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ABSTRACT 

Nitrogen bases were isolated from a Brazilian diesel distillate by acid extraction. With 
minimum sample preparation and clean-up, nitrogen bases were analyzed by particle beam LC/MS 
and HPLC with photo diode-array detection using reversed phase chromatography. 
Benzoquinolines were identified as the major nitrogen containing compounds in this basic fraction. 
By using neutral mobile phases, benzoquinoline homologues were separated, enabling rapid class 
characterization as well as preparative HPLC isolation of individual benzoquinoline homologues. 
Acidified mobile phases, however, exhibited greater resolution for individual isomers. UV 
spectroscqy was used to differentiate various types of benzoquinolines (e.g. benzo[Qquinolines, 
benzo[h]quinolines, and acridines). Acridines can be easily distinguished from benzo[h]- or 
benzo[fjquinolines by its different UV absorption spectrum. Benzo[h]- and benzo[flquinolines 
were differentiated by the differences in the first derivative of the absorbance (dAldA) vs. 
wavelength. To confirm the identification, nitrogen bases were also analyzed by conventional 
GUMS methods. 

* To whom correspondence should be addressed. 
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INTRODUCTION 

MA0 ET AL. 

Interest in understanding the organic nitrogen bases that are found in petroleum is 

associated with several of their undesirable physical and chemical properties'. The adverse effects 

of nitrogen bases in petroleum products are mainly in three areas: a) they poison the catalysts used 

in the cracking and hydrocracking reforming processes', ', b) they contribute to the instability of 

fuels during storage4 ', and c) they possess potentially carcinogenic and mutagenic activities8. 

The nitrogen bases found in petroleum generally occur as complex mixtures of alkylazaarenes 

(nitrogenated polyaromatic hydrocarbons) containing mainly one nitrogen atom9, I". Alkyl- 

substituted quinolines and benzoquinolines have been reported as major basic nitrogen compounds 

in crude petroleum7s I". Although much work has been done with regard to the characterization 

of these compounds in petroleum products, the determination of the precise location of the 

nitrogen atom in these polyaromatic molecules remains a challenge'"~'l. It is also of importance 

to distinguish different classes of azaarenes and to study the distributions of individual isomers 

because of the information that can be gained relating to the geochemical formation pathways of 

petroleum'". For instance, it is known that the distribution of homologous alkyl-substituted 

aromatic nitrogen compounds differ widely in their origins and geochemical histories'". The 

toxicity of these nitrogen compounds can also be related to the location of the nitrogen atom'". 

In  addition, many of these compounds represent key links in identifying the higher molecular 

weight nitrogen compounds that are invariably present in petroleum. 

Previously, we reported the fractionation and characterization of basic and neutral nitrogen 

compounds from a Brazilian diesel oil sampleI2. We emphasize in this paper a more complete 

characterization of the basic nitrogen compounds through an analytical sequence involving 

complementary chromatographic and spectroscopic techniques. By a combination of LCIMS, 

G U M S ,  and HPLC with online photo diode-array detection, we demonstrate an analytical 

approach that can be utilized for rapid characterization of organic nitrogen bases. Because of the 

extreme complexity of diesel oils, no single analytical technique can provide the identification of 

the position of the nitrogen atom in individual azaarene isomers. Although mass spectrometry is 

widely used as a structure elucidation tool for petroleum products, it is not very useful in  

determining the position of the nitrogen atom due to the lack of fragmentation patterns in the mass 

spectra of molecules having more than two fused aromatic rings'3s 14. UV spectrometry has been 

used successfully to identify di- and triaromatic azaarenes'" and is applied in this work to 
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BENZOQUINOLINES AND ACRIDINES 905 

differentiate various classes of benzoquinolines. Also discussed is the development of HPLC 

systems to separate these closely related nitrogen bases and the usefulness of the LC/MS technique 

as an alternative to conventional GClMS methods. 

MATERIALS AND METHODS 

Materialsr 

The diesel oil sample was provided by Petrobras of Brazil. It was laboratory distilled at 

Petrobras and had a boiling point range of 200 - 400 "C. The total nitrogen content of this sample 

was approximately 700 ppm. Neutral aluminum oxide powder was obtained from J.T. Baker, Inc. 

and was of chromatography grade. Reference standards of benzo[h]quinoline and acridine were 

purchased from Aldrich Chemical Company and were analytical grade. Chemical structures of 

benzo[h]-, benzo[Qquinoline, and acridine are shown in Figure 1. All other chemicals were 

obtained from commercial sources and were at a minimum reagent grade. All solvents were 

HPLC grade. 

. .  EkaGmmbQn- . itrogeIumpmcomnaunds: 

Experimental procedures for the fractionation of basic nitrogen compounds in the Brazilian 

diesel sample are detailed in our previous work12. Briefly, approximately 500 mL of the diesel 

oil sample was dissolved in 500 mL of hexane and partitioned with 3 X 300 mL of 10% sulphuric 

acid and then with 300 mL of 20% sulphuric acid. The aqueous acid extracts were combined and 

washed with dichloromethane. After raising the pH to 12 ~ 13 with sodium hydroxide, the 

aqueous fraction was extracted with dichloromethane. The combined dichloromethane extracts 

were washed with water, dried over anhydrous sodium sulphate, and the solvent was removed by 

rotary evaporation. This sample was labeled as the basic fmction and an aliquot of it was dissolved 

in methanol for HPLC separations andlor LC/MS analysis. 

HighPerformancdxpidChmmatagraph.~HEU$ 

HPLC instruments included a Hewlett Packard 1050 gradient solvent pump, a Hewlett 

Packard 1050 autosampler, a Kratos 757 UV detector, and a Hewlett Packard 3396A integrator. 

LC/MS analyses were conducted using a Hewlett Packard 5989A MS Engine equipped with a 

particle beam interface. Full scan electron impact (EI) mass spectra were obtained using 70 eV 

electron energy at a source temperature of 250 "C. HPLC-UV analyses were conducted using 
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acridine 

MA0 ET AL. 

@ benzo[h]qui noli ne 

& benzo[fjquinoline 

Figure 1. Chemical structures of acridine, benzo[h]quinoline, and benzo[qquinoline. 

online photo diode-my detection (Hewlett Packard 1040A). The UV scan range was 220 to 400 

nm. 

Two reversed phase chromatographic systems were developed for the separation of the 

basic fraction. Both systems utilized a MetaChem Nucleosil C18 (5 wm, 150 X 2.0 mm) column 

with gradient elution at 0.4 mL/minute. System I used neutral mobile phases (A: 40/60 

acetonitrile/water; B: acetonitrile). The linear gradient program was: 0 min, 100A; 40 min, 

50A150B; 60 min, IOOB. System I1 used acidified mobile phases (A: 10/90/0.2 

acetonitrile/water/acetic acid; B: 80/20/0.1 acetonitrile/water/acetic acid). The linear gradient 

program was: 0 min, IOOA; 60 min, 100B. 

ciq 

G U M S  analysis was conducted using a Hewlelt Packard model 5890 series I1 gas 

chromatograph coupled to a Hewlett Packard model 5971A mass selective detector (MSD). 

Experimental conditions were: 

column: Restek Rtx-1 (crossbonded 100% dimethyl polysiloxane, 30m x 

0.25mm) 

carrier gas: helium 

ionization: 

acquisition mode: 

temperature program: 

electron impact (EI) at 70 eV 

scan (60 - 300 amu) 

initial - 70°C; initial time - 1 minutes; rate - 2"C/minute; final - 

250°C; final time - 1 minutes 

MSD was turned on 3 minutes after sample injection (solvent delay). 
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BENZOQUINOLINES AND ACRIDINES 907 

Iracllon 12 

lrncllon XI 

Figure2. HPLCiUV (254 nm) chromatogram of the basic fraction using 
chromatographic system I. Also shown is the HPLC isolation scheme. 

HlX-uIlzQq- gues  

Major components of the basic fraction were isolated by HPLC using a semi-preparative 

HPLC column (Nucleosil C18, 5 pm, 250 x 10 mm). The isocratic mobile phase consisted of A: 

40/60 acetonitrile/water and B: acetonitrile at a ratio of 50%A and 50%B. The flow rate was 5 

mL/minute. The isolated fractions were concentrated to small volumes and then partitioned with 

ethyl acetate. Ethyl acetate extracts were separated, concentrated to dryness, and residues 

reconstituted in methanol. To check peak purity, the methanol solutions were reinjected onto an 

analytical C18 column using chromatographic system I. 

RESULTS AND DISCUSSION 

HPT.C:separatinnof .bemcquindines 

We r e p o d  previouslyi2 that the basic nitrogen fraction of the Brazilian sample contained 

mostly alkyl substituted benzoquinoline homologues (C2- to C,- benzoquinolines). Similar to the 
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Figure 3. HPLC separation of the basic fraction using acidified mobile phases ( 
chromatographic system 11). (a) - 250 nm, (b) - 270 nm. 
(insert to (a) - UV spectrum of acridine, insert to (b) - UV spectrum of 
benzo[h]quinoline) 
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TIC of dec932704-bsb1.d 
Run at 01 :42 PM EST on Mon Dec 27.1993 

Abundance 

10 20 30 40 
Tlme (min.] 

TIC of dec932702-bsb1.d 
Runat11:40AMESTonMonDec27.1993 

Abundance 

10 20 30 40 
Time (min.) 

TIC of dec932701.d 
Run at lo:* AM EST on Mon Dec 27.1993 

Abundance 

10 20 30 40 
T h e  (min.) 

TIC of~an080601006.d 
1293-18-04: Run at 04:15 PM EST on Sat Jan 08.1994 
Abundance 

10 20 30 40 50 

Time (m1n.l 

Figure 4. LC/MS total ion chroniatograms of (a) the isolated C,- acridines (HPLC 
fraction isolated #l); (b) the isolated C,- benzo~]quinolines (HPLC isolated 
fraction #2); (c) the isolated C,- benzo[h]quinolines (HPLC isolated fraction 
#3); and (d) the isolated C, benzo[h]quinolines (HPLC isolated fraction #4). 
Scan range: 70 - 300 amu. 

neutral nitrogen fraction (mostly carbazole homologues)”, the HPLC separation of the basic 

fraction using neutral mobile phases was adequate for various benzoquinoline homologues. Using 

this condition, well resolved benzoquinoline homologues could be readily isolated preparatively 

for further characterization. However, the resolution of individual isomers using a neutrai mobile 

phase was poor. By using acidified mobile phases, the resolution of individual isomers was 

greatly improved. Figures 2 and 3 illustrate the effect of acid on the separation o f  

benzoquinolines. Based on the UV signal ratios at 250 and 270 nm (Figure 3), it was evident that 

this sample contained at least two classes of benzoquinolines - acridines and benzo[h]quinolines. 

(UV spectra of authentic standards of benzo[h]quinoline and acridine are shown in Figure 3.) The 

UV identification of benzo[h]quinolines and acridines was also supported by LC/MS. It should 
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Average of 15.340 to 15.500 mln. from dec932704-bsb1.d 
Abundance 

10000 3 (207  

242 205 

, , \  / \  
1 1 8 1  

100 150 200 250 

MasslCharge 

Average 0124.000 to 24.137 mln. from dec932702-bsb1.d 
Abundance 

25000 221 ' 

15000 

10000 

I 100 150 200 250 

MasslCharge 

Average 0121.741 to21.946 mln. from dec832701.d 

Abundance 1 (b) 
250000 
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i 150000 
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MasslCharae 
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Abundance 

235' 
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10000 
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6000 
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4000 4 I236 
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Figure 5. LC/MS EI mass spectra of (a) C,- acridine, (b) C,- benzo[h]quinoline (c) C,- 
benzo[h]quinolme, and (d) C4- benzo[h]quinoline identified in HPLC isolated 
fractions #I,  #2, #3, and #4, respectively. 

be noted that benzo[h]quinolines and acridines showed quite different chromatographic behaviors. 

Under acidic mobile phase conditions, acridines eluted much earlier than benzo[h]quinolines and 

showed significantly broader peaks. Since their mass spectra are nearly identical, 

benzo[h]quinolines and acridines are difficult to differentiate by conventional G U M S  methods. 

The combination of HPLC with photo diode-array detection and LC/MS enabled the identification 

of these two different classes of benzoquinolines. 

A d y x k o f  indi~iduaLbenm4- omologues 

One of our research interests is to study the distribution of individual nitrogen base isomers 

that are found in petroleum and to explore their geochemical formation pathways". To investigate 

individual benzoquinoline hornologues, major components of the basic fraction were isolated via 

repetitive HPLC injections on a semi-preparative column. The isolation scheme is shown in 
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BENZOQUINOLXNES AND ACRIDINES 91 1 

Figure 6. Top - W spectrum of a C, benzo[h]quinoline isomer identified in the HPLC 
fraction #2, and Bottom - the first derivative of the absorbance dA/d1 plotted 
vs. the wavelength 1. 

Figure 2. The isolated fractions were concentrated and analyzed by particle beam LC/MS and 

HPLC/UV using HPLC system 11. Full scan total ion chromatograms of these fractions are 

presented in Figure 4. Although the mass spectra of C,- benzoquinoline and C,- acridine were 

nearly identical, the fraction # I  (Figure 4a) was identified to be C,- acridine (m/z 207) based on 

its UV characteristics. Fraction #2 (Figure 4b) contained three major isomers of C,- 

benzoquinoline (m/z 207), while fraction #3 (Figure 4c) exhibited at least eight isomers of C,- 

benzoquinoline (m/z 221). Fraction #4 (Figure 4d) was identified as the C,- benzoquinolines 

having a similar number of isomers as that of the C,- honiologues. Full scan electron impact mass 

spectra of representative peaks in each fraction are shown in Figure 5. Based on the low values 
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G d x i  

4000000 
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3 0 0 0 0 0 0  

2 5 0 0 0 0 0  

2 0 0 0 0 0 0  

1500000 

1000000 

5 0 0 0 0 0  

0 
i m e  -> 30 ~- 

c2 

TIC: 0 2 9 4 2 0 0 2 . D  

c1 - c4 b nzoquinolines 1 
- cl quinolines 

-1 - ' - ' ~ - , T T r  I I [ I I c I I I I I 8 I I . 

- cl quinolines 

-1 - ' - ' ~ - , T T r  I I [ I I c I I I I I 8 I I . 
0.00 45.00 50.00 55.00 60.00 65.00 70. 

Figure 7. GUMS total ion chromatogram of the basic fraction showing the separation 
of quinoline and benzoquinoline homologues. Scan range: 60 - 300 amu. 

(e.g. < 0.4) of the two separate ratios of ions (M-H)+/M+ and (M-CH,)+/M+', as well as the 

absence of rearrangement ions, it is likely that the benzoquinolines are polymethylated (rather than 

ethyl, propyl, or butyl substituted). This conclusion is consistent with previous results". 19. 

The other possible classes of benzoquinolines, besides the benzo[h]quinolines, that might 

be present are the benzo[flquinolines. Since their mass spectra as well as UV spectra are almost 

indistinguishable, the identification of benzo[h]- and benzo[flquinolines presented significant 

difficulties. However, by plotting the  first derivative of the absorbance (dA/dA) vs. the 

wavelength, the two classes of compounds can be distinquished". The ratio of the absorbance in 

the vicinity of 240 and 280 nm is close to 1 for benzo[h]quinolines and greater than 3 for 

benzo[flquinolines". Thus, this fingerprinting technique can significantly simplify the recognition 

patterns for isomeric types of azaarene molecules. The usefulness of this technique is illustrated 

in Figure 6. Based on similar UV data, it was concluded that benzo[h]quinolines were the major 

components in the HPLC isolated fractions #2 - #4. 

G U M S  analps oLthehasidractian 

To assist in the characterization scheme and to compare to the particle beam LC/MS 

technique, the basic fraction was also analyzed by GUMS using full scan electron impact 
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methy l  benroquinoline 

500000 

65100 7 5 1 0 0  
Ion 207.00: 02942002.D 

- - JLd ' I 

60.00 65.00  m : o a  7 s . m  
Ion 221.00: 0 2 9 4 2 0 0 2 . 0  

C3 -benzoquino 1 ine 

60.00 7 0 . 4 0  7 5 . 0 0  
Ion 235.00 :  0 2 9 4 2 0 0 2 . 5  

C4-benzoquinoline 500000 - 

i m e  -> 5 5 . 0 0  60i00 6 5 : 0 0  7 0 : O O  7 5 . 0 0  

Figure 8. GUMS extracted ion chromatograms of C,- to C,- benzoquinolines (m/z 193, 
207, 221, and 235). 

ionization. The total ion chromatogram of this sample is presented in Figure 7. Extracted ion 

chromatograms (mlz 193, 207, 221, and 235) are presented in Figure 8 showing benzoquinoline 

homologues and the separation of individual isomers. As shown, the separation obtained on a 

capillary GC column was significantly improved compared to HPLC. The other noticeable 

difference is the strong signals for the quinoline homologues (C2- to C, -). Extracted ion 

chromatograms (m/z 157, 171, 185, 199, 213, and 227) are presented in Figure 9. Quinolines 

were also detected by particle beam LC/MS but at much lower signals compared to 

benzoquinolines. This was partially attributable to the higher volatility of quinolines which 

resulted in lower sensitivity by particle beam LC/MS. (Volat~le compounds are often pumped 

away in the interface region prior to reaching the ion source.) Under reversed phase HPLC 

conditions, quinolines elute earlier than benzoquinolines. HPLC-UV analysis at both 250 and 270 
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undance 

200000 
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Ion 171.00: 02942002.0 

-G 
35.00 , 40.00 ,lib.,J;L~\i~Al\& 45.00 50.00 55.30 , 

~ 200000~ 
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Ion 199.00: 02942002.0 

1 

I '  " / '  
pime -> 35.00 40.00 45.00 50. 00 
1 bundance Ian 227.00: 02942002.0 
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LA.- 

35.00 40.00 45.00 50.00 55.00 i 

I / I  , , , , , , , , , , , , , , , ~~ 

pime -> 

Figure 9. GClMS extracted ion chromatograms of C,- to CT quinolines (m/z 1.57, 171, 
18.5, 199, 213, and 227). 

nm showed that quinolines were minor components in the sample, which supported LC/MS data. 

On the other hand, GUMS was much more sensitive to quinolines (because of their high 

volatilities) and intense signals were acquired. We should point out that under GUMS conditions 

nitrogen species probably co-eluted with several polyaromatic hydrocarbons from the sample 

matrix. As a result, interpretations of some of the mass spectra were difficult. Nevertheless, both 

techniques (GUMS and LC/MS) showed their effectiveness in characterizing complex samples 

such as diesel oils. Because of the direct correlation of LC/MS to HPLC/UV, difficult tasks such 

as distinguishing different types of alkylazaaerenes can be resolved. Such an advantage clearly 

places LC/MS among the attractive alternatives to conventional GUMS methods as well as being 

a convenient method for direct analysis of some of these complex mixtures". 
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