines, no higher aromatic primary amines being’identified. The 
use of a nitrogen-selective alkali-flame detector for the direct GC determination of 
nitrogen compounds in unfractionated coal liquefaction samples was evaluated, and 
the results agreed satisfactorily with those obtained by GC-FID analysis of the basic 
fractions. 

INTRODtJmION 

With the depletion of crude petroleum and natural gas supplies, increased 
attention is being given to the exploitation of oil shale and coal reserves_ In particular, 
processes for coal liquefaction are being investigated both in Britain and the U.S.A. 
Nitrogen is present to some extent in all fossil fuels, but although its level is generally 
-x 0.3 y0 in crude petroleum, significantly higher levels (l-2 %) may be present in shale 
oils and coal. Nitrogen compounds are found as minor components in the distillation, 
extraction and combustion products. Heterocyclic pyrrolic and pyridinic (aza) com- 
pounds appear to be the major nitrogen-containin, (J species, even in the largely ali- 
phatic petroleum products, but aromatic primary and secondary amines, nitriles, 
amides and porphyrins have also been identified, together with some dinitrogen and 
mixed (NO and NS) h:terocyclic systems. Although these compounds have not been 
character&i as fully as the predominant hydrocarbon components, they are impor- 
tant because they may cause problems in the stability and further refining of the 
products_ These problems, which include catalyst poisoning, viscosity increase on 
storage, gum formation and discolouration, are due to the reactivity of the nitrogen 
compounds and other polar heteroatomic species. A number of the basic nitrogen 
compounds are toxic, several of the aza heterocycles and higher aromatic primary 
amines being known, or suspected carcinogens’“. 
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A detailed knowledge of the types and concentrations of nitrogen compounds 
present in the newer coal-derived materials is clearly desirable in order to optimise 
methods for their removal and to specify procedures for the safe handling of such 
materials. Several gas chromatographic-mass spectrometric (GC-MS) studies of 
basic nitrogen compounds in products from American coal liquefaction processes 
have been published’*W, and investigations of similar compounds in coal tars”.’ ‘: 
cannabis and tobacco smoke condensates”*” and environmental sampIes’i’5 have 
also been reported. Although nitrogen-selective detectors have been used to generate 
GC profiles of nitrogen compounds in atmospheric pollution samplesi and engine 
oils”, their use for quantitative analyses has been much more restricted_ However, 
Albert’s has used an alkali-flame detector (AFD) to determine the nitrogen com- 
pound distribution in petroleum, Becher x9 has used a similar detector to determine 
aromatic amines in workpIace atmospheres, and in two earlier papers”*‘i we have 
described the apphcation of GC in conjunction with *MS and AFD for the determi- 
nation of nitrogen compounds in coal tar products. In this paper we report the 
application of similar techniques to the determination of basic nitrogen compounds 
in three samples from a British coal iiquefaction process. Selective chemical derivatisa- 
tion has been used to assist in distinguishing between the various possible isomeric 
nitrogen compound types identified by GC-MS. Although derivatisation is widely 
used to improve the chromatographic behaviour of polar compounds such as amines. 
very few applications of selective derivatisation for distinguishing between isomers 
have been reported hitherto_ However, Guerin ef al.’ and Tomkins and HoS have 
recently described the use of trifluoroacetylation to distinguish between free amines 
and their methylaza-arene isomers in bases from natural and synthetic crude oils. and 
Lee ef aI_’ have used similar derivatives to enhance the electron-capture detector 
response to amino polycyclic aromatic compounds in solvent refined coal. In the 
present work we have used the commercial methylating reagent “1Methyl-S” for the 
selective derisatisation of primary amines in basic fractions from coal liquefaction 
samples; as far as we are aware the reagent has not been used before for this purpose, 
and it may possess advantages over the trifluoroacetylating reagents_ 

EXPERILIEKTAL XSD RESULTS 

SaHipIe preparation 
The samples were prepared at this Establishment from a British bituminous 

coal (Coal Rank Code 702; ash 2.9 7;; moisture 6.0 %; volatile matter 37.2 O$& dry ash 
free: ultimate analysis C 84.0 “/,, H 5-g “/,, N 1.9 %. 0 S-0 “/‘,, S 0.7 % (w/w), dry mineral 
matter free) by a liquid solvent extraction process”_ They comprised a coal extract 
solution in recycle solvent, a light ends distillation product and a digester condensate- 
Nitrogen analyses are given in Table I_ Basic nitrogen was determined by poten- 
tiornetric titration with perchloric acid in a glacial acetic acid medium using a pro- 
cedure simiIar to that described by Moore et ~1.‘~. Basic fractions were then prepared 
in the following manner. Approsimately 5 g of each sample was weighed and dis- 
solved in 40 ml dichloromethane. The solutions were extracted with 2 x 20 ml 10 % 
sulphutic acid then with 2 x 20 ml 20% sulphuric acid. The aqueous acid extracts 
xere combined_ filtered to remove traces of oily residue, cooled and the pH adjusted 
to 12 with 4 X sodium hydroside solution_ The bases thus regenerated were recovered 
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by back extraction with 40 ml dichloromethane then with 2 x 20 ml dichlorometh- 
ane. The combined extracts were reduced to a volume of approximately 1 ml under 
nitrogen at room temperature for analysis. 

TABLE I 

NITROGEN CONCENTRATIONS IN UNFR4CTIONATED SAiMPLES 

Concenrrarion (ppm j 

Coal e_t-tract 
in reqde 

SOIWII 

Light ends 
prOdUCt 

N (total) 4050 1200 1350 

N (basic) 3Klo 1000 800 

Gas chromatograpiq 

The samples were analysed by GC using a Perkin-Elmer F- 17 chromatograph 
fitted with a flame-ionisation detector (FID) and a nitrogen-selective AFD. The 
design of the AFD was essentially that of Koib and Bischoff’*, employing an elec- 
trically-heated rubidium glass bead as the source of alkali metal ions. The statistical 
method of Rubin and Baynt? was used to adjust the AFD combustion gas flows and 
bead heating current for maximum response and selectivity towards nitrogen com- 
pounds; the optimised flow-rates were 3.0 ml/min for hydrogen and 19 ml/min for air, 
a bead heating current of 5.5 on the arbitrary control box scale being used. Under 
these conditions the selectivity factor for acridine-phenanthrene was 700.0_2-~1 split- 
less injections were made onto a 40-m SGE glass support-coated open tubular 
(SCOT) capillary column coated with SP-2253 50% methyl, 50% phenyl silicone 
stationary phase using hydrogen carrier gas (93 cm/set linear velocity) for the FID 
analyses, and helium (3s cm/set linear velocity) for the AFD analyses_ Other chroma- 
tographic conditions are given on the appropriate chromatograms. 

The basic fractions were analysed by GC-FID using dibenzyl as an internal 
standard. A I-ml volume of a solution containing 400 ng/,ul of dibenzyl in dichloro- 
methane was added to each fraction which was then concentrated to 1 ml prior to 
analysis_ GC-FID chromatograms for the coal extract solution, light ends product 
and digester condensate are given as the upper traces in Figs. l-3, respectively. A 
Hewlett-Packard 3353 chromatographic data system was used to measure peak areas 
and calculate the results. Responses relative to dibenzyl were determined under iden- 
tical chromatographic conditions for those compounds for which reference materials 
were available, and the results corrected accordingly. In cases where an unambiguous 
identification of a component could not be achieved, or reference materials were 
unavailable, a response factor of unity relative to the internal standard was assumed; 
the same assumption was made for multi-component peaks_ Concentrations for the 
numbered peaks in Figs. l-3 are given in Tables II-IV, respectively, espressed as ppm 
of the original, unfractionated samples_ 
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UNDERIVATIZED 

METHYL-8 ADDED 

I .., * , , ., , :, &....A* ‘.= I ,.,.,,.,,,...., 
40 so 60 70 g, 

RETENTION TIME (MINUTES) 

Fig_ 1. GC-FID chromato_garns of bases from cod extract solution in recycle solvent before and after 
derivatisation with MethyI-5. identities of numbered peaks given in Table II. Conditions: 40 m. SP-2250 
$asz:; SCOT capikq column programmed from 85-235’C at 3’imin with 4-min initial hold. 

The unfractionated light ends product was also analysed by GC-AFD as an 
approximately 20 oA (wjv) solution in tetrahydrofuran containing Pphenylpyridine 
(979 n&d) as an internal standard. The resulting chromatogram is shown in Fig. 4_ It 
is very similar to the GC-FID chromato_m of the bases from the same sample 
shown in Fig_ 2 and the peaks have ken numbered in the same manner, identifi- 
cations beiq given in Table III- Concentrations for the numbered peaks in Fig. 4 



ESll~MATION OF NITROGEN CO,MPOUNDS IN COAL PRODUCTS 275 

IJNDERIVATIZED 

ATTENtBTtON X 640 

METHYL-8 ADDED 

ATTENUAllON X 1280 

RETENTION TIME (MINUTES) 
Fig 2_ GC-FID cbromstograms of bases from light ends product before and after derivatisation with 
Methyl-S. Identities of numbered peaks given in Table III. Conditions as in Fig. 1. 

have been calculated assuming a response factor of unity relative to 4-phenylpyridine, 
and are also given in Table III. 

GC-MS was used for the identification of specific compounds in the basic 
fractions. A Perk&Elmer F-l 7 chromatograph was interfaced with a Kratos MS-30 
double-beam mass spectrometer/IX-SO data system via a glass jet separator main- 
tained at 250°C. Approximately 3-5~1 splitless injections were made onto a 50-m 
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UNDERIVATIZED 

METHYL-6 ADDED 

I I r . t t I t * * 11 11 11 1 ” ” I 
0”’ IO 20 30 40 so 

RETENTION TklE (MINUTES) 
Fig_ 3. GC-FID chromato,ms of bases from digzster condensate before and after derisatisation with 
Meti-ql-8. identities of numbered ptrks given in Table IV_ Conditions as in Fie 1. 

SGE SP-2250 glass SCOT capillary column under similar chromatographic con- 
ditions to those used for the GC-FID and GC-AFD analyses. Mass spectral scans 
were collected at 3 set per decade of mass over the mass range 50-400 at a resolution 
of 3000 using 70 eV electron-impact ionisation. The data system was used to generate 
the total ionisation current {TIC) chromato_ms, and single ion chromatograms for 
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TABLE II 

COMPOUNDS IDENTIFIED IN BASIC FRACTION OF COAL EXTRACT 
SOLVENT 

IN RECYCLE 

Peak numbers refer to GC-FID chromatogram in Fi_e 1. Concentrations determined by CC-FID and 
expressed as ppm of original, unfractionated sample. 

Peak 

X0. 

Aramic 

composition 
z No. COIZC. Name or possible rype 

(ppm) 

1 
2 
2 
3 
4 
4 
5 
6 
7 
7 
8 
9 
9 
9 

10 
10 
11 
17 
12 
12 
13 
13 
14 
15 
15 
16 
16 
17 
17 
IS 
1s 
19 
19 
19 
20 
20 
20 
21 
22 
22 
23 
24 
25 
26 
26 

133 
129 
147 
147 
129 
147 
143 
143 
147 
161 
143 
143 
161 
175 
157 
161 
143 
143 
157 
161 
157 
161 
157 
157 
175 
157 
175 
157 
16i 
157 
171 
157 
171 
175 
157 
171 

175 
182 
157 
171 
171 
171 
171 
171 

GJ-LN 
C,H;N 

C,,H,,N 
C,,H,,N 
GH,N 
CtoHtsN 
C,oHs.N 
C,,%N 
C,,H,,N 
C,,H,,N 
C,,H,N 
C,&N 
C,,H,SN 
C,,H,?N 
C,,H,,N 
C,,H,sN 
C,,H,N 
C,oH,N 

C,l~,l~ 

G,Hd 

C,,H,,N 

C,,K,N 

C,,H,,N 

GrH,,N 

‘G,H,,N 

C,,H,,N 

C,JLN 

C,,H,,N 

C,,JAsN 

G&IN 

C&d 

&KIN 

CJ-LN 

Cd&N 

C,,H,,N 

‘kH,,N 

CI$,,N 

C&,, 

G,H,,N 

GdLN 

G,%PU’ 

C,&,N 

- 7.N 
-11-N 
- 7.N 
- 7.N 
-1l.N 
- 7.N 
-11-N 
-11-N 
- 7.N 
- 7.N 
-11-N 
-11-N 
- 7-N 
- 7.N 
-11-N 
- 7.N 
-11-N 
-11-N 

-11-N 
- 7.N 
-11-N 
- 7-N 
-11-N 
-11-N 
- 7.N 
-11-N 
- 7-N 
-11-N 
- 7.N 
-11-N 
-1l.N 
-11-N 
-11-N 
- 7-N 
-11-N 
-11-N 
- 7.N 
-14 
-11-N 
-11-N 
-11-N 
-1l.N 
-11-N 
-11-N 
-11-N 

<I 
15 

Cl 
<I 

S 
3 
4 

-z 

11 

4 

13 
7 

6 

4 

1s 

S 

12 

- 

13 

8 
6 

11 
7 

Tetrahy-droquinoline 
Quinoline 
~Methyltetrahydroquinoline 
Methyltetrahydroquinoline 
Isoqumoline 
Methyltetrahydroquinoline 
2-Methylquinoline 
Methylquinoline 
Methyltetrahydroquinoline 
Cz-Alky!tetrahydroquinoline 
Methylquinoline 
MethyIquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
Ca-Alkylquinoline 
C,-Alkyltetrahydroquinoline 
4-Methylquinoline 
Methylquinoiine 
C,-Alkylqninoline . 
Ca-Alkyltetrahydroquinoline 
C,-Alkylquinoline 
C,Alkyltetrahydroquinoline 
2,6 + 2.7-Dimethylquinolines 
C,-Alkylquinoline 
C,-Alkyltetrahydroquinolice 
Ca-Alkylquinoline 
C,-Alkyltetrahydroquinoline 
CL--4lkylquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkylquinoline 
C,-Alkylquinoline 
C2-_4lkylquinoline 
C,-Aikylquinoline 
C,-Alkyltetrahydroquinoline 
C&lkyIquinoline 
C,-Alkylquinoline 
C,-Alkyhetrahydroquinoline 
Dibenzyl (interna! standard) 
C&lkyIquinolin.e 
C,-Alkyiquinoline 
C,-Alkylquinoline 
C,-Alkylquinoline 
CJ-Alkylquinoline 
C,-Alkylquinoline 
C,-Alkylquinoline 
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PeL?k nr = -4 fomic Cont. 
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Xame or possible rye 

IS5 
!69 
IS5 
169 
IS3 
199 
169 
IS3 
I99 
IS3 
197 
IS5 
1s; 
ISi 
199 
187 
IS3 
197 
199 
is.3 
I93 
199 
101 
213 
IS3 
197 
IS3 
197 
153 
197 
IS3 
197 
197 
!S3 
197 
183 

C,,H& 
C,,H,,X 

C,,H& 
C,zH,,S 

C,sH,,N 
C,,H,,N 
C,,Hi,,S 
C,,H,,X 
CIAHITX 
Cx3H15S 
C,,H,,X 
C,JH,,K 
C,,H,,N 
C,,H,:S 
C,,H,+ 
C,,H,,N 
C,,H,,N 
C,,H,,N 
C,,H,,N 

C,,H,,?r: 
C,;HssN 
CI,H,:N 
C,,H,,K 

C,,HG 
CJ-I,,~ 
C,AH,~N 
C13H,3K 

C,,H,,X 

Cz,H,P 
‘=,,H,P 
C,,H,,N 
C,,H,55 
C,zH,,N 
C,,H,3N 
C,J-I,A 
C,,H,,K 

-11.x 
-13.x 
-11.x 
-13-N 
-13-s 
-11.x 
-lxx 
- 13.9 
-11-N 
-13-X 
-13.x 
-11.9 
-13x 
- 9.x 
-11.X 
- 9.x 
-133 
-13.x 
-11.x 
-13-s 
- 13.x 
-11.3 
- 9.x 
-113 
-133 
-13.x 
-13.x 
-13-N I 
-13-N 
-13-N 
-13-S 
-13.X 
-13-N 
-13-N 
- 13s 
-13.x 

30 

S 

11 
12 
9 
-1 

I-1 

9 
10 

6 

12 

16 

11 

19 

10 

2s 
13 

11 

21 

23 

4 

20 

7 

C,-Alkylquinoline 
C,-AlkyIquinoIine 
C,-Aikylquinoline 
C,-AIkyIquinolme 
C,-Alkylquinoline 
C,-AIkyIquinoIine 
C,-Xlkylte~hydroquinoline 
C,-Alkylquinoline 
C,-Alkyiquinoline 
C,-Alkylquinofine 
0ctah)drobenzoquinoline 

C,-_Alkylquinaline 
C,-AlkylquinoIinr 
C,-XlkyIquinoIine 
Terrah_vdrobenzoquinoline or 
merh>-tdiphenylarnioe 
C,-AlkyIquinoIine 
Diphenylamine or attinobiphenyl 
C,-Aikylquinoline 
Diphen)Iamine or aminobiphenyl 
~Iethyldiphenylamine 
C,-_4ikylquinoIine 
Diphenylamine or zminobiphenyl 
Methyldiphenylamine 
C,-Alkclquinoline 
hfethyIdiphenylamine 
C,-Alkyldiphenylamine 
C,-Alk>Iquinoline 
Xlethyldiphenylamine 
Cktahydrobenzoquinoline 
C,-_LUkyIquinoIine 
Octahydrobenzoquinoline 
Methyldiphenytamine 
C2-AIkyldiphenyIamine 
C,-AlkyIquinoline 
Methyldiphenylamine 
C,-Xlkyldiphenylamine 
C,-Alkylquinoline 
Methyloctzhydrobenzoquinoline 
C,-AlkyIquinoline 
Methyldiphenyiamine 
C2-_4lkyldiphenylamine 
Methyidiphenylamine 
C2-_4lkyIdiphenylamine 
Methyldiphenylamine 
C,-AIkyldiphenylamine 
Methyfdiphenylamine 
C,-AIkyIdiphenyIamine 
Cz-AIkyidiphenyIamine 
Methyldiphenylamine 
C,-AIkyldiphenyIamine 
Methyldiphenylamine 
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Peak 

X0. 

riiO?lliC 

conrposirion 

Z h’o. 

52 
52 
53 
-_ 
; 

55 
55 
55 
56 
56 
57 
57 
55 
5s 
59 
59 
60 
60 
60 
61 
61 
62 
62 
62 
63 
63 
63 
63 
6-z 
a 
M 
61 
65 
65 
65 
6.5 
66 
66 
66 
67 
67 
65 
69 
70 
70 
71 
71 
71 
72 
72 

179 CA-W - 17.N 
197 ‘%H,,N - 13.N 
179 &H,N - 17.N 
197 C,,H,5N - 13.N 
111 C,,H,,N -13-N 
179 C,JH,N -17-N 
193 C,,H,,N -17-N 
211 C,sHcN - 13.N 
193 C,,H,,N -17-N 
197 C,,H,5N -13-N 
i97 CIZH,,N -13-N 
211 C,,H,;N -13-N 
197 CI,Hl,N -13.N 
211 ‘GH,TN - 13.N 
193 C,,H,tN - 17.N 
‘11 C,sH,,N -13-N 
193 C,,H,,N -17-N 
211 C,,H:,N - 13.N 
207 C,,H,,N. -17-N 
193 C,,H,,N - 17.N 
211 C,sH,,N -13-N 
193 CI,H,,N - 17.N 
211 C,sH,,N - 13.N 
209 C,,H,zN -15-N 
193 GJ-L,~ - 17.N 
211 &H,?N -13-N 
207 C,,H,,N - 17.N 

209 CISHISN - 15.N 
193 C,,HI,N - 17.N 
211 C,,H,,N -13-N 
207 C,sH,aN -17-N 
225 C,,H,gN -13-N 
207 C,,H,,N -17-N 
209 ‘=,,H,,N -15.N 
211 C,sH,:N - 13.N 
223 C,,H,,N -15.N 
207 ‘=zsH,sN -17-N 
211 CtSHtiN - 13.N 

225 C,c.H,,N -13-N 
207 C,,H,,N - 17.N 
211 Ct5H,,N - 13x 
207 C~~HUN -17-N 
107 C,,Hx,N -17-N 
207 Cc.HtaN -17-N 
221 CaH,,N -17-N 
207 C,,H,,N -17-N 
211 C,sH,,N -13-N 
225 C,,HmN -13-N 
207 C,sH,,N - 17.N 
“1 C,BHI,N -17-N 

36 

63 

4 
56 

30 

33 

9 

I5 

30 

23 

10 

6 

II 

IO 
9 

15 

-9 

13 

7.5~Benzoquinoline 
C2-Alkyldiphenylarnine 
2.3-Benzoquinoline 
C,-_4lkyldiphenylamine 
C,-Alkyldip6~nyIatnine 
3,4 i 5,6-knzoquinolin 

Methylbenzoquinoline 
C,-Alkyldiphenylamine 
Methylbenzoquinoline 
C,-Alkyldiphenyiamine 
C,-Alkyldiphenyiamine 
C,-Aikyldiphenylamine 
C+Ikyldiphenylamine 
C,-Alkyldiphenylamine 
Methylbenzoquinoline 
C,-Alkyldiphenyiamine 
Methylbenzoquinoline 
C,-Alkyidiphenylamine 
CZ-Aikylbenzoquinoline 
Methylbenzoquinoline 
C,-Alkyldiphenylamine 
Methylbenzoquinoline 
C,-Alkytdiphenykunine 
C,-Alkylazalluorene 
Methylbenzoquinoline 
C,-AlkyldipiLenylamine 
C,-Alkylbenzoquinoline 
C,-Alkylazafluorene 
&fethylbenzoquinoline 
C,-Alkyldiphenylamine 
C&lkylbenzoquinoline 
C,-Alkyldiphenylamine 
C2-Afkybenzoquinoline 
C,-Alkylazafluorene 
C,-A!kyldiphenylamint 
C,-Alkylazdluorene 
C,-Alkylbenzoquinoline 
C3-Alkykiiphenylanine 
C,-Alkyldiphenylamine 
C1-Alkylbenzoquinoline 
C,-Alkyldiphenylamine 
C,-Alkylbenzoquinoline 
Cz-Alkylbenzoquinoline 
C,-AlkylbenzoquinoIine 
C,-Alkylbenzoquinoline 
C,-Alkyibenzoquinoline 
C,-Alkyldiphenylarnine 
C,-Alkyldiphenylamine 
C,-.4lkybenzoquinoline 
C,-Alkylbenzoquinoline 

!eS 

(Conrinued on p. 230) 
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73 
‘73 

7-S 
7-X 

75 

75 

76 

76 
76 
77 
77 
ii 
7s 
7s 
79 
so 

so 

si 

Sl 

SI 

S1 

S1 

SZ 

S3 

53 

S-l 

SS 
S5 

56 

+,H,,K 

C,,H,+ 
C,,H,J 
C,J-f,s~ 
C,,H,,N 
C,,H,SK 
Cz5H,,N 

C&f@ 
C,,H+ 

Cz,H,, 
C,,ii,,N 
C,,H,,S 
C,,H,,N 
C,,H,-N 
C,,H,X 
Ct6HIIN 

C,-H,,N 

C,,H& 

C,,H,,X 

CITH1$ 

C,,H,,x 

C,:H,,N 

C,,i-i,,N 

Ct7HISX 

CsH,,N 

C,,H,,N 

C,,HttN 
C,,H,,N 

C,:H,,N 

-1i.N 

- 1T.N 

-17.x 
-17.X 
-17.x 
- 17.N 
- 17.N 
- 17.6 
-15.x 
--” 

-17-N 
-15.X 
- 17.N 
- 15.5 
--Il.N 
-213 

-19.x 

-19.x 

--21.s 

-21.X 

-213 

-21.X 

-19-N 

-19.x 

--11x 

-19.x 

?T y --__ 
- 19.N 

-233 

10 

19 

7 

7 

1-l 

6 

36 
19 

19 

21 

9 

16 

10 

10 

C+K@enxquinolinine 
C3-A1kylbenzoquinoIine 

C2-Alkylbenzoquinoline 
C+lkylbcnzoquinoline 
C,-_AlkyIbenzoquinoline 
C,-Alkylbenzoquinoline 
C1-Alkylbenzoquinoline 
C,-iWcyltxnzcqninoline 
C,-_Alkyiazafluorene 
Fhxoranthene or pyrene 
C,-Alkyibenzoquinoline 
C,-_Alkqlazafiuorenct 
C,-.4lkylbenzcquinoline 
C,-Alkylazailuorene 
Azafluoranthencjpyrene 
X¶eth_\I~fluoranthene;pvrene 
or ;uabenzofluorene 
C,-XlkyIazacyclopenteno[~e~- 
phenanthrene or tetrahydrodi- 
benzoquinoiine 
C2-_L\lkylrtzricyc!openteno[defl- 
phenvlthrene 
hfetlvI3zanuorJlrhene,‘p~~ne 
or az&euzofluorcne 
CZ-Alk~l~~uoranthene;p~-rme 
or methylazbenzofluorene 
hfcthylazatluoranthene:p~xne 
or azabenzofluorene 
C~-Alkyl~fluoranth~e~p~~ene 
or methyiazabcnzofluorene 
C3-~Ukvtaza~c!opsnteno[deff- 
phenanthrene or tetrahydrodi- 
bextzoquinoline 
C~-Alkyl~~clopenteno[drfl- 
phenanthrene or tetrahydrodi- 
txxuoquinoline 
hfethyl2Aluoranthene,!pyrene 
or azdmzofluorsne 
C,-AlkyIazacyclopenteno[defl- 
phenanthrene or tetrahydrodi- 
hxzoquinoline 
3,~Benzacridine 
C,-~ikyl~~clopenrcno[drfl- 
phenanthrene or tetrahydrodi- 
benzoquinoline 
Dibenzoquinoline. 

selected masses- Accurate mass measurement, generally to within 25 mmu using the 
doubIe-beam technique, permitted the assignment of atomic compositions. 

GC-MS identification was assisted by using the data system to draw sir&e ion 
chromatograms for nominal rn!= values corresponding to possible nitrogen com- 
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TABLE III 

COMPOUNDS IDENTIFIED IN BASIC FRACI-ION OF LIGHT ENDS PRODUCT 

Peak numbers refer to GC-FID chromatogram in Fig_ 2, and also GC-AFD chromatogam of un- 
fractionated svnple in Fig. 4. Concentrations determined by GC-FID and CC-AFD and expressed as 
ppm of original, unfractionated sample_ 

Peak m/z A~omt-c 
NO. composition 

z x0. Cont. (ppm) 

GC- GC- 
FID AFD 

Name or possible gpe 

1 
2 
3 

4 

: 
6 
7 
7 
8 
9 

10 
10 
10 
11 
12 
13 
13 
14 
I4 
15 
15 
i5 
16 
17 
17 
17 
1s 
19 
20 
21 
22 
23 
23 

107 
107 
!21 
121 
121 
93 

135 
107 
121 
135 
121 
121 
135 
149 
135 
- 

107 
135 
107 
I35 
121 
135 
1:9 
135 
121 
135 
149 
165 
121 
121 
121 
121 
121 
179 

C,H,N 
C&,N 
C,H,,N 
CsH,,N 
CsH,,N 
C,H,N 
C,H,,N 
C:H,N 
CE& ,N 
C&,,N 
C,H,,N 
C,H,,N 
C9H13N 
C,,H,sN 
C,H,,N 
- 

C,H,N 
C,H,,N 
C,H,N 

C,H,,N 
C,H,,N 
C,H,,N 
C,,H,sN 
C,H,,N 
CsH,,N 
C,H,sN 
C,,H,,N 
C,,H,gN 
C.&IN 
C,H,,N 
CsH,,N 
C&,,N 
CJI,,N 
C,zHxN 

- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5.N 
- 5-N 
- 5-N 
- 5-N 

- 5-N 
- 5-N 
- 5-N 
- 5.N 
- 
- 5-N 
- 5.N 
- 5-N 
- 5.N 
- 5.N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 3.N 
- 5.N 
- 5-N 
- 5-N 
- 5.N 
- 5-N 
- 3.N 

24 121 CsH, ,N - 5.N 

24 179 C,,H,,N - 3.N 

25 135 C,H,,N - 5-N 

2.5 149 CJ-IJ’J - 5-N 
26 135 ‘%H,,N - 5-N 

26 149 C,,H,,N - 5-N 

26 163 C,,Hx,N - 5-N 

4 
21 

6 
12 
12 

320 

*‘i 
5 

11 
9 

360 

3 28 

10 20 
4 1 

S 6 

11 
13 

520 

400 

2 

2 
28 

490 

410 

- 

15 
3 

15 
10 

160 150 
180 190 
280 330 
320 220 
340 370 

74 65 

47 

180 

67 

59 

160 

55 

C,-Alkylpyridine 
Cz-AlkyIpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
Aniline 
C,-Alkylpyridine 
C,-Alkylpyridine 
C+lkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C+lkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C&lkyIpyridine 
Not identified 
o-Toluidine 
C,-Alkylpyridine 
m-Toluidine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpiridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
Azaperhydroacenaphthene 
o-Ethylaniline 
2.4- + 2,6-Dimetbylaniline 
2.5Dimetbyl- + p-ethylanilines 
3,5-Dimethyl- + m-ethylanilines 
3,4-Dimethylaniline 
Methylazaperhydro- 

acenaphthene 
2,,PDimetbylaniline 
Methykszaperbydro- 

aceaaphtbeae 
C,-AlkylaniIiae 
C,-AIkylpytidine _ 
C,-Alkylaniline 
C,-AIkylpyridiie 
C,-AIkylpyridine 

(Continued on p_ 282) 
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Aronfic z -1-o. 
_ . 

con:posmon 

xi 
17 

27 
17 

25 
23 
19 
29 
29 
30 
30 
31 
31 
32 
32 
32 
33 
33 
w.. 

; 

:4 

34 
35 
35 
35 
35 
36 
36 
36 
37 
37 
3? 
35 
38 
3s 
35 
39 
39 
39 
39 
-to 
40 
41 
41 
42 
42 
43 
43 
4?- 
4-t 
45 
46 

177 C12H,,i*; - 5.N 
135 C,H,,X - 5-N 
163 C,,H,;i\; - 5-s 
177 C,,H,,X - 5-N 

135 C,H,,K - 5.N 

149 C,,H,,X - 5-N 

135 C,H,,S - 5-s 

I49 C,,HG - 5-N 
Iii &H,,N - 5-N 
1si C,,H& - 7-N 

161 CttH& - 7.x 
135 C,H,,N - 5.x 
163 C,,H,,K - 5.N 
135 C,H,,K - 5.N 
163 C,,HxTX <; - 2.. 
117 C,,HIJN - 7.x 
149 C,,H,jN - 5.K 
163 C,,H,,N - 5.x 
177 C,,H,,S - 5.x 
149 C,,H,SN - 5.x 
161 C,,H& - 7.x 
177 C,,H,,K - 5.x 
139 C,,H,,?K - 5.N 
163 C,,HITN - 5.x 
!61 C,,H,,N - 7-N 
177 CtIH,,N - 5.x 
119 C,&& - 5.x 
I61 C,,H& - 7-N 
175 C,2H,:N - 7-N 
149 CmHx,N - 5-N 
161 C,LH,,N - 7-N 
177 C,,H,,N - 5.N 
149 C,,,H,X - 5-K 
163 C,,H,:X - 5.N 
177 C,,)I,,N - 5.x 
175 C12H,:N - 7-N 
175 C,=H,,N - 7.N 
161 C,,%N - 7-N 
l-l9 CmHJ’J - 5.x 
IS? C,,H,,N -11-N 
163 Ct ,H,+ - 5.N 
175 C,,H:IN - i_N 
163 C,,H,,N - 5.N 
175 C,=HxlN - 5-N 
163 C,,HxIN - 5.N 
161 C,,H,,N - 7-N 
163 C,,H,IN - 5-N 
161 C,,H,,N - 7.N 
163 C,,H,,N - 5.N 
I61 C,,Hx,N - 7-N 
163 CIIHI_N - 5-N 
182 C&t, - 14 

cont. Ippm) 

GC- GC- 
FID AFD 

Name or possibk type 

160 

51 

170 

9-l 

4s 

270 

ll 

41 

100 S3 

90 6s 

290 200 

72 140 

95 140 

190 210 

140 I10 

S4 

32 

62 

18 

I6 

8 
- 

69 

42 

110 

3S 

5 

150 

150 

190 

C,-Alkylpyridine 
C,-Alkylaniline 
C,-Alkylpyridine 
CT-.LUkylpy-ridine 
C,-Alkylaniline 
C,-Alkylpyridine 
C,-Alkyvianiline 
C,-Alkylpyridine 
C,-Alkylpyridine 
Methylteuzhydroquinoline 
C,-Alkyltetrahydroquinoiine 
C,-Alkylauiline 
C,-Alkylpyridine 
C3-iUkylanilinc 
C,-Alkylpyridine 
Methyltetrahydroquinoline 
C,-_~kyianiline 
C,-Alkylpytidine 
C:-_Alkyipyridine 
C,-Alkylaniline 
C2-iUky1tet~mhydroquinoline 
C:-Alkylpyridine 
C,-Alkylaniline 
C,-_Mkylpytidine 
C,-Alkyltetrahydroquinoline 
C,-Alkylpyridine 
C,-Alkylaciline 
C1-Alkyltetrahydroquinoline 
C,-Alkyltetrahy-droquinoline 
C,-Alkylaniline 
C+lkyltetrahydroquinoline 
CT-ARylpyridine 
CT,-Alkylaniline 
C,-Alkylpyridine 
C,-.+ikylpytidinc 
C,-Alkyitetrahydroquincline 
C,-Alkyltetrahydroquinoline 
C,-Allcyltetrahydrcquinoline 
C,-;Ukylauiline 
C-Alkylquincline 
C,-Alkylaniline 
C+lkyltetrahydroquinoliue 
Cs-Alkylauiline 
C,-Alkyltetrahydroquinotine 
Cs-Alkylaniline 
C,-Alkyltetiydroquinoline 
C,-Alkylauiline 
C,-Alkyltetrahydroquinoline 
Cs-Alkylauiliue 
C&lkyltetrahydrcquiuoline 
c,-Alkylauiliue 
Dibenzyl (internal standard) 
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TABLE IV 

COMPOUNDS IDENTIFIED IN BASIC FRACTION OF LSE DIGESTER CONDENSATE 

Peak numbers refer to GC-FID chromatogram in Fig. 3. Concentrations determined by GC-FID and 
expressed as ppm of original, unfractionatcd sample. 

1 
2 
3 
3 
4 

: 
7 
7 
S 
9 

10 
11 
12 
13 
13 
1-l 
14 
15 
16 
16 
17 
17 
18 
18 
19 
19 
19 

10 
21 
22 
22 
22 
23 
24 
24 
25 
25 
25 
26 
26 
27 
28 
29 
29 

164 C&l, 
93 C,H,N 

107 C-H,N 
93 &H,N 

107 C,H,N 
9s C6H,oO 

107 C,H,N 
121 C,H,,N 
107 C:H,N 
107 C-;H,N 
121 CsHl,N 
121 CsH,,N 
I21 C,H,,N 
93 C,HIN 

121 C&,,N 
107 C,H,N 
121 CsH,,N 
107 C,HgN 
135 CgH,,N 
121 CsH,,N 
135 C9Hi3N 

121 CJLN 

135 C9H4 

135 C,H,,N 

121 GWnN 

135 ‘AH&J 

121 ‘Z&IN 

149 G&&N 

107 C7H9N 
107 C,H,N 
107 C,H,N 
135 GH,,N 
149 C,oH,,N 
135 C&,N 
119 C,H,N 
135 CgH,,N 
119 CsH,N 
135 C,H,,N 
149 C,oH,,N 
135 C,H,,N 
149 C,oH,,N 
149 CmH,,N 
121 C&,N 
121 CsH,,N 
133 C&GIN 

0 
- 5-N 
- 5.N 
- 5.N 
- 5-N 
- 2.0 
- 5.N 
- 5-N 
- 5-N 
- 5-N 
- 5.N 
- 5-N 
- 5.N 
- 5.N 
- 5.N 
- 5-N 
- 5-N 
- 5.N 
- 5.N 
- 5.N 
- 5.N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5.N 
- 5-N 
- 5-N 
- 5-N 
- 5-N 
- 5.N 
- 5-N 
- 5-N 
- 5-N 

- 
61 

120 

27 
10 
Sl 
73 

6 
54 
5s 

- 
91 
22 

7 

20 
25 

22 

22 

25 

140 
53 
22 

9 
- 7.N 
- 5.N 
- 7-N 26 
- 5-N 
- 5-N 
- 5.N 6 
- 5-N 
- 5.N - 
- 5.N 28 
- 5.N 41 
- 7-N 

Tetrachloroethylene (sohent impurity) 
I-Picoline 
2.6-Lutidine 
3- + 4-Picolines 
I-Ethvlpyridinr 
Cyclohexanone 
2.4 + 2,5-Lutidines 
C,-Alkylpyridine 
2_3-Lutidine 
4-Ethylpyridine 
C,-Alkylpyridine 
CJ-Alkylpyridine 
C,-Alkylpyridine 
Aniline 
C,-Alkylpyridine 
3,4-Lutidine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-_Alkylpyridine 
C,-Alkylpyridine 
C,-_4lkylpyridine 
Cx-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
o-Toluidine 
m-Toluidine 
Methylaniline 
C,-Alkylpyridine 
C,-AIkylpyridine 
C,-Alkylpyridine 
Dihydroindole or azaindane 
C,-Alkylpyridine 
Dihydroindole or azaindane 
C,-Alkylpyridine 
C,-Alkylpyridine 
C,-Alkylpyridine 
Cs-Alkylpyridine 
C,-Alkylpyridine 
o-Ethylaniline 
2,4- f 2.6-Dimetbylanilines 
Tetrahydroquinoline or methyldihydroin- 
dole or methylazaindane 

- 

(continued on p_ X-r) 
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-l--ABLE IV /conrimredi 

Peak ml= dromic 
XL composirion 

z x0. COX. 

cfPm/ 

P. BURCHILL et al_ 

2Vame or possible type 

30 121 C&&,X - 5-N 

31 121 C,H,,N - 53 

31 149 C,OH,,N - 5-s 

32 149 C,&,N - 5-N 

32 I35 CgH,,N - 5x 
33 147 C,*H,,N - 7-N 

39 
12 

1 

6 

-x-3 

g 

3.5 
35 

I49 &,H,,X - 5.x 

111 C,H,,N - 3.N 
111 C,H,,S - 3-N 
133 CqH,,X - 7-N 

12 
5 

37 133 C,H,,S - 7-N 13 

35 

3s 
135 
1-w 

- 5.x 
- 7-N 

6 

3s I61 

C,H,,N 

C&-W 

C,,H,,N 

I35 CgH,,S 
l-t7 C,oJ&,N 
135 C,H,,N 
147 C,,H,,X 
135 GH!,N 
I-2? C,,H,,K 
129 C,H:S 
147 C,,H,,N 
161 C,iH& 
l-c7 C,oH,,N 
161 C,,H,,N 
147 C,,Hx,N 
119 C9H7X 
IG C,,H,,N 
161 C,,H,SX 
149 C,oH,,N 
175 C,,HrIN 
143 C,,H,X 
149 Cm%N 
143 C,,H$t 
173 Ct2H,:K 
133 C9H,,N 
143 CJ-W 
161 C,,H@ 
143 C,,H,N 
I61 Cr,H,sN 
163 C,,H,,N 
143 GJlW 

- 7.N 

- 5.X 
- 7-N 
- 5-N 
- 7.N 
- 5-N 
- 7-x 
-1l.N 
- 7.N 
- 7.N 
- 7-s 
- 7.x 
- 7-N 
-11x 
- 7-N 
- 7.N 
- 5-N 
- 7.N 
-11-N 
- 3-N 
-1l.N 
- 7.x 
- 7.X 
-11.x 
- 7.N 
-11-N 
- 7.x 
- 5-N 
-1l.N 

18 

13 

15 

260 
13 

6 

S 
13 

9 

4A 

11 

28 
19 

29 

11 
11 

2.5-Cimethyl + p-ethylanilines 
3,5-Dimcthyl + nz-ethylnnilines 
C,-Alkylpyridine 
C,-_Alkylpyridine 
C,-Alkylpyridine 
Methyltetrahydroquinoline or C,- 
alkyldihydroindo!e or C+lkylazaindane 
C,-Alkylpyridine 
23-Dimethylaniline 
C2-Alkylaniline 
Tetrahydroquinoline or methyl- 
dihydroindole or methylaza- 
indane 
Methyltetrahydroquinoline or 
C,-alkyldihydroindole or 
C,-alkylazaindane 
letmhydroquinoline or methyl- 
dihydroindole or methylaza- 
indane 
C,-_;Ukylaniline 
Methyltetrahydroquinoline or 
C+lkyldiiydroindo!e or 
C2-alkylazaindane 
C,-Alkyldihydroindole or 
C,-alkylazaindzne 
C,-AlkyIaniline 
Methyltetrahydroquinoline 
2,4,6-Trimethylaniline 
Methyltetrahydroquinoline 
C,-Alkylaniline 
;Ifethyltetrahydroquinoline 
Quinoline 
Methyltetrahydroquinoline 
C1-_UkyItetrahydroquinoIine 
Methyltetmhydroquinoline 
C$lkyltetrahydroquinoline 
Methyltetrahydroqulnoline 
Isoqumoline 
Methyltetrahydroquinoline 
C,-Alkyitetrahydroquinoline 
C&lkylaniline 
C,-Alkyitetrahydroquinoline 
2-Methylquinoline 
C,-Alkylaniline 
Methylquinoline 
C,-Alkyltetrahydroquiinoline 
1 ,z3,4-TetmhydroquinoSme 
Methylquinoline 
C,-Alkyltetrahydroquinoline 
Methylquinoline 
C+lkyItetrahydroquinoline 
C,-Alkylaniline 
Methylquinoline 
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TABLE IV (continued) 

Peak m/z Aromic z IVO. Cont. Name or possible type 
NO. composition (ppm) ..-__. -- ---- - 
54 
54 
55 
55 
55 

55 
56 
-_ z; 
58 
59 
59 
60 
60 
60 
61 
61 
62 
62 
63 
63 
64 
64 
65 
66 
67 
65 
68 
69 
69 
70 
71 
72 
72 
73 
74 
74 
75 
75 
75 
76 
76 
77 

161 C,,H,,N 
163 CL,&+ 
143 GJ-bN 
161 C,,H,D 
163 C,,H,,N 
157 C,,H,,N 
161 C,,H,SN 
157 C,,%,N 
161 CI,HIP 
161 G,H,,N 
175 Ct2H1,N 
157 C,,HI~N 
157 C,,H,,N 
175 C13H,7N 
204 C,,Hx 
157 C,,H,,N 
175 C&GN 
157 C,,H,,N 
175 &H,,N 
161 C,,H,sN 
175 CIZHz7N 
157 C,,H,,N 
189 C,,H,,N 
182 C,,H,, 
177 C,,H,,N 
189 C,,H,,N 
161 C,,H,,N 
171 C,zH,,N 
171 C,zH,,N 
161 C,,H,sN 
171 C,2H,xN 
171 C,,H,JN 
171 CtzHtxN 
175 CcHi7N 
185 C,,H,,N 
175 C,zH,,N 
161 C,,H,zN 
175 CcHt,N 
161 C,,H,,N 
IS5 C,aH,,N 
175 CxIH,:N 
159 Ci3HlgN 
169 CcH,,N 

78 161 C,iHtsN 
78 203 C,,Hz,N 
79 - - 

so 

81 
52 

- 

IS7 
- 

- - 3 

C,,H,,N - 9-N 2 
- - 1 

--7-N 
- 5-N 
-11-N 8 
- 7.N 
- 5-N 
-11-N 
- 7.N 9 
-11-N 19 
- 7.N 
- 7.N 19 
- 7.N 10 
-1l.N 
-1l.N 19 
- 7-N 
-6 
-11-N 
- 7.N 
-11-N 

22 

- 7.N 
- 7.N 14 
- 7-N 

-1l.N 21 
- 7.N 
-14 - 
- 5.N 18 
- 7.N 12 
- 7-N 12 
-1l.N 
-11-N 10 
- 7.N 
-1I.N 5 
-11-N 7 
-11-N 6 
- 7.N 
-1l.N 7 
- 7.N 
- 7.N 
- 7.N 

1 

10 
- 7.N 
-11-N 
- 7-N II 
- 7.N 
- 13.N IO 

- 7-N 5 
- 7.N 
- 3 

C&lkyltetrahydroquinoline 
C,-Alkylaniline 
4Methylquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkylaniline 
C+Ylkylquinoline 
C,-Alkyltetrahydroquinoline 
2,6- + 2.7~Dimethylquinolines 
C,Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
C+lkylquinoline 
C+lkylquinoline 
C,-Alkyltetrahydroquinoline 
Alkylbenzene 
C,-Alkylquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyl quinoline 
C,-Alkyltetrahydroquinoline 
C+lkyltetrahydroquinoIine 
C,-Alkyhetrahydroquinoline 
C1-Arkylquinoline 
C,-Alkyltetrahydroquinoline 
Dibenzyl (internal standard) 
C,-Alkylaniline 
C_&lkyltetrahydroquinoline 
C,-.4lkyltetrahydroquin~line 
C,-Alkylquinoline 
C,-Alkylquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkylquinoline 
C,-Alkylquinoline - 
C,-Alkylquinoline 
Ca-Alkyltetrahydroquinoline 
C,-Alkylquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
C,-Alkyltetrahydroquinoline 
C*-Alkylquinoline 
Cl-Alkyltetrahydroquinoline 
C,-Alkylretrahydroquinoline 
Diphenylatnine or aminobiphenyl or 
aminoacenaphthene 
C,-Alkyltetrahydroquinoline 
Cs-Alkyltetrahydroquinoline 
No molecular ion detected: probably from 
Z= -7.Nseries 
No molecular ion detected; probably from 
Z = -7.N series 
Octahydrolxmoquinoline 
No molecular ion detected; probably 
phthalate 
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ATTENUATION X 64 

Figs 1. GC-XFD chromatogan ofunfrxtionated Ii&t ends product. Identities of numbered pesks gilen 
in Table III. Conditions: M m. SP-X5-0 glzss SCOT czpikry column programmed from 1052S5’C at 
3 min with lmin iniriril hold. 

pounds. ExampIes are shown for the Z = -5.N series (pyridines and anilines) and 
the Z = - 11-N series (quinolines) in the digester condensate bases in Figs 5 and 6, 
respectively. The relevant portion of the Tic chromatogram is included_ and may be 
compared with the GC-FID chromatogram shown as the upper trace in Fig_ 3_ The 
peaks revealed in the single ion chromatograms were checked by accurate mass 
measurement to confirm the presence of nitrogen compounds. GC-MS identifications 
for the numbered peaks in the GC-FID chromatograms shown in Figs. l-3 are given 
in Tables IL-IV for the coal extract solution, light ends product and digester con- 
densate bases, respectively_ Many of the peaks contain more than one component. 
and in these cases the components are listed in decreasing order of concentration. In 
some cases, a number of compound types are possible for a given atomic com- 
position and chemical derivatisation has been used to distinguish between these. 

Chemical derirarisarion 

The use of several reagents for the seiective derivatisation of basic nitrogen 
compounds was investigated_ The most successful reagent was found to be the alkyl- 
ating agent dimethylformamidedimethylacetal (IMethyl-g), supplied by Pierce and 
Warriner (Great Britain). The specific reaction of IMethyl- with aromatic primary 
amines is shown belcw for 2-naphthylamine. 
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hc (ethyl pyridines 
Aniline 

Methyl anilincs 
v 

G-alkyl pyridines 
I 

6 

C,-alkyl pyridines 

C,-alkyl pyridines C3-alkyl anilines 

* 

b 50 too 150 200 250 0 
SCAN No. 

Fig. 5. GC-MS sin& ion chromatograax of aailines and pyridiaes (Z = -5-N series) in digester con- 
densate bases. Identities of numbered peaks given in Tabte IV. Conditions: 50 m, SP-X50 @ass SCOT 
cap- colaam programaxd from S5-185’C at 3’/min with 4-min initial hold. 
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Quitx+linc / isoquinolinr 

mh 129 

l42thyl quinolines/ isoquinolincs 
1 I 

m/z 143 

c,-ok@ quinolincs / isoquindincs 

I 1 

n/z 157 

40 

Cgalkyl quinolines/ isoquindines 

r 

3 25-O 300 350 400 4 

SCAN No. 

3 

Fig. 6. GC-MS single ion chromato_gams of quinolines (2 = - 1X.X series) in diga-rer cocdensate hues. 
Identiti~ of numbered pe&s $ven in Table IV. Conditiotts as in Fig 5. 
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Although Methyl-8 shouid not react with aza compounds, indeed pyridine is recom- 
mended as a suitable solvent for its reactions, the derivatisation procedure was checked 
using synthetic mixtures of amines and aza compounds. An amine mixture containing 
1 y0 (v/v) each of aniline, m-toiuidine, 2,5_dimethylaniline and 2,4,6-trimethylaniline 
in tetrahydrofuran was prepared, together with an aza compound mixture containing 
similar levels of pyridine, 2-picoline ,2,4-lutidine, 2,4,6collidine and quinoline. A 0.5- 
ml volume of neat Methyl-8 was added to 0.5 ml of each solution in PTFE-faced 
septum cap phials. The reaction mixtures and the underivatised solutions were ana- 

UNDERIVATIZED 

METHYL-e) ADDED 

RETENTION TIME (&INUTES) 
Fig. 7. GC-FID chromato_pams of standard amines before and after derivatisation with IMethyl-S. Iden- 
tities of numbered peaks: 1 = aniline; 2 = m-toluidine; 3 = 2,54methylaniEae; 4 = 2,4,6-trimethyl- 
aniline. Conditions as in Fig. 1. 
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UNDERIVATIZED 

METHYL-8 ADDED 

L I . 1 

o”“10 
I t 

.‘20 ’ 
I , , , I 1 

30 40 

RETENTION TIME (+N~JTES) 

Fig S. GC-FID chromato_grams of standard aza compounds before and after derivatisation with Methyl- 
S. Identities of numbered peaks: 1 = pyridine; 1 = 2-picoline; 3 = 7,llutidim; 4 = 2,4,kollidine; 5 = 
quinotine. Condition as in Fig_ I. 
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lysed by GC-FID under the conditions described earlier. The resulting chromato- 
grams for the amines are shown in Fig. 7, and those for the aza compounds in Fig. S- 
It can be seen that the Methyl-S reacts quantitatively with the primary aromatic 
amines, although heating for up to 2 h at 100°C was required for the complete 
reaction of sterically-hindered species such as 2,4,6-trimethylaniline. The aza com- 
pounds showed no reaction, even after heating for 2 h at 100°C. Fig. 7 shows that the 
Methyl-S derivatives have considerably longer retention times than the unreacted 
amines. Although alternative derivatising reagents, such as the acetylating agent N- 
methyl-bis(trifluoroacetamide) (MBTFA), also supplied by Pierce and Warrfner, 
were found to react more rapidly with sterically-hindered amines. the retention times 
of the derivatives were too close to those of the unreacted compounds_ 

Following their analysis by GC-FID and GC-MS, the basic fractions from the 
three coal liquefaction samples were diluted to 1.5 ml with dichloromethane. Ap- 
proximately 0.5 ml of each was placed in a l-ml phial, and 0.4 ml of neat Methyl-S 
added. The phials were sealed and heated for 1 h at lOO”C, and the reaction mixtures 
were then reduced to approximately 0.3 ml under nitrogen at room temperature to 
give solutions of approximately the same concentrations as those used for the quanti- 
tative GC-FID analyses. The derivatised bases were then analysed by GC-FID under 
the conditions described earlier. chromatogams for the coal extract solution, light 
ends product and digester condensate being showu as the lower traces in Figs_ 1-3. 
respectively- 

DISCUSSION 

Nitrogen ma Iyses 
Nitrogen analyses for the unfractionated samples are presented in Table I. In 

comparison with the coal tar products investigated in our earlier work”, which had 
total nitrogen contents in the range 1.0-1.3~0 (w/w), the nitrogen levels in the li&t 

ends product and digester condensate were very low. A higher value was obtained for 
the coal extract solution, but in view of the low levels of nitrogen compounds 
measured by GC in this sample (Table II), it is assumed that the major nitrogen- 
containing components were concentrated at higher molecular weights beyond the 
range of GC. 

A notable feature of the elemental analyses was the variation in the amount of 
basic nitrogen expressed as a percentage of total nitrogen. For the coal tar products 
investigated previously’“, the parameter varied only from 49-5 1 Ok, but in the present 
work the values ranged from 59-S4O/,. Confirmation of the relatively high basic 
nitrogen content of the light ends product is provided by the GC-AFD chromato- 
gram shown in Fig. 4. This chromatogram, which also shows any neutral nitrogen 
components, is very similar to that of the basic fraction (Fig. 3), and indicates that the 
greater part of the nitrogen in the sample is present as basic compounds. 

Isolation of basic fractions 
Basic fractions were isolated using an aqueous acid extraction technique. This 

method was shown in our earlier work” to be effective for coal tars in the molecular 
weight range W-300, and yielded fractions containing exclusively basic nitrogen com- 
pounds_ The method-is dependent upon the solubility of the protonated base in the 
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aqtxous acid. It has been notedz6 that such solubilities decrease markedly with in- 
creasing molecular wei@, and the method is unlikely to be quantitative for material 
of l&h molecular wei&t_ Alternative procedures, such as the precipitation of the 
bases \iith gaseous hy-drogen chloride, may be necessary for such samples_ Neverthe- 
less., the aqueous acid extraction technique should be satisfactory for those com- 
pounds which lie within the normal range of GC (molecular wei@ <300). 

Two of the samples investigated contained low-boiling material, and the basic 
fractions were maintained in dichloromethane solution to avoid evaporation losses_ 

Techniqrres used jbr the identification of basic nitrogen con~poumis 

GC-MS was used for the identification of compounds in the basic fractions. In 
common with the aromatic hydrocarbons. which predominate in most coai-derived 
materials_ the nitrogen heteroatomic compounds tend to give intense moiecular ions 
with little framentation. Aromatic compounds with short alkyl substituents. which 
may be major components of low-temperature tars, also give intense molecular ions. 
However, coal liquefaction products often contain substantial amounts of partially 
hvcirogenated material. and such compounds may be characterised by the presence 
of an intense fra_ment ion 25 mass units lower than the molecular ion; this cor- 
responds to the elimination of an uncharged C,H, fragment from a cyclohesylben- 
zece unit. Once the molecular ion had been located. accurate mass measurement was 
used to give an atomic composition_ 

An atomic composition determined in this way may correspond to several 
different isomeric compound types. for each of which a number of individual isomers 
ma)- be possible. The electron-impact mass spectra of aromatic nitrogen compounds 
generally sho\v relatively intense molecular ions and few significant fragment ions. 
and thus little structural information of relevance in identifying specific isomers was 
available. The problem may be illustrated by reference to two isomeric compound 
tyIes_ the aza heterocycles and the correspondin g aromatic primary amines. es- 
amples of which are given below_ 

C,H,N 

nfz 93 Z=-S.N 

The GC-MS single ion chromatograms for pyridines and anilines in the Z = 
- 5-N series are shown in Fig. 5 for the digester condensate bases. For each of the 
seIected masses. corresponding to successive alkyl derivatives. there are two distinct 
series of isomers. Both compound types give intense molecular ions and similar, lim- 
ited fra_gmentation patterns, and it is not possible to distinguish between them on the 
basis of mass spectrometry alone. Other methods must, therefore. be used for their 
identification. 

If standard compounds are available_ it is possible to use their CC retention 
times to distinguish between isomers assuming that they are sufhciently well sep- 
arated. Standard compounds were available for some of the anilines and pyridines in 
the z = -5-N series. and esamples are shown in the GC-FID chromatograms in 
Figs. 7 and S_ respectively_ It can be seen that the pytidines are eluted well before the 
isomeric anilines, thus cor&rmin, 0 the identities of the two series of isomeric com- 
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pound types observed in the GC-MS single ion chromatograms of the digester con- 
densate bases (Fig. 5). 

Chemical properties may also be used to distinguish between isomeric com- 
pound types. The preparation of basic fractions has eliminated the neutral nitrogen 
compounds, so species such as pyrroles, amides and nitriles do not need to be con- 
sidered as possible isomers for compounds identified in terms of an atomic com- 
position by GC-MS. The use of chemical derivatisation has also been evaluated_ If 
the digester condensate bases (Fig. 3) are taken as an example, on dcrivatisation with 
Methyl-8 the peaks tentatively identified by GC-MS as anilines (Table IV) are shifted 
to longer retention times, whereas those due to pyridines and quinolines, which were 
shown in the derivatisation experiments not to react with Methyl-S, were unchanged_ 
The elution times of the anilines in the digester condensate bases before and after 
derivatisation (Fig_ 3) correspond closely to those for the standard compounds shown 
in Fig. 7, thus con&-ming their presence in this sample. Their presence was similarly 
confirmed in the bases from the light ends product. 

The derivatisation procedure may be especially useful for distinguishing be- 
tween isomeric compound types when reference materials are not available. For 
examp!e, peaks 56, 61 and 62 in the GC-FID chromatogram of the basic fraction 
from the coal extract solution (Fig. 1) have been shown by GC-IMS to have the 
molecular formula C,,H,,N, and may be either methylbcnzoquinolines or amino- 
phenanthrenes/anthracenes. as shown below- 

4PYP m/z 193 

Standard compounds were not available. However, these peaks were unafIected by 
derivatisation of the sample with Methyl-S, and were therefore shown to be meth- 
ylbeuzoquinolines rather than the aromatic primary amines. 

Basic nitrogen compounds identified in coal liquefaction products 
Anilines were the major basic nitrogen components of the light ends product, 

and substantial components of the digester condensate. Otherwise the major basic 
nitrogen compounds were generally aza species, although in many cases these were 
heavily alkylated and hydrogenated. With the exception of some aminobiphenyls, no 
higher aromatic primary amines were identified_ Significant amounts of diphenyl- 
amines and aminobiphenyls were found in the coal estract solution; their origin is 
uncertain, but it is felt that they may result from the ring opening of carbazole type 
structures during extraction. 

G2%* m/r 167 =,2v4 ink 169 

Ncutml Basic 
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Pyrrolic compounds such as carbazoles are generally the major neutral nitrogen 
species in coal-derived materials, and it is considered that the conversion of neutral 
compounds to basic compounds such ;LS diphenylamines during extraction and 
hydrogenation may, in part, explain the his figures for basic nitrogen expressed as a 
percentage of total nitrogen found for the coal liquefaction sampIes. 

Direct GC-A FD determination of nitrogen compounds 
The use of the nitrogen-selective AFD for the quantitative GC determination 

of nitrogen compounds in unfractionated coal liquefaction materials was evaluated 
usine *he sample of light ends product. We have previously reported the application 
of this technique to the analysis of coal tar productszO. The GC-AFD chromatogram 
of the unfractionated light ends product, shown in Fig_ 4. is very similar to the GC- 
FID chromarogam of the basic fraction shown in Fig_ 2. This is consistent with the 
very high (83 %) figure for basic nitrogen expressed as a percentage of total nitrogen 
in the sample. The minor differences between the two chromatograms are attributed 
to the additional neutral nitrogen compounds detected by the AFD. 4-Phenylpyridine 
was added as an internal standard for the GC-_4FD quantification, and the results 
given in Table III agree satisfactorily with those obtained by GC-FID analysis of the 
basic fraction_ which are also given in Table III. 

Assuming a 0.2-p! injection of a 20% solution_ the absolute GC-AFD detec- 
tion limit of 0.07 ng established previously for nitrogen compouncls’0 corresponds to 
a concentration of approximately 2 ppm in the unfractionated samples. For the GC- 
FID analyses, 5 g samples vvere estracted, and the resulting basic fractions con- 
centrated to 1 ml. If the minimum detection limit is taken as a data system area count 
of Id)00 ,KV set, this corresponds to a concentration of approximately O-1 ppm in the 
unfractionated material. Thus. although the XFD and FID have similar absolute 
detection limits, under the conditions used the direct GC-AFD method is less sensi- 
tive by a factor of 20 than the GC-FID analysis of the basic fractions. 

The direct GC-AFD analysis can be carried out in about 60 min. and avoids 
the necessity for time-consumin, u separation procedures, with the attendant risk of 
poor recoveries_ It also possesses the major advantage of allowing quantification of 
the neutral nitrogen species as well as the basic compounds_ However, it is a poor 
identification technique, and unless the resulting pattern of peaks in the GC-AFD 
profile can be recognised, GC-MS will be necessary and will probabiy require the 
preparation of hydrocarbon-free fractions_ Nevertheless, once a typical nitrogen pro- 
Sle has been characterised, the GC-AFD method should allow a rapid quantif%ation 
of all the nitro&gen compounds present. 
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