










4.3.1 Characteristics of Marker dyes 3 and 4 
Marker dyes 1, 2, 3 and 4, which were obtained as orange solids gave a yellow 

color in organic solvent. Their solubility in non-polar solvent was poor, was that; they 

can not dissolve in the solvent immediately and can not prepare in a high 

concentration. The marker dyes 1 - 4 were slightly soluble in organic solvent, so they 

were not evaluated for using in detection procedures. Therefore, they are unsuitable to 

be markers in the mineral oil such as gasoline, kerosene or diesel. However, marker 

dyes 1, 2, 2 and 4 had the simplest structure of azo dyes which were useful as models 

to compare with the structure of other marker dyes. 

The UV (toluene) spectral data gave the maximum absorption peaks (h max) 

at about 430 nm. which indicated the presence of an azophenol hnctional group as 

their chromophores. 

Stannous chloride reduction of the azo-compounds gave colorless solution. 

Reaction of marker dyes 1-4 in acidic stannous chloride showed that azo groups were 

reduced and cleavaged to amino phenol and amine. Consequently, these marker dyes 

contained azo groups. 

Their FT-IR spectra (Fig.4-1 to 8-I), which were assigned as shown in Table 
KBr 

4.6, revealed absorption band belonging to C=O stretching vibration at \ma, 1680 

cm.'. Other important bands were observed at 3200 and 1090 cm'l which were the 

characteristics of 0-H stretching vibration and C - 0  stretching vibration, respectively. 

Table 4.6: The FT-IR absorption band assignments of marker dye 1 - 4 

Tentative assignments Frequency 

(cmvl) 

2900,2850 

1470 m 

Band type 

0-H stretching vibration of phenolic 

C-H stretching vibration of - CHz- 

C=O stretching vibration of ester 

C-H bending vibration of CH3 

1090 m C-0 stretching vibration of ester I 





Table 4.8: The I3c NMR chemical shifts of marker dye 1, marker dye 2, 

marker dye 3, and marker dye 4 

Carbon 

1 

2 

3 

4 

5 

6 

7 

8 

1' 

2' 

3 ' 

4' 

5' 

6' 

7' 

Chemical shifts (ppm) 

Marker dye 4 

163.4 

118.2 

126.3 

145.2 

128.6 

112.2 

170.3 

52.3 

150.4 

122.6 

129.6 

141.1 

129.6 

122.6 

21.3 

Marker dye 3 

163.7 

118.2 

126.5 

145.2 

128.5 

112.2 

170.2 

52.4 

152.4 

122.7 

138.7 

131.3 

128.7 

120. I 

21.2 

Marker dye 1 

163.7 

118.3 

126.6 

145.2 

128.7 

112.3 

170.3 

52.5 

152.4 

122.6 

128.9 

130.6 

128.9 

122.6 

- 

Marker dye 2 

163.5 

118.2 

126.2 

145.5 

127.9 

112.1 

170.2 

52.3 

150.2 

137.7 

130.5 

127.5 

118.2 

115.2 

17.3 



The 'H-NMR spectrum (Fig.4-2 to 8-2) displayed the singlet signal at 3.95 

ppm which should be the signal of the proton on the methyl group attaching to the 

oxygen atom The 'H-NMR chemical shifts of marker dyes 1 - f! and methyl 

salicylate were presented in Table 4.7. In general, the chemical shifts of many 

resonance signal of marker dyes was found to be down field relative to methyl 

salicylate due to the effect of azo group. 

The I3c-~h4~ spectrum of marker dye 1 (Fig.4-3 to 8-3) exhibited 13 carbon 

signals that could be assigned as follow: the signal at 145.2 and 152.4 ppm. these 

absorption peaks when marker dye 1 was the azo dye. The procedure in determining 

the "c-NMR of marker dyes 2 - 4, which showed 14 carbon signals, was the sane  as 

these of marker dye 1. The results were summarized in Table 4.8. 

All of results confirmed that the marker dyes 1 - 4 were azo dye compounds, 

and the structure of these compounds were shown in Table 4.5. 

4.3.2 Characteristics of Marker Dyes 5,4,1 and 8 
The results of UV (toluene) spectral data and stannous chloride reduction of 

marker dyes 5 - 8 were similar to marker dyes 1 - 4, therefore these compounds 

should be azophenol compounds. 

The FT-IR data of these marker dyes presented in Table 4.6, revealed the 

strong absorption peak at 1680 cm" due to the C=O stretching vibration. 

Table 4.9: The FT-IR absorption band assignments of marker dye 5 - 8 

I 1 

Tentative assignments Frequency 

(cm-I) 

3200 

2900,2850 

1680 

1470 

1090 

Band type 

w 1 0-H stretching vibration of phenolic 

s 

s 

m- 

m 

C-H stretching vibration of - CH2- 

C=O stretching vibration of ester 

C-H bending vibration of CH3 

C-0  stretching vibration of ester 





Table 4.1 1: The "C NMR chemical shifts of 2-ethyl-1-hexyl salicylate, marker dye 5, 
marker dye 6, marker dye Z, and marker dye 8 

14 15 

0 
71 711 c?25\33 I 1311 12 13 

C-oCIi2CH-CH2CH2CH2CH, 

d N=N OH 

s 61 5 (I 

Carbon 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 ' 

2' 

3' 

4' 

5' 

6' 

7' I 

Ester 

161.6 

117.5 

129.8 

119.1 

135.5 

112.7 

170.3 

67.6 

38.8 

50.5 

28.9 

22.9 

11.0 

23.9 

14.0 

- 
- 

I -  

- 

Marker dye 5 

164.0 

118.5 

127.7 

145.4 

130.7 

112.7 

170.3 

67 6 

38.8 

30.5 

28.9 

22.9 

11.0 

23.9 

14.0 

152.5 

122.6 

129.1 

130.7 

129.1 

122.6 

- 

Chemical shifts 

Marker dye 6 

163.8 

118.4 

126.4 

145.8 

128.3 

112.7 

170.2 

67.6 

38.9 

30.5 

28.9 

22.9 

11.1 

23.9 

14.0 

150.2 

137.8 

130.7 

127.0 

117.5 

115.2 

17.4 

(ppm) 

Marker dye 2 
163.8 

118.5 

127.5 

145.4 

128.9 

112.6 

170.2 

67.6 

38.8 

30.5 

28.9 

22.9 

11.0 

23.9 

14.0 

152.6 

122.7 

138.9 

139.5 

128.9 

120.3 

21.4 

Marker dye 8 
163.7 

118.3 

127.2 

145.3 

127.6 

112.6 

170.1 

67.5 

38.7 

30.4 

28.9 

22.9 

11.0 

23.9 

14.0 

150.5 

122.6 

129.6 

141.1 

129.6 

122.6 

21.4 



The 'H-NMR chemical shifts assignments of marker dyes 5 - 8, which 

compared with 2-ethyl-1-hexyl salicylate, are presented in Table 4.10. This result 

indicated that the chemical shifts of marker dyes were higher than 2-ethyl-I-hexyl 

salicylate due to the effect of azo derivative. 

The 13c-NMR spectrum of marker dye 5 (Fig.8-3) exhibited 21 carbon signals 

which included the important signals at 145.7 and 152.5 ppm that was corresponded 

to the carbon signals attaching to the azo group (-C-N=N-C-). Other signals at 122.6, 

129.1, 130.7, 129.1 and 122.6 ppm could be assigned for aromatic carbons of aniline. 

For the marker dyes 6, 2 and 8, the I3c-Nh4R spectrums (Fig.9-3 to 11-3) 

showed 22 carbon signals. The carbon signals of azo dyes, were 150.2, 152.6 and 

150.5 ppm, respectively, which were the carbon signals of azophenol. The signals at 

17.4, 21.4 and 21.4 ppm, which were analogous with methyl carbon of toluidine of 

marker dyes 6,7 and 8, respectively. 

Therefore, the I3c-~M" chemical shifts of marker dyes 5, & 7 and nd (Table 

4.1 l), when compared with 2-ethyl-1-hexyl salicylate, could be used as supporting 

information for ensuring that these compounds were the desired azo dyes (Formula: 

Table 4.5). 

The marker dyes of the formula 5,6, 7 and 8 had the advantage of very good 

solubility. These marker dyes gave a yellow solution in aromatic solvents. The marker 

dyes were used at about 5 ppm or less so that the marked commercial diesel oil had 

barely any or no visible color. 

4.3.3 Characteristics of Marker Dyes S,fi, 11 and 12 
The marker dyes 9, 10, 11 and 12 were azo dyes synthesized from the 

coupling reaction of diazonium salts of aniline, o-toluidine, rn- toluidine and p- 

toluidine with the esterified-CNSL. The products were obtained as viscous dark red 

liquids. These marker dyes had very good solubility and gave a yellow solution in 

aromatic solvents. 



The FT-IR data of these marker dyes were presented in Table 4.12 

Table 4.12: The FT-IR absorption band assignments of marker dye 9 - 12 
/ Frequency 1 Band type 1 Tentative assignments 

1 1680 1 s 1 C=O stretching vibration of ester I 

3200 

2900,2850 

1 1470 1 m ] C-H bending vibration of CH3 I 1 1090 1 m I C-0 stretching vibration of ester 1 

w 

s 

The 1 3 ~ - ~ ~ ~  spectrum of marker dye 9 - 12 (Fig.12-3 to 15-3) displayed the 

important signals at 146 and 152 ppm corresponded to the carbon signals of azo dye 

(-C-N=N-C-). 

The characteristics of marker dyes 9 - 12 were similar to those of marker dyes 

1 - 8 obtained by the same instruments therefore it can be concluded that marker dyes - 
9 - 12 were also the desired azo dyes. - 

0-H stretching vibration of phenolic 

C-H stretching vibration of - CH2- 

4.4 Effect of Marker Dyes to Commercial High-Speed Diesel 

The physical properties of commercial high speed diesel marked with 3 ppm 

marker dyes 5 - 8 and 5 ppm marker dyes 9 -j2 were determined according to specific 

ASTM methods. The results of marker dyes 5 - 8 and marker dyes 9 - 12 are 

presented in Table 4.13 and 4.14, respectively. 

From Table 4.13, marker dyes 5, 6, 1 and 8 were mixed only 3 ppm. in the 

commercial high speed diesel, so the ASTM color scale of marked oils were 

equivalent with unmarked oil. The physical properties of marked and unmarked high- 

speed diesel oil had merely a little difference, not to mention the fact that these 

differences were within the repeatability range. 

Therefore, the results in Table 4.13 and 4.14 indicated that the marker dyes 

could be used in diesel oils without any effect on the properties of the marked 

commercial diesel oil. 
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