
�Ä¸u�»�ÉZÅ�Ä»Z¿�]É�Z��Ã{Z»M 
NN��
�Ä»Z¿�]NN�Y��ZÆ¼eY�¹Z¼e�½Z´ËZ�¼Å�¾Ë�f°Ë{�¿�¶�YÂ§��Ã|��Ã{Y{�Ê¼eY�ÉZÆfÌ «Â»��Z�Y��]�Ä^�Zv»�¾Ë|]�Á

ÉZÆÌ³{Zf§Y�ºÅ�ÉÁ��\Ìe�e�cY�¯�¬ve�Y��ÉÁ���Y�|ËZ]�cY�¯��Z ���ÅZ¯�Z]��ÌyY�c�Â���{�Ä¯�,|À¯�Ê»�ªÌ
{Â��É�Ì³Â¸m�ZÆÌ³{Zf§Y�ºÅ���É{Á�Á�¾ËY�Ä»Z¿�]case.struct�½M�ÊmÁ�y�Á�case.outputnn �d�Y���Ä»Z¿�]�¾ËY

|À¯�Ê»�ªÌ¬ve� Y�� ZÆ¼eY� ½{Â^¿� ZË� ½{Â]� ��Y� ºÅ�¾ÌÀr¼Å�cZ�Ô�Y�¾ËY� �Y� Ä¯���½{Â]�d��{Z¿� �Y� ½YÂe�Ê»
� Ê·Z¼fuYcase.struct|�� ÃZ³M�� �� ½{Â]� d��{Z¿� c�Â�� �{case.struct� Ä»Z¿�]�NN�®Ë�case.struct_nn�

{�Ì³��Y�«�Ê���]�{�Â»�½M�dv��|ËZ]�Ä¯�,|À¯�Ê»�|Ì·Âe�É{ZÆÀ�Ìa���Ä¯�d�Y�ÊÀ »�½Y|]�¾ËYcase.struct_nn�
�Z»Á�·case.struct½{�¯�{�YÁ��{�É�Zf�Â¿�ÉZ�y�¾Ë�f°qÂ¯�Ä¯�Y�q�,d�Ì¿�[Â¸�»���Y�Ê°Ë�Ê¼eY�ÉZÆfÌ «Â»�

d�Y���Y�ºÅ�ÉZÆ¼eY�½|�¿�ÄfyZÀ����Y�ºÅ��Á�]�¶ËÓ{��ÄfyZÀ����Y�ºÅ��Ì£���Y�ºÅ�ºeY�Á{�Ä¯�d�Y�¹�Ó�ÃZ³�
��Ì�ZÀ¤»�Á�§�{Za�cZ^�Zv»��{�Ôj»�,|¿Â�bcc-Cr�ÉZÆ^�q�]�Z]�|ËZ]���Y�ºÅ�ÉZÆ¼eY�c�Â��¾ËY��{�Ä¯�,��Á�

��c�Â��Ä]�Cr1, Cr2��´Ë|°Ë��Y���{case.struct�|¿Â��Ã{Y{��Ì¼e���
��

SGROUP���
�Ä»Z¿�]SGROUP�ÊËZ�§� ÃÁ�³��Ä°^�Y��Ä°^���Z¬¿� �Y�®Ë�Å�ÉY�Ä�¬¿�ÉZÆÅÁ�³�Á�,Ä°^���Â¿��Z�Y��]�

Ã|�� Ã{Y{�Ê¼eY�ÉZÆfÌ «Â»�Á� ,Ä°^��ÉZÆf]Zi|À¯�Ê»�¾ÌÌ e���É{Á�Á��¾ËY� Ä»Z¿�]case.struct�½M�ÊmÁ�y�Á�
case.outputsgroup�d�Y� ��]�¾ËY��f°qÂ¯�Ê·Z¼fuY�|uYÁ�ÉZÆ·Â¸��Ä»Z¿�Y��ÄÌ·ÁY� Ã|�� Ã{Y{�µÂ¸��Ä]�d^�¿�

|]ZË�Ê»,��Z�Y��]�¾ÌÀr¼Å�Á� ,|À¯� Zm�Ä]� Zm� Ã|��Ã{Y{�¾ÌÌ »��Y{�]�®Ë� Ã�Y|¿Y� Ä]� Y��µÂ¸�� Y|^»�|¿YÂe�Ê»�
case.struct�®Ë�Ã|��Ã{Y{�case.struct_sgroup�|À¯�Ê»�{ZÆÀ�Ìa� ��¹Z¼e�ÉY�]�Ä»Z¿�]�¾ËY��mY�»��� �ÃÁ�³�

¯�Ê¸¸¼·Y�¾Ì]�µÁY|m�ÊËZ�§�µZ��Ê§Y�³Â·Zf�Ë�����|À�Z]�Ê»����
��

SYMMETRY���
� Ä»Z¿�]SYMMETRY�ÃÁ�³� �Å� Z]� ��ZÀf»� Ê¿�Z¬e� ÉZÅ�´¸¼�� ,Ä°^�� �Z¬¿� �Y�®Ë�Å� ÉY� Ä�¬¿� ÉZÆÅÁ�³����
ÉY�Ä�¬¿��Ë{Z¬»�Á�,LM�Ä°^��ÉZÆ´ÀÅZ¼Å��ËZ¼¿� «Â»�Á�Ä°^���Â¿��Z�Y��]�Y�Ì�¾ÌÌ e�Ã|��Ã{Y{�Ê¼eY�ÉZÆf
|À¯�Ê»��Ä»Z¿�]�¾ËY�É{Á�Á�case.struct�½M�ÉZÆÌmÁ�y�Á�case.outputs� Á�case.in2_st�d�Y� ��Ä»Z¿�]�¾ËY
���ÂeG. Vielsack��cZ^Ì¯�e�¾ÌÌ e�ÉY�]LM�ÃYÂz·{�cZ�fz»�ÃZ´f�{�®Ë��{�d�Y�Ã|��Äf�Â¿�Ä¯���b�



 

�cZ^Ì¯�e� {Y| e� ½{�¯� ÄÀÌ¼¯� ÉY�]� Ê �Â»� ½Y�Á{� ÉZÆ�Ë�eZ»� �Y� ½M� �{LM�Ä°^�� ÉZÆ´ÀÅZ¼Å� ��]� �{�
Y��Z]�ª]Z�»��Z]�Ê·Z´q�Á�¶Ì�¿Zfa�]Á{Â��Ê»�Ã{Z¨f�Y��Ë������
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�ZÆ¿M��{�Ä¯MT�Á�I�\Ìe�e�Ä]�|ÀÅ{�Ê»��ËZ¼¿�Y��cY�¯��Y�k�Zy�ÄÌuZ¿�Á�cY�¯�½Á�{�ÊuYÂ¿��Ôj»���{�ÃÁ�³
�ÉY�Ä�¬¿mm2�Á�ÉY�]�L=1fyY�ÉY�Ä¿Â³�Ä]�cZ�fz»�ÃZ´f�{��³Y�Ì��Âv»�Ä¯�{Â���Zz��]���Âv»�Ä¿Z³Á{�½Y�Á{

¬§�ÃZ´¿M�|�Z]�ª^�À»�\Ì¯�e��LM=1, 0�Ä���Å�ÃYÂz·{�cZ�fz»�ÃZ´f�{�®Ë��{�Ä¯�Ê·Zu��{�,d�Y�¹�Ó�
Ä¸¼m1, 0  ; 1, 1  ;  -1, 1 �LM=|¿Y�É�Á����� 

d�Y�\�ZÀ»�cZ�fz»� ÃZ´f�{�®Ë� �[Zzf¿Y� ¹�¸f�»�ÊË�m�ÉZÅ�Z]� �Ì^ e� ��ÉZÆ·ZfÌ]�Y�ÓZ]�µZj»� �{p�Á{�Ä]�
{�ZÆÀe�ZÆ¿M�Z»Y�,|¿Â��Ê»�Äf§Z°���Ë~aZ¿��ÅZ¯��ËZ¼¿�ÉZÆ·ZfÌ]�Y�Ä]�|À¿YÂe�Ê»�Êe�Â���px, py, pz��Ã{Y{�d^�¿

�|¿Â�Ä¯��Âv»�z|�Z]�Ä¿Z³�Á{�½Y�Á{��Âv»�®Ë����
��

LSTART���
�Ä»Z¿�]LSTART�Ã|��tÌv�e�Äz�¿d�Y�Ê¼eY�|¯�®Ë����\Ë�¬e��Y�Ã{Z¨f�Y�Z]�|¯�¾ËYLSDA�ÊfÌ^�¿�¶u�Ä]�

­Y�Ë{�Ä·{Z »��{�Y{�a�Ê»�­Â§���
 ÉZÆË{Á�Á�¾ËY�Ä»Z¿�]�case.struct� Á�case.inst� ,½M� ÉZÆÌmÁ�y� Á�case.rsp,�case.vsp�,

case.outputst,case.in0 � ,case.in1� ,case.in2� ,case.inc�Á�case.inm�d�Y� ��Ä»Z¿�]LSTART�¿Zfa�Ì�ÉZÆ¸
¾Ì§Â»�ÉZÅ�¯�½Á�{�Y��Ê¼eY�|À¯�Ê»�|Ì·Âe�¾Ìe�(case.vsp)���Y��Ê¼eY�ÉZÆÌ·Z´q�Ä»Z¿�]�¾ËY��Ì¿|À¯�Ê»�|Ì·Âe�

(case.rsp)� ZÆÌ·Z´q�¾ËY� Ä¯� ,� Ä»Z¿�]���ÂeDSTART�ÉY�]� ÄÌ·ÁY� Ê·Z´q�®Ë� Ze� Äf§�³� �Y�«� Ã{Z¨f�Y� {�Â»�
|À¯� |Ì·Âe� �Z³�Z�{Ây� ¶u� Ä¸u�»�� Ä¸u�»� ¾ËY� �{�� dÌ§��� ÉZÆ¿Á�f°·Y�� dÌ§��� 	Ã�¤»� Ä^�� ���Y� |ËZ]

»Y�Za�®Ë� ½YÂÀ�� Ä]� É�Z�Y|m� É��¿Y� Z]�®Ì°¨e� ¾ËY� Ä¯� ,|¿Â��®Ì°¨e� Ã�¤»� ÉZÆ¿Á�f°·Y�¹Zn¿Y� É{Á�Á� �f������
{Â�� Ê»� �� �Z�Y�]� É�Z�Y|m� É��¿Y� Ê¼eY� Ã�ËÁ� �Ë{Z¬»� Á��Z³�Z�{Ây� ¶u� Ä¸u�»� ÉZÅ� Ä»Z¿�]� É{Á�Á

ÊÀ Ëcase.in0 � ,case.in1� ,case.in2� ,case.inc� Á�case.inm|¿Â�� Ê»� |Ì·Âe���É��¿Y� [Zzf¿Y� ¾ËY�]ZÀ]�



 

�É�Z�Y|m(S.E.)��»�cZ^�Zv»�ÉZÀ^»� Y�Ë�� ,d�Y��Y{�Ây�]�É{ZË��dÌ¼ÅY��Y�ÄnÌf¿� �{�Á��Z³�Z��{Ây�Ä¸u
{Â��Ê»�É�Ë��ÄËZa�Ä¸u�»�¾Ì¼Å��{�ÊËZÆ¿�lËZf¿���¾Ì e�ÉY�]�É�Z�Y|m�É��¿Y¶¼���Ë��c�Â��Ä]�ºÌÀ¯�Ê»���

¦·Y���É�Z�Y|m�É��¿Y��Y�¾Ì »��Y|¬»�®Ë�ÉY�Y�Ä](-6.0Ry)�Ä»Z¿�]�LSTARTºÌÀ¯�Ê»�Y�mY�Y�����
[���ÊmÁ�y�¶ËZ§��{�Ã|��|Ì·Âe��Ë{Z¬»�Ã�ËÁcase.outputst�ºÌÅ{�Ê»��Y�«�Ê���]�{�Â»��Ë��c�Â��Ä]�Y����
��

-514.09427 
-60.96008 
-51.67440 
-50.75597 
-6.61035 
-4.19666 
-4.08485 
-0.30733 
-0.29712 
-0.30776��

-514.09504 
-60.04156 
-51.73511 
-50.81845 
-6.80000 
-4.38376 
-4.27103 
-0.47568 
-0.46495 
-0.37634�� ��

�Ë{Z¬»� Ã�ËÁ�`q�d¼�� ½Âf��É��¿Y� �Ë{Z¬»� Ã�ËÁ�d�Y��d¼�� ½Âf�� Á� ÓZ]� ¾Ìb�Y� Z]� ÉZÆ¿Á�f°·Y�É��¿Y�
�\�u��]�Y��¾ÌËZa�¾Ìb�Y�Z]�ÉZÆ¿Á�f°·YRy�ºeY�ÉY�]�Fe|ÀÅ{�Ê»��ËZ¼¿��,��ÉY�mY�¾Ìu��{�É��¿Y�|uYÁ�Ä»Z¿�]

eV�|uYÁ�Ä]�½M�ÊmÁ�y�Ê·Á�|�Z]�Ê»�Ry{Â��Ê»�¶Ë|^e���Ä»Z¿�]��{�É��¿Y�|uYÁ�Ä¯�d�Y�¾ËY��»Y�¾ËY�d¸��
�¾ËÁRy�Ê¼eY�Ã|�¿�tÌv�e�ÄÌ·ÁY�Ä»Z¿�]��{�Y|f]Y��Y�|uYÁ�¾ËY�Ä¯�Ê·Zu��{�d�Y�eVd�Y�Ã{Â]�����Ë{Z¬»�Ã�ËÁ�

|À�Z]�Ê»�¾ÅM�ºeY��Y��Ë��Ê¼eY�ÉZÆf·Zu�Ä]��Â]�»�\Ìe��e�Ä]�©Â§�É��¿Y���
��

1s, 2s, 2p*, 2p, 3s, 3p*, 3p, 3d*, 3d, 4s ��
�ZÆ¿M��{�Ä¯“*”�Ê¼f¿YÂ¯�{|��Z]�ÊËZÆf·Zu�Ä]�Ì^�¿�Êf|À¯�Ê»�Ã�Z�Y�cÁZ¨f»���

k���Ã|��Ã{Y{�É�Z�Y|m�É��¿Y�Ä�ËZ¬»(-6.0Ry)�½Á�f°·Y�Á{�Ä¯�|Å{�Ê»�½Z�¿�Ê¼eY�ÉZÆf·Zu��Ë{Z¬»�Ã�ËÁ�Z]�
�d·Zu3s|¿Y� Ã|�� �ZÌfyY� Ã�¤»�ÉZÆ¿Á�f°·Y� ½YÂÀ�� Ä]��� ½Á�f°·Y� Á{� ½{Â]� Ã�¤»�d¸��3s�É�¿Y� Ä¯�d�Y� ½M�

� ,d·Zu�¾ËY�ÉÓZ]�¾Ìb�Y� ½Á�f°·Y-6.8000Ry� Á� � ,� ,½M�¾ÌËZa�¾Ìb�Y� ½Á�f°·Y�É��¿Y-6.61035Ry��Y� �f¼¯� ,
� ,É�Z�Y|m�É��¿Y-6.0Ry|À�Z]�Ê»�� �� {|��ÉZm�Ä]� �³Y� Ä¯�d�Y�ÊÀ »�½Y|]�¾ËY-6.0Ry� {|��-7.0Ry�Ä]�

�d·Zu�½Á�f°·Y�Á{�ÃZ´¿M�,{{�³��ZÌfyY�É�Z�Y|m�É��¿Y�½YÂÀ�3s|»M�|ÀÅYÂy�[Z�u�Ä]�dÌ§���ÉZÆ¿Á�f°·Y����



 

{��e�|ËZ]�Ä¸u�»�¾ËY��{�d·Zu�½Á�f°·Y�Á{�ZËM�Ä¯�{Â��ªÌ¬v3s��Zf§��ZË�|¿�Y{�Ã�¤»�ÉZÆ¿Á�f°·Y�|À¿Z¼Å�É�Zf§��
�dÌ§���ÉZÆ¿Á�f°·Y�Ä]�ÄÌ^���f�Ì]� ZÆ¿M�Ã�¤»�Ä¼Ì¿� ZË�dÌ§����d�Y� ��Â�À»�¾ËY�ÉY�]�¶¯��Z]�Á�¶¯��Z]�|ËZ]�

�Ã�¯�½Á�{����É�Z�Y|m�É��¿Y�Á{��Å�ÉY�Y�Ä](-6.0Ry, -7.0Ry)|¿Â��Ä�ËZ¬»�ºÅ�Z]���ËY�d�¿�½Y�Ì»�Ä�ËZ¬»�¾
{Y{�|ÅYÂy�½Z�¿�Y��Ã�¯�½Á�{��Y��Z]��Y��³Y·�d·Zu�ÉZÆ¿Á�f°3s�Ä]�Ã�¯�½Á�{��Y�|ËZ^¿�,|À�Z]�Ã�¤»�ÉZÆ¿Á�f°·Y�

|ÀÀ¯�d�¿�½Á�Ì]� �Y��³Y·�d·Zu�ÉZÆ¿Á�f°3s�dÌ§���ÉZÆ¿Á�f°·Y��Ã�¤»�Ä¼Ì¿�ZË�dÌ§������Y�|À¿YÂe�Ê»�,|À�Z]
|ÀÀ¯�d�¿�½Á�Ì]�Ä]�Ã�¯�½Á�{� �Z]�Á�¶¯��Z]�É�Z�Y|m�É��¿Y�ÉY�Y�Ä]�Ã�¯�½Á�{�¶¯��-6.0Ry�ÊmÁ�y��{�

case.ouputsd�Y�Ã|��Äf�Â¿��Ë��c�Â��Ä]����
�
TOTAL CORE-CHARGE:                                             12.00000000005831 
TOTAL CORE-CHARGE INSIDE SPHERE:�              11.99785897382221� ��

�Êf�¿�Z]�µ{Z »�Ä¯0.00214Y�·d�Y�Ã�¯��Y�k�Zy�Ä]�½Á�f°����
�É�Z�Y|m�É��¿Y�ÉY�Y� Ä]� Ã�¯� ½Á�{�¶¯� �Z]� Á�¶¯� �Z]-7.0Ry�ÊmÁ�y� �{�case.ouputs��Ë��c�Â�� Ä]�

d�Y�Ã|��Äf�Â¿���
�
TOTAL CORE-CHARGE:                                             10.00000000005758 
TOTAL CORE-CHARGE INSIDE SPHERE:�              9.999999992285076� ��

�Êf�¿�Z]�µ{Z »�Ä¯0.0000000008d�Y�Ã�¯��Y�k�Zy�Ä]�½Á�f°·Y���Ä¯�|Å{�Ê»�½Z�¿�Êf�¿�Á{�¾ËY�Ä�ËZ¬»�
�{|�-7.0Ryd�Y�É�Z�Y|m�É��¿Y�ÉY�]�É�f^�ZÀ»�{|��� ��ÉZÆ¿Á�f°·Y�Ä¯�d�Y�ÊÀ »�½Y|]�¾ËY3s�¾ÅM�ºeY�

�Ä¯�,|¿�Y{�dÌ§���ÉZÆ¿Á�f°·Y�Ä]�ÄÌ^��É�Zf§��É��¿Y�Z]�ZÆ¿M��]��³Y-6.0Ry�¤»�{�YÁ�Ä¯�{Â��¶Ì¼ve�Ã�,|¿{�³�
{�¯�|ÀÅYÂy�d�¿�k�Zy�Ä]�Ã�¯�½Á�{��Y�½Z�¿{Â]�dÌ§���dÌÅZ»�¶Ì·{�Ä]�ÃZ´¿Md�Ì¿�[Â¸�»�Ä¯�����°��Ä]

��³Y��f^�ZÀ»�É��¿Y�[Zzf¿Y�Z]-7.0Ry�ÉZÆ¿Á�f°·Y�Ä]�3s�ÉZ¨ËY�dÌ§���½Á�f°·Y�½YÂÀ��Ä]�Ä¯�{Â��Ã{Y{�Ã�ZmY�
|ÀÀ¯��¬¿�d·Zu��Y�¶^«� Ã|¿Z»�Ê«Z]�ÉZÆ¿Á�f°·Y� ÃZ´¿M� ,3s�Ä]�Ê¸ËZ¼e�pÌÅ�|Àf�Å� Ã�¤»�ÉZÆ¿Á�f°·Y� Z «YÁ�Ä¯�

d�Y�[Â¸�»�Ä¯�|ÀÅ{�Ê¼¿�½Z�¿�{Ây��Y�Ã�¯��Y�k�Zy�Ä]�d�¿���Ê·Zy�½M��¯}�Z»Y�d�Y�t�YÁ�½ÂÀ¯Y�|Àq��Å
�É�Z�Y|m�É��¿Y�[Zzf¿Y� Z]� Ã�¤»�ÉZÆ¿Á�f°·Y� {Y| e� Ä¯�d�Ì¿�¦�·� �Y-6.0Ry� �]Y�]�Ã{�YÁ{�½Á�f°·Y��d�Y

�� ½Á�f°·Y� Á{� ½Âq3s|À�Z]�Ê»� Ã�¤»� ½Á�{� ½ÂÀ¯Y�� �� Ã�Y|¿Y� Ä]� Ä¯�� ½Á�f°·Y�� �f�Ì]� �YÃ{�Z]� Ã�¤»� ½Á�f°·Y�
�É�Z�Y|m�É��¿Y�[Zzf¿Y-6.0Ry��d�Y��½Á�f°·Y�Á{�½Âq3s��½ÂÀ¯Y|À�Z]�Ê»�Ã�¤»�k�Zy������



 

�Ä»Z¿�]� �Y�¶�Zu�cZ�Ô�Y��Y��´Ë{�Ê°Ë��Ì¿�ºeY��Å�¶¯�É��¿YLSTART�ÉY�]�½YÂe�Ê»� ZÆ¿M� �Y�Ä¯� ,d�Y�
{�¯�Ã{Z¨f�Y�®^��ÉZÆ¼eY�Ê´f�^¼Å�É��¿Y�Ä^�Zv»���ZÆ¿M��{�Ä¯�¾Ì´À��ÉZÆ¼eY�Ê´f�^¼Å�É��¿Y�Ä^�Zv»�ÉY�]

¾Ìb�Y��À°¼Å�]��¼ÅY��Y|»Ìd�Y�Ã|��ÄÌ�Âe�ÄfyZË��]Y��Á��{�Y{�d���Ã|��Ä^�Zv»�ÉZÆË��¿Y�Ê¸¯�d·Zu��{
Z¬»�¶]Z«�ºÅ�Z]�|À¿YÂe�Ê»�¦¸fz»�ÉZÆ�Á��Ä]|À�Z^¿�Ä�Ë���Ä^�Zv»�É�Â¸]�¶¯�É��¿Y�Ä¯�d�Y�ÊÀ »�½Y|]�¾ËY

��Á��Ä]�Ã|�LAPW­Y�Ë{�Ê¼eY��Á��Ä]�Ã|��Ä^�Zv»�Ê¼eY�ÉZÆË��¿Y�Z]�|¿YÂe�Ê»����Ä]�|�Z^¿��Z³�Z��­Â§
¼Å�É��¿Y�ªÌ«{�Ä^�Zv»�®Ë�ÉY�]�ZÆ¿M��Y�½YÂf¿�Ä¯�ÉY�Ä¿Â³^{�¯�Ã{Z¨f�Y�Ê´f����Z]�Ã�ËÁ�Ä]�É�Z³�Z��¹|��¾ËY

¾Ìb�Y��À°¼Å��]�µZ¼�Y��{{�³�Ê»�|Ë|�e��Y|»���Ê¼eY�É��¿Y�ºÅ�Á�É�Â¸]�É��¿Y�ºÅ�ÄfyZË��]Y��Á���{�Ä]
��Á�LAPW|¿Â��Ê»�Ä^�Zv»�����Á��¾ËY��{�½M�¶¯�É��¿Y�Á�{Â��Ê»�ÄfyZ��ÄfyZË��]Y�®Ë�ºeY��Å�ÉY�]

��Á��Ä]�ºeYLAPW{{�³�Ê»�Ä^�Zv»��Á�|�Z]�Ê�Â¿��Å��Y�|¿YÂe�Ê»�ÄfyZË��]Y�¾ËY�Äq��³Y��½Z�¿�Ä]�ne�Ê·
�®Ë�Ä¯�d�Y�Ã{Y{YZË��]��Â¿��Y�Äfyfccd�Y��f]Â¸�»��Â�À»�¾ËY�ÉY�]�\�ZÀ»�Ä°^��d]Zi�Z]����®Ë�¾Ì e�ÉY�]

{�¯�Ä^�Zv»�Y��¶¯�É��¿Y�cÁZ¨f»�Ä°^��ÉZÆf]Zi�ÉY�Y�Ä]�|Ë�Z]�\�ZÀ»�Ä°^��d]Zi���Ã�Y|¿Y�Ä]�Ä°^��d]Zi��³Y
Å� Z]� Ä¯�|À�Z]� �Á{� �´Ë|°Ë� �Y� �|¬¿Y� ZÆ¼eY� Ä¯�ÉY� Ä¿Â³�Ä]� {Â�� �ZÌfyY�±��]�Ê§Z¯�Ê�À°¼Å�]� �Â¿�pÌÅ�º

ºËY�Äf§ZË�d�{�\�ZÀ»�Ä°^��d]Zi�Ä]�,|À�Z]�Äf�Y|¿���ºnu�Ä°^��d]Zi��ËY�§Y�Ä¯�d�Y�|Ì¨»�Äf°¿�¾ËY��¯}
�À°¼Å�]�¹|������Ä¯�ÉY�Ä°^��ÉZÆf]Zi�ÄÀÌ¼¯��a�,|Å{�Ê»��ËY�§Y�Y��cZ^�Zv»�µÂ¸���]Y�½Á�{�ÉZÆ¼eY�

|ËM�Ê»��Z¼��Ä]�ÄÀÌÆ]�Ä°^��d]Zi�®Ë�|À¯�Ã{�ÁY�]�Y������
�Ä»Z¿�]��´Ë{�É{Á�ÁLSTARTÊ·{Z^e�¶Ì�¿Zfa�ÉY�]�\Ë�¬e��Â¿�¾ÌÌ e���®Ë��Å�|¿YÂe�Ê»�Ä¯�d�Y�Ê´f�^¼Å

�{�YÂ»��Y»¥�Z f�Ë����
��

LSDA (Perdew 	 Wang 92),  GGA (Perdew 96),  GGA (Perdew  92)� ��
{�YÂ»�ZË�Á���´Ë{��Ë�|�Z]���

µÁ|m��Y�|¯��{�{ÂmÂ»�ÉZÆ¸Ì�¿Zfa��YÂ¿WIEN2k 

 

Potential 
option Potential name 

11 HPBE GGA-X-Energy, PBE-C-Energy, PBE potential 

12 HPBE GGA-XC-Energy, PBE potential 

27 TPSS meta GGA-XC-Energy, PBE potential 



 

43 Van Voorhis+G.Scuseria M-GGA (PBE potential) 

44 HPBE GGA-X-Energy + KCIS-C energy, PBE 
potential 

13 PBE (Perdew-Burke-Ernzerhof) 96 GGA 

14 Perdew-Wang 91 GGA  

15 Engel-Vosko 93 GGA exchange with Perdew-Wang 
91 GGA correlation term 

16 Leeuwen exchange potential with Perdew-Wang 91 
GGA correlation term 

17 Lembarki exchange potential with Perdew-Wang 
91 GGA correlation term 

18 TH1 (Tozer-Handy 98) GGA 

19 TH2 (Tozer-Handy 98) GGA 

20 HCTH (Tozer-Handy 98) GGA 

21 TH2 (Tozer-Handy 98)-V, HCTH-Energy 

22 Filatov-Thiel GGA (PBE potential) 

23 BLYP GGA (PBE potential) 

24 Revised PBE-X + PBE-C (pbe-potential) 

25 Engel-Vosko 93 GGA exchange with LSDA 
correlation term 

26 
Engel-Vosko 93 GGA exchange potential with 
LSDA potential correlation term combined with  
Perdew-Wang 91 GGA exchange energy with 
Perdew-Wang 91 GGA correlation term 

29 GEA (with coefficient of Engel-Vosko 93 GGA) 
exchange with LSDA correlation term 

30 EX = 1.d0, E-TOT should give number of 
electrons 

31 EX-LDA only 

32 EC-LDA only 

33 EX-PBE only 

34 EC-PBE only 

35 for analysing xi and eta (case.vns and 
case.vsp contains xi and eta in terms of YLM) 

36 for analysing (laplace rho) case.vns and 
case.vsp contains laplace rho in terms of YLM 



 

37 LDA and GGA parts of 3-parameters hybrid 
functional B3PW91 

40 HPBE GGA test 

41 HPBE GGA (X only) 

42 HPBE-C GGA 

��
��

�ªË��� �Y�dÌ§���ÉZÆ¿Á�f°·Y� µZ¤�Y� {|�� ,ÊfÌ^�¿�Ê¼f¿YÂ¯� {|�� ,Ê¸�Y�Ê¼f¿YÂ¯� {|��É{Á�Ácase.inst��Ä]
�Ä»Z¿�]lstart�{Â��Ê»�Ã{Y{� ��É{Á�Á�¾ËYcase.inst���Âf�{���Âe�Ä¯instgen_lapw��Z�Y��]�case.struct�

d�Y��Ë��c�Â��Ä]�ÉÁ��ºeY�ÉY�]�d�Y�|Ì·Âe�¶]Z«�Ã|��Ã{Y{���
��
��

�
ZINC 
Ne 6         (inert gas, # OF VALENCE ORBITALS not counting spin) 
3,-1,1.0  N        ( N,KAPPA,OCCUP; = 3S UP, 1 ELECTRON) 
3,-1,1.0  N                           3S DN 
3,-2,2.0  N                           3P UP 
3,-2,2.0  N                           3P DN 
3, 1,1.0  N                           3P*UP 
3, 1,1.0  N                           3P*DN 
3,-3,3.0  P                           3D UP 
3,-3,3.0  P                           3D DN 
3, 2,2.0  P                           3D*UP 
3, 2,2.0  P                           3D*DN 
4,-1,1.0  P                           4S UP 
4,-1,1.0  P                           4S DN �

f�Y�c�Â���{�Ä¯�Y�Ã{Z¨w2web��ÉY�mY�ZËinit_lapw���Z¯{Ây��Â��Ä]case.inst�{Â��Ê»�{ZnËY���½M��{�Ä¯
��iY�Ê]��ËY�MNed�Y�Ã|���ZÌfyY�Ã�¤»�½YÂÀ��Ä]�, Zn:[Ne]3s23p63d104s2���

�¶ËZ§�¾ËY�|¿YÂe�Ê»�ÉÁ��ºeY�ÉY�]��Ë��c�Â��Ä]�Ã�¤»�Z]�ÊÆfÀ»Ar�ÊÀ Ë�Zn:[Ar]3d104s2Z]�ºÅ|����
�
ZINC 
Ar 3         (inert gas, # OF VALENCE ORBITALS not counting spin) 
3,-3,3.0  P                           3D UP 
3,-3,3.0  P                           3D DN 
3, 2,2.0  P                           3D*UP 
3, 2,2.0  P                           3D*DN 



 

4,-1,1.0  P                           4S UP 
4,-1,1.0  P                           4S DN �

�ZÆ¿M��{�Ä¯“*”ÊfÌ^�¿�Ê¼f¿YÂ¯�{|���ÌÌ¤e�Ä]�,N�,�Ê¼f¿YÂ¯�{|��®Ë�ÉY�Y�Ä]�,É�Y|»l,{�Y{�Ã�Z�Y���{|����
� �Y��aNe�{|��Ä]��� �Y��a�Ar¾ËY� Y�Ë�� ,d�Y�Äf§ZË��ÌÌ¤e����¿��{� Z]�dÌ§���ÉZÆf·Zu�{Y| e�¦�¿�{|��

d�ZÆ¿Á�f°·Y�¾Ìb�Y�¾f§�³� �,Äf§�³���¿��{�µZj»�½YÂÀ��Ä]� Y��¶ËZ§�¾ËY��yM��y4,-1,1.0  P��Y�®Ë��Å�Á� ,�
ºÌÀ¯�Ê»�¦Ë� e�d�Y��Ä]�`q��Y��Ë��c�Â��Ä]�Y��|¿Y�Ã|��Y|m��´Ë|°Ë��Y�Z»Z¯�Z]�Ä¯�Y��½M�ÉZÆf¼�«���{|�

�É�Y|»�Ê¼f¿YÂ¯l�ÊfÌ^�¿�Ê¼f¿YÂ¯�{|��,N�,Ê¿Á�f°·Y�µZ¤�Y�{|��Á�,P�Ê¿Á�f°·Y�Ê·Z´q�Ä¯�d�Y�½M�¥� »�
�¹Z¿�Ä]�Ê¸ËZ§��{�d�Y�Ã|��¾ÌÌ »�Ä�Â]�»�Ê¼f¿YÂ¯�{Y|�Y�Z]�Ä¯�Ê¼eY�µZfÌ]�Y�¾ËYcase.sigma�Äf�Â¿�(Print)�

{Â����¶ËZ§case.sigma¹Z¼e��¼m�¶»Z��|¿YÂe�Ê»�Ä¯�|�Z]�Ê¼eY�ÉZÆ·ZfÌ]�Y��Ê¿Á�f°·Y��]Y�Ê·Z´q�º����{�Á�
{�Ì³��Y�«�Ã{Z¨f�Y�{�Â»�ÉZm�Ä]��³Y�{Â]�|ÅYÂy�Ê·Zy�P�¥�u�N{Â��Äf�Â¿����¥�uP�Äf�Â¿�±�]�|ËZ]�Z¼fu�

{�¯�|ÅYÂz¿�¶¼��c�Â��¾ËY��Ì£��{�Äq�,{Â����Ä¯�|�Z]�d>¼ÅY��ËZu�ZnÀËY��{�|¿YÂe�Ê»�Äf°¿�¾ËY�µZ¤�Y�{|�
� {|��®Ë�|¿YÂe�Ê»�tÌv���Ì£�d^j»|�Z]���|Ì·Âe�Ôj»case.inst|�Z]� Ã|¿�Â»M�|¿YÂe�Ê»�½�Á�|ÌÅ�ºeY�����

case.inst��Z»Á�·��]�Ê¼eY��ZfyZ��|�Z¬»�ÉY�]�Ä¯�{Â��Ê»�|Ì·Âe�ÉY�Ä¿Â³�Ä]�¶ËZ§�¾ËY�Ä°¸]�,d�Ì¿�ª^�À»�ZÆ¼eY
Á�¥���¾Ë�f¼¯�Z]�ºeY�½M�ÄÀÌ»���Y�e�ÄÀÌ¼¯�É��¿Y�Ä]�Á�|�Z]�\�ZÀ»�¾ËÁ�Ä»Z¿�]�Ê¸ §{Â���nÀ»�d«���ÉZm

�ÄÌ^��É�Z�yY�Z]�Ä»Z¿�]�ÉY�mY�µZ¤�Y�{|���ÌÌ¤e�Z]��³Y�d�Ì¿�\n e��NSTOP= ..... ����Y�Ë��,{Â��¦«Âf»
�Äf§ZË��ÌÌ¤e�Ê¼eY�Ä»Z¿�]�®Ë�¾ËY�¾ËÁ�É�Â¸]�cZ^�Zv»��{�Ä¯�d�Y�ÉY�Ä¿Â³�Ä]�Ê¼eY�ÉZÆÌ·Z´q�|Ì·Âe��Â�À»�Ä]

{Â���nÀ»�d«Á��f¼¯�¥���Z]�[Â¸�»�ÊËY�´¼Å�Ä]Ä¯�,�Ä]�½M�d�³�Z]�Äz�¿�ÄÌ·ÁY��{Ây�Ê¼eY��ÌÌ¤e�¹�¸f�»
�ÉZÅ�f»Y�Za�Ã|ÀÀ¯�\Ì¯�e(Mixing Parameters)d�Y���Á�ÊfÌ^�¿�Ê¼f¿YÂ¯�{|��ÉY�Y�Ä]�µZ¤�Y�{|���j¯Y|u�

�ÉZÆ·ZfÌ]�Y�ÉY�]�¶¯�É�Y|»�Ê¼f¿YÂ¯�{|�s, p, d, f|¿Y�Ã|��Ã{�ÁM��Ë��µÁ|m��{��Ê¼f¿YÂ¯�{|��Ôj»�½M��{�Ä¯�,
ÉY�Y�Ä]�ÊfÌ^�¿�13 r  sl ;�{Y|�Y�Ä]����Á���	��Ë��c�Â��Ä]��
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�Ä¯�|��|ÅYÂy��nÀ»��Ë��µÁ|m�Z]�ª]Z�»��½Á�f°·Y����Á�ÓZ]�¾Ìb�Y�Z]�½Á�f°·Y��¾ÌËZa�¾Ìb�Y�Z]�½Á�f°·Y�����{
�d·Zu33   N,l� Á��� ½Á�f°·Y���� Á� ÓZ]� ¾Ìb�Y� Z]� ½Á�f°·���f°·Y�¾ÌËZa� ¾Ìb�Y� Z]� ½Á� ��d·Zu� �{

43 �  N,l��Z]|¿�Ì³�Ê»��Y�«�¾Ìb�Y�[Z�fuY� 

µÁ|m�ÊfÌ^�¿�Ê¼fÀeÂ¯�{Y|�Y���

 

É�Y|»�Ê¼f¿YÂ¯�{|��
¶¯��

2/slj �  

�ÊfÌ^�¿�Ê¼f¿YÂ¯�{|�
N��

µZ¤�Y�{|���j¯Y|u��

µZfÌ]�Y�� l 1� s 1� s 1� s 1� s 1� s 1� s 

S  0   1/2   -1   2 

P  1  1/2  3/2  1  -2  2  4 
D  2  3/2  5/2  2  -3  4  6 
F  3  5/2  7/2  3  -4  6  8  

��

KGEN���
� Ä»Z¿�]KGEN�� �Z¬¿k�Ä¯� ,|À¯� Ê»� |Ì·Âe� Ê�Zy� Ã|��É|À]� Ä°^�� �Z¬¿� ÉÁ�� Y�� ¾WÂ¸Ë�]� µÁY� ÄÌuZ¿� �{�������

�{� |À¿YÂe�Ê»��É�Ì´·Y�´f¿Y� Ã|��tÌv�e��Á�tetrahedron�|¿�Ì³� �Y�«� Ã{Z¨f�Y� {�Â»���{� Ä¯�ÊeZvÌv�e�
��Á�tetrahedron|Å{�Ê»�Ã�ZmY�d�Y�Ã|��¹Zn¿Y�¾WÂ¸Ë�]�µÁY�ÄÌuZ¿�É�Ì³Y�´f¿Y�ÉY�]��Ä]��Á��¾ËY��Y�Ä¯�

{�¯�Ã{Z¨f�Y�ºÅ�dze�kYÂ»Y��]�ÊÀf^»�Ê¿Á�f°·Y� �ZfyZ��ÉZÆ�Á���{�½YÂf]�É�iÂ»��Â�� � �Ä»Z¿�]�¾ËY�É{Á�Á
case.struct�½M�ÉZÆÌmÁ�y�Á�case.outputkgen� ,case.klist�Á�case.kgen�d�Y� �ÊmÁ�y�case.klist��{�

�Ä»Z¿�]LAPW1��É{Á�Á�½YÂÀ��Ä]�ÊmÁ�y�Ácase.kgen�Ä»Z¿�]��{�tetra��Y�«�Ã{Z¨f�Y�{�Â»�É{Á�Á�½YÂÀ��Ä]�
|¿�Ì³�Ê»� ��ÊmÁ�ycase.kgen�|¿YÂe�Ê»�¾ÌÀr¼Å��Ä»Z¿�]��{LAPW2�½YÂÀ��Ä]��É{Á�Á��Y�«�Ã{Z¨f�Y�{�Â»

�Ä»Z¿�]�Ê¸�Y�É{Á�Á��{�Ä°¿M��]��Á��»�{�Ì³LAPW2�ÊÀ Ë�case.in2�Ê»�§�É��¿Y�Ä^�Zv»��Á��(EF)�
��Á�TETRA]�Ã|���ZÌfyY�|�Z�¾Ìb�Y��À°¼Å��]���,|Å{�Ê»��ÅZ¯�Y��½�Z¬e�Ê�Ì�ZÀ¤»�cZ^Ì¯�e��{��Y|»

�Ä»Z¿�]�ÉY�mY�¾ËY�]ZÀ]kgend�Y�É�Á���Ê�À°¼Å�]�¾ÌÀq��Â�u��{���x kgen –so���
��

DSTART 



 

�Ä»Z¿�]DSRART��Ä»Z¿�]���Âe�Ã|��|Ì·Âe�Ê¼eY�ÉZÆÌ·Z´q��¼m��Y�Ã{Z¨f�Y�Z]�ÄÌ·ÁY��Z]�Ê·Z´q�®ËLSTART�
��ÉY�]� Y�|À¯�Ê»�|Ì·Âe�|¿Â��Ê»�¹Zn¿Y� �Z³�Z�{Ây��Â��Ä]�É�Â¸]�cZ^�Zv»�½M��{�Ä¯�¹Á{�Ä¸u�»��Á���

� Ä»Z¿�]� ¾ËY� É{Á�Ácase.struct� � ,case.rsp� ,case.in1� Á�case.in2� ½M� ÉZÆÌmÁ�y� Á�case.clmsum�Á�
case.outputd�d�Y���É{Á�Ácase.rsp�Ä»Z¿�]�ÊmÁ�y�{Ây�Ä¯�lstartq�ÉÁZu�|�Z]�Ê»��d�Y�Ê¼eY�ÉZÆÌ·Z´

|À¯�Ê¼¿��ÌÌ¤e��Z³�Z�{Ây�¶u�¶uY�»�Ê���{�Á���ÊmÁ�ycase.clmsum�ÉY�mY��Y�| ]�Ä¸�Z§Ô]�Y|f]Y��{�Ä¯�
� Ä»Z¿�]DSTART� Ê¼eY� ÉZÆÌ·Z´q� �Y� ÄÌ·ÁY� �¼m� ®Ë� ÉÁZu�� d�Y�¶u� ¶uY�»� �Y� Äy�q� �Å� ½ZËZa� �{

|À¯� Ê»� �ÌÌ¤e� Äf�ÂÌa� �Â�� Ä]� �Z³�Z�{Ây� �Å� ���� µÂ�u� Ze� cY�ÌÌ¤e� ¾ËY�Ê·Z´q� Ä]� ½|Ì��� Á� ÊËY�´¼
{�Y{�Ä»Y{Y�É�Â¸]�\�ZÀ»�Ê¿Á�f°·Y��ÄË�Â§�\ËY���c�Â��Ä]�Á�Ä°^��ÉZÆ´ÀÅZ¼Å��ËZ¼¿��{�¶¯��Z]�Ê·Z´q�

���ÊmÁ�y��{�case.clmsum��ÉÁ�¯�½�Z¬e�Z]�Ä¸¼m�½M��{�Ä¯�,|¿Â��Ê»�Äf�Â¿LM=0,0�Ä]�)( rr US 24�Á�
�Ä]�ÉÁ�¯��Ì£�cÔ¼m��ËZ�)( rr U2|¿�Y{�Ã�Z�Y���

��
��
��

µÁ|m�É�Z��Ã{Z»M�Ä¸u�»�ÉZÅ�Ä»Z¿�]�É�ZÌfyY�Á�É�Á���ÉZÆÌmÁ�y�Á�ZÆË{Á�Á����
 ZÅ�Ä»Z¿�]�� ÉZÆË{Á�Á ÉZÆÌmÁ�y��

 É�Á�� É�ZÌfyY�� É�Á�� É�ZÌfyY��
NN  nn.def  case.outputnn Case.struct_nn  

 case.struct     

SGROUP  case.struct   case.outputsgroup  Case.struct_sgroup 

SYMMETRY  symmetry.def  case.outputs  Case.struct_st 

 case.struct  case.in2_st case.in2_sy   

LSTART  lstart.def  case.outputst Case.vspup 

 case.struct  case.vsp  Case.vspdn 

 case.inst   case.in0_st Case.vsp_st 

   case.in1_st  Case.vspdn_st 

   case.in2_st Case.sigma 

   case.inc_st  



 

   case.inm_st  

   case.inm_restart   

KGEN  kgen.def  case.outputkgen   

 case.struct   case.klist  

   case.kgen   

DSTART  dstart.def  case.outputd   

 case.struct   case.clmsum(up)  

 case.rsp(up)  Dstart.error  

 case.in1    

 case.in2    
 |Àf�Å�Y�mY�¶]Z«��Ë��c�Â��Ä]�É�Z��Ã{Z»M�Ä¸u�»�ÉZÅ�Ä»Z¿�]�®e�®e�Äq��³Y���

�Ä»Z¿�]�¹Z¿x 

Ôj»���
x lstart �Ä»Z¿�]���Âe�Äf�ÂÌa��Â��Ä]�ZÆ¿M�Ä¼Å�Z»Yinit_lapw¶]Z«�|Àf�Å�Y�mY�����Âf�{�Ä¯�d�Y�Ê§Z¯��Â�À»�¾ËY�ÉY�]

init_lapw�Ë��Âf�{��e�Ã{Z���Â��Ä]�Zinit{Â��Y�mY����Ä»Z¿�]�¾ËY�Ä¸u�»�ÉZÅ�Ä»Z¿�]�®e�®e�ÉY�mY��]�ÃÁÔ�
�É�Z��Ã{Z»M�É�e�Ä§Z�Y�ÉZÅ�Z¯�|Å{�Ê»�¹Zn¿Y��Ì¿¶j»���Ä¸u�»�ÉZÅ�Ä»Z¿�]�É{Á�Á�ÉZÆ¸ËZ§��Y�Ê� ]�|Ì·Âe

�,�Z³�Z�{Ây�¶u�Äf§ZË��ÌÌ¤e�¶ËZ§�®Ë�½{�¯�Ã�Ìy}��Z�Y��]�Ä¯�|Ì¨»�ÉZÅ�Y|�Å�Êy�]�½Ô�Y�,�´Ë{�¹Z¿�Z]
�d¸��ZÆ¿M��Y�Ê� ]Z�yZÅ��Y�Êy�]��{�Ê^�ZÀ»�cÓYÂ��½{�¯�s��»�¾ÌÀr¼Å�Á�{Â��Ê»��z�»�É{Á|u�Ze�
�¶uY�»�\�ZÀ»�¶¼ ·Y��°��½{Y{�½Z�¿�ÁcÓYÂ��Ä]�Ã|��Ã{Y{�x�Za�¶]Z¬»��{��ÉY�mY�Ä¯�d�Y��¯}�Ä]�¹�Ó�

f�Y{��¬§�¹�¸f�»�Ä»Z¿�]�¾ËY�¾�¶ËZ§case.struct�d�Y��¿�]�Ä»Zinit_lapw�ÉZÅ�Ä»Z¿�]�Ä¯�ÊËZÅ�Ä»Z¿�]�¹Z¼e�Á�
� ½Z]�� Ä]� Ã|�� Äf�Â¿� Ê¸�YFORTRAN90� |ÀÀ¯� Ê»� �Â]�»� ºÅ� Ä]� Y�����{� {ÂmÂ»� ÉZÅ� Ä»Z¿�]� �n]

SRC_w2web/�½Z]��Ä]�Ä¯�PERL|¿Y�Ã|��Äf�Â¿�����{ÄËÓ��{�Ä¯�|Àf�Å�Ê¸»Z��ºf�Ì��ÉZÅ�Ä»Z¿�]��«YÁ�C�
(C-shell)���¶»Z��ºf�Ì���Y���¯ÂÀÌ·(Linux)|¿Y�Ã|��Äf�Â¿����ÉY�]�¹�Ó�ÄËÓ�Ä¯�d�Ì¿�ÊÀ »�½Y|]�¾ËY�Z»Y

¿��\|¯�Z»Á�·�|ËZ]�csh�ZË�tcsh�Ä°¸]�,|�Z]�¾ËÁ�|¯�ÄËÓ��{�|¿YÂe�Ê»�bash�¶»Z��ºf�Ì���´Ë{�ÉZÅ�ÄËÓ�ZË�Á�
{Â��\�¿��¯ÂÀÌ·���Y�Ë���Ì£�ÄËÓ�®Ë��YC ��Âf�{�Z]�½YÂe�Ê»�/bin/cshY�Ä¯�,{�¯�Ê¿YÂyY�§�Y��ÄËÓ�¾ËY��¾Ë

d�Y�Ã|��Ã|Ì�Ë|¿Y�¾ËÁ�Ê¸»Z��ºf�Ì��ÉZÅ�Ä»Z¿�]��{�|ÌÆ¼e���Ä¯�Är¿M�Z»Y���Zu�µZu��{���d�Y�É�Á��
d�Y��¯ÂÀÌ·�¶»Z��ºf�Ì��ÉÁ���]�\�¿� 


