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1. Introduction 

 
Since the tragedies in Chernobyl and Fukushima, the 

removal of radionuclides from nuclear wastes including 

nuclear fuel effluent and gaseous radioactive wastes  has 

become even more critical due to their toxicity for the 

nature and human. Many types of materials have been 

studied as sorbents to capture radionuclides such as 

cesium, iodide and uranium [1, [2, [3]. In this study, an 

organic microcrystals derived from perylenediimide was 

synthesized and tested for the removal of uranium 

dissolved in acidic aqueous solution. The resultant 

adsorption capacity towards uranium was among the 

highest ever reported. Other characteristics including 

selectivity, kinetics and pH dependence is under 

investigation. 

 

2. Methods and Results 

 

2.1 Synthesis of an Organic Microcrystal Sorbent 

 

In general, perylenediimide derivatives are hardly 

soluble in any kind of solvents including water due to 

their pronounced capabilities of self-assembly by means 

of π - π  stacking [4]. Therefore they can be considered 

as light-weight supporting materials comprising 

functional groups to capture uranium in aqueous 

solution. Aminoisophthalic acid with two carboxylic 

acid groups can provide the strong binding sites to 

uranium. Thus we designed and synthesized organic 

microcrystals as a high capacity sorbent derived from 

condensation reaction between perylenediimide and 

aminoisophthalic acid. For the synthesis of N,N’-Di-

(phenyl-3,5-dicarboxylic acid)-perylene-3,4:9,10-

tetracarboxylic acid diimide (T-PR), perylene-3,4,9,10-

tetracarboxylic dianhydride, 5-aminoisophthalic acid, 

and imidazole were mixed and heated at 127 °C for 6 

hours under nitrogen atmosphere (Fig. 1). The mixture 

was further refluxed after addition of ethanol for 6 hours 

and then kept for overnight to be crystallized out. The 

crystalline precipitate was filtered and washed 

thoroughly with ethanol.  

 

 
 

 
 

Fig. 1. Synthesis of T-PR. 

 

2.2 Uranium Adsorption Test 

 

UO2(NO3)2·2H2O was dissolved in deionized water to 

prepare uranium solutions for batch test. In order to test 

uranium adsorption by T-PR at various uranium 

concentrations, solutions with 6, 12, 25, 50, 100, 200, 

400 and 1000 ppm U were prepared. pH of each 

solution was adjusted to 5 by adding NaOH solution. 2 

mg of T-PR was added to a glass vial with 3 mL of 

uranium solution, and then the mixture was thoroughly 

stirred with magnetic stir bar for 5 hours. The resultant 

solution was centrifuged at 10,000 g for 5 min, and the 

supernatant was collected for metal analysis using 

inductively-coupled plasma mass spectrometry. 

 

3. Results and Discussion 

 

The amount of UO2
2+ adsorbed per the amount of 

adsorbent (q, mg U/g T-PR) was plotted against 

equilibrium concentration (Ce, ppm). The adsorption 

data can be fitted very well with Langmuir-Freundlich 

isotherm model [5]. This model describes adsorption of 

adsorbate onto a homogeneous surface with assumption 

that a maximum uptake is given. The Langmuir-

Freundlich isotherm can be expressed as eq. 1: 

  (eq. 1) 

where q (mg/g) is the amount of uranium adsorbed at 

equilibrium concentration Ce (ppm), qm is the maximum 

uranium adsorption capacity (mg/g), b (L/mg) a 

constant related to the free energy of the adsorption 

representing affinity of adsorbate and adsorbent, and n 

is a constant characterizing the system heterogeneity. 
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From the fitting, the maximum uranium adsorption 

capacity of T-PR was determined, and it was close to 

the highest value among physicochemical adsorbents 

ever reported. 

 

 
Fig. 2. Schematic model of the uranium adsorption onto the 

organic microcrystal. 

 

3. Conclusions 

 

A preliminary experiment for applying an organic 

microcrystal to uranium capture from aqueous solution 

has been performed successfully. T-PR microcrystal 

exhibited an excellent capability to remove a large 

amount of uranium from water and its capacity was 

among the highest reported so far. We hypothesize that 

positively charged uranyl ions bind to negatively 

charged carboxylates on the organic microcrystals. In 

order to figure out the adsorption mechanism, deliberate 

studies are required, utilizing spectroscopic and 

structural analysis tools such as infrared and X-ray 

diffraction spectroscopies. Nevertheless, perylene-

diimide derivatives as sorbent materials appear to be 

one of the good research targets for the remediation of 

the uranium contaminated environment. 
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