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Data collection using four-circle 
diffractometers 

  

)�,�( ����� Introduction  

���     ��	
� ����� ��	 �     ��� �������� ����       ��!" � #�$� �%&%�' ()

*+�+,� - .���  /�0, 123' 4%     567- ���8- 9��:�;�    %6<�' =��6�;%'�� >��+<�  /?���  

    @ �! A2�             �%�&%�' (�) AB �CD�- E	FG �"�, A"�' HG#%�B I2J F�	 H�6�

    K�7�L� �! 5MN%	  O� �6� I-7%  P  Q#�#��;� I2J R" .  AB �T�     5�-U, (�) � �� 

%&%�.���         1VWX ��� Y0$� Z A2� AX *[.<� ��&     5�,%�\� 5<�8�� I- �%&%�.�� 5 . AB

  ��� R �?Z  EV� ]+W ��4�   "X    1VW
 5^%,  _=�'5<2`       H����[G @ /?��� ab\� �

       5.;%<- ����-�=%'" 5��68- �"�c =%.�	� 4%V�X I2�" �18d�%' .    10d�� �?Z *�[� �;

 �.�� ()%  5-%� 5d0' �%&� 'e       '= #�$� f%�! _U7^X 9��:�;� gB 5h%	 _=%i%�5� $�+�5 

5����+���� ; <   �� 10d�� � f=� 	� 9#%+       j�� 5,%L\� ki�2' 1	�\� � �%W��  ����U�G

1��.� %lR%68�;�.  
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)�,�( �	
��� ��� Experimental conditions 

)�,�,�(�����  Radiation 

  A2����^�%�L��2��  �	R� o8'�=%��        %�p"# q�� j�� �"�r�� ���  (�) 
�%&%�.��         R� �5-�:�L\� 58is� *^\� Y��� *Z Q?Z I- _�,�""    4%��i �t�
� =%��	

f%D<�� u' (λ = 1.54184Å)\�" 9&�.��(0.71073Å) .  I�- v�L�� a%83�� ��'%&X w�<G 
 V�W f%D<��4%      5�!%L�� �%&Gd�� I- ���X )  yd<�B��#��� +�� _(     123�' Q?Z #%�" 

 4�E{FG �t�X   \� a%8iB I�9&�.���        �.�� 4%��6� 4���d- A2� f%D<�� a%8iB AeW �?T  ��=
      k�8b 123' 58i
� ��� j�� "X _E[0�� .��=�.��       �����G 5��	 _�," #%8'X ��| 

            a%8�i} YN
� *^\� Y��� 9�:�L� %-�<� �t�X _#�d<- �%;%28&R� A2G 5��N
  �~ �!" f%D<��YU       I2` �, 1!X gB f%28&R� 1	��G �?Z .)     ������� _�," %��	 (-

_E[0���   AeW 4�UW%,  u' �t�X     4%�="�b A2� 5��%��- �%;%28&�    ��, B   �%�;%28&R� A
 #�d<- A2G_       � 4��^ ��8' �, gB    f28\� U�$�       Y%�8W E� �%&%�.�� () >.0� ���

5�%[�� .(    #�� AX ���G K&X �    =�' /��" 5+��- ���23G �      ]�+W ��h%<� ��� KG
X   I- k	A2��L��     4%�;%;X _#%� f%D<�� a%8iB A2�  .  ���,%<��    A�2G ��	
� 5�

 �%0�-R� ��E{FG  9%� 123'      \� a%8iB (- _=�	 1!X 9&�.��     A2� AX I2J �?Z" 
   � 4%�%,��^"    E.� /=| #�8' �h%<�  .  \� a%8iB >6L�9&�.�� �   1��D�� �%&%�' (6

      1!X #�! ��� AX >^�\� I-" ���X �   �-
� ����;�       _=���, 5�^=# �<� �%;%�! 
    �%+D�- "X 5Vd:<-��	X.       #7�� o8' a%8i}� E�[G �����   _���""  (�V�  I�-P

 �%&%�.�� () .       I�P%7^ K��� A2� AX Z �%t\� (b�� AB  #�$� f%�+�     1�� 10�� �
 a%8ie' �,�" =�0-" - I          1�-%� 123�' %7<- 1� 9�:�L� ��� 5.;%<- ��=�'  .

 �! 5�G�� 5�D�b��� 5�t-
�_��d- A2G:  
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���      ����� �
���� ������� ����� ��� ��
��! "#�$  

 Mo%�&� ���� '
(��)� "��*��   

   ����� 	
���(CHNO)     "#�$ ����� �
���� ������� 
"�+,  

 Cu        �-��� ��
-.� ���-�� /�0��� 
�(1&�  

 ����� 	
���(CHNO)2 b>30Å   Cu%�&� �3� 45 "6����� "��*��   
 ��� 7�8� "#�9 2: ;��9C19H29N3O7     <��0�=� >� �$)Cu 

?�@�� 	��*�� /A��   Mo%�&� ���� '
(��)� "��*��   
"���BCD
� ��@0E� �F�G 	
!F� �E� 	
=�F� H   Mo  

"�+, "#�$ ����� �
���� ���I J9K��� 	��*��    "M!
N OP Q,2"R  

  

)�,�,�(������ ����  Temperature 

  9%r& >�G�X � �{-    , 5^=# �<�          ����O� I�- A2� 4%.�%� H&eW �5Vd:<- _=��
 =%.��� ��?�%'        5Vd:<- _=��, 5^=# �<� �%&%�.�� () )     4%V�X w�<G �; _U7^
� o8'

     4���! 58dG�- _=��, �%^=#  �-
� 9U� �|B  5h%	 5'����  .( %<- ABW(     ��<� �%&%�.�� () 
           P%7O� AX � 4%�+�+, A2� AX I2J 5Vd:<- _=��, 5^=#q�r�& ̂       123�' H�M�l @" 4���

>�Dh.   Y%t\� 1�.; ��� �   I2J �  �6���       �, "X ��� gB /#�� AX  gB+W� _=�.��  . AB
             ��=�.�� 4%�="�b A2�" %��U\� o8' H� A2� �! _=�.�� _=��, 5^=# Y�U�	�\� ��.t5 

          ��, A"# �70<G j�� �%.��\� �5�!�" ��P 5�3�X 9��:�;%'50
o
C    E[��G j�� K�G"  

_=��$%' .         �%&%�.�� (6� �%6L�� 5�W%� _��W �%.t�� %7<2J 5�3<�� �%.��\� AB .  ��^G
  5-%� ��U�` �%<Z :    YU�� 5Vd:<- _=��, �%^=# �<�  5�=��$� 5��$� �     PU�8�G � I-" 

               ��<� 1V�WX #�, �%&%�' (6� >6L� %` ����X ���' %��"P �<� �%;%28&R� ���i
 ���X 1��� .  $� Y�U�	� AB5��     ̂ ���� ��E{FG 4%V�X 1�+� 5�=��$� >   �#
� ��D��    j��� 

       
� o8'" 5�+�+, E� _E0! ]'�"= Y�NX *�8G  ��	
� 5��7<\� �%�	.    �?Z ��� Y%t- 
          9%r�&R� 9�� 5^?� q�� AX %� I2J j�� 5�.L<�� 5�7L�� Z� 5d0'     �%�&�&
� 5h%	 
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5�"�2���     1t- 58�%3�� 5'|%2�� BF4

¯  �PF6

¯  �ClO4

¯   " SO4
2�      5�6r�<- E� _#%� A2G 

         ��; I2� �5W�[�� _=��, 5^=# �<� �/#= 123'X       I�- 56r�<- E� "X 56r�<- �&%�
 Et� 17L��4�   %7�^?�    5Vd:<- _=��, �%^=# �<� .       4%���8W _=%��:\� _=��$� 5^=# AB

  �;" _#%� A2G4%       _=��$� 5^=# � 5.���� u'     6���� I- ���U�\� ����" �#
� � ��  %�6
  _=��$� 5^=# ��U�	� ."         � _=��$� �%^=# A2G 5�M�UO� ��=�.�� ��� v�G"��� 168��

  ��\�120-200K  5��%t\� *Z  .    =��� ��E[G "�.G       A�2� �! I2� �4%�.L& _=#%& 5�23-
      ��=�.�� ��� 5�L2� ��E{FG ��������  �7r- �_#O� 5M�#�4�      � �%�;%28&R� 9%L�+&� 

  �%Wd0\���   �� �" H^��� 5M�#��23 .2�� E_   5���� ����-�=%' ���  .    o�8' � I2J
  ����� AX A%�,
�A 9%L+&R�    4%^=%	         I�- Y%t\� 1�.; ��� �_=��$� 5^=# _#%�U'150  gB 

220K .,          A2� >b�" 123' 58�3\� E� �R%$� Q?Z � �     5�^=# ��<� ���D���
Z 5Vd:<- _=��, 4%.�%� 1VW
� - I�D���<� ���5W�[�� _=��, 5^=# .  

  

)�,�,�(���� ���  Other conditions  

     �_=�.�� q�, ��=%.��� AB"��N ��.t���   �"   U��6���" %��"U�� f%�+- fX= =%��	�

           5�&%{ _�- %7��� U������ 5��
� I- I2� �4%+'%; %7�O%8- @ �! *�V���   ��, B  %7<2J H&

      5'����� wG%& ��� E�	 123' �{�G AX.          >6L�G AX ��  _=%�:\� 58i
� 57^- AB 

              %Z��! k0<� *[.<� R I2� �v�L�� a%83�� 5-U, � 5L6[<- A2G AX _=�.�� 1-%2�

  N�d- A2� AX4% H�W    ��, �B  qZ%L� �?Z A �  �  ��3��   ���T� 5��;�' .    H�<� 4%�¡%&

  _���U�- 5�d�	 �%��L- .          8�iB (- H<� f%D<�� a%8iB (- _=�	 �t�X �?Z A2� a%

9&�.��-.  
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)�,�(�����  Getting started  

)�,�,�(!"#�$%� &' *+���  Reflection searching 

 =#%<�� I- 4%��%,    AX _=�.�  - A2G=0        P%�7^ ��� (bG AX 1.! 4%�W���GW _
 #�$� f%�!           YNX _�- 5�W���Gd�� =0�� I- 5�-%� 5�6£ ?	FG ��, � �-   (�) I

�.��%�%&. B  X�.G �; K&    A"�' _#%� /X         _�," 5��	 #%8'X "X _=�.�� 9%r& 1t- 5-�8- 
           >�Dh 123' �#��, �! Q?Z AX I- ��F��� 4%'��- ��$� A2�" ������� .  �%�<Z

  A%�+��NA%��;%;X       #��¤ *2� 5'��\� �%;%28&R� (b- ���D��      5Wd0�\� H�^G
       #�$� f%�! P%7^ ��� ������� _�," 5��	" *����'R� ��*�%'�     q�60���� ��%�+�$� 

 � 4%����� >b- H� f%;
���123 q!= )¥,�(.  
     u�+����� uG%Z I- g"
�G     �%��6� �� 5+��N 4%�6�, A2 : ����=�   w-%�&�' 

;%$�§   f%�! P%7^ ].V�        ��t��� �%+�$� _#%� #�$� 2θ  �   " χ)   "X2θ  � " k (
      � I- �4%���3� _���- q�+��G  ��D    - _#%� ���- Y�	   I180

o   "X 360
o .  �  ��h�=

     U��6�� AX %-eW #�, Y%$� �          ��	X �%;%28&� /X" Z A2� ��� H8b- AU~ "X 
    7<' U��6�G AX %7<2J _#h�-%   >L- 5� .    ?�Z ��� A�E[�- �%<ZQ    g"
� �5�+����� 

      �	
�" �_�¨ _�	 *�7<- �� ?	�� ��,�       I- >L- 1� ?d<� ��,    ���� 
  5���3� %��"P (b�- _���^  .   E	
� AB  A2�   ��, 4�Vd-B   ��- *�8� H&� P �" �©�% 

(;"X I-      <� w�<� �!" _U��6�- �%;%28&� H     5���� ���� �%<{X 1!X ��23-  .   AX ��

�g"              1	��G AX K��� A2� %ª= �#�$� f%�! P%7^ ��� _?d<\� ]+W *Z   ��F�G *2�

       8;�" ��- 1t« 5�U��\� �%;%28&R� 56�%! AX I-4%    q�+�� I-  �χ)   "X(k .�G.V]  5+��N 
      K�G 163G �����-�=%' _�8' �D.���R�8- 5�"�P  _#�¬     =���� Y�8- �   5.L&" 56+�� 

5'��\�  5�d��� gB  .       I�- (;�" ��- AeW 4%+'%; ��| %6�  q��!   "  χ)   "Xk(   A�2� 
4%'��- . ��- AB 2θ)   /X10-20

o  \� a%8i} 9&�.��  �20-40
o  f%D<�� a%8i} (  Y�8- �

o b e i k a n d l . c o m



������� 	
���� �
��... m®

 =���� (1-2
o
 s

-1
) 5.L&" 56+��5'��\�   gB 5�d���(3.0) �! �A2 %T�U�	� �^��� I- 

  }� 5d�8b ��=�.��_#%, .           4�E{F�G 1�!X �%�68�� �D.�� 5+��N >.0G �"�r�� Q?Z �
  ��N 5;�=# *[.<�" =0��  5�W���Gd��  .          5��! _=��' K���� A%� � �o�+<�� ���

�G ��, _#%,}� ��- ��UG AX K&%2-e.W _E0! 5��	 ="%¬ (!2θ.  
  
  

  
����� ��	 )
,�.( ����� ���� ���� ������� ������ ����� �!	  �� �"��#� �$��� � Eurlerian 

cradle.  
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2G    5���.�� 5+����� A��0G4� �W���GW%̄  16� 163G"   ����GW ��0G  °�="#  
 G "X?±?'   �'%{ q��W 9��:�;%' . �W I6V��  b�8G ��=R' q�4%   �0!X ) 5�h%	" (  5�<-PX

\�   �- �t�X A2�" 5O%8�     #%�8\� v�L�� a%83�� q��W I� 5- .     4�UZ%�^ q��d�� A2� %-�<�
              #��$� f%��! P%7^ � q2D��� w-%&�' � %T%	#B q��" �%;%28&� /X (b�- f%+G� 

   y�+� AX H&%2-e' /?��       I� YU8ª ].V�� %��"P 1�  .   � I- #�� �;   5��L'�� 
  ���   f%28&� 1� (b-  .  _=�.�� 5W%L- A2G� gB �     §%L$ 5'��- 5N.V\� q��d��

  T �'R" %��"U��%             �8<�h %� �{- �%-�� f%�+' "X �i%.- 123' 5W"�8- A2G AX 
�8�' q��d�� ��� �%V�E0! 5-U, 9��:�;%' 4��^ _dd²_�i%.- 5.  

    A%2-}%' u�+����� %��2� %��U- �%<Z   ��G   5+��N     *�7�<\� "X *��38�� �D.��
   " 1	�G A"�' 168G� Y�	         k�<0���� 5�W%� _���- �%;%28&� K��� A2� 5�%; . 

    ����Gd�� ��0��� 5+��N          ��=��' (- 5h%	 �a�;X I2� ��7��� 4%d�t2G �t�X A2G
5M�#=       f%D<�� a%8iB "X _E[h ����G _�," %��	 � .   ��¬ E� �%<�8� I2J�_ �'"  ��=

      %7��� ��8��� q�� AX 5d�%V-,  %\%2�    4�UZ%^ q��d�� A)  Y�	�n     5��;�' ³�%�!# 
  ��"=R' 1��LG ]��i .(  123'(N%!�   _=�.�� _#^ ���+G )      1�-%8��� Y�, =��+��"

%78- (     4��^ _�2.- 5�,�- �<� H�6� I2J .    A%2-}%' A2� �!��:�;�    uG%Z I- k��G 9
 I- 56�%! (�6��� u�+�����k�<0��� 5�U��- �%;%28&�.  

 AX #��ª     (b�- ���� q�� R� �F' ��%;%28&5   ��&%� 5+��N �      AX %�T ��'R 
U��6�G.              ��6r8�� %l�i �<� _#%´� 5-U$� �« ��� �%+�$� (b�- ].b �?Z 163�

  ki%2�� U��- 1	�# .     �+.G 5+����� Q?Z �%<{X     >L�- ���" 5�'%{ _#%�     _=��.�� 
  ����' (b- Y�	     4%�.L& _#%, �6r� 56�! 4%��8- µ       >L�- �{�� y28�� ��� 2θ   " χ 

        6�! *�8� � I-" ���' (b- ��� 1�UZ 123'4%   4%�.L& 5V��� �6r�  .   �#
� �$� AB
  ����     8b" q�� 5�.&%O� f%28&R� �Z%r- a%LG  H5�;�'   O 5��V�� ��U�6\� 7   f%��! P%
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  v�L�� a%83�� #�$�)  5-U$� ��%.G (  � �?Z I2�      C�D�- 123' ���U�� �; a%LGR
 
� ��=�.��  X#=  E.� *�%Ld�LW =%3�&%' .   #%�� E[��  §;%$�) ���B k0&�   �+�i 

5���! ( £�' "X5    §;%$� 1�[3G )    /#%,X ="�- "X /=��2G U��«(     ?�	X �  I2� �
 �� o8'<  =%.��R� � ·%+ .      k0& �%!��}� AX � �4R"X�2�G%-G"
�5    A2G �+3�� "X 

E�     >�Dh 123' 5�.V<- )  �r&��%���( %Z�<�        1VW
� ��� A2� f%28&R� U��« AeW 
  E�Y%8W   ���" X;
�  6�! w�<� 4%    _U��6\� %��"U�� 5�+�+, E�  .4%�&%{ :     w-%�&�' AX ��

    U��J R §;%$�R�  �%;%28& �2G 123'�=  /)  �,G     � %��"P 5��%��\� ��U��6��� w�<
 qr�<- ��G�G (W ¡ �+�           d�<0�G P�� AX 1.! 4%�"�� �?Z 16� K��� �  H&X 4%  �D^%& 4% 

�+�+,"%̄ .4%t�%{ :  AX I- ��FG /X    #���B)].b(       ��̂ - ��+� K�G 1t- §;%$� w-��� H 
    �G ³3�� 5D�W "X 58i
�q�    §;%$� #%�� � ��#���}�  .      I�- 5�6£ �%<Z A2� �!

    8&� U��« q2� j�� ����-�=%.��2�f%  1�.; ���         �%�+�, u�' §��\� ³W���� Y%t\� 
   �5��%��\� U��6���B          Y��	 ³�W�G ���� AX �!�� 58�V- H&0.01

o     A�2G ���, 
  4��^ 5V��� �%;%28&R�         ����\� v8� �! I2� ��7r\� 5M�#= "X   ³�!���� E�    4���^  AX

 �L�� �%;%28&R� -U��6�_ 4���^     A2G AX �  %6�   �`    5Wd0�- H<� w�<� %  H�^G  
N%	5M.        �� ����W #�¤ AX I26\� I- A2� �! D�     U��6��� �%<{X 5d��:\� ="%´� ��� =� �

       v�G"��� U��6��� ].V� %- _#%� I2�K�G  q��- 123'  . AX � ��� 6   13W U���  E� �.L
 5d�:; q�+� %7b���W� q�� R Q?Z AX =%.�	� 5��
� I- H&eW >b�") 1�t- 2θ = 0.00

o 
"X χ = 10.00

o!( . � 5+�, ����χ)  "Xk ( E3� �+W U��6��� �%<{X (;�" �%�& ���
    �%;%28&� gB �?Z_PU¬           16� K��� *[.<� �5�W���GW _=h 18d�%' ?	FG ¹ K&X � µ

Z�? .¹%-              I�- 56�%! (6¡ AX K��� *[.<� �18d�%' ������� _�," 5��	 ��8G ��� 
�¥;%28&� 4% k�<0��� 1.! 1!
� ��� ) 4%V�X �r&����%�.(  
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)�,�,�(�	
-� �/�0� 1�23�� �4256� 78	96:   
Indexing, orientation matrix and cell determination 

         ('���� 10d�� � 18d�%' %7���[G @ �! k�<0��� �%�b%�= AB�     5d0�' ³�.�G" 
     #�$� f%�! _U7^X a�&X 12� 5�;%;X .    Z ��T� AB  #% B    ]L�'
� 5Wd0\�" 5����

 LG j�� �� >6�-%86� �-%2�\�   k<0G AX 5  �%;%28&R� 12� .   \� �?Z ��Z AB  Z (�+
� 5�-%i 5��68\� �%8!��� 5��[G}�"%´� 13W �R%, � 5<26\� �%���G���;5g"
� .  

        �� k�<0G K��� *[.<� �v�G"��� k�<0��� X�.� AX 1.!���-�=%.�:     Q?�Z (V�G 
#"�,  �� ��� 4���-�=%.��    0G AX I2J j��         5���h
� 5��"
� 5���� ="%¬ Y�NX ��� �k<

     5�#s� �6L\� �"%d��� ���")        AX %T 4%,6L- A2� ��- /X gB    q��+�� I�� ��� 
��5�-%2 .(   �"
� %7W�Z I- 4��U^   �+G AX Z 1  §;%$� I-P  9P���   k�<0���  #%8.��;�"

  123' _E.2�� %���� k�:;         5.L�& H�W §��- E� Y"
� A2� I2� �    _U�7^X gB 
 �$� §;%$�   � �80�� I-" 5t�    H�W q2D��� q�� AX E	s   RB      5���%' q�� ��� �<� �|B

4%+.L- .      AX _��^ _�2W A2G �!G         I- 5���� ="%¬ ��� �0+��" %�&��� #"�$%' X�.3Å 
"50Å   " ������ ��� �-%8-�   a%dG=%' 15 X  "20)       #"��, �-�:�;� �! K&X 4%b��d-

2θ   5,��+\� º4%d& .(    �k�<0��� 13W �  AeW   Y"
� �*3��6���"%D     ��� #"�$� _#%�P Z 5
\��-%8�5�=´� Y�N
�" .  

� AX             f%�28&R� 56�%! »DW gB 5^%, � A2G K&eW �>^%& E� k�<0���  .
           4��^ 5�! "X 4��^ 5d�8b A2G �%;%28&� /X �%<Z 1Z      � ¼_|%i >L- �%�%LG� %T "X

  #�� �%<Z AX4� [h          5��&%{ _��- Y"%," %Z�8.�;� �5d�8b �%;%28&� I- E .   A%�� �|B
�<0���k �4%D^%&       A%2-}%' H&X �¡ �LW +,R  Q?Z k�<0G 4%. �|B   R A%�     AX ��?�G �

     %�%L, � 13dG �! 5��	 /X     28&� "X f%28&� I- �t�
      ½%8G AX *[.<�W �ud�8b u;%
 ���i ��� . �>b��� I- �      ��� � /! f%28&� 13W       Y%�6�,R� AeW � I- �k�<0

  ��%[��AX       RB 5$%h E� 5���� A2G B  _=�.�� �&%� �| �- �5- .    ��� 1	�\� �?Z �6�8�
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      ��� 5�W%� _U��` �%;%28&� ���-�        /X #%8.�;� �8' k�<0��� �%� #�� �+.�� �,�"
 H�W �23- .            123�' %�Z%��"P ³W��G �%;%28&� *�8G j�� ��=�.�� I- 4%0��, I�

-§=%+� :���- I- �t�X K�« _=�.�� AX gB �?Z E3� �!.  
        5�W���GW _=h ?	X q�� ¹" 1�%3- K��� Y�P%- ��       �?�Z A�2� �!  A��

       �Z%c 123' _#�8�- _=�.�� A� 5�%, � 4%6��- .B         I�� 4�E{F�G �t�X A2� �! �?Z A
    56�%! /X (- 1-%8��� 5�"%¬ �%;%28&�   %7�O%8- �80� .)  26\� I-    10¤ AX I  ����

5Wd0- B             "X 56L�+<- ��=�' ��� �%&%�' ()" §;%, w-��' _��%Lª "X 4%�"�� %-
�-�        ]+W 5;�=��%' 4����^ A2� �?Z I2� �5-    1VWX ��=�' �^G ¹ �|B .(�|B   I2G ¹ 

             �6� �%�<{X ���� �! _=�.�� AX 5��%6�,� �8.�LG AX *[.<�W �5Db�" 5�23- �%<Z  5��
   4%��8- ��D.��     5'=%V�- f%28&� (b�- I- 56�%! K�?' .   ��?Z 168�X ' ��  U��« 5N%L.
 Y"
� f%28&R�µ           I2� �E[h 1��.G �%<Z A2�" �*3�� yd& _=�.�� A2G ���� �  

  9%2,e' %7��.tG _#%�}         ����^ I- �D.�� X�'X" �18d�%' _#^\� �%;%28&R� �8.�;� � .
     F�	 � �223G �O�P%7     ��� AX *[.<� � d�hX%   " 5�+�$� =X      5�6�%! U���« ���

   1.! �%;%28&R�AX X�.G   � 45�&%{  k�<0���  .     ��, �! F��� K�| AX �    �� %ª= H&eW % A
���3� "X #0+- E�%̄ 5�d�2�� yd<' 5�&%{ _�- =�2�� I�".  

           I- 4�=?, A2G AX *[.<� 4%D^%& "�.� �! k�<0��� AX � �,    _E.� %��	 ) 4%.�%�
�{�{5 1�\�  (    (- 58!�- E��2i    %Z%��	 #%8'X ��� _E.�  . �; �   5��:�� >6AX  A2G 

      AX A%2-}%' A2� �; �5�W%� 5^=�' _E.� �V�LG k) 4%.��+G (     5�6�%! /X ��%[�� �
 �%;%28&� I-.     �	� I- ��	 4%V�X �^� �       5-�:�L\� �%;%28&R� AX � F��� 5���� =%

      #�8�� � 4��^ 5���! �&%�)  �r&�%L��³' (     5�6£ o8' 1t« "X5��U^ .   �"�, �.; AB
      5��+{ ��=| #^" Z ��%[�� � �?Z    �%&%�.�� o8.' ]+W 5�=%3-  .    Y%�t\� 1�.; ���

=| �=%3G_�+&� U��- ��� uG�' § � P21/c   �T j��� �%�;%28&�� ]+W %   k + l 
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*^"P .        " ��	
� I- �!X A2G �; �%&%�.�� Q?Z AB  A2� q¾{ I-    L��� I�-  17
 %T �%;%28&� I- �%� E� #�� ���� @ �" %78b- ����k + l    ��; �/#��W

    	 5+���' 5�2.3�� a& k<0G5MN%    %pX ��� A  - 4R�'   IP .     k�<0��� AX � 1t\%'�16�i 
   ��| �%;%28&� ��� ]+W h     =¬ AeW 5�^"P a    56�! k0& A2� �;  Y���  5+�+$�  

8�6¡ q�� I� �%&%�.�� 5-U, k0&"%7.  
      ;%28&� I2� �4%D^%& "�.� k�<0��� AX �4%  �t�X "X  H�  �-%8-�    q�! �<� 5<�8-  "X

 <- §�+�%'%7 1t-  
2

1   "X
3

1�   �?Z E3� �!           Q%¡R� �?Z � 4��^ _E[h A2G 5���� AX gB

      {�{ "X uG�- 1-%8' ��UG AX *[.<�"5  ����� ���  .�        K���� ��  �?Z 16� �=�! 
        4%��£ A2�; �?Z AX I- 4%-%« ��F���"BR �*i R f%�! � 4�E.� 4%�!" ³d<G �; .  �� 

��UG YN  =¬  5��	   1-%8'N    I- ��FG �X  H&G       Y�.+- ��;%<�� 5cD�- ���i �^
  \� (- �%;%28&R�-%8�        �' 5d�%V- A2G R j�� 5�'%+\� N .     %�ª=" 5����' 5+����

2GA  
� 5+�����   Z 4%<-X �t�*      �t�X �%;%28&� (V' U��« I� �D.�� :      5����� AX �� 
    g"
� I- ��X A2G 5�+�+$�           %�7��� 10�D�� AX *[.<� k�<0��� _#%�B AeW _#^\� 

 5^%$� A"�'B4%�"�� 5���� ].b g.  
  

)�,�,�( �+	+6�� �	
-� �";< Finding the correct cell 

%\%,  ���� �^G          y��;FG *�Z 5��%��� _��� A2G �5��h
� 5��"
� 5  5�2.�i  
  y�W��'Bravais   5D�D0�� )   /=�' 9%r& + 5�2.3�� a& .(     ��=%.��� ��� �?Z 18W q��
5�;%+-]+W  :Y%t\� 1�.; ���� %T j�� 5�´� ������� _�," 5��	 ��8G �; a ≠ b 

≠ c � α = γ = 90 �β ≠ 90
o ) #"�, I6b���23�+��  5�.��+��� 5�;% 5�6�´�  %�- �, gB

  ����-�=%.�� Q?Z ��� (     1�\� 5�#%,X %pX ��� ��8G �; .   \� 1�{%6��� I2J *�;%+  AX 
     1{%« I- ���X A2�)#�, (        �%;%28&R� AX =%.�	� /="�V�� I- A2� �?T" �/"R
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          5�{%` ���i 4%��8W K�« _=%�:\� /"R _�-P �� 5MW%2�- A2G j�� .�.�   1�\� 5�#%,X _=
   �%;%28&�� *[.<�hkl� lkh� hkk " lkh    _�3�� yd<' A2G AX .     A�2G 5&=%+\� Q?Z AB

           >b�" =��! 16� A%2-}%' A2� %- _#%� I2� �/! �%0�-� �^� u, 5'8h �t�X .
  12�� 13W �� ?	    �#
� 1{%6��� �%&%�.�� (6O .       ��� 10� �; F�	 ��� �<� �|B

             A2� �+W ���
� 1{%6��� 5D�Dh E� 5+���' ���	� �|B I2� �w-��� 5MW%2�- �%&%�'
     %7^%�� j�� �%&%�.�� k0& ]+W K��� . 58�%3�� 5�%$�    -%r<�� u' U��6��� *Z u �=�.��  u

      �.L' �a�b
� �-%8�-" 1�\� /#%,XX   � 5�,%<�� I- H&\5�;%+    A�?�Z   X � A%�d��~ A
 H� E	
�β = 90

o%6<�'   �� I2J Y"
�β 5�"�U�� %7�W %ª 56�! /X ?	FG AX 90
o  I6�b 

 �� #"�,K3 *;%�+��  .       � �%�� #�$� 1{%« � u-%r<�� I�?Z k��~6    5.L<�%' H&X � %
 �R#%.��� 1� a�b
� �-%8�- 5�%, gB�� ± h �± k �± l�%;%28&� *�8G   5�MW%2�- 

    A=%+G" f%+G AX %l�3� I2J" .          ����X 1�{%6�' 5�=�' 56r&X (- �t�X �%'8h F3<G
   R ��,��^         /"R _�-P" /=�' 9%r& u' �,�" gB �,�" 1'%+G µ    �Y%t\� 1�.; ��� 

   5��%'��� _=�.�� K�« �!  /"R 1{%«  B  %-4/m   "X 4/mmm    Ld& A2� 1$� I2� �H : y�! 
#��4�   %28&R� 9U, I-              /"R _��-P 1� �� _�3�� yd& %T A2G AX *[.<� j�� �%;

  �r&�"GX³W��  R 9X  . 5�&%{ _�-   � ��%<Z /X  Ki          /"R _��-P 1�{%« � �%&%�' ()� �
�#
�.  

      �&%� �|B %6�W Ki �%<Z 1r� �!������� 5��	 _�," 5D�Dh R 9X   �%�<Z" �
A�	�-  �?Z =%.�	R  .    5�W���GW _=h 1��LG Z Y"
� ="%D6��  .G    I�- 1� ?	�

  Q?Z Y%£ �         Q%¡� "X 5���� =¬ Y, #"�¬ §?'?G º�	�     1�{%6��� �%-�8- >�b��
 /=´� Y���" .         u8- 1-%8' ��t�� ="%´� 1� §�b Z °%t��)  1t-N (   P%ÀB � I-"

   �%&%�' 5-U, �� 5��%�  5��L��5�Á      ��| �%;%28&R� I- /X 1-%8-   R� �%V- A24%d � �
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N     �&%� �|B µ5cD�- _�i %T       5��h
� 5��:�� � I- I2J �R )      ="%�¬ A"��' Â8ª
5d�%V-(�t�X 5+t' 9�:�LG AX  . �WG � 1{%« =%.�	� w-%&�'�%bBH-�:�;� .  

     �	� o8' A2G 5�,�\� Q?Z �<� �.        _���^ _��2W ���	X 5��^=%	 ��=% .
       �%<Z A2G %ª= �Y%t\� 1�.; ���  E[�h 5�+&  _ \� � �8'%�  5       _��," 5���	 AX ��

      µ4%+'%; %7���LG @ �! �������B             �%��� qL�+�� 1�	�# "X ±#
� >L�\� � %�-
K' . }� #%8.�;R  5�&%2-         _=��.�� �%�&%�' �%�-�8- k��- gB a^��� �  g"
�

(CDIF) Crystal Data Information File . ����, I��� �%��-�8- �?��Z /����
240000   I-       ��L�- �����G 5���	 ����,"5 .        ut,%�.�� 4%�,%�- A�2� H�&B

 I- u�J#%�
�UK      5���%�6�2�� �%�-�8\� _���%! 5�-�	 ��� Chemical Data 

Service  /=.��;=�# 1��68ªCLRC Daresbury) uig@dl.ac.uk e-mail: ( I��2J"
 �%.�G�G ³�.�G    ��	X #�' � 5�%3-  . I2J �1��.� AX   #"U��G       9%�r& I�- �U��� 
 ';%, w-%&�'K  f%�! P%7O    µ#�$�  A%� AB K�?� � ��FG        ���� K�0�, I�- 

�%t���  5t��," 56r�<-  .  �� I- 5�%6D��     ������D��� � =��2�   5L������ 5�O%86�� �
[.<�  � AX *Ãd� '         K�' 5�h%�� �������� _�," %��� �%&%�.�� _��%+ .  AB��  ³�W��
}�           �4����! 5�67�� 4%�.t- A2� 5�,�\� Q?Z �<� ±% " I�2�      A�2G ��;   ��!
;���6t�   �" 5�%; ]+W   �<{� "X _�,u. AB            (�) ��8' ��, %7�<� k32�� q�� ¹ 

 �! �"#PR� �?Z 1t- AeW �����G 1���" �%&%�'5�7L' (�V��-%�X 4%_���� .  
       �|B %- Z ��d- �	º =%.�	�  A%�       ���6�� 5�M�UO� 5[�0�� (- 4%+W��- 5���� q�,

   �%6L�%' �(!�\�18Å
3    _=| 12�   E�<�^"=��Z�5 .       123�' 5D�D�h 56�+�� Q?Z AB

   ��\ ÄZ�-(;�"    V� �5�V� ��%.��\� I- � 5�&�8-      �' AX q��= �5�+;%<G" V (
����8G    A2� �!     5h%	 �R%$ 4%'��-)  1t-14Å

3     �%.��\� o8.�   5�G%-"=
� 5��%�
  �kt2���22Å

3 \  �%.��V�� &2��;5� .(       5�V8�� E� �%.��6�� ³.�G AX *[.<� R
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50�%�� .             %6� y�� ���\� A� �F�	 A2G 5���� AX gB CD�\� Å=%8��� E3� �!
 (!�- Z  �X"     _#^- A2G ��?- �%M�U^ AX .       5���	 � _#^\� �%M�UO� #�� AB

       �UO� 5[�0�� AX � H&X �=?� ������� _�,"        I�- ��'�W �5D�Dh A2G 5,��+\� 5�M
9%r�&� 9�� #^" disorder.  

  

)�,�,=(�� ��	� 1�2: �4256� >
' ?26 Obtaining a good orientation matrix 

              *�%�'= #��, f%�! P%7^ ��� �#�� � 5h%	 �g"
� 5Wd0\�" 5���� AB
    Vd:<- 5�"�U' �%;%28&� 9��:�;%' �%+�$�5   _=0�� A�="# I-   5��W���Gd�� �   I�� 

     �%&%�' (6O 5�W%2�� 5^=��%' 5+�!# A2G .  "U' �%;%28&� AB  X ���' %�� ����   A�2G 
    q�� ��� 5'��- �%�	
� 1��+G �.L<�� 5   ].V�� %��"P �  .   q�! AB2θ ���  30

o a%8i}  
�\9&�.�� " 50

o     A2G f%D<�� a%8i}    123' 58dG�-Æ�%�   4���� *�8G *2�   ���^ 4� 
9%L+&� �.L' 1�%3- �"�, A"�' 5��%<t� α1- α2�  �<2J _U�7^
� o8' AX q�= %7 

 �� ��[��� �?Z � .            ��=�.�� (- 5�23- A2G AX I2J ���X %��"P �<� _�3�� YÁ%VG AB
�� #�$� 5d�8V� "   A2� �! �� I-  /="�V  �WG   I- o8' 1��+�' 5�L���   ��\� Y�U�	%'
\�  ��2θ.    �%;%�! AB  56�! ���X          AX *[.<� =%�:\� �%�<�� 1	�# �%&%�.�� (��; () "X
�³'%�  5�W%� 5^=�'    �%;%28&� ���i _+�� _    �	� q�� %7<- j�� �     u' %ª= ��;%<- q!= =%

12 " 25.  56�%+�� Q?Z  J     ��N _�8' k<0G AX I2) :i (      5�+�L�- ��#��$� 1� A2G
  5�6£ gB *6�<G"      �� �%&%�.�� I- _#�d<- �%�6£ "X   µ(6��)ii (     I�- E[h #�� =%�~

     µ%T 1{%6��� �%MW%2-" �%;%28&R�)iii ( �	� q���  � #�8�� =%    I- �%;%28&R� I- §��\
  Y%£  �%&%�.�� I- 1-%� .        %����" %�l�U�` %T A2� Q?Z I- 1� .    =%�.�	� *�[.<�

�%;%28&R�   �' ∑∑∑ clbkah ///  A2G ��� 5!#    5Wd0\� )  ����-�=%�'"
 +�3\� 5����5 ( �+' 5�{%6�-=    �%Z%¡R� (�) � A%2-}� �      5h%	 5d0' 4%67- �?Z A2� 

�) ii (³'%L�� .    5�,�\� Q?Z �<�    AX 16�´� I-  A2�   Z �?Z��I-U   } q���\�   #����
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  ����-�=%'#%�� �'" %&w- §;%$�         �%&%�.�� () � 168�L�; j�� q�+�� ³3�� �%D�d�  .
    q�� AX #��ª            *��8� AX >��+<��� *[.<� �5�"�� �R"%¬ Y%68�;%' %ª= �56�%+�� U��«

   H^G 5Wd0-5-��-   (6O �%&%�.��.      123' 5d��² A2G 5Wd0\� AX �    "X C�D�-  
�	� _#%�e' �h� �4���^ _#�¬.1{%6���" ������� _�," 5��	 =%.  

  
)�,�,�(@	A�: ��B� �	
� �"�C� DE4� >
' ?26��   

Obtaining the best unit cell dimensions  

         H^��� 5Wd0- >�+<G I- %7��� 10D�\� ������� _�," 5��	 AB    *�Z �L�� 
     � 9�:�LG *2� 1VW
�    w�%�<�� *�%7<�� 1��L���" ������� 1��� .    #�� ��� �6�8G %pB

 I- #"�¬ R� �%;%28&  �G �5�U��\� >+<      1{%« #�! A"�' 5���� )      %�pX ���� 4%��8W 1-%8G
5�{�{       *+�+$� /=�.�� 9%r<�� I� �r<�� o[' 1�\� (�     �%�	
 5b�� A2G"   � 5��7<-
!�\�     �dh �%�	X I- 5¡%& 5�"�U�� (5�        ÇN%�	 _=��' U��«" #�$� f%�! P%7O . AB

        �%&%�.�� () �8' 1VWX 123' _#�¬ A2G 5���� ����-�=%'�      >��+<��� ���+- 1{%6�'
    q�! ��� 4��6�8-2θ        È&%^ �� ��� �%;%�+' 5+�3- Q?Z A2G �]+W     a%83��� 5-U, 

 v�L��)2θ= + - -( #�� ��� ���X4��^  �%;%28&� I-  _=%�²   �%�&%�.�� 5�-U, I-
5�-%2�� . �� �<��23           A2G AX ����-�=%.�� *[.<� ������� _�," 5��	 ��� 4��^ �#
� 

      -%7;B 168G R ��� 5�W%� 5^=�' 5Vd:<-4% cD�- 4% ���23    5�M�UO� ����-�=%.�� � 
I- 5+�3\�������� >�+<G .  
  

)�,=(  F�G ���'<H"$"	C Preparing for data collection 

)�,=,�(����I�  Introduction 

 �.�� #��ª��      5��6� �%&%�.�� () A2�  5-%G�2�G%-G"X5  W H���" �e  H&   I�- A2�
  q7\� �%	 123'      - %7�W 562D�\� ����-�=%.�� A2G AX �8     5����.�� 1.! �%t- 123' _ .

          I� w�<� AX I2J F�	 ����-�=%' ��� K�0, AB/X    I- �*i   Y%68�;�   ���d- E�
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       4%-%« _��%d�� 5J�� �%&%�' 5-U, gB P%7O� �!� .       �%�&%�' f%�! Z 5'����� ��Z AB
                1�+G �! j�� �%�	
� �<¡ (- �*;%�! �!" � 5!��� I- 5<2` 5^=# �0!X gB _�3��

   �%&%�.�� 5-U, _#^ I- .A2G        5,%�\� ��=�.�� 5��<' 5b"�d- 4%,b" �t�
� #�+�� 
)   _#%,}� _! �123�� �q�$�  �=h       ���U�' _�3�� »!%<G �È&%O� f%28&R� θ 5�G%.t�� �( 

    =%.��� I- 4%V�X �'R I2�)5;�=# (    #�$� f%�! P%7^)      �5-%� 5d0' H��� Y8� AX}� _#%�
'%�<�  w  5+'%��-   �5+�$� (b�\"      �v�L�� a%83�� 5'.&X _�i 5�G%.{"    Q#���� �%.{" ].b

   5!�8�� ��| 5�&"��2�}� �%&2\�"� "      " 5�+�$� (b�- ��� 5�2�&%2�\� #�+�� 5�-��- 
   §;%$� w-%&�� q2D��� _=�!"( .   �  �4�E	X � ���      5�<�8- ��=��! ?	F� AX 9�:�L\

      f%28&� 12� »0:\� I-U�� 1t-)" q¾{ I-   %7�-%2' (6O� 5��68� (�   k�� ÉP"   u' �?Z a
%28&�    a& �5d��² ���i I- �%; a%LG�"          ���� H�' /?�� ##����" �9�:�L\� >L\� 

   H^��� _#%�B ��¡" �%;%28&R� .   5'�¡ ��T A2� �;      I- o8' ��� E{FG 5<�8-
��=��+�� Q?Z.  

  

)�,=,�( H��3���"C Parameters  

�J K2$  K"L:��MLI� Scan type and width 

   >L- 163�R�    K��� _#%� f%28&  _=�.��( )        5��6�´� 5���$� o�8' (- 
  ki%2��(2θ) .~od >L-   ��<  *+)  ki%2�� 5��, R (     �%�;%28&� u�' q,����
_="%��-              5V���� 5��.&%^ f%28&� =h "X 5��N 5��	 ="%¬ �^G ��, H' >0<�"  

      a%8iB 9��:�;� �<� 5h%	 5d0'"9&�.��- .   >L- A2�/2θ)     k�i%2�� ���D��
  U�� Y�8\� k8V' _=�.�� /"� (  4%�="�b       =%3��&R� A�2� %-�<� �%;%28&� 1��L��

 Vd:<- *�%Ld�Ld��4% 4��^  .     >L- A2� �5-%� 5d0'/θ )    _=��.��" ki%2�� ��D��
 Y�8\� yd<'( 4%.�%�    �^�         #�$� f%�! _U7^X o8' ��� >6L� ];" 1,�  �%&%�' (6

o b e i k a n d l . c o m
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  �%DL- I- a�;X /2θ .      ��� >L\� a& =%�~ AX �'R �?T   f=�G j�� _=�.�� q� .  ��!
    >L\� a%LG� A2� =��+�� �É80� �t�X" � I-  |       �� 5�.&%O� _=0�� a%LG� AX � K� E[�
   R �_=�.�� H^G (-      "X >L\� U��- � q6+�� A2G  _=�.�� AX        (�) �%�<{X ���D�G 

���%&%�..   ].b \�  >L��  o��8         I2� �#�$� f%�! P%7^ �!" =�7� �; 4��^ �\� >L
��V    A2� 4��^ ³�X;X    �; H&
 �      KG%&%�' � 5��7<- �%�	X 1	��" �%;%28&� ��.� .

               � q2D���� A�2� _=�.�� H^G (- CD�- 123' 5�.&%O� _=0�� a%LG� E[�� %6<�X
 §;%$� w-%&�'    | �?� >6L� /?�� �      a%LG� �LD�� ��, �5h%	 5d0' 56�!   >L�-  

f%28&� 12� ³.��" �?T q��-.  

�J� �+34 8�"#� Detector aperture 

    5+�b A2G AX Q?T *[.<�   2� 5�W%� 5^=�'     " 5�d��� a%8iB YU�� * q¾{ I-  ��UG 
   Æ�%� a%LG%' I2� �5!���     ��' �<��& *2� R�  ��; j�� ��%;%28&   �%�	X 1	��7<- 5�� .

"        �58i
� H^- ��+' 5!�� �%<Z AX %ª"   �>L\� a&"     AX 5D�d�� *[.<�W �>L\� a%LG�
].VG          �%&%�.�� () �%<{X 4%6��- A2� �; %6� �"�r�� yd& 9��:�;%'  .   AX I�2J

          �%;%28&� I- E[h #�� >L- q��" 4%� =�G 5D�d�� YU��5�^|�      AX I�- ���F��� 
%Z��' q�� I� �%;%28&R�.  

�JF�G� �'�N  Collection speed  

        �' (6¡ AX %� I2J j�� 5��L�� �6�8G �;  %-F' #�$� �%&%    =�0- _�i ��� A
� �� a%83�  v�L)  A"�G"�2<; <<  ��!�^-   =�"#  < 5+�[- 5'.&X(  �23�� I2� � 1

        5;�=��� �� _=�.�� #�$� 5��<' #�D�� �; H&eW u8- .     _E[�h 5�+& �%<Z �^G
      _���i 5��L' �%&%�.�� () �<�Z  *    5d�8b A2G KG%&%�' qr8- AX .   AeW y28�� ���

  ��[�L\� �%&%�.�� ()     A2� �!�� 4�Et� #�.-4� .      ������� 1� AX ��� �-U� K&X � 
& *[.<�W �_�i%.\� ����%' u' �%&%�.�� k01.1 " 1.2 Å5cD�- A2G AX 1!
� ���  .

o b e i k a n d l . c o m
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      �%!%�& ���+��%' 1'%+� �?Z AB2θ   I- 34-38
o  \� a%8i} 9&�.��   " 80-90

o  %8�i}  a
     ��[�� � E0! �%&%�' ()" f%D<��   �;%<\�         �=%���	� A%� �|B %6�W ��~ AX *[.<�

4%.��+G 4%D�Dh A2� 5��L�� .-5d��
 5D�Dh A2G �! 5d��² () �R�8 2θ5d��² .  

=J�5	�O H"N"#�$�  Weak reflections  

   Q?Z A2G 5���! R 
�   \� 5J�� R" 5��<d8�5      A�2G AX I2J"  �6��!    1�, � 5
 �������� >�+<G"�     k�� *Z 5�23\� %.�G�i %l%;%�!  .    9�:�LG ����� ��,B" �%DL-

5+.L-"        4%�.L& (��; 123' f%28&� 1� >L- %7�W q�� � 1.!  ?�d<G  5�"%´�   5.L<�� 5&=%+ª  
I/σ(I) 5¡%<��  �%.�8�%'     5N.V\� �#
�" ���
� -4%+.L .  f%28&R�   ��8�� /?�� 5�.�8�� 


��  ��   Q=%.��� I2J    8&R� �4R.+- f%�+�� A2�" 4%�!f%2        5�.�8�� gB 10�� R /?�� 
   A2� �#
�    �t�X �%;%�! 168G R" 4%d�8bµ     u' j�� K�G .�8���   >L« u�  �!� �%b}�

      gB Yh�� 5�"%¬ � =�+\�5.�8��   ����
�  ���D�� (V� v-P     f%�28&� 1�2� #�¬ .
   Q?T A2� U�- 5+�����        8&R� >L- _#%�B" �%+�$� ].b _#%�B I2� �5&"�\� _  �%�;%2
   �  j��AX     �; uG�- f%+G � _�%d2�� YU� .  AB�	��    ��8�� 5�<-PX =%   ����-�=%�'" 

�%.�8��     =?$�" _=%7\� o8' ����� 5�<�\�  .       �%�;%28&R� AX �Z *;%;
� ��8��
      4��^ �/#= 123' =�+G AX I2J 5d�8V�� .��  5+�����5���.       ���N (- 4%+'%�G �t�X A2G

    >�+<�'" _�i%.- 5t��,  �b       4%.��+G �!�� yd& K�7�LG AX *Z �%&%�.�� 1� )   "X ��t�X
1!X (  f%28&� 1� f%�+� .          5�<-PX ].b �?Z ����� 4%62� �t�
� §;%$� w-%&�' (-
�8�� f%28&� 12� )>L- _�	 "X ("X A2G A �%�.�8�� I/σ(I)  �#
�" ����
�   *�Z

%7Ld& .         ��, #���}� � ]L'X 5+����� Q?Z AX q�=B    �8�� I-P A     %�peW q7\� Z ]+W
  �+�dGB  »�%�� A%-
� g    *{�t�� I-U�� 5+��N � triage� ��,      §�;%$� w-%&�' 168� 

    �%;%28&R� f%�! P%7O  ��=��!   /X Y,  %7DL- #%8�; �%;%28&� .   %T%6�i� *Z _U�\�
���  5^%$� 9��  }       �t�X (�6���� A2�" >L- _#%�B "X ].b _#%� 5���%W  .  AB �%��6�

o b e i k a n d l . c o m
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³W�G      È&%O� �7r\� 1��� "X È&%O� �7r\�  5�<�G"���         A�2G %�6<�, 9�:�LG AX *[.<� 
  5,%�-  ��,B    PU8G �; %p5!#          AX _=#%! E� A2G R �! %7<2� �5d�8V�� �%;%28&R� 

        5�.&%O� �%;%28&R� =h ��7cX � %7��� Y8�-%L+&�4% E�	 4�� "*[.<�    %7.<¡ q�� AX 
�R%$� K�G 1t- �.  

�J��P�� Q/"��  :�2: ��"'<� �"�3��	1  
Intensity standards: checking and reorientation  

 �%;%28&R� �8�G 5�;%�+��            _=��.�� 5�.!��- � �%&%�.�� () �%<{X 4%��, 4�="# 
  Y�¤R� "X ��D��� .        � ��^ 123' 5�P- A2G AX �'R f28\� U�$�    _�! 5��8- �
  T" �5�;�\� _�3��   q�! %2θ 5��;"  .        *2� _���i A2G AX *[.<� �%;%28&R� AX q�=

   q�! P��I/σ(I) Q��X         ��, �5Vd:<- %��"P �<� 5�! �%;%28&� �<¡ �B   Q?Z A  %- 4%.�%�
       *�%Ld�Ld�� =%3�&R� � �´� a%8i}� _#%�P �.L' E[�G .      ���{ 168�L�G AX *[.<�

  1!
� ��� �%;%28&� :    8�- Q?Z A2G AX *[.<�        �.��+G %7V�8' gB 5.L�<�%' _��-%4% 
)    _��d- A2G �! 5�=´� �%;%28&R� (         1�� � _=��.�� ��D�� 5;%L, A2G *2�

�%Z%¡R�.      �5'����� ��� E�%8\� ].VG H' /?�� ##���� �6�8� �;    I�- A�2� I2�
           �%;%�+�� 1!
� ��� u��%; 1� _�- �?Z 18dG AX Y+8\�5��´�    �%�%; ('=X 1�" �

� �     5Vd:<- _=��, 5^=# �<� 168� .  ©�X AX �%        ��� � �V�dÌ� �! E�%8\� I- �3 "X _ 
����)    #"�$� 5�6£ I- �t�F'(        �V- �! ].V�� I-P AX "X)      _#%��B 16� @ �! "X

   E�%8\� I- #�� �%;%�!  4%+'%; _#�´� (     ' _=�.�� H�^G #%8� �; �    5�6�%! U��« _#%�e

 �%;%28&� I- . \� Q?Z+%#�� _E[�\� )   /X10٪   Å%dÌ� � �3�� _     5�,�PB "X 15٪   I�� 
 >L\� a%LG�(      5h%�� 5�%D�� %7��%�, _#%�B gB %��  .   ̂ ��� _#%�B AX ��?G ��   ��! H
 �!" ��[�L�4% E.� 4�    5��N 56�%! �-�:�;� � �       j�� �%+�D�� 5dt2- _=�#B 16�3�"   ��!

  q!%d�  _=�.�� 5��, I- .    ��6��� _#%�B ��� AX *[.<�      � ��{ "X uG�- U�®   RB 5�%; 

o b e i k a n d l . c o m
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       _=�.�� 5��, (- _E.� 5�23- �%<Z �&%� �|B .     4R��¤� °%8G KG=�' AX ��   9��+G 
;%;X 5�=%�8\� �%;%�+��4%>�D0G ³�.��� .  

SJ!"	�
� H"N"#�$%� T� �"	3��   
Choosing which reflections to measure 

      � _�3' �%&%�.�� (6O 9P��� I-U�� �6�8�   �, ��2θ ���
� .    #��� ��;%<��
 j�� �%;%28&R� (- (6��;sin

3
θ: AB ¡6� �<� �%&%�' 5-U, (2θmax = 60

o  ��; 
�<� �%;%28&R� I� k8V�� I- �t�X *�8� 2θmax = 45

o.   ��$� 5r,�- ���O� I-
 ��� %��8�� #"�$� I- �#
�2θ _%��U\�   ��' Acta Crystallographica )Mo 50

o �Cu 

134
o  �     10W 5W%L\ ÇW%2� %���0.84Å .(     ��#%i=B #"�$� Q?Z A2G  R I2� �_��^ 

��D�G B_#%,              (�6¡ AX 5��"%´ _=%iB �%<Z �L��" #"�$� Q?Z �<� ��=�.�� 1� 
  �%&%�'       �d0�� gB 4%��8W f%28&R� 5W%t� 1+G ��, _��d-.   �G %- 4%.�%�   ��D  j�� �%.��\�

     5��+{ ��=| ��� /��B_#%, ��^ _ %��"U�     58�V- A2�; I2� �5��%�  _E.�    ��!�� 
     4��^ 5��%� 56�! ].b2θmax�            ���%[�� � 4%��0�, _��%�; 5��%� 5�"�P �%&%�' A2G 

        ��%LG R �;" 5��+t�� ��=?�� I- �%-%7;e'       (!�- ���� � 5'8h �t�
� 567\� (-
 
� ��=?�� 5!�' k	 .      ��| 5��%� %��"P �%&%�' A2G�!  56X   � ��  �R%,  E� =%3�&R�

  /L��)   ³��- 1�23G y�;FG 1t-( ��, � B        (- 1+� /?�� /#%8�� ��3��� I� k��² H&
 ���UGθ� A2G f" ��� _�6�8- E� θ.   

            �5���h
� y�W��' 5�2.i ���� I- �%-�8\%' 4%rd�¬ q2D��� w-%&�' I2� ¹%-
     /="�V�� I- A2� �;       ' (�) ��-�=%.� 5�2.3�� a& 1	�& AX �%�&%� .  �.L�G

 « �%'%��     AX � 5�2.3�� U��0&     ��� 5<26\� �%&%�.�� k
�    4%��7�<- 5.�%� A2G 1! �
  EWG �?Z 1tJ4� 67- 4%             A2� 5�2.3�� a& AX I- 4���F�- A2G AX �'R I2� ��!�� � 

4%D�Dh .  y����
%'5          ��, 5�.���� ="%´� "X �RU&R� �%��L\ §%�� �R%, ].b 
� �{F�G �%;%28&%- F�	 w�%�<� �i��� �; �L2- /X" 4%�.L& _E[h.  
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            ��-%8�-" 1�\� /#%,X �1�\� *{�{ ��=�.� �%&%�.�� I- _#�d<\� 56�%+�� I6V�G
   IÍ" ('= �k0& a�b
� _��       AX q�= ����� ��� %;28-   Y���W �Friedel  AX *[.<� 
    1{%« �R%, � 4%V�X f%+G   R  ="�b A2G �!" /U��- � 5�AX  ³���- ����G ���� 

 4%'��- A2�.        AX I2J H&eW �9�8- �!" � &  y�+B       "X 4%�.L�& �].' _#�d<\� 56�%+�� %-
�     - 9U, I- �t�X "X u<{�5MW%2 �%'  �t�X 5��L' 1{%6� .  T u�+����� %���6 %��U- % .  v�8�

       4%�!" AX 4%-%« _��," 5-U, ()X     u' ��"���� 4%2�7�L- A2� 4%�.L& 1!    I�-" �%;%28&� 
    /#�� AX 16�´�      �%&%�' I- 5��%� 5.L& gB"_#h�-" .      �%�MW%2- () AeW K�| (-"

  1{%«G ' >6L�%        5��7<- �%�	X YU�~ AX H<2J /?�� �w-�)  %l=�	 gB E3�" (  %�6�
  =%.�	� 4%V�X 9�+�4�   *�	���� K;%6��� ���  .      5�-U, a�;X �%&%�' () w�<� �!   _#��d<-

  &%�' I- 5�-%�   � �%     P%7O� 13W "X _=�.�� K2dG �R%, .      _#��d<\� 5-U$� () AX �
     � �%&%�.�� I- g"
�  %7+��NB  *7�<G AX g         *�2� P%7O� ].b *[.<� �1[3\� §%�� � 
     *2� 5�&%{ 5-U, X�.�      �%�\� �!�� I- 4%-%« ��d�L�)  ���� (<- %ª="6     ��<� (�6���� � �
  5Vd:<- _=��, 5^=# .( ���� AB   o8' P�� /?�� ³W       AX Z u�+����� %��2� ��U�6\� I- 

À(6 B      _#�d<- 5-U, I- �t�X %- �, g :        _=��.� _#�d<\� 5-U$� %6<�' �Y%t\� 1�.; ���
 a�b
� _�-%8�-      �%!%�<�� 1���' ��8G �! h0→10  �k0→12   " l0→17� AeW  �.�;� �  Y-

1   �� 0    1��' �D� X    �; =¬ 1� ��� od	  =%.�	%' >6L�      1�{%« ��� _��d- ��
 ���" #�$�       I-U� _E.� 5W%bB A"�' *�	���� K;%6 �%&%�.�� () .   �K�| (-  4%6��# *[.<�

AX q�! w-�� �ELdG � 4%0��, A2G R5�-%� E� 5�&%t�� _#�d<\� 5-U$� A2G %-�<�  .  
  -%&�' AX �w    X ��~ ¹ q2D��� "  4%�2�G%-G    5���%W �t�
� �-
� %&%�.�� (6O  H&eW ��

       4%�"�� �?Z � q2D�G AX K� >6L� �; .       AeW �#X �D� 5��"
� 5��:�� �5-%� _=0'
           YN
� 5���� =¬ 1'%+� AX *[.<� a�;X E[�� /?�� 1�����) �'
� "F �0!s� .( �;
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           Wd�h AX � 5h%	 �%;%28&� u' ��"���� K�7�L\� I-U�� �?Z 1�+�4%    5�8'%��-   I�-
G AX I2J �%;%28&�' f%+����G�8�- .  

UJ�	V"W H��"�3��  Final checks 

        �%&%�.�� () X�.G *2� UZ%^ A�� �&X2�G%-G"
�* .! AX 1.      ��! %�ª= �X�.G 
  X � ���G         Y"
� f%28&R� U��« _#%�B I- =?$� ?	FG A\�^  #    ��D.�� 5�+���'

 µK' 5h%��     ¹ H&X � �       ���FG _#%�B 9�+� �?Z AeW ���D�  �� AX ��� 5�'%{ _=�. .  K&X �
    >L- /�¡ ¹ψ�      I- A2� �! H&eW   �?Z 168G AX H^��� .    �%0�-R� ÂD<- �.L� �!
  E� A2� /?��    (- ³W��-  12�3G q��    � ���+\� �������" _=�.��  X ��8G A    �|B %- q��+G 

    (6¡ AX �%&%�.�� *[.<� A%� .      ��,� _=�' AX � �Y%t\� 1�.; ���5    123���  5�b"�d- 
2�      "X �,�" ��� /�� *�     �%0�-� �h%<� I- u<{  �t�X    >L- *�8G _!ψ  *D��;  

     4�Et� K3G AX *[.<� �5�;%;X 5d0'�      5�0�- I- _=�.�� A2G AX I2J ) �&%���(   I�� 
  (!�\�  U�W �+8- %p�� 5�0�- .    �! 1!X 5^=�'       �%0��-� ��E{FG �7rG _=�.�� AX �¡

     58!�\� I� _! �t�X   G AX �  H&X"      H8!�G �<� %6� �t�X 5dt2- �%;%�! 168 .  4�E�	X
  ��� AX *[.<� AX  a%b"X             #=%�.�� �%\� A%��; AX � 5D�Dh A2G v�L�� a%83�� ��- 

 (�%- H� 5Vd:<- _=��, 5^=# ��| P%7^ /X AX" 4%�'%{" �;%<- A2����G�%� .  

  

)�,�(H"$"	��� FX  Data collection 

   �%&%�.�� () 5+��N AB 2G A �2�G%-G"X5 ' 0    I2� �5�;%;X 5d   A2G AF' >0<�
         ��=%.�	� /X #�$� f%�! P%7^ /�  %6<�, 4�#^-)      H�� 5��d0��� (�b�\� ��� (

    5�;%�+�� �%;%28&R� y�+� *2� ��D���" .���	  4�� AX         AX" 5��W%� _�i %T Q?Z I- 
         �;%<- a%LG� >L- U��- I- §�+�%' (+� %T �0!
� �$�.  4%��6� �      (�6O *�[.<� �

86�� Y"
� f%�+�� �8' ��~ AX �%&%�.��% �E�K��� "X Y�¤� #^" 5�%, �_=�.�� .  
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         j�� �%;%28&R� #���X I- »:�ª �%&%�.�� () uG"= Ãd�� �!     I�- A�2G 
\�    %7��� Y0$� =?8�)   §;%$� #%�� #�! �.L'(    E� A2G �" _#�h�-"   U���- �

§|%�   %T �	�d   E� �%�     a%LG� >L- �%�	X �7rG "X 56r�<- .  .;%<G �7cX �4%  ��+�+,%̄ 
  4��,�"X"    ��t�� �%-�8�� I- �t�X           �� I�2� �/"���� 1	���� P%��� �! �_E	
� AX 

     5Wh\� _=�.�� ].b ��N4%d&º    �+.N �! &eWH -  L\� E� I�   �="�b A2� AX �D4%  "X �
 <� w�<GH   /X I�L� .    ¡ H' �6L\� �"%d��� AB  
� Q?Z Q%  Å���     ���� ��6�8� �;

        ].V�� �%<{X %7��� ��0, j�� _=�.�� _#O K6��+G 5^=#�      �7rG j�� _��O� _=�.�� AB 
    ��E{F��� K�G 1t-G     %70DW I- �'R" K3�� gB �� .     =h q2D��� w-��' o8' �7rG

    ©�^=�G �%<' "X 5�.&%^ f%28&�%    5�2.i ]�:\ ;28- �- 51�+t   ) �%<{X _�3��   ��%&%�.�� (
 �0! 5��X �| A2� AX I2J Q?Z »DW"�5�6�¬ 1�%3- ��� ��8��� .  

       �%&%�' I- _�� �%M- �8' �(hkl)          �%�&%�.�� 5.L�& A2G �%78) @ �! 5-%� 
�\�     �k0<�� I- 1!X _#hB  ���O� I- H&   =%.�	�     �%'%�[�� ]� /X �%<Z AX .   U���« 1Z

2.3���5      ="%¬ 1Z "X H�%d�B @ �!   5��	   A2G   5D�D0�� %7�6�! I� 5d�%V-   ©�X AX � ¼% 
     4�6� AeW 4%D�Dh A2� Q?Z I- hX�,�%̄          Q?�Z /��� AX �  R" 4%'��- A2� 

+�����5    �%;%28&� ���      ��, �5�!%�& "X 5�=¬B       ="%¬ �.L' �%'%�[�%' �{F�G �! Q?Z A
�.��5    ����� ��� �RU&� �%��L-"  .   � �,  %<Z A2G ¹      AX K���� *[.<� �1�%3- �

�F��� qr�<- 123' �%&%�.�� (�) ���9��� %- ��� EL� �*i 1� AX I- �.  
  

)�,S( �	YZ9� �"[�� �	�"X< Gross systematic errors 

   �.L' 5��7<\� �%�	
� AB          A�2G %- 4%.�%� _=�' Y�¤�" �%0�-� 1t- 1-�� 
      �;%' E.� 123' >�D0��� 58b%	 A2G" 5cD�-  5�;%�! ��N 9��: .    Y�! I2J R

   �*3�� yd&         "X ]��� �; I� 5¡%<�� 4%-%« 5'|%2�� �%;%�+��     ³��[�� k!G 1t- 13W
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2�G%-G"
�* "X  �%0���   G �%Di�-Z  u)         9%���� ³��[�� "X >��d�� (b�- � _#%�( µ
        _E0! �%V.& �°"��2�B =��+�;� 9�� ���- 1�%3-      uZ�G >i�- 1-�� "X �5L��=

E� 5D�Dh  ."     �?Z �<��� _��,�� 5+�����    q����� =?$�" 56r�<\� 5&%�0�%' A2G . ���
        �%Di�- (- 1�%3- �7rG �! �Y%t\� 1�.;uZG      �����G >�+<G �8'   �%�W��	%�

    q�! u' _E.�F
2

o   "F
2

c _#�d<\�    I2J µ��    9�� �<� k32     � E[��� »Dd' =�0\� �%.{
     �.�� AX � 5h%	 �_�3�� E�%8-    ��L�� 5<L, �&%� %7Ld& _= .   qr�<\� =%.�	R� A2�

  ���kh��G O�     4%�;%;X 5�;%�! _=�' 5�;�' P%7 .      5��	 ��	� �%<Z _=�.�� A2G ��,
           � �!�� K��� A%� �|B ¼4�8W 5+�!# 5���� ����-�=%' 1Z �������� _�,"�   o�8' (6�

    =��+- (6¡ K&X ��FG �%&%�.��4� �W�" 4�    �%MW%2�- I- "GF��   I-   AX%l��i   5+W��- A2G
4���^ .   /X gB             K��G 1�t- >��+<G 5�;�' H��� 10D�\� ������� A2� _#^ 5^=#

        q�! u' _E.� �%W��	� �^G 1Z ¼�%&%�.��F
2

o   "F
2

c   ¼_#�d<\� B   �&%� �|  1�%3- �%<Z
      G AX �'R �K� =%.�	� _=�' (-     *,�h}� 18d�� ?	FG" Q?Z =�0- I��8 .   �%�<{X ��� 

      5�%3- 5�23- "�.G �/#%8�� 1�[3���         Q?�Z AX � 5h%	 ���=�' I- 1;�; ��0G
P%7O%' 5+�8�- 5�23\� �&%� �|B %- »DdG AX �'R �4��^ 5d��² #�- I- A2GR 9X �.  

  

)�,U( M	+6:��P�� H"$"	C  Correction of intensity data 

       %D�D0��� I- #�� ³�.�G �%&%�' Y�U�	� 5+��N ����G� .      Q?�Z I�- o�8'
) =� �%D�D0G  U�&Lorentz §%�+�;�" (          �%�&%�.�� I�- 5�6£ 12� ³.�G AX �'R 

     Y�U�	� w-%&�' AX ·�3'"�� h%�� �%&%�.5     \� >�D0��� ��-%8- 9�:�LG K' 5-��  R �
     5'��- 1	���� "X 1[3- ��	�- A2G .      R �%0�-�� K�G 1t- ��	X �%D�D0G

       I2J I2� �5�%, 1� � ³.�Gk32��        K&X � 5�="�b �&%� �|B %6� G  ��8 A�2- 
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_=�.�� .   R �!�            ��, 5�;%;X _=�' Y�¤� �%D�D0G gB 5^%$� I- ��?� �%<Z A2
_�3�� E�%8- X�.GÅ%dÌR� � .  

  

)�,U,�(\"63�� H"+	+6:  Absorption corrections 

 È��+G #%i=e��   �!      a%8iB 5�;�' �%&%�.�� 5-U, %��  f%D<��   >�D0�G gB
    /X A2G �; K�?� ��%0�-� 5-U,    �%&%�' 9&�.��-      �h%<� ��� /�� _=�' I- 

   4%.��+G A2��L�� I- 1+{X .     �6�8G �; �%0�-R� ��E{FG _=�	 AB ���     #��� q� 
   " _#^\� 1+{
� ��=?��  K�?� 12�3G q�� _=�.��  . �t�X 5!�'     >�D0G gB 5^%$� AX 

    L� f%+G AX I2J �%0�-�  §%μx   ��, μ        *���� �%0��-R� 1-%8- Z(mm
-1

) 
  1'%+\��%��´   5���� )5b��d\�(   " 9�:�L\� a%8i}�" x *Z       AX � µ5���� �8' ];�-

μx      ��, I- 1!X A2G 0.1    /="�b >�D0��� A2�R ?M<�, � .   ��E{F��� ���+G I2J
 §%L� �%0�-�� 5��b%d���e

-µx_=�.�� #%8'
 �^ 5N�d\� 4�.  
  �+��N �%<Z �^G% ��<.- A%       �%0��-� �%D�D0�G 168� _=�.�� ��� A.  g"
� 

             5�8^�- 5�+& I- %Z#%8'X �%;%�!" _=�.�� H^"
 ³�!# k�<0G ��� �6�8G �#�� 1-%2G
  _=�.�� 1	�# 5���3- .      #�� AX H^"
� 5-U$ �'R  q�, 5+�[- _=�' .   *Z 5+����� Q?Z

      , � _�3' %� �h�" 5!# �t�
��R%  /! �%0�-�  .      5�'%! E� A2G %pX >b��� I-
   ��, ³�.����            E� #%8'
�" Q^�� A2G %-�<� "X %7d��8G I2J Q^" gB _=�.�� �+�dG

      1	��' ��P "X q��W � 5�6¬ A2G _=�.�� AX �.L' 4���^ 5W�8- 5��8�i 5'.&X .  (�-
          G ³.�G AX Y"%� j�� §;%, w-��' o8' �%<Z �^G K�|    kh" I- 4���' �%D�D0

 _=�.�� È��+G .   4%67- A2� 4%��^ H&B) X (   A2G AX�-%8-�    5�W�8- Q�^��    123�' 
 " �>�Dh)§ (    5!�' H;%+- �%W%L\� A2G AX .      q���# §;%, w-%&�' %<Z �^� �!. 

�Y%t\� 1�.; ����7�� �� 5���\� _=0�� (- 5&=%+6�� _=�.�� *,%V�B q;�' .  
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 �&%t�� 5+�����           I2� 1!X 1[3- �7^ ����G j�� �_=�.�� ��� _�6�8\� 5I-P  �t�X 
f%�! P%7O#�$� L\� ��� �6�8G � 5��6L�� �%,(ψ) sacn azimuthal   ="��G ���, 

  _=�.��  Y,  �%7��-��3G  - #�8� �%;%28&� I .   Y�	 f%28&� �+.� %\%N   (�b- 
^�� 5���� HG�i E[G AeW _#%,B�H;%�! I2J _=�.�� H) ��123q!=  ¥,� .(  ��<�x = 

90
o      Y, A�="# 5��$� 1'%+G �    q�! ���x          I�- 4����+8G ��t�X #%�� 1'%+G ��	X 

 5����# �%��, .    L- U�<G AX q7\� I-�%, ψ       q�! I- ��ª �%;%28&� ��� 2θ)  *2�
     ���' 5�"�P ��� �%0�-� #%6��� �0& (  q�!"x     4�#"�¬ A2� �! E	
� ��- AX q�= �

'��h�� 5^=#  _=��$�        5+�$� 5;�<Z 5�;�' "X 5Vd:<\� )    �%D�D0��� *[.<� I2�
         5���U^ �%,L- 9��:�;� ��� _=#%! A2G AX 5�<�G"��� �%0�-R� .(    ��#%��P ABψ 

     A2G AX �'R 5-�:�L\�5-��-µ *[.<�        � _E[h A2G AX %T   AX �%0��-R�  E[���  
        ��� �; %6� �³�b /"�P ��- ��� CD�- 123'   _=�.�  5�D�d�h    5�6�+' μ 

5��%� .    ���ZX A2G _=�.�� AX ��    "X �t�X 5��μ       �%;%28&� y�+G AX K&%2-e' H&eW �[hX 
  �t�X   ���UG (-ψ �X� .             ³��.��� 9�:�L�G AX %7��.�; � A�2G �; %pX �.L'

         �%,L- »DW I- �'R �12� �%&%�.�� 5-U$ �%D�D0Gψ     I- ��F��� _���i 5!�' 
  %pX -}� =�+'  A%2   ]+W �%0�-� ��E{FG 1t« .�|B   qL+&�      I2� %��"P o8' �<� f%28&�

 �<� �L��       (- a%LGR� E[G � ���	X ψ   ��� B  - A2� H&=�.  4� 8' �<�o   "X �(b�\� 
      q�! �<� �%;%�! AX �ψ   �' 180

o  _�, ���       ��/#= 123' ³W��G R   %peW  X *�[.<�ÎR 
G 5-�:�L- A2.     2G _�3�� � ��E[G AB     (- 5b=%8�- A  q�!e

-µx    �r<�� *[.<� 5'L¬ 
                 �|B %6�W 4���F�- A2G AX I2J R ������� 1, q�� u, gB H&X q�= µK3�� u8' %7��B

   56�! �&%�μ  5D�Dh 5b��d\�  .          (�!�\� I�� 4%d��² A2� *2� Y� ������� AX �
   56�! �&%�"μ    4%+'%; 5b��d\�  q¾{ I-        A�2G �; �CD�- F�	 �     gB 5�^%, �
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  _#%�B5O%8-             k�<0�G A%�� �|B %6� �r<�� o[' �5D�D0�� 56�+�� 9��:�;%' �%&%�.�� 
 �%,L- "X H^��ψ��68�;� �!  .  

  

  
�� ��� ��	)
,%.( &'*  +�- / �01�2�� 3- 45��� 67�8�" 3�$9 4	�:����;�- .  

  
    ³.�G AX I2J       h%	 �%;%�! gB %�� R j�� 5�.������ �����     q��� AX #��ª 5

 ��� 1, �" ����   gB >+<  ���� �,- §=%+G .  ' 168G %pB  5�;�   �%0��-� §%L,
>�;        5�+t\� �"�d�� a6£ 1�+G *2� �%0�-�     ́ �" _#h�\� ������� 1-�� u''L5 

) %l%8'�- "X .(    I2� ¹ �A%2-}%'   ³�.�GR    " H^" k�<0G ��N R   >L- ψ   Q?Z AeW �
  « 5�.������ �����       Y�O� =��6�;R ab- A2G I2� �E	
� |�\� 1t :  %7-��:�;� AX

    1t- w-���� �DIFABS   " XABS    @ �! &�+�%      �%0�-R� �%D�D0G AX f%;X ��� Q#
  D<- A2G 5+�3\�P%�_            ���¨ 5���7<- �%��	X �%D�D0�G ��� 16�3G ���

  ��%0�-R�%pX"    ' 5-�:�L- 4%.�%� A2G 5+���   E� 5-��- . X �     gB 4���V�- �<� K&
   9�:�LG AX  1t-      =�G ��� w-%&��� AX ��FG ������ Q?Z4�    5���	���� HG%d�:�- 5.!��ª  
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    �%0�-R� >�D0G ��- AX =%.�	�"  4R+8- A2�  .      5�+����� Q?�Z 9��:��;� A2� 
4%b=%8�-     168�� I- 5<�8- a�&X (- �    Q3G %pX  5,�P}� ����-�=%'     ������ 5<�%.�- R" 
 � K<2J��      - �%D�D0G ³�3G AX Y%t\� 1�.; D��=       5�;�<Z ����-�=%�.� Â8- ��| _
�/UO�.  

  
)�,U,�(H"+	+6: ?]^�  Decay corrections  

              I�� k32�� q�� AX *[.<� ��%&%�.�� () �%<{X CD�- 123' _=�' ���� �
        |	F\� q��\� *^�8�� 18d��" 5�;%�+�� �%;%28&R� � ��E[��%' �?Z .#��ª   16�2� AX 

         �¤R �%D�D0G ³�.��� 9�:�LG AX 5�=%�8\� �%;%�+�� I2J �%&%�.�� ()Y   _=��.�� 
)    *�%Ld�LW =%3�&� � _#%�P "X (    ��=��+�;R� 9�8� "X   P%7O%' 5+�8�\�)   ��� AX ·�3'

   f%�+- yd& ��� Q?Z�   5�=%�8\� �%;%�+�� I-U�� .(       ³�.�G AX 5�=%�8\� �%;%�+�� I2J 
 <�- ���'     6£ u' *�	 Y%62�;� 1t- �5���%        ���� =��G �5�=%�8- �%;%�! I- 

  �%8W#)d-��4�          �%&%�' () �%<{X �6L+&� �! KG=�' I- 4��U^ AX �  (�G    ÂD<�- ³�W�
_Et� #"�$�  .     Y�¤R 9%8�� Å���WR� A2� ���� I�%.�-   _#%�>�Dh     q��� I�2� �

      �d<\� E�%8\� � E[��� gB �r<�%' Q=%.�	�_# .         �& AX �Z Y��¤� >�D0G ��Z AB(V 
          �%&%�' () I- 5d��² 1,��- ��� _|	F\� _�3�� �%;%�! +�� yd<'��%_ .   1�.�; ���

        %7�6�! k0& gB E�%8\� �VdÌ� � Y%t\�5�����'R�  7<' 4%-%« %    �%&%�.�� () 5�  ³�.�G @"
 5d�%V- I2J �*�	 >�D0G �	º f%28&�()| k8b 1-%8' �8&�� �Y"
� f%2.  

  
)�,U,�(�9#_ ���� H"+	+6:  Other possible corrections 

   #%Ï}� �{��extinction       �5�! �%;%28&� ��� y��= 123'   �5��"�U�� 5Vd:<-
  _#%�"  >D0��'6V�u       ������� >�+<G � E[�6� #�d<- >�D0G 1-%8-  .  #%Ï}� A2�
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/&%t�� secondary extinctionY��� ��� 4��6�8- ;X A2� �*^\� X   a%8�iB (�- 
<� f%D<��H(- \� a%8iB 9&�.��.  

 /=��, ��3G PU8� �!� 3��&%=/ thermal diffuse scattering (TDS)  123�' 
*�%<�h�      58dG�- %��"P �<� �%;%28&� o8' _�i  .   AX 5+�+,TDS     (�- 1+G   5�^=#

 (�3- ��%' 4%V�X 9�+G _=��$�º<- _=��, 5^=# �<� �%&%�' (6O �	5Vd:.  
         ��� AX k�%V- #�, ��E{F�� �t�X 16�´� I-kh��G H��-    (- P=%' 5�2.i 

  =¬ .             (b- �<� _U�6�- _�i =7c gB /#�G ��, 4%,b" �t�X A2G %pB #+d-
*�7<- .           �d�� _�-U�� ���� �<� 1�%3- �.LG �! %peW %ZU�« Ã,�� ¹ ���5� .  I�2J

 U�« AX 4%V�X =0'+�b f%28&�&%^ _|%i 5.5�.  
            A2G j�� ��=�.�� ��E{FG Å8G AX �%&%�' Y�U�	� w-��' o8' Y"%� �;

    v�L�� a%83�� 5-U, I- ��X�   A2�   k0&��!     ̂ ���" _=�.�� #%8'X" 58i
� H^- � H
5'��- . AX _�3' �h�GHD�D0G 5�"%¬ I- 4R�' (b�� �?Z �<��.  

  

&/�"` Exercises  

)¥,� (     %7<- 1� Å���W%'     a%8iB I- /X ��%�-Cu    a%8iB "X Mo   �;   H-�:�L�G
�|%\" 5�G�� �%.������: 

)X (C6H4Br2  �)§ (C6Cl4Br2  �) (C36H12O18Ru6�)  # (     I�- ³���- 1�23G
C24H42N2O8�) �Z ( I- ³��- 1�23GC24H40Br2N2O8¼   

)¥,� (  %T A2� j�� �uG�' �+8- I- _=�' K���B_#%, d�8b %- 5KG�=%��	�¼ 

)¥,¢ (  I2� ¹ '           Y0�$�" _U���` �%;%28&� I- 5�G�� 56�%+�� k<0& AX A%2-}%
     ̂ G 5Wd0-" ����G _�," 5��	 ��� _=�.�� H .     �?�T 5�6�¬ §%.;X ���!�

13d��. 
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)¥,® ( �d<�h     ����G _�," 5��	 *�8�� _=�'    a�bX �-%8�- 5�;%+-. A%�    *�� %- 
U^4��         1{%« =%.�	R ��6�� �%;%�! I- 4RÐ �t�X 1;�; I-  #�$�  .  I2� ¹

E{FG �%<Z�� �%0�-� _E.� .�-%8�- 5+�+, _=�.�� 1Z_¼a�bX  

  
 

)¥,¥ ( *�8�   ���- C32H31N3O2     Y�¬ I- HG=�' �« /?��     A�=W=���Z *�%�'=  
(C4H8O, THF) tetrahydrofuran  q��� 5��"X 1�\� 5�#%,X ����G _�," 5��	 

1850Å
3 . ������� _�," 5��	 �%��¬ *Z %-�6�´�5¼ 
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)¥,¶ (   #�,%6�W       �%�;%28&R� AX �� (3,9,10)  �(1,5,11)  �(-2,4,9)  �(-3,10,1)  �(-

1,3,8)  �(0,4,14)   " (2,4,8)        >�+<�� 5.;%<- A2G �1{%« �%MW%2�- gB 5W%b}%' 
      ������� _�," 5��	 gB 5�'%+\� H^��� 5Wd0-  1�\� /#%,X  _U��` �C   (�- 

a=5.65Å �b = 15.92 Å �c = 10.24 Å �β = 99.6
o. 

)¥,� (         I��« � %6� ������� _�," 5��	 yd<�)¥,¶( �X �4%� BA �^" � I-    9U�$� 
¼_�i E�%86� 5.;%<- A2�; �%;%28&R� I- 5��%��� 

 

  
)¥,m (  ��- =�! (- 5��%��� ��=�.�� 58!�- �%0�-� >�D0G 1-��μ=1.0mm

-1: 

) X(  5D�dh= +�! 50.02×0.4×0.4 mm  
) § (   5D�L- _=�'0.2×0.4×0.4 mm 

) (   _=�'� 5�.t-�#64% 0.06×0.08×0.40 mm 

) #(   _=�'+WX 5�.t-4%� 0.06×0.08×0.40 mm 

'%L$� ��X�% (- μ = 0.1 (-" μ = 5.0 mm
-1 

)¥,� ( @����G _�," 5��	 ����-�=%' I- 5-U$ I����+G 16� : 
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) X(  a=8.364(12), b=10.624(16), c=16.76(5) Å, α=89.61(8), β=90.24(8), 
γ=90.08(6)

o  
) § (  a= 8.327(4), b= 16.622(6), c= 16.804(8) Å, α= 90, β= 90, γ= 90

o  
     %��"P ��� H^G 5Wd0- >�+<G I- 5+�3- g"
�«�� U�� 12  5��&%t�� �f%28&� 

  I-62      I- �%;%�! I- "P 2θ   �<� ±ω .        K3�� gB 5�%, 1� � È��+��� 9%7;}� =�!
 5�'�= �C – C 56�+'  1.520Å.  

)¥,�n(   ��%&%�' () �      � k8b ��7�;� q�� %- _#%�        %�6� f%28&� 56! f%�! � _�\
        ��L��� 5�d��� 5�6£ f%�! � H��7�;� q��(LB)      Â6���� 5��d���" (RB) 

�?T 50�%�� 56+�� _�i A2G5�;�' _%�8- :   
    

Inet = Ipeak – 2(ILB + IRB) 
  

5�;�' %� �%�� K3��":  
 

σ(I)net = [Ipeak + 4(ILB + IRB)]
1/2

 
 

  � �L,Inet " σ(I)net5��%��� �%;%28&�� :  
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