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ABSTRACT 

 
Ther are several techniques currently used for water organic 
contaminants removal, including Activated Carbon 
Adsorption, Chlorination, UV Photolysis, Ozonation, and 
Ferrate Oxidation.  Although these techniques are useful in 
treating contaminated water, they have limitations in terms 
of removal completion, efficiency, rates, and operational 
costs.  In addition, the methods for identification and 
quantification of both organic contaminants and the 
reaction products in water treatment are not well developed.  
We are developing a method of cataphotolysis using visible 
light in the presence of nano-particles for organic 
contaminant removal. Our preliminary data indicate that the 
cataphotolysis initiates the degradation of Rhodamine B 
molecules in water, and the Rhodamine B moleclude is 
found to decomposed into other molecules.  It is also found 
that the cataphotolysis of the Rhodamine B molecule in 
water follows the first order chemical kinetics. 
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1 INTRODUCTION 
 

Removal of organic contaminants from water plays a 
pivotal role in recycle and reuse of water in agriculture and 
industry.  The existing technologies for organic 
contaminant removal from water, such as Activated Carbon 
Adsorption [1], Chlorination [2-5], UV Photolysis [6-8], 
Ozonation [5, 9-11], and Ferrate Oxidation [12-13], are 
useful, but not ideal due to their limitations of 
incompleteness, low efficiency, and high cost.  Recent 
cataphotolytic removal of organic contaminants with UV 
radiation in the presence of nano-materials points to a new 
direction of water cleanup methids.  However, this aproach 
requires UV radiation and mixing of the water with the 
nano-materials, which leads to high cost and secondary 
contamination.  So it is desirable to further develop this 
catapholysis technique such that both the use of the UV 
radiation and the mixing of the nanomaterial with water can 
be avoided in the cataphotolysis. We are developing such a 
new cataphotolysis technology, namely nano-particle and 
visible light based cataohotolysis technology, for organic 
contaminant removal from water.  In this report we present 
our preliminary results, in which Rhodamine B is used as a 
water contaminant surrogate to test our organic water 
contaminant treatment method. 
 

 

2 METHODOLOGY 
 
 

2.1 Experimental  

Figure 1 shows the schematics for the removal of 
Rhodamine B from water. As show in the Figure 1, the 
water sample containing Rhodamine B is placed in a reactor 
(either a beaker or Ehrlenmeyer Flask). A Pyrex tube coated 
with nanomaterials on the outer surface is also placed in the 
reactor.  A visible light source (15 W tubing shape light 
bulb) is placed inside the Pyrex tube to generate the visible 
radiation for the cataphotolysis process.  During the 
experiments, water sample is taken from the reactor for 
analysis on a regular basis.  The changes of the water 
sample in composition as a function of time is monitored by 
using the UV-Vis spectrometer (Shimadzu, Model UV-
2450), and the decay data are collected for kinetics study.  

The nanoparticles are synthesized in our laboratory based 
on the synthesis procedure of Lü et al. [14] with some 
significant modifications. 

Figure 1: Schematics of experimental arrangement for the 
nanoparticle and visible light based cataphotolysis 

experiments. 
 

3 RESULTS 

Preliminary results have been collected for the removal of 
Rhodamine B from water. Figures 2 and 3 show our typical 
preliminary results of cataphotolysis of 0.02g L-1 
Rhodamine B water solution, with Figure 2a showing the 
sample solution before (left) and after (right) about 60 
hours of cataphotolysis without H2O2 added, Figure 2b 
showing the sample solution before (left) and after (right) 
about 72 hours of cataphotolysis with 2 mL of H2O2 added, 

TechConnect Briefs 2016, TechConnect.org, ISBN 978-0-9975-1171-08



0 200 400 600 800 1000 1200 1400 1600
-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

Intercept = -0.026
Slope = -1.01e-3
r ² = 0.99

Time (minutes)
ln

(A
t/A

0)

Visible light phololysis of 500 mL Rhodamine B (0.02 mg/mL)

Time (minute)
200 300 400 500 600

A
bs

or
ba

nc
e

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 min.
90 min.
150 min.
210 min.
300 min.
390 min.
450 min.
750 min.
1430 min.

Figure 3a showing the UV-Vis spectrum and the kinetics 
data associated with the Figure 2a experiment, and Figure 
3b showing UV-Vis spectrum and the kinetics data 
associated with the Figure 2b experiment. It can be seen 
that there is no nano-particles in the water after the 
cataphotolysis of the water sample.  The color of the 
Rhodamine B water solution is found to change from red to 
yellow without adding H2O2, and with addition of 2 mL of 
H2O2 the red color of the Rhodamine B water solution 
disappeared. These observations indicate that Rhodamine B 
in water undergoes cataphotolysis with visible light in the 
presence of the nanomaterials.  The absorbance of 
Rhodamine B at λ = 554 nm decreased and a new 
absorption peak at λ = 497 nm and  λ = 210 nm emerged 
(Figure 3) during cataphotolysis of the solution without and 
with addition of H2O2, respectively, indicating that new 
product(s) is formed from the cataphotolysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(2a) Without adding H2O2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2b) with addition of 2 mL H2O2. 
Figure 2: Sample appearance comparison before (left) and 
after (right) visible light cataphotolysis of 500 mL 0.02g L-1 

Rhodamine B solution. 

 

 

 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

(3a) 

 
(3b) 

Figure 3: Typical spectral (top portion) and kinetics 
(bottom portion) data of visible light cataphotolysis of 500 
mL 0.02g L-1 Rhodamine B solution without (3a) and with 

(3b) addition of 2 mL of H2O2. 
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4  DISCUSSION 
 
Our preliminary data suggest that the use of 

nanotechnology for treatment of Rhodamine B in water 
with visible radiation can initiate the degradation of the 
Rhodamine B molecules.  However, the removal of the 
Rhodamine B from water may not be a one-step process 
based on the observation the Rhodamine B molecules are 
decomposed into molecules having molecular structure and 
molar mass different from their parent molecules after the 
treatment with the visible light radiation nanomaterial based 
technology.  Our preliminary Rhodamine B decay plots 
shown in Figure 3 suggest that the cataphotolysis of 
Rhodamine B in water follows well the first order chemical 
kinetics. More studies are needed to identify the product 
molecules and determine the yield of the products in order 
to achieve objective IV, and this can be accomplished with 
the use of the LC/MS instrument and our FTIR-ATR device 
[15].  

 
5 CONCLUSION 

 
We are developing the method of visible light radiation 

and nano-particle based cataphotolysis for removal of 
organic contaminant from water. Using Rhodamine B as the 
organic contaminant surrogate, our preliminary data 
indicate that the use of nanotechnology for visible light 
cataphotolysis initiates the degradation of Rhodamine B in 
water, and the Rhodamine B molecule is found to 
decompose into other molecules.  Finally, the visible light 
radiation and nano-particle based cataphotolysis of the 
Rhodamine B molecule in water follows the first order 
chemical kinetics.  
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