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Abstract  
During the last decades, removal of wastewaters using visible active photocatalytic 
systems has attracted great attention which led to development of various 
nanostructured photocatalysts toward purification. Among such contaminants, products 
including those used in agricultural applications like insecticides and pesticides are of 
great importance. In this project, the unique Ag/AgBr nanospheres were prepared by a 
facile single-step co-precipitation method in the presence of 1-Butyl-3-
methylimidazolium bromide ([BMIM]Br) ionic liquid (IL) and CTAB as the halide 
source and surfactant, respectively. The products were well characterized by X-ray 
diffraction powder (XRD), Scanning Electron Microscopy (SEM), Diffuse Reflectance 
Spectroscopy (DRS), and nitrogen adsorption-desorption isotherms (BET). The XRD 
pattern confirmed the presence of both AgO and AgBr crystalline phases in the structure 
well. In addition, the SEM micrographs indicated that the sample has the spherical 
morphology and the particles size is below 100 nm. According to the photocatalytic 
experiments, the product was very efficient for the degradation of acetamipirid 
insecticide solutions under visible light. Also, the results implied that the photoreaction 
obeyed first order kinetic and the rate constant was evaluated to be 0.145 h-1. 
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.(Padervand, 2017a, Padervand, 2016a, Chen et al., 
2018).

.�� �) ��(� ��" 6?�N� �	�����% .����J ��� �	�"���(������
I#% I2	  ]'� �����  :Z$ ��#1  )�	;� k��� ��
�������+
D�H I)�� 0�3� ���� ,��3� ��"<(��I#% 
� #��� .(Demirci et al., 

2016) .
d��0� ��"#�3	��J )�����+ 
�3��; �) ���(� 
") #3F �) 
+ �	�"

 I#�3	5� I#�% C	���� �	�����%���J YZ� �) ����B���+���J 
�� ��"
��� I#��� ��F<
�I#��9 ��� 
���� 
G���� � � ��� �� ��"������

 
��%�) 0�+��� �#�%��( �n���  �>�� 
���� �) .�GJ #���.(Hu et 
al., 2018, Ahmad and Majid, 2018, Wang et al., 2018, 

Zhang et al., 2018) .
�� 0�B������+���J �����B�GJ �������� ����� �������!�"  #������

 ;� �	�"���(������CdO #3�J�	�) #��+� *J���  
�_ ��� ��	;�q��+
�/�#����+� *J����� #��N�)<,��$�� ,��	�V�;� D���� ��#��N�)

I#3	5� */��� ��" �/� *���) �  B�� )�% .(Ahmad and Majid, 

2018) .

��� ����+�� �"#��B�" 
�	�H ��� ������ ��� I��=�
���B�GJ 4��B)

�)���� ��;��  ,����3� �� 0�B�����+���J<
��� I)������ ����� )����� ��
����� �� ;� �9��3�� ��"���(������  
�J�� ���1 ��J�G� ��" I#�% 
����.(Tang et al., 2012, Guo et al., 2018, Zhan et al., 

2018, Tao et al., 2018) .
�	;�q��+ �(�� ,���3� ���#	�H  \	��� �n��� ���� �� �	�" 

D	��;� ���� �� �/�9 ��")����+ �) I#3	5� ,	�V� I���#3F ��"<
 ����3%��+ 
$�� )��� I����" ���b�@" 2H ���G	�� .���� I)���

.�� �) 
+ ���	 
� ��(� ��" 0�3��  ������ 
�3��; �) I)���� ���
:�F��F �A���� )���� )�A���`O3� .�!�%� ��� 4V/V�� ��")����1 I


�J�� 
G��� *�3E�"  #�� 
/��� \� �% � 0�3�� ����� C	��  ��
� ,�+�� \	 �� 0�B���+���J ��"���(�������;� ��N�39 *�	� ;� �t

 *��	� S���7�� �) 
��+ ����� ����&� ����!�D" 2��H 
��� ��������)  
.��� 
�J�� ���1 
$�� )��� �	�&� � 0�B���+���J 

S�7�� ;� Y#"<D" 2H *	� I��@� �	�����%���J ,�	�V� D�+

� #	��q������ 39C	�3�N ���B�GJ ;� 4�N�� :���H 
����� \�	 ���

������+� ;� �;� �@+ � ��+ ���T���� ;� I)�A��� �� I)�B� ��� ��"

4!%AgBr �>�� ��� �O���� 0�3�� ���(��� �	����3% *�3E�" .
 �� 0�B���+���J ,	�V� �����!�  I#%.#% ����� 

�68�� � ��+� � 
\�� ��" AgNO3����	 C	��  yx4�����x�x���� S��B ;�#���	� 4
#������M
��� ��� �����39
���T������ 0�3��� �) S����  I���=� C���3� ,������

 S�������� 4����� 4����� .#��3�J�� �����1 I)�A����� )����� ������B���+���J
#����e
� 4!% ����!J��� ���39 ���'=� ����  ) :�  ���T I#�3")

 )����� ������� .���J�� �����1 I)�A����� )����� 0�3��� 4������ ������� �)
 ;� �	����% �+��% ��#�3	��� ���+� ����+ �+�% ����l����	� �) 
���#	�(  ��@�� �;�� oB�( � #�<I)�A��� .#�#% 

�6�6ZJ� 9�,K 9� ��>^��+*�* Y>$� AgBr 
 ) :� ,��3� ��#=� �) I�=� C�3� \�� 4� ��'=� ��%���	 C	�� .#

BMImBr ����!J���� � �� ��� .�/O� �)CTAB 4�� #�% .���
�0�" ;� I)�A��� �)  #3� � ) ;� #�G� ����	 C	�� .�/O� <���� ���)

 I���'1 �#��% Y�A��%x
J���u� I���=� \���� .���/O� 
��� I���'1#��% 
)Padervand, 2016a(�9��� \	 ;� #G� . ��) �)  �0��" I�b� �)

 ���)��
$�)<k���/� 4�N�� :��� ;� :� ��� ���� 
�� <���/�J
 ���) �) �	�&� �)  �@��% �'=���
$�)k���/� \@( �% .#

�&��� �) �) .�`O� <���)~�� 
$�)k���/� 
�� �#����9���
  
3��/+���� �)�H �#G� ��")����+%.#

�6�6F"��!� 9��Y%��D�K+D+� 9�  

�"D	��;� �"�)	\���_�� [+��H [3$ ;�  ���.��/O� ��" �

����G� ���L/� ����) I#��3	5� ;� *ppm~� <~����/�� �����B(��#��=�  
��~/�;� S�� 
�� .��`�� {	�� ;� ��) ��L3� ��/��1 �� <#��$ �)�H

 ���) �) :� � �� �$��( S��� \	 �$ �(  �) � ��
�$�)
<k�����/� S���7����%#)Padervand, 2017a(.
�	#�������O��


D3+� <���"pH #	��q������� ���� ���� .��/O� �B��G� ������  
�/�)�� .��>�� ���� C��3�<S����� ���5y�~ 
/�N�J 
�� �� ��

����� ���� �5�� �)�� .#�% 
���G� ���+��0��" \�	 � � ��� ����+
 
1 BMImBr 
2 Cetyl Trimethyl Ammonium Bromide (CTAB) 
3 Merck 



���� �% ZH6� �������[ D��!� dx.doi.org/10.22093/wwj.2019.153173.2765 
19

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

 �J�� ���1 �����3^���3^� �0�"�������� ) ����t rpm~�� 
 ���� .���/O�����+���J �� 0�B� I;���� �)  I); ���" �� ���"������;�

oV��@�<��#��=������/�B����� O� ;� .���/�)��
���% #��% ;� #��G�  
�����	n�A ���� � ;� #���$ ���T �)�+ �#$ .��/O<��L/� I#�3	5� 
�$��)O� �).�/ I�b���) \��+ 
� ������J ��!q���UV .��� �)

) 
����� I#3	5� ��Z$ s����� ������� (G���*%#.

�6�6�
)� Y>$� 9� ��>^�� G"���$ 
��"�bB��XRD ��� I�b���) Bruker D8  D���� CuKα�) .��� 

s�� y~���/�������� ���t �%#.'�� ������]C�	;��  I2�	 
 ���) �) ���A� I;�#����S�� 0	� ;� I)�A��� �� *	�/+ :Z�$ ��"x

I�b��) � � �� �n ���� :Z$� Belsorp S�7�� *H�n ��@+ �(��
%�B�J��� .#;� I)�A���� ��� ]'� � � �� ���T I;�#�� *�b����  �n

 I�b��)SEM .#�XL30 #�% ������  ����� a���( *��3E�" .
 .#�� ������J ��!q��� I�b��) �� 
���� �� ��!B�Cintra40 ������

%.#

�6WU( � V"�>* 
�6�6
)� Y>$� 9� ��>^��+*�* G"���$� 

���bB� �XRD ���T������4!��% �) I#��% 0�3��� y
��>��� ��%I#.�����
H��\��"�
�`V@� �B����	�+ ;��JAgBr �)2ϴ= 26.7, 31.0, 

44.3 <55.0 <64.9 <74.0  83.6 
$�) �V�@� 4���1o���� .*�	�
\�H 
� �" �B����	�+ ��OAN 
� ,����111 <200 <220  222 ;��J

 ���� I)�) ������ ����G!� I���=� #������ ��� .#����%
�)\���H <I ?��9 
2ϴ= 65.0 
$�)
�
��� ���� "��Ag0����� 
����� ���(��� �)

�� I)�) ) )�%JCPDS no. 04-0783 ���� oV�@� 
+ 
��b���" .(
 
�� I#�% 0�3� ���T���� ;��J  I#�% I0�B����	�+ �&$��� 4���1 ����

��� 
L�?� 
���� �) Y���� )�%�&� . *�	� 
�� 4��� �) 4���9 *	��
D�H ;� I)�A��� 
7��� I)�� � ,��3� ��"

�� ����	 C	��� I2�	  ����39

 0�3�� 
��O� ��� I#�% .���9� ��'�O� 
	��% *�3E�"  #�B�" C�3�
.��� 

�%�H�  �@���;�� p��M4!% �) I#% 0�3� � 0�B���+���J�����
@��% I)�) ���� ��bB� 
� 
$�� �� .��� I#
���� ���� I#�� ��)�


1 Diffuse Reflection Spectroscopy (DRS) 

Fig. 1. The XRD pattern of the prepared 
nanostructure 

ZJ� -x�bB� �XRD ����(����� % 0�3�I#

Fig. 2. DRS spectrum of the prepared  
photocatalyst 

ZJ� 0xp��DRS ���B���+���J % 0�3�I#


��B)�G� ;� I)�A����� ����  I#��% 0�3���Eg=1239.8/λ������ �n�����

��� .)�G� ������/y�B  � ���B� )� ���%� ,/'� *	� 
+ #�#�	

� �� {�'3� �n��� ���� ����B���+���J ����� (�>��) �n��� �+ ����
% 0�3��I#��� .����� ��������H *	� )� ��<��#=�=� �) :Z$����4

���� s��� .��� #�% ����� �� �) {�J� ���O� ��� ��1?� 4�O�  ��<

� 39�) ������ 
��� ���� �n��� �� {��'� s�� .�� ����~� �������� (

.#% 
�J�� �L� �) 
0�B���� ;� 4�N�� �	��� ]'�� ������e[�������" ���B  l

�
:Z�$ �3O3� ;� I#�� ��)x���@� 0��� �n ����� :Z�$� )�) 
�+
) ]'� ����� ;� I#% 0�3� ���B���+���Jm2/g �/y(�B��1 4��1


���� 
� ���� �) I#% 0�3� 
��@� ��"D" 2H �&B� �������"  )�J
��(����)������ $  �O'� :Z��<1 D=������ 4�YZ� �) �&$� 

2 Brunauer, Emmet and Teller (BET) 
3 Hysteresis 

In
te

ns
ity

2 theta 

A
bs

or
ba

nc
e

(a
.u

)

Wavelength (nm)



5�' Y#�H� +#����'
�
� X�A��... dx.doi.org/10.22093/wwj.2019.153173.2765 

20

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 31, No. 2, 2020 

Fig. 3. The N2 adsorption-desorption isotherm and the BJH curve 
ZJ� 5x:Z$ �3O3�x0�B��� ;� I#�� ��#� �3O3�  �n ���� :Z$� BJH 

Fig. 4. The SEM images of the prepared nanostructures 
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Fig. 5. UV-vis spectrum during 4 h of the reaction time (a) and the results of acetamipirid degradation  
over the prepared nanospheres (contaminant: 50 ppm, photocatalyst: 0.025 g) 
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Fig. 7. Kinetic study of acetamipirid photodegradation 
over the prepared nanostructures in the  

aqueous phase 
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