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Abstract 

Anthraquinone is a valuable organic intermediate commonly prepared by the reaction of phthalic anhydride with 
benzene and subsequent acid cyclization of the product obtained. Rapid, sensitive and selective analytical methods 
are essential for monitoring the reactions during process development, A gas chromatographic method using an 

internal standard is described for the separation and determination of the reaction products obtained during the 
manufacture of anthraquinone. 

1. Introduction 

~~tb~~~~ino~~ is a vendable int~~m~~i~t~ in 
the manufacture of dyestuffs and pigments [l) 
and several methods are available for its prepa- 
ration. It is generally prepared by the reaction of 
phthalic anhydride with benzene [2,3] in the 
presence of a catalyst to give o-benzoylbenzoic 
acid, followed by acid cyclization. Process de- 

velopment for the manufacture of anthraquinone 
starting from phthalic anbydride and benzene is 
in progress in our ~~stit~te~ ~~ri~~ the process, 
selective, accurate and rapid analy~~c~~ rn~th~~ds 
are required for monitoring the reactions. 

A literature search revealed that anthraquin- 
one has been determined in different matrices 
[4--l 1] using various instrumental techniques. It 
has been determined as a by-product in the 

preparation of benzaldehyde by gas chromatog- 
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raphy (GC) [12], However, no method has been 
reported for the separation and determinative of 
components of reaction mixtures during the 
preparation of antbraquinone from phthalic 
anhydride. This prompted us to undertake the 
present studies. 

A rapid, selective and precise GC method with 
acenaphthene as an internal standard was de- 
veloped for the analysis of reaction mixtures 
obtained during the preparation of anthraquin- 

thalic anhydride. 

Acenaphthene was procured from Fluka 
(Buchs, Switzerland), Phthalic anhydride, ben- 
zophenone and anthraquinone were purchased 
from Loba chemicals (Bombay, India). OV-17 
used as the stationary phase and Chromosorb W 
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AW used as an inert support were obtained from 
Analabs (North Haven, CT, USA). All other 
chemicals and solvents were of analytical reagent 
grade. 

A Hewlett-Packard Model 584OA gas 
chromatograph provided with a flame ionization 
detector equipped with a microprocessor was 
used under the following conditions: 15% OV-17 
on Chromosorb W AW (80-100 mesh); column, 
stainless-steel (6 ft. X l/8 in. I.D.); column tem- 
perature, 250°C; injection port temperature, 
300°C; detector temperature, 300°C; chart speed, 
1 cm/min; carrier gas, nitrogens flow-rate + 45 
ml/mi~; and injection volume: 1 ~1. 

2.3. Preparatiofz of standard mixture 

Standard mixtures were prepared in the same 
proportions as expected in the reaction mixtures 
using acenaphthene as internal standard. Stan- 
dard mixtures of various compositions were 

Fig. 1. Typical gas chromatogram showing the separation of 
a standard mixture of (1) phthalic anhydride, (3) ben- 
zophenone and (4) anthraquinone, with (2) acenaphthene as 
internal standard. 

Table 1 
Relative retention times (RRT) and relative response factors 
(RRF) of phthalic anhydride, anthraquinone and ben- 
zophenone on (W-17 stationary phase 

RRT RRF 

Phthaiic anhydr~d~ 
Anthraquinone 
Benzophenone 
Acenaphthene 

0.68 2.56 
5.01 1.24 
1.49 1.11 

(internal standard) 1.00 1.00 

prepared. Triplicate runs were made for each 
standard mixture and reaction mixtures. 

The separation of anthraquinone, benzo- 
phenone and phthalic anhydride was studied on 
various stationary phases. It was found that the 
resolution was very good on 15% OV-17. A 
typical chromatogram showing the separation of 
phthalic anhydride, anthraquinone and ben- 
zophenone in a standard mixture c~~tain~~~ an 
i~ter~ai standard is depicts -in Fig. 1. T 
elution sequence follows the order Fht~ali~ 
anhydride, b~~z~phe~one and a~thraq~~n~~~, 
which has been confirmed by injecting authentic 
samples. 

The relative retention times and relative re- 
sponse factors of these compounds with respect 

Fig. 2. Reactions for the preparation of anthraqunione. 
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Table 2 

Results of the analysis of standard mixtures of phthalic anhydride, anthraquinone and benzophenone by CC 

Compound Mixture No. 

Phthalic anhydride 

Taken (%) 

Found (%) 

Standard 

deviation 

(n = 3) 

Anthraquinone 

Taken (o/c) 

Found (%) 

Standard 

deviation 

(n = 3) 

Benzophenone 

Taken (%) 

Found (% ) 
Standard 

deviation 

(lz=3) 

49.40 32.58 
49.99 31.78 

0.395 0.217 

17.68 

18.17 

0.361 0.481 

10.73 
10.62 

0.169 

2 

40.34 

41.34 

8.20 

8.30 

0.008 

to acenaphthene (internal standard) are given in 
Table 1. The relative response factors of phthalic 
anhydride, benzophenone and anthraquinone 
are >l, which indicates that the detector re- 

sponse is not 200%. The efficiency of the method 
was tested with various synthetic mixtures. The 
results obtained are given in Table 2. It can be 

observed from Table 2 that the experimental 
values are in good agreement with the true 
values and are within the limits of experimental 
error. 

3 4 5 

29.53 32.06 8.57 
28.85 31.40 8.24 

0.310 0.488 0.143 

29.07 26.94 62.24 
29.64 26.43 60.79 

0.209 0.283 0.671 

25.28 17.14 9.18 
25.22 16.75 9.48 

0.129 0.215 0.103 

The method of preparation of anthraquinone 
from phthalic anhydride and benzene is shown in 
Fig. 2. A number of reaction mixtures obtained 

during the preparation of anthraquinone were 
analysed by the developed method and the 

results are given in Table 3. 
A typical gas chromatogram showing the sepa- 

ration of reaction mixtures of anthraquinone is 
given in Fig. 3. It can be seen that an additional 

peak is obtained at 5.98 min, and GC-MS was 
applied to identify this peak. It was concluded 

Table 3 

Results of the analysis of typical reaction mixtures of anthraquinone 

Mixture 

No. 

Phthalic 

anhydride 

(%) 

S.D. Anthraquinone S.D. Benzophenone S.D. 

(n -3) (%I (n =3) (S) (n =3) 

1 45.94 0.261 2.36 0.068 16.59 0.014 
2 30.33 0.300 8.8Y 0.090 3.41 0.032 
3 27.72 0.202 7.68 0.028 3.56 0.012 
4 8.Y6 0.270 6.48 0.032 2.03 0.040 
5 8.04 0.290 3.33 0.043 2.27 0.007 
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I Fig. 3. Typical gas ~hro~atogra~ showing the separation of 
anthraquinon~ reaction mixture. Peaks: 1 = phthalic anhy- 
dride; 2 = acenaphthene (internal standard); 3= 
benzophenone; 4 = unidentified; 5 = anthraquinone. 

that it may be 9-fluorenone. The total time for 
the analysis was 30 min. 
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