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 Abstract — Perylene monoanhydride diester is a compound 
used to produced organic semiconductors, which is used in 
electronics. Currently, the most common type of semiconductor are 
silicon semiconductors, but they are expensive to produce. 
Therefore, to lower the cost of electronics, this study produced 
perylene monoanhydride diester more efficiently using acid-
catalyzed carbocation formation reaction. 

 
I. INTRODUCTION 

 
Semiconductors are useful in electronics [1]. Currently, most 

electronics utilize silicon semiconductors, but these are expensive, 
therefore, other options need to be tested [2]. An alternative to silicon 
are perylene semiconductors, which have been used in electronic 
devices [3]. Perylene monoanhydride diester, which produces perylene 
semiconductors, has been previously produced using acid-catalyzed 
hydrolysis at a yield of 74% in five hours at a temperature of 95oC [3]. 
This could be improved; but, this is hard because the produced 
perylene monoanhydride diester can synthesize an unwanted 
compound called perylene dianhydride if it remains in the reaction.  

II. METHODS 

Two reactions were tested, the first is saponification, which used a 
solution of potassium hydroxide (KOH), water, and perylene tetraester 
dissolved in tetrahydrofuran. The KOH concentration was 5.33 g/L, 
the water concentration was .046 g/L, and the perylene tetraester 
concentration was 15.03 g/L. This solution was heated at temperatures 
that were between 60oC to 70oC. The desired compound was trimester 
monocarboxylate, and it was determined how much of this compound 
was produced by using thin-layer chromatography. This was 
performed by putting a drop of a solution onto a glass plate, which is 
put into a jar containing chloroform. Then, through capillary action the 
different compounds in the solution are separated based on polarity. 
The percentage is measured using the different shapes, sizes, and color 
intensities of the compounds. Once enough trimester monocarboxylate 
was made, acetic acid was added at a concentration of 10.23 g/L to the 
solution to begin the synthesis of perylene monoanhydride diester. In 
total, saponification took 247 hours to complete. 

The second reaction, acid-catalyzed carbocation formation reaction 
(see Figure 1) used a solution of perylene tetraester, phenol, and 
alkylbenzenesulfonic acid dissolved in octane. The perylene tetraester 
had a concentration of 46 g/L, the alkylbenzensulfonic acid had a 
concetration of .602 g/L, and the phenol had a concentration of   10 
g/L This was heated for ten minutes at a temperature of 80oC, and a 
yield of 60%. 

Figure 1: Acid-catalyzed carbocation formation reaction. This reaction 
synthesizes perylene monoanhydride diester, which is produced in the last step 
of the reaction. If the same reaction occurred on the other side of the starting 
compound, which is perylene tetraester, perylene dianhydride would be 
produced. 
 

III. RESULTS AND DISCUSSION 
 
    Overall, the acid reaction was much more efficient than 
saponification because it had a higher yield (see Figure 2) and it 
took less time. Additionally, using online prices, the acid 
reaction was cheaper by $2,406.87 per gram produced [4-5]. 
This price gap occurred because the purified water used in 
saponification is expensive. The only drawback is that the acid 
reaction had a hotter temperature. The acid reaction is better 
than the background reaction because of its quick reaction 
speed and lower temperature [3]. These results cannot be 
directly compared to silicon because perylene monoanhydride 
diester produces the competing semiconductors. 

 

Figure 2: Yield Graph. 
 

 
IV. ACKNOWLEDGMENTS 

 
I thank my mentors Dr. Jin and Dr. Davis, for helping me. 

 
V. REFERENCES 

 
[1] Schmidt, R. M. (2012). Ultra-precision engineering in 
lithographic exposure equipment for the  semiconductor 
industry. Philosophical Transactions: Mathematical, Physical 
and Engineering Sciences, 370(1973). 3950-3972. 
doi:10.1098/rsta.2011.0054  
[2] Bergenti, I., Dediu, V., Prezioso, M., & Riminucci, A. (2011). 
Organic spintronics. Philosophical Transactions: Mathematical, 
Physical and Engineering Sciences, 369. 3054-3068. 
doi:10.1098/rsta.2011.0155Y.  
[3] Xue, C., Sun, R., Annab, R., Abadi, D., & Jin, S. (2009). 
Perylene monoanhydride diester: a versatile intermediate for 
the synthesis of unsymmetrically substituted perylene 
tetracarboxylic derivatives. Tetrahedron Letters, 50. 853-856. 
doi:10.1016/j.tetlet.2008.11.084 
[4] Sigma-Aldrich (2017). Retrieved from 
https://www.sigmaaldrich.com/united-states.html 
[5] VWR (2017). Retrieved from https://www.vwr.com/ 
  

Improving the Yield of Perylene Monoanhydride Diester 
Matthew Belzer 

3 


