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ABSTRACT 

The DNA content was employed as an indicator of al-
gae biomass to improve the cellular RNA content method 
to estimate the in situ growth rate of Microcystis in a 
hypertrophic lake (Lake Taihu, China). Microcystis aeru-
ginosa was cultured in BG-11 and M-11 mediums, respec-
tively, and a significant relationship between cell density 
and DNA concentration of Microcystis was found. Then a 
significant logarithmic relationship between Microcystis 
growth rate and RNA/DNA ratio was established to meas-
ure growth rate of Microcystis by analysis of RNA and 
DNA content. The growth rates calculated by RNA/DNA 
method were in good agreement with that calculated by 
the changes of cell density in the whole water column 
respected with time. The RNA/DNA method was applied 
in Lake Taihu in summer (1st July) and autumn (1st Octo-
ber), respectively. In summer, the maximum growth rate 
was 0.361 day-1 and others were from 0.04 to 0.34 day-1 
with an average value of 0.12, four values were below 
zero; In autumn, the maximum growth rate was 0.111 day-1 
and most values were below zero. Our results also demon-
strated that the growth rate of Microcystis was higher in-
shore than offshore. 
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1. INTRODUCTION 

Microcystis bloom is one of the most serious world-
wide problems in freshwater lakes and reservoirs [1, 2]. The 
growth of Microcystis is considered as important essential 
data to clarify the mechanism of bloom formation. Many 
researchers [3-5] have illustrated the relationship between 
Microcystis growth rate and individual environmental 
factors under culture conditions. However, the knowledge 
of the in situ growth rate of Microcystis in natural condi-
tions is still inadequate because of the difficulty in measur-
ing of in situ growth rate of Microcystis in field. 
 
* Corresponding author 

Generally, the changes of Microcystis cell density 
within a certain period of time are used to estimate the 
growth rate. This method is widely used under culture 
conditions [6, 7] but not suitable under natural conditions. 
This is due to that the cell density under natural conditions 
could be affected by the spatial transference [8] and preda-
tion of zooplankton [9]. The bottle incubation method 
could overcome these shortcomings but the physical condi-
tions, such as hydrodynamics and water column stability 
would be altered inevitably. As the growth of Microcystis 
could be influenced significantly by these physical condi-
tions [10], the bottle incubation method is not an accurate 
approach to measure in situ growth rate of Microcystis. 

The frequency of dividing cells (FDC) method, which 
was originally developed to measure growth rate of het-
erotrophic bacteria in aquatic systems, was used and im-
proved progressively to evaluate the growth rate of Mi-
crocystis. Tsujimura et al. [11] observed the diel patterns 
of FDC in both Microcystis aeruginosa and Microcystis 
wesenbergii. The relationship between these patterns and 
growth rates was established and used to measure the in 
situ growth rate of Microcystis in Lake Biwa (Japan). 
Yamamoto and his co-workers [12, 13] improved this 
method and applied it in Hirosawa-no-ike Pond (Japan). This 
method has also been used in the Three Gorge Reservoir 
(China) [14]; Lake Taihu (China) [15] and the reservoir of 
Grangent (France) [16]. However, the FDC method required 
frequent sampling all day (intervals of 2 or 4 h), which gave 
rise to substantial labor. The samples collected at the 
same site at different time may seem to be from different 
locations because of the spatial transference. These disad-
vantages hindered the application of FDC method. 

The carbon isotope method [17-19], an accurate ap-
proach to measure algae growth rate, does not need sam-
pling all day. Nevertheless, the analysis of carbon isotope 
is expensive and difficult, which resulted in the stagnation 
of its application. 

Some biochemical indexes have been reported signif-
icantly related to algae growth rate [20, 21]. Recently, 
Nagai et al. [22] used cellular RNA content as an index to 
measure growth rate of Microcystis in Lake Kasumigaura 
(Japan). This method is simple and no substantial labor or 
adept skill is required. However, counting cells number in 
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irregular colonies of Microcystis was a challenge. Fur-
thermore, the values of growth rate used to establish the 
relationship between cellular RNA content and growth 
rate was based on calculation by limiting factors. Both of 
these flaws make this method be imprecise. Thus, a new 
indicator of algae biomass should be employed instead of 
cells number; and culture experiments were necessary to 
establish a more authentic relationship between growth 
rate and RNA content with respect to biomass. 

The DNA content was considered as an indicator of 
algae biomass [20]. Thus, the RNA/DNA ratio could take 
the place of cellular RNA content to estimate the growth 
rate of Microcystis. We made a hypothesis that the growth 
rate of Microcystis was significantly related to RNA/DNA 
ratio. The aim of this study is to test this hypothesis and to 
establish an improved RNA/DNA method to estimate in 
situ growth rate of Microcystis. 

 
 
2. MATERIALS AND METHODS 

2.1 Organisms and culture experiment 

Organisms: M. aeruginosa (Kützing) Kützing 1846 
strain (FACHB 469) was provided by the Freshwater 
Algae Culture Collection of the Institute of Hydrobiology, 
Chinese Academy of Sciences. This unicellular strain was 
subjected to long-term axenic cultivation in BG-11 medium. 

 
Culture experiment: This strain was batch cultured 

axenically under a 12:12 hour light-dark cycle in 1500 mL 
of sterilized liquid BG-11 and M-11 medium, respectively. 
The light intensity was 60 µmol photons m-2 s-1 and the 
temperature was 25°C. The initial cell density of M. aeru-
ginosa was 5×104 cells mL-1. The flasks were shaken by 
hand three times daily to prevent the cells from adhering 
to the inner walls of the flasks. 

 
Calculation of growth rate: The growth rate of M. 

aeruginosa was calculated by cell counting daily. The 
cells number were counted three times in a blood cell 
counting chamber under an optical microscope (Olympus 
CX31, Olympus Corporation) at 400× magnification. When 
the three counts differed by less than 10%, the average 
count was designated the final cell density. Otherwise, 
additional counting was carried out.  

The growth rate (µ) was calculated from the follow-
ing Equation (1): 

µ= ln(Dt/Dt-1)                              (1) 

Where Dt is the cell density at day t, Dt-1 is the cell 
density at day t-1.  

 
RNA and DNA content analysis: Culture samples 

(20-50 mL) were filtered through GF/C (Whatman, UK) 
filters in triple. The filters were re-suspended in 50 mL 
centrifuge tubes containing 5 mL of 1 mol L-1 HClO3, placed 
in a 90°C water-bath oscillator, shaken at 120 rpm for 

15 min, and then centrifuged at 11,550 g for 15 min. Su-
pernatants were then separated from pellets. Two repeats 
of these procedures were carried out. Supernatants were 
combined and used to RNA and DNA content analysis. 
The content of RNA and DNA was analyzed following 
the methods described by Rhee et al. [23]. 

 
2.2 Field studies 

Lake Taihu, the third largest freshwater lake in China 
(2338 km2, 1.9 m depth), was selected as a representative 
hypertrophic lake in which sampling was carried out for 
this study. Massive Microcystis blooms occurred frequently 
in Lake Taihu in summer and fall in recent years, which 
covered hundreds of square kilometers. 

 
Natural sample collection: Sampling was carried out 

in Meiliang Bay and Gonghu Bay of Lake Taihu on 1st July 
and 1st October, respectively. A total of 12 sampling sites 
were selected covering the pelagic areas and litoral areas 
of these two bays; and in each of the areas, the sites dis-
tributed uniformly (Fig. 1). A sampling ship was employed 
for sampling. Water samples, rich in Microcystis scums at a 
depth of 30 cm below lake surface, were collected into 
500 mL plastic bottles, and then fixed with formalin [2% 
(v/v)] immediately for the laboratory analysis. 

 

 

FIGURE 1 - Sampling sites in Meiliang Bay and Gonghu Bay in 
Lake Taihu, China 

 
Sample analysis: Three repeats of 10 to 20 mL sam-

ple were filtered through GF/C (Whatman, UK) filters. 
Triplicate filters were used for RNA and DNA content 
analysis following the method described above.  

 
Method assessment: Twelve enclosures named A to 

L (Fig. 2) were settled in site 9 and water samples of 
whole water column were collected by a 2.5 m length 
pipe at 8:00, 12:00 AM from 5th September to 7th Septem-
ber. Both ends of the pipe had valves and the diameter 
was 10 cm. The collected sample was used for cell den-
sity analysis. The RNA and DNA content of the sample 
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FIGURE 2 - The photos of twelve enclosures named A to L 
 
 
 

collected at 12:00 AM was analyzed by the method de-
scribed above. The growth rate was calculated by Equa-
tion (1) using the cell density at 8:00 AM every day. 

 
 
3. RESULTS 

3.1 Growth and cellular RNA and DNA content of Microcystis 

The growth curves of Microcystis cultured in both M-
11 and BG-11 medium are shown in Fig. 3. The cell den-
sity of Microcystis in BG-11 medium increased consist-
ently until the end of the culture experiment. The cell 
density reached 3000×104 cells mL-1 on day 12. Micro-
cystis cell density in M-11 medium reached the maximum 
value (1700×104 cells mL-1) on day 10 and then decreased. 

Cellular RNA and DNA content of Microcystis at dif-
ferent time is shown in Fig. 4. The cellular RNA content 
decreased rapidly till day 3 and then its value remained at 
about 3 pg cell-1. The cellular DNA content kept growing 
and the maximum value was 0.40 pg cell-1 (in day 12). 
Fig. 5 shows the relationship between cell density and 

DNA concentration of Microcystis under culture condi-
tions and a significant positive relationship was found. It 
was also obvious that the average cellular DNA content 
was 0.3 pg cell-1. 

 

 
FIGURE 3 - Growth curves of M. aeruginosa grown in BG-11 medi-
um and M-11 medium. 

 
 
 

 

FIGURE 4 - Cellular RNA and DNA content of Microcystis at different time 
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FIGURE 5 - The relationship between cell density and DNA concen-
tration of Microcystis under culture condition 

 
3.2 Relationship between growth rate and biochemical index 
of Microcystis 

Figure 6 shows the relationship between growth rate 
and cellular RNA content of Microcystis. The growth rate 
increased with increasing of cellular RNA content when 
the value of growth rate was larger than 0.4 day-1. How-
ever, no significant relationship could be obtained when 
growth rate was below 0.4 day-1. 

 

 
FIGURE 6 - The relationship between growth rate and cellular 
RNA content of Microcystis 

 

 
FIGURE 7 - The relationship between growth rate and RNA/DNA 
ratio of Microcystis 

Figure 7 shows a significant logarithmic relationship 
between Microcystis growth rate and RNA/DNA for both 
cultures. This relationship could be described by: 

µ = 0.720 × ln(RNA/DNA) - 1.540 
Where: µ is growth rate of Microcystis (day-1); RNA/ 

DNA is the ratio of RNA to DNA by weight.  
 

3.3 Assessment of the RAN/DNA method 

The daily variation of Microcystis cell density in the 
water column is shown in Fig. 8. The values of Microcyst-
is cell density in the water column at most of the sites 
increased during the observation. But some of that de-
creased as well. The maximum value of RNA/DNA ratio 
was about 17 and the minimum value was about 6. The 
comparison of Microcystis growth rates calculated by cell 
density in the whole water column and RAN/DNA method 
is shown in Fig. 9. A positive correlation existed between 
the growth rates given by these two methods (Pearson’s 
product moment correlation coefficient R2=0.346, n=24, 
P<0.05). 

 
3.4 In situ growth rate of Microcystis in Lake Taihu 

The in situ growth rates of Microcystis calculated by 
the RNA/DNA method in summer (1st July) and autumn 
(1st October) are shown in Fig. 10. In summer, the maxi-
mum growth rate was 0.361 day-1 occurred at site 11.  

 

 
FIGURE 8 - Cellular RNA and DNA content of Microcystis at dif-
ferent time 
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FIGURE 9 - Comparison of Microcystis growth rates calculated by 
cell density in the whole water column and RAN/DNA method 

 

 
FIGURE 10 - The in situ growth rates of Microcystis calculated by 
the RNA/DNA method in summer (1st July) and autumn (1st Octo-
ber) 

 
Four values were below zero; others were from 0.04 to 
0.34 with an average value of 0.12. In autumn, the maxi-
mum growth rate was 0.111 day-1 and most values were 
below zero. 

4. DISCUSSION AND CONCLUSIONS 

Our RNA/DNA method improved the cellular RNA 
content method [22] thoroughly in two ways: (i) DNA 
concentration was employed instead of cells number; (ii) 
culture experiments were carried out to establish a more 
authentic relationship between growth rate and RNA 
content with respect to biomass. 

The significant relationship between DNA concentra-
tion and cell density of Microcystis obtained in this study 
has proved that DNA was an appropriate indicator of 
Microcystis biomass (Fig. 5). The analysis of DNA con-
centration is much easier; to the contrary that counting 
cells number in the irregular colonies of Microcystis was 
difficult. Moreover, the size of cells and cellular dry 
weight of Microcystis was different at varying growth rate 
[6]. These differences in cell size and cellular dry weight 
made the growth rate calculated by the cellular RNA 
content inaccurate. The cellular DNA content could elim-
inate the influence of the variation in cell size and dry 
weight of Microcystis because the DNA replication coor-
dinated to cell division of Microcystis [24]. Our results 
also showed that the relationship between growth rate and 
RNA/DNA of Microcystis obtained from the culture ex-
periment is significant, which could be used to estimate 
growth rate in fields. This relationship should be more 
believable than that established with the growth rate cal-
culated by limiting factors. 

The RNA/DNA method has already been used in 
aquatic animals [25, 26], marine algae [20] and bacterium 
[27]. This is the first report of its application in Micro-
cystis, a freshwater alga. Our results showed that the 
growth rate calculated by RNA/DNA was significantly 
close to that calculated by cell density in the water col-
umn. Thus, it was suggested that the RNA/DNA method 
is an accurate method to measure growth rate of Micro-
cystis. This method also has following advantages: (i) 
simple and no incubation is required; (ii) low labor 
strength and no frequent sampling is required. 

Bacteria in mucilage of Microcystis cannot be re-
moved easily and it would influence the RNA/DNA ratio 
measured by this method. This disadvantage would make 
the RNA/DNA method be inaccurate. Brunberg [28] counted 
bacteria attached to Microcystis cells and reported the value 
was 15-50 bacteria per Microcystis cell. The percentage of 
the dry weight of bacteria in a single Microcystis cell is 
1.7-5.6% on the basis that cellular dry weight of bacteria 
and Microcystis is 36 fg cell-1 [29] and 32 pg cell-1 [6] 
respectively. Therefore, the influences of bacteria attached 
to the Microcystis cells on the veracity of the RNA/DNA 
method would not exceed 6% in any case. 

The growth rates calculated by the RNA/DNA method 
are less than zero for many times. The negative value ex-
pressed the declined of Microcystis which resulted in the 
degradation of RNA and DNA. The reflection of Micro-
cystis decline, which could be obtained frequently by the 
changes of cell density with respect to time, is also a 
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virtue compared to the cellular RNA method and FDC 
method. 

The average value obtained in the current study was 
smaller than that observed by FDC method in Lake Biwa 
(0.10-0.36 day-1; Tsujimura [11]); Hirosawa-no-ike Pond 
(0.15-0.63 day-1; Yamamoto and Tsukada [12]) and Lake 
Taihu (0.19-0.37 day-1; Wu and Kong [15]). The FDC 
method is based on three assumptions: (i) the duration of 
cytokinesis (Td) is constant; (ii) Td is identical for all cells 
in a population; (iii) all cells in a population are active 
[11]. These assumptions are acceptable under standard 
culture conditions but would not be dependable under 
natural conditions for their complexity. The cell division 
of Microcystis could be prevented by some chemicals, 
such as nalidixic acid and hydroxyurea [24]. This turned 
assumption iii upside down. 

Latour et al. [16] observed the FDC of Microcystis in 
dark at 4 and 8 oC. They illustrated that the FDC value 
was 10-20% at 4 oC but could reached to 27.8% at 8oC. 
These values were similar to 10-30% observed in Hirosa-
wa-no-ike Pond from July to October 2005 by Yamamoto 
and Tsukada [12] and 5-25% observed in Lake Biwa on 
18th September by Tsujimura [11]. Misson and Latour [30] 
reported that the recruitment rate was about 100 cells day-1 
mm-2 at 4 and 7oC. This result demonstrated that the growth 
rate under this condition was smaller than that during 
summer in any case. The above discussion suggested that 
Microcystis cell under different growth rate may have simi-
lar FDC value. Thus, the assumption ii and iii would be 
unauthentic under these conditions. It could be concluded 
that the FDC method would overrate the in situ growth rate 
of Microcystis in lakes and reservoirs. 

Tsujimura [11] suggested that the growth of Micro-
cystis was faster inshore than offshore and the main grow-
ing field of Microcystis was the inshore area. However, 
the information on the differences between littoral zone 
and pelagic zone (especially for shallow lakes) was insuf-
ficient. Our result of the measurement in July showed that 
the average growth rate of Microcystis was 0.09 day-1 in 
the pelagic zone but was 0.19 day-1 in the littoral zone in 
Lake Taihu. This result also illustrated that the growth 
rate of Microcystis was higher inshore than offshore. 

The maximum growth rate of Microcystis in Lake 
Taihu calculated by the RNA/DNA method is 0.36 day-1 
in this study. Most values in October are less than zero, 
expressing the decline of Microcystis in Lake Taihu dur-
ing this time. Removing the negative values, the average 
growth rate of Microcystis in Lake Taihu in on 1st July is 
0.15 day-1. This value was similar to that measured by the 
water column method reported by Cao et al. [31], suggest-
ing the validity of our method. The values of growth rate 
calculated by the cells number of Microcystis in the whole 
water column were from -0.22 to 0.37 day-1 and the aver-
age value was 0.20 day-1 removing the negative values. 
Thus it could be considered that the average value of the 
in situ growth rate of Microcystis in Lake Taihu was 0.15 
to 0.20 day-1. 

ACKNOWLEDGMENTS 

We would like to thank the Taihu Laboratory for 
Lake Ecosystem Research (TLLER) for their assistance 
during field sampling. This study was sponsored by the 
National Program on Key Basic Research Project of Chi-
na (2012CB719804), the Natural Science Foundation of 
Jiangsu Province (BK2011025), and the Hydraulic Science 
& Technology Project of Jiangsu Province (2012012). 

 
The authors have declared no conflict of interest 
 
 
 
REFERENCES 

[1]  de Figueiredo, D.R., Azeiteiro, U.M., Esteves, S.M., Gon-
çalves, F.J.M. and Pereira, M.J. (2004). Microcystin-
producing blooms--a serious global public health issue. Eco-
toxicology and Environmental Safety, 59, 151-163. 

[2]  Paerl, H.W., Hall, N.S. and Calandrino, E.S. (2011). Control-
ling harmful cyanobacterial blooms in a world experiencing 
anthropogenic and climatic-induced change. Science of the 
Total Environment, 409, 1739-1745. 

[3]  Yang, Z., Geng, L., Wang, W. and Zhang, J. (2012). Com-
bined effects of temperature, light intensity, and nitrogen 
concentration on the growth and polysaccharide content of 
Microcystis aeruginosa in batch culture. Biochemical Sys-
tematics and Ecology, 41, 130-135. 

[4]  Li, M., Zhu, W., Gao, L. and Lu, L. (2013). Changes in ex-
tracellular polysaccharide content and morphology of Micro-
cystis aeruginosa at different specific growth rates. Journal of 
Applied Phycology, 25, 1023-1030. 

[5]  Westhuizen, A. and Eloff, J. (1985). Effect of temperature 
and light on the toxicity and growth of the blue-green alga 
Microcystis aeruginosa (UV-006). Planta, 163, 55-59. 

[6]  Long, B.M., Jones, G.J. and Orr, P.T. (2011). Cellular micro-
cystin content in N-limited Microcystis aeruginosa can be 
predicted from growth rate. Applied and Environmental Mi-
crobiology, 67, 278-283. 

[7]  Wilson, A.E., Wilson, W.A. and Hay, M.E. (2006). Intraspe-
cific variation in growth and morphology of the bloom-
forming cyanobacterium Microcystis aeruginosa. Applied 
and Environmental Microbiology, 72, 7386-7389. 

[8]  Wu, X.D., Kong, F.X., Chen, Y.W., Qian, X., Zhang, L.J., 
Yu, Y., Zhang, M. and Xing, P. (2010). Horizontal distribu-
tion and transport processes of bloom-forming Microcystis in 
a large shallow lake (Taihu, China). Limnologica, 40, 8-15. 

[9]  Gobler, C., Davis, T.W., Coyne, K. and Boyer, G. (2007). In-
teractive influences of nutrient loading, zooplankton grazing, 
and microcystin synthetase gene expression on cyanobacteri-
al bloom dynamics in a eutrophic New York lake. Harmful 
Algae, 6, 119-133. 

[10]  Regel, R.H., Brookes, J.D., Ganf, G.G. and Griffiths, R.W. 
(2004). The influence of experimentally generated turbulence 
on the Mash01 unicellular Microcystis aeruginosa strain. 
Hydrobiologia, 517, 107-120. 

[11]  Tsujimura, S. (2003). Application of the frequency of divid-
ing cells technique to estimate the in situ growth rate of Mi-
crocystis (Cyanobacteria). Freshwater Biology, 48, 2009-
2024. 



© by PSP Volume 23 – No 4. 2014   Fresenius Environmental Bulletin    

1114 

 

[12]  Yamamoto, Y. and Tsukada, H. (2009). Measurement of in 
situ specific growth rates of Microcystis (cyanobacteria) from 
the frequency of dividing cells. Journal of Phycology, 45, 
1003-1009. 

[13]  Yamamoto, Y. and Shiah, F.-K. (2010). Relationship be-
tween cell growth and frequency of dividing cells of Micro-
cystis aeruginosa. Plankton and Benthos Research, 5, 131-
135. 

[14]  Wang, L., Cai, Q., Zhang, M., Xu, Y., Kong, L. and Tan, L. 
(2010). Studies on in situ growth rate and its influencing fac-
tors of Microcystis in Xiangxi Bay of the Three Gorges Res-
ervoir, China. Fresenius Environmental Bulletin, 19, 1576-
1581. 

[15]  Wu, X. and Kong, F. (2008). The determination of in situ 
growth rates of the bloomed Microcystis in Meiliang Bay, 
Lake Taihu (in Chinese). China Environmental Science, 28, 
552-555. 

[16]  Latour, D., Giraudet, H. and Berthon, J.-L. (2004). Frequency 
of dividing cells and viability of Microcystis aeruginosa in 
sediment of a eutrophic reservoir. Aquatic Microbial Ecolo-
gy, 36, 117-122. 

[17]  Popp, B.N., Bidigare, R.R., Deschenes, B., Laws, E.A., 
Prahl, F.G., Tanimoto, J.K. and Wallsgrove, R.J. (2006). A 
new method for estimating growth rates of alkenone-
producing haptophytes. Limnology and Oceanography: 
Methods, 4, 114-129. 

[18]  Laws, E.A., Popp, B.N., Bidigare, R.R., Kennicutt, M.C. and 
Macko, S.A. (1995). Dependence of phytoplankton carbon 
isotopic composition on growth rate and [CO2]aq: Theoretical 
considerations and experimental results. Geochimica et Cos-
mochimica Acta, 59, 1131-1138. 

[19]  Bidigare, R.R., Fluegge, A., Freeman, K.H., Hanson, K.L., 
Hayes, J.M., Hollander, D., Jasper, J.P., King, L.L., Laws, 
E.A. and Milder, J. (1997). Consistent fractionation of 13C in 
nature and in the laboratory: Growth� rate effects in some 
haptophyte algae. Global Biogeochemical Cycles, 11, 279-
292. 

[20]  Dortch, Q., Roberts, T.L., Clayton Jr, J. and Ahmed, S. 
(1983). RNA/DNA ratios and DNA concentrations as indica-
tors of growth rate and biomass in planktonic marine organ-
isms. Marine Ecology Progress Series, 13, 61-71. 

[21]  Furnas, M.J. (1990). In situ growth rates of marine phyto-
plankton: Approaches to measurement, community and spe-
cies growth rates. Journal of Plankton Research, 12, 1117-
1151. 

[22]  Nagai, T., Tomioka, N., Kawasaki, T., Imai, A. and Matsu-
shige, K. (2011). In-situ growth rate of Microcystis spp. and 
their growth-limiting factors: use of cellular RNA content. 
Limnology, 12, 235-243. 

[23]  Rhee, G.Y. (1978). Effects of N: P atomic ratios and nitrate 
limitation on algal growth, cell composition, and nitrate up-
take. Limnology and Oceanography, 23, 10-25. 

[24]  Yoshida, T., Maki, M., Okamoto, H. and Hiroishi, S. (2005). 
Coordination of DNA replication and cell division in cyano-
bacteria Microcystis aeruginosa. FEMS Microbiology Let-
ters, 251, 149-154. 

[25]  Bulow, F.J. (1970). RNA-DNA ratios as indicators of recent 
growth rates of a fish. Journal of the Fisheries Board of Can-
ada, 27, 2343-2349. 

[26]  Gorokhova, E. and Kyle, M. (2002). Analysis of nucleic ac-
ids in Daphnia: development of methods and ontogenetic 
variations in RNA-DNA content. Journal of Plankton Re-
search, 24, 511-522. 

[27]  Kerkhof, L. and Ward, B. (1993). Comparison of nucleic acid 
hybridization and fluorometry for measurement of the rela-
tionship between RNA/DNA ratio and growth rate in a ma-
rine bacterium. Applied and Environmental Microbiology, 
59, 1303-1309. 

[28]  Brunberg, A.K. (1999). Contribution of bacteria in the muci-
lage of Microcystis spp.(Cyanobacteria) to benthic and pelag-
ic bacterial production in a hypereutrophic lake. Fems Mi-
crobiology Ecology, 29, 13-22. 

[29]  Loferer-Krößbacher, M., Klima, J. and Psenner, R. (1998). 
Determination of bacterial cell dry mass by transmission 
electron microscopy and densitometric image analysis. Ap-
plied and Environmental Microbiology, 64, 688-694. 

[30]  Misson, B. and Latour, D. (2012). Influence of light, sedi-
ment mixing, temperature and duration of the benthic life 
phase on the benthic recruitment of Microcystis. Journal of 
Plankton Research, 34, 113-119. 

[31]  Cao, H., Kong, F., Tan, X., Yang, Z., Zhang, M. and Xing, P. 
(2006). Comparison of recruitment from sediments with pe-
lagic growth of cynobacteria in Lake Taihu, China. (in Chi-
nese with English abstract). Journal of Lake Sciences, 18, 
585-589. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Received: October 21, 2013 
Accepted: December 06, 2013 
 
 
CORRESPONDING AUTHOR 

Ming Li 
College of Resources and Environment 
Northwest A & F University 
Yangling 712100 
P.R. China  
 
E-mail: lileaf@163.com 
 

 FEB/ Vol 23/ No 4/ 2014 – pages  1100 – 1106 



© by PSP Volume 23 – No 4. 2014   Fresenius Environmental Bulletin    

1115 

 

 

EFFICIENT VISIBLE LIGHT PHOTOCATALYTIC  
ACTIVITY OF g-C3N4/α-Fe2O3 COMPOSITES  

SYNTHESIZED VIA A REACTABLE IONIC LIQUID 
 

Zhigang Chen1,2*, Lei Wang1,2, Jiexiang Xia3, Li Xu3, Huaming Li3, Jing Zhang3 and Minqiang He3 

1 Key Laboratory of Modern Agriculture Equipment and Technology, Jiangsu University, Zhenjiang, 212013, P R China 
2School of the Environment, Jiangsu University, Zhenjiang, 212013, P R China 

3School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang, 212013, P R China 
 
 
 
 
ABSTRACT 

g-C3N4/α-Fe2O3 composite photocatalysts have been 
prepared through a one-pot solvothermal process in the pres-
ence of reactable ionic liquid 1-octyl-3-methylimidazolium 
tetrachlorideferrate(III) ([Omim]FeCl4). The structure and 
morphology of the as-prepared g-C3N4/α-Fe2O3 compo-
sites photocatalyst were investigated by X-ray diffraction 
(XRD), Fourier transformer infra-red (FT-IR), X-ray energy 
dispersive spectroscopy (EDS), scanning electron micros-
copy (SEM), high-resolution transmission electron micro-
scope (HRTEM) and UV–vis diffuse reflectance spectros-
copy (DRS). During the reactive process, it was found 
that [Omim]FeCl4 acted not only as Fe source but also as 
solvents and templates for the fabrication of α-Fe2O3 mi-
crospheres. The photocatalytic activity of the g-C3N4/α-
Fe2O3 composite photocatalyst was investigated by photo-
degradation of methylene blue (MB) in the presence of 
H2O2. The g-C3N4/α-Fe2O3 composite photocatalysts showed 
much higher photocatalytic activity than that of the pure 
α-Fe2O3. In addition, the 5 wt. % g-C3N4/α-Fe2O3 showed 
the highest photocatalytic activity and the photocatalytic 
degradation efficiency was 99.38 %, which is higher than 
that of the pure α-Fe2O3 photocatalyst (77.88 %). A pos-
sible mechanism for the enhanced photocatalytic activity 
of the g-C3N4/α-Fe2O3 composite photocatalyst was also 
discussed. 
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1. INTRODUCTION 

Hematite (α-Fe2O3) as a convention n-type semicon-
ductor is the most thermodynamically stable phase of iron 
oxide under ambient condition [1]. Due to its low cost, 
environmental friendliness and excellent sensing properties,  
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α-Fe2O3 has been widely used in catalysts, water treatment, 
magnetic materials, gas sensors, and lithium ion batteries 
[2-7]. With an indirect band gap of 2.1 eV (40 % of solar 
spectrum can be absorbed), α-Fe2O3 is regarded as a visi-
ble-light-driven photocatalyst [2, 8]. However, α-Fe2O3 as 
a photocatalyst material shows relatively poor efficiency 
to degradation organic pollutants under visible light irra-
diation, because of its relatively slow charge transfer and the 
high recombination rates of photogenerated electron-hole 
pairs inside the semiconductor [9, 10]. Recently, many α-
Fe2O3 studies have been focusing on modifying the mor-
phology and doping metal or nonmetal to improve the 
photocatalyst performance [11-13]. For example, dopants 
including Ni [10], Si [11, 14, 15], Ag [16] and Ti [17] 
have been used to significantly enhance the photocatalytic 
activity through changing carrier concentration and mo-
bility. In recent years, visible-light-driven α-Fe2O3-based 
composite photocatalysts with high activity and satability 
has attracted a great deal of attention due to their higher 
photocatalytic activity in degradation organic contaminant 
compared with single photocatalysts [18-23]. 

The graphite-like carbon nitride (g-C3N4), which was 
reported that have the photocatalytic performance of hy-
drogen or oxygen production from water splitting under 
visible light irradiation, had attracted many researchers’ 
attentions [24-26]. As a soft polymer and highly stable 
photocatalytic material, the g-C3N4 can facility doped on the 
surface of other compounds. Moreover, the special lamel-
lar structure of g-C3N4, facilitating the charge transfer, 
can make g-C3N4 as a transport carrier of the photogener-
ated charges [27]. Recently, BiOBr-C3N4 heterojunctions 
have been prepared, and the results indicated that photo-
catalytic activity of BiOBr-C3N4 was enhanced under 
visible light irradiation [28]. Other photocatalysts doped 
with g-C3N4, such as ZnWO4 [29], Bi2WO6 [30], ZnO 
[31], TiO2 [32] and Ag3PO4 [33], also exhibited an en-
hanced photocatalytic activity. All these results had 
proved that g-C3N4 played an important role in promoting 
the separate efficiency of the photogenerated electron-
hole pairs, which could be good for enhancing the 
photocatalytic activity. 
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Based on the above analysis, it was supposed that us-
ing g-C3N4 to modify the α-Fe2O3 may improve the elec-
tron-hole separation ability of the α-Fe2O3, and enhance 
the photocatalytic activity of the α-Fe2O3 as well. There-
fore, in this work, we report a facile route to prepare com-
posite photocatalyst g-C3N4/α-Fe2O3 by a solvothermal 
method with a reactable ionic liquid, in an effort to prove 
that g-C3N4 can indeed dope and enhance the photocata-
lytic activity of α-Fe2O3. Methylene blue (MB) was used 
as a target pollutant to investigate the photoactivity of the 
g-C3N4/α-Fe2O3 samples. The relationship between the 
photocatalytic activity and the structure of g-C3N4/α-
Fe2O3 hybrid materials was discussed.  

 
 
2. MATERIALS AND METHODS 

2.1 Reagents  

All reagents were analytically pure and used without 
further purification. The synthesize method of g-C3N4 
is described in of our previous works [34]. Metal ion-
containing ionic liquids were synthesized according to 
Sherif et al. [35]. 

 
2.2 Synthesis of g-C3N4/α-Fe2O3 

In a typical procedure, 0.4g [Omim]FeCl4 was put into 
10 ml absolute ethanol under vigorous stirring. 4.1 mg 
g-C3N4 was dissolved or dispersed by 5 ml absolute ethanol, 
and then ultrasonicated for 30 min. Then dispersant was 
added into the above suspension dropwise and stirred 
magnetically for 30 min (solution B). Subsequently, 61.1 
mg NaOH was added into 5 ml absolute ethanol by ultra-
sonicating until it was dissolved, and then it was added 
dropwise into the above suspension and stirred magneti-
cally for 30 min. Afterwards, the mixture was maintained 
at 140℃ for 24 h. The products were collected by centrifu-
gation, followed by washing thoroughly with deionized 
water and absolute ethanol in order. The final products were 
dried at 50℃ for 8h. The precursor of g-C3N4/α-Fe2O3 
photocatalyst in g-C3N4 ratio of 5.0 wt. % was obtained. 
Following the same procedure, several precursors were 
prepared with different g-C3N4 weight ratios, namely α-
Fe2O3, g-C3N4/α-Fe2O3 (3 wt. %), g-C3N4/α-Fe2O3 (10 
wt. %) and g-C3N4/α-Fe2O3 (20 wt. %). 

 
2.3 Characterization  

The crystal phase of α-Fe2O3 and g-C3N4/α-Fe2O3 pow-
ders were analyzed by X-ray diffraction (XRD) analysis 
using a Bruker D8 diffractometer with Cu-Kα radiation 
(λ=1.5418 Å) in the 2θ range of 20º-80º. Scanning elec-
tron microscopy (SEM) of the samples was characterized 
by JEOL JSM-7001F field emission microscope. Transmis-
sion electron microscopy (TEM) micrographs were taken 
with a JEOL-JEM-2010 (JEOL, Japan) operating at 200 kV. 
The DRS of the samples were obtained on a UV-vis spec-
trophotometer (UV-2450, Shimadzu Corporation, Japan). 
Fourier transformer infra-red (FT-IR) spectra of all the 
catalysts (KBr pellets) were recorded on Nicolet Model 

Nexus 470 FT-IR equipment. The photocurrents were 
measured with an electrochemical analyzer (CHI660B). 

  
2.4 Photocatalytic properties 

The photocatalytic activity of g-C3N4/α-Fe2O3 was 
carried out in a magnetic stirrer reactor equipped with a 
visible light lamp (300 W Xe arc lamp equipped with an 
ultraviolet filter to provide visible light with λ > 400 nm) 
at 30� . In a typical run of measurement, as-obtained 
catalyst (40 mg) was suspended in 100 ml MB solution 
(10 mg/l). Before to irradiation, the solution was stirred 
for 0.5 h in the dark to ensure the adsorption/desorption 
equilibrium between the photocatalysts and the dyes. Then 
0.5 ml of H2O2 was added into the mixed liquid. Subse-
quently, analytical samples (4 ml) were taken from the sus-
pension every 0.5 h and the photocatalyst powders were 
separated by centrifugation, and then the above liquid was 
analyzed at its maximum absorption wavelength of 664 nm 
to measure its absorbance using a UV-vis spectrophotom-
eter. The MB degradation was calculated by Lambert-
Beer equation. 

 
2.5 Photoelectrochemical measurements 

Photocurrent measurements were performed on an 
electrochemical analyzer (CHI660B) in a standard three-
electrode configuration with a Pt wire as the counter elec-
trode, and Ag/AgCl (in saturated KCl) as a reference elec-
trode. Irradiation proceeded by a Xe arc lamp. A 0.1 M 
PBS solution (pH = 7.0) was used as the electrolyte. The 
working electrodes were prepared as follows: 10 mg ground 
sample was mixed with 0.5 mL absolute ethanol and 0.5 mL 
ethylene glycol to make slurry, which was then dispersed 
onto a 0.5 cm × 1 cm ITO glass electrode.  

 
 
3. RESULTS AND DISCUSSION 

3.1 XRD analysis 

The XRD patterns of the as-prepared g-C3N4/α-Fe2O3 
with different amount of g-C3N4 were shown in Fig.1. For 
the pure α-Fe2O3 (Fig.1a), the diffraction peaks at 24.1◦, 
33.2◦, 35.6◦, 40.9◦, 49.5◦, 54.1◦, 62.4◦ and 64.0◦ were at-
tributed to the (012), (104), (110), (113), (024), (116), 
(214) and (300) phase of α-Fe2O3 (JCPDS No. 33-0664), 
respectively. For the g-C3N4/α-Fe2O3 composites, only α-
Fe2O3 diffraction peaks were found when the g-C3N4 
content was below 10 wt. %. This could be explained by 
the small amounts of g-C3N4 introduced and its high dis-
persion in the samples. The same results were obtained in 
previous reports [36, 37]. Nevertheless, the weak diffrac-
tion peaks at 27.5◦ [indexed as the (002) diffraction plane 
of g-C3N4 (JCPDS 87-1526)] [38, 39] were appeared in 
Fig.1d and Fig.1e when the g-C3N4 content increased 
from 10 wt. % to 20 wt. %. And there was no significant 
diffraction peaks of any other phases or impurities could be 
detected in the composite, which indicated the introducing 
of g-C3N4 species did not affect the crystal structure of α-
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Fe2O3 photocatalysts and demonstrated that the as-
prepared g-C3N4/α-Fe2O3 sample presented a two-phase 
composition (g-C3N4 and α-Fe2O3).  

 

 

FIGURE 1 - XRD patterns of (a) α-Fe2O3, (b) g-C3N4/α-Fe2O3 (3 wt. %), 
(c) g-C3N4/α-Fe2O3 (5 wt. %), (d) g-C3N4/α-Fe2O3 (10 wt. %), (e) g-
C3N4/α-Fe2O3 (20 wt. %). 

 

 

FIGURE 2 - FT-IR spectra of (a) g-C3N4, (b) α-Fe2O3, (c) g-C3N4/α-
Fe2O3 (3 wt. %), (d) g-C3N4/α-Fe2O3 (5 wt. %), (e) g-C3N4/α-Fe2O3 
(10 wt. %), (f) g-C3N4/α-Fe2O3 (20 wt. %). 

 
3.2 FT-IR spectra analysis 

The FT-IR spectra of pure a-Fe2O3, g-C3N4 and g-
C3N4/α-Fe2O3 composites were shown in Fig. 2. The ab-
sorption bands centered at 475 cm-1 and 550 cm-1 in the 
spectrum of pure α-Fe2O3 correspond to the stretching and 
bending vibrations of Fe-O, which was in line with the 
reports of a-Fe2O3 in relevant literature [40, 41]. These peaks 
were fully present in these g-C3N4/α-Fe2O3 composites, 
suggesting that no structure change of α-Fe2O3 appears 
during the hybridization process. Absorption bands at 
1240 cm-1, 1319 cm-1, 1410 cm-1, 1456 cm-1, 1566 cm-1, 
1639 cm-1 and 808 cm-1 observed at the pure g-C3N4 sam-
ple belonged to the typical stretching modes of CN heter-
ocycles and s-triazine ring modes [42-45]. It could also be 
clearly seen that the main absorption peaks of g-C3N4 
appeared in all g-C3N4/α-Fe2O3 composite photocatalysts. 
Apparently, the results from XRD and FT-IR reveal that 
these obtained composites contain two fundamental com-
ponents of g-C3N4 and α-Fe2O3.  

3.3 SEM, HRTEM and EDS analysis 

The morphology of the g-C3N4/α-Fe2O3 (5 wt. %) 
samples were investigated by SEM. Fig. 3A showed that 
the as-prepared g-C3N4/α-Fe2O3 composite was composed 
of many uniform, sphere-like architectures approximately 
3 µm in diameter, and the sphere-like g-C3N4/α-Fe2O3 nano-
structures were built from hundreds of small nanoplates. 
Fig. 3B clearly displayed that these nanoplates were con-
nected with each other to form 3D sphere like structures. 
However, it was difficult to detect the existence of g-C3N4 
due to its low content. To obtain more detailed information 
for the as-prepared g-C3N4/α-Fe2O3 hierarchical nanostruc-
ture, a high-resolution TEM (HRTEM) image (Fig. 3C) was 
recorded. Fig. 3C depicted clear lattice fringes with the 
interplanar distance of 0.252 nm and 0.269 nm, corre-
sponding to the spacing of the (110) and (104) planes of 
α-Fe2O3 crystal. This observation was consistent with the 
XRD result. The corresponding fast Fourier transform 
pattern (inset, Fig. 3C) reveals a perfect spot pattern, which 
indicated that the composite was a single crystal. The outer 
boundary of the g-C3N4/α-Fe2O3 was g-C3N4 layer which 
was distinctly different from the α-Fe2O3 phase. The same 
results were obtained in previous reports [46, 47]. As a 
result, the charge transfer between the two semiconductors 
would be spatially smooth, which was fundamental for the 
improvement of photocatalytic activity.  

The chemical composition of the products was further 
confirmed by EDS analysis. As shown in Fig. 3D, it can 
be seen that the as-prepared photocatalyst consists of C, 
N, Fe and O, corresponding to the former assumption. No 
other impurities have been identified, which agree with 
the XRD, HRTEM and FT-IR pattern. 

 
3.4 Optical properties 

The DRS spectra were used to investigate the optical 
properties of the g-C3N4/α-Fe2O3 composites. Fig. 4A 
showed the UV-vis diffuse reflectance spectra of pure g-
C3N4, pure α-Fe2O3, and 3 wt%, 5 wt%, 10 wt%, 20 wt% 
g-C3N4-doped samples. The pure α-Fe2O3 was a repre-
sentative transition-metal oxide with strong electron-
phonon coupling and electron-electron correlation, 
resulting in complex electronic structures and rich optical 
properties. Obviously, the pure α-Fe2O3 and g-C3N4/α-
Fe2O3 composites showed much higher absorption in 
visible light than pure g-C3N4, and there was a little blue 
shift with the increase amount of g-C3N4 comparing with 
the pure α-Fe2O3. This phenomenon could be attributed to 
the charge-transfer transition between g-C3N4 and α-Fe2O3 
conduction or valence band [45]. Fig.4B showed that the 
band gap of g-C3N4/α-Fe2O3 composites (from 1.99 eV to 
2.02 eV) were a little larger than the pure α-Fe2O3 (1.92 
eV). This suggested that the doped g-C3N4 have affected 
the band gap of the samples. 
 
3.5 Photocurrent 

The transient photocurrent responses of g-C3N4, α-
Fe2O3 and g-C3N4/α-Fe2O3 (5 wt. %) were investigated
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FIGURE 3 - (A) low-magnification FESEM images, (B) high-magnification FESEM mages, (C) HRTEM image, and (D) EDS spectra of the 
as-prepared g-C3N4/α-Fe2O3 (5 wt. %) nanostructures 

 
 

 
FIGURE 4 - (A) UV-vis diffuse reflectance spectra (DRS) of (a) α-Fe2O3, (b) g-C3N4/α-Fe2O3 (3 wt. %), (c) g-C3N4/α-Fe2O3 (5 wt. %), (d) g-
C3N4/α-Fe2O3 (10 wt. %), (e) g-C3N4/α-Fe2O3 (20 wt. %). and (f) g-C3N4；  (B) direct band gap of g-C3N4/α-Fe2O3 composites. 

 
 
 

for several on-off cycles of intermittent irradiation, in 
order to provide further evidence to prove the assumption 
that the composited g-C3N4 may play an important role in 
the photocatalytic reaction. Fig. 5 showed that fast and 
uniform photocurrent responses were observed in three 

electrodes and the photoresponsive phenomenon was en-
tirely reversible. It is known to all that spike-like transient 
response is caused by a so-called “back-reaction” mecha-
nism [48]. The whole process of the back-reaction is re-
garded as the recombination of the photogenerated elec-
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tron-hole pairs. Obviously, under visible light irradiation, 
the photocurrent of the g-C3N4/α-Fe2O3 (5 wt. %) elec-
trode was about six times as high as that of the pure g-
C3N4 and pure α-Fe2O3. A possible explanation for the 
enhanced photoelectrochemical response could be related 
to the fact that the doped g-C3N4 acts as an electron ac-
ceptor and offer more pathways to facilitate charge 
transport. In addition, the doped g-C3N4 played an im-
portant role in leading to the effective separation and 
transport of photogenerated electrons and holes, and in 
preventing them from recombination, which may enhance 
the photocatalytic activity of α-Fe2O3. 
 

FIGURE 5 - Transient photocurrent response for the (a) pure g-
C3N4, (b) α-Fe2O3 and (c) g-C3N4/α-Fe2O3 (5 wt. %). 

 
3.6 Photocatalytic properties of the samples 

The photocatalytic activity of the samples was inves-
tigated by the photodegradation of MB under visible light 
irradiation. Fig. 6A showed the photodegradation efficiency 
of MB by the pure α-Fe2O3, g-C3N4/α-Fe2O3 (3 wt. %), g-
C3N4/α-Fe2O3 (5 wt. %), g-C3N4/α-Fe2O3 (10 wt. %) and 
g-C3N4/α-Fe2O3 (20 wt. %) under visible light irradia-
tion in the presence of H2O2, respectively. Obviously, 
g-C3N4/α-Fe2O3 composites exhibited higher photocata-
lytic activity than the pure α-Fe2O3 catalyst. With the ratio 
of g-C3N4 increased, the photocatalytic activity of the 
catalyst first increased and then decreased. It was clear 
that the g-C3N4/α-Fe2O3 (5 wt. %) exhibited the highest 
photocatalytic activity (photocatalytic degradation effi-
ciency was 99.38 % in 3h), indicating that 5 wt. % was 
the optimal ratio of g-C3N4 doped to generate the best 
photocatalytic activity. The excess g-C3N4 cover on the 
surface of a-Fe2O3 will hinder the a-Fe2O3 absorb visible 
light. This could lead to the decrease of light absorption 
with the too much increasing content of g-C3N4 [49]. The 
inset in Fig. 6A presented the absorption spectra of a solu-
tion of MB in the presence of the g-C3N4/α-Fe2O3 (5 wt. 
%) under visible light irradiation. 

 
Photocatalytic performances of g-C3N4/α-Fe2O3 (5 wt. 

%) under different conditions were showed in Fig. 6B. 
The self-photolysis of MB was 19.28 % (Fig. 6 B (c)) in 

3h. In contrast, it was 43.50 % (Fig. 6B (d)) in 3h with the 
existence of H2O2. However, Fig. 6 B (a, b) revealed that 
the photocatalytic activity was extremely poor when the 
g-C3N4/α-Fe2O3 (5 wt. %) without light or H2O2, which 
compared with Fig. 6 B (f). Fig. 6 B (e) showed the photo-
catalytic activity of the mixture of 5 wt. % g-C3N4 and α-
Fe2O3, which was also worse than Fig. 6 B (f). Therefore, it 
was considered that the enhancement of photocatalytic 
activity was due to the cooperative effects of obtained g-
C3N4/α-Fe2O3 and H2O2. 

 
3.7 Stability of the the as-prepared 5 wt% g-C3N4/α-Fe2O3  

For practical applications, a photocatalyst should also 
be stable after repeated use. In order to demonstrate the 
stability of the cataysts, the catalytic activity of the 5 wt% g-
C3N4/α-Fe2O3 composite photocatalyst was further per-
formed four times under the same conditions. After one 
reaction was completed, the catalysts were collected by 
centrifuging the solution in order to catalyze a new one. 
The results shown in Fig. 7 illustrates that the MB degra-
dation efficiency was well maintained at about 97% after  
4 cycles, which indicates the sufficient stability of the com-
posite photocatalyst for MB degradation. 

 
3.8 Possible mechanism for the enhancement of photocata-
lytic activity  

The poor photocatalytic activity observed in α-Fe2O3 
sample was ascribed to the high recombination rate of photo-
generated electron-hole pairs. The photocatalytic activ-
ity was significantly enhanced with the added of g-C3N4, 
which could be attributed to the high separation and trans-
fer of photogenerated electron-hole pairs at the heterojunc-
tion interfaces.  

 
Fig. 8 illustrated a schematic diagram of the visible-light-
driven electron-hole separation and transport process in the 
g-C3N4/α-Fe2O3 hybrid structures. Firstly, the photogener-
ated electrons were excited from the valence band (VB) of 
g-C3N4 to the conduction band (CB). Then, due to the con-
duction band edge potential of g-C3N4 (-1.12 eV) [50] is 
lower than that of α-Fe2O3 (0.3 eV)[51] and the hetero-
junction formed between them, the photogenerated elec-
trons in g-C3N4 could transfer to the CB of α-Fe2O3, while 
the holes in the valence band of α-Fe2O3 could transfer to 
the VB of g-C3N4. Meanwhile, the transferred electrons on 
α-Fe2O3 will be scavenged by H2O2 to produce a highly 
reactive species of hydroxyl radicals (•OH)[52]. There-
fore, the recombination rate of photogenerated electron-
hole was decreased. In this case, the other effect of H2O2 
in enhancing the photocatalytic performance of catalysts 
was ascribed to the Fenton-like reaction between Fe2+ and 
H2O2, which was one of the most effective advanced 
oxidation processes for wastewater treatment owing to the 
production of •OH radicals [53]. Otherwise, after com-
pared with those catalysts reported in the literature [54-
56], we found that our as-prepared 5 wt% g-C3N4/α-
Fe2O3 sample also indicated better photocatalytic activity 
for the degradation of MB under visible light irradiation. 
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FIGURE 6 (A) Photodegradation of MB with different photocatalyst under visible-light irradiation, (B) Photocatalytic performances of g-
C3N4/α-Fe2O3 (5 wt. %) under different conditions. 
 
 

 
FIGURE 7 - Recycling in the repeated MB degradation experiments 
with 5 wt% g-C3N4/α-Fe2O3 under visible light irradiation. 

 
FIGURE 8 - A schematic illustration of MB degradation over  
g-C3N4/α-Fe2O3 composite photocatalysts under visible light irradia-
tion.
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4. CONCLUSIONS 

A series of novel visible light responsive g-C3N4/α-
Fe2O3 composites photocatalysts containing various g-C3N4 
contents (3-20 wt. %) were successfully synthesized via a 
template-free ethanol-assisted solvothermal method. Com-
pared with the pure α-Fe2O3, the photocatalytic activity of 
the resulting composites were enhanced significantly for 
the photodegradation of MB under visible light irradiation. 
The enhanced photocatalytic performance could be at-
tributed to synergistic effects between α-Fe2O3 and g-
C3N4 which promoted the separation efficiency of photo-
generated electron-hole pairs. This was the main reason of 
the enhancement of photocatalytic activity of the obtained 
samples. We promise this mechanism could be extended to 
other g-C3N4 loaded materials.  
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