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Abstract: The energies of the emission spectral lines originating from 
vacancies in deep atomic shells change if the elements are in different 
oxidation states. These changes of energies cause small shifts in spectral lines. 
For Sulfur and Magnesium, these shifts are shown in this work, and also the 
influence that they may have on the calibration of wavelength-dispersive 
spectrometers and in consequence, on quantitative and qualitative analysis by 
XRF. Also, these changes prove to be useful in identifying oxidation states and 
in some cases phases in different oxidation states. 
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)��A� ����%�4]/__/_]`_,���F� Sa � ����%� _b/c/_]`c(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

27
 ]

 

                               2 / 9

http://ijcm.ir/article-1-776-en.html


��/�*+ ,�� -� ���0 6��J 59

�3�*% 
�%�9: 4- �G�� ����� ����� 47 �G*� ��8x4�5 ��F������� 47 4� 7�� �
&� ��8 ��F������� 4� ���

���� C���� �$��� �Q- ���0 %� 6���7�*7 	,��(%�� ����e ;�� ������ ���0 �� ����e 47 	��B 
�%��� ��� 7 �f� �%�� ..� : C���� �$��� %� ��g�- %�� 7 =����&� 	h�# @���B %� ���

�� ��8��� ��B ���0 � ����e �%�� %� P�%��7 ��F�8�:� 47 �(� �����8% 4- ���B ��8
�f� �%�� �)*+ ������]_[.�Q� : M�� N�2 N�i� C��*+ 47 Kβ1,3�� %� ./�0 I��*����� ;

%�9: 3p→K����e ���� C� %� 4- �(� 3p�(� �� 4K��	4� 7�� M�� N�2 .��� 6�K8 47 �
C� 47 �� ��8��� I��*����� ?�2 %� 6F� SQD �� .�B 47 � ;- %�� 7 =�B �7 ��B .� ����

*( ��FK�� %� C� =�B � 	H� 0 I��*����� ;�� ����K�B ����� 47 =�B 47 4QD 6�� C��� 6��
�(� ����7.� �� ����e ���� �� %�9: ./�0 	�f� �%�� M�� N�2 ���0 6�� %� .*77�6���
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�� O������ p)N�� T*K��SRS200 (I�� 47 
FG� %�
��XRD 
�*R*� 	4���� ' 0 �7 =�B �*R*� C��
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 ���0−2S�+6S�% tq�#� 6�����7���%�)u��8�e 	,�� -� ��+ ?��J� 47�*7 vD�� %�
���0−2S	`���0 �� ,�7 C������ +6S�%�� .( %� �% =��1� 6�����7 ;�%�� %�f��� 6���7�*7
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?�2 6�� ���(%��B� ��� %��D p*( .�� ��� =�B 47 ����(� �D� 4�0�� 6�� %� 	�*- 6�� 47
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);�%<� =� 
�(%�7 6�� %�7��:�: ���6+I��
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�*� =�1��( ��)Mg SO4(��:�: ���7 	2-
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���� I�G�� ;��.
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����� %�Q7 	��:�:PET)2d = 0.875 nm(���7 �Kα

�Kβ%�
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λ=θ nSind2
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� %�S"7�% �� ���1�(� �7 4Q0�� 6��#:

)nm(
24.1

)nm(
23964.1)KeV(E

λλ
≅=
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θθ
λ
λ
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g�� 4f0q� 4���* ,�� -� ��F���0 %� I��
�*� � ��:�:�/�*+ On�� �1�2 3�"# 	��B
�$��� 	?Q�a� ��%�� ����1�� ��8 .�� %�f��� �8� |% 
�� �( �/�*+ ���( ���7 ����� 6�� ��% .

?�2 �� �� ���1�(� �7 �� 	�B�7 tq�#� 6�� ���(%��B� 47 %��D 4- k�D� p*( �� ���0 C���
� ��F���04��K� %� �)*+ �� ��<�� ,�� - ��� }�a�� �% �(%�7 �%�� ��8 .���7

4<%� K- ��8
����� %� ����(� ��*7 �%� �% �(%�7 �%�� �)*+ ,�� -� ���0 ���7 �1�- �
���: �f�.

7C���� � I��
�*� ;�� 6�7 ����� 4- �(� 6�� �7 ���K+ %��−2
4SO N��Q� %�MgSO4��

���(� ���� ����� ��8����� ~.;�� ����e ���� C������ �� 	���� uq��- ����� ~�� �%�� %�
47 �Q- 47 I��
�*��C ���−2

4SO .A�*�B��� �� .�1�2 @# %�l0 4- ���0 %�

3,1KMg β−.�B%�s);- �Q�# =�B �7�*g�8 (�� 4- 6�� �7 �(� �8��: C������
� ����e���� �8% ;�� 6�� ��D �� .��-%�2 47 ��*8 I��
�* ��� .����0 �� ����� 6�� 4G���%�

 �%��
�� � �5���- �B�();�� ����� ����� �C�� .(�l0 6�*�K8%�� �% @# 6�� SG��� C���
���� �� ~�*K� %�9: 3s���� 471s� ���.
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]m[��J( ���AKQ�� C�%���7 	6� 0 %�F7 ����5�7 	�/�� ����� 	���� �����E��- .�QR� ��8
P��� ?�2 � �G*( T��� ���� �G*( .���- � �(�*B%�Q7 SQG� �%�KB 	C���� �(�*B �_

)U�Y[(4R1/ �_z��cc.

( )eVKE 3,1
obs β( )eVKE 2,1

obs α,�� -� ���0 
2465.7( ± 0.6)2307.2( ± 0.5)So

2465.6( ± 0.6)2307.4( ± 0.5)S2-

2467.3( ± 0.6)2308.6( ± 0.5)S6+ 

1297.3( ± 0.6)1255.9( ± 0.6)Mgo

1298.9( ± 0.6)1256.3( ± 0.6)Mg2+ 
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