
���,VW�3HSVL�VDXHUHU�DOV�&RFD�&ROD"�
�

(7+�,QVWLWXW�I�U�9HUKDOWHQVZLVVHQVFKDIW� ���� � /HLWSURJUDPP���6lXUHQ�XQG�%DVHQ��

���.DSLWHO�� �
�
,VW�3HSVL�VDXUHU�DOV�&RFD�&ROD"�
S+�:HUW�XQG�S+�0HVVXQJ�
�
7KHPD�
&GT�R*�9GTV� KUV�GKP�/CUU�H×T�FKG�-QP\GPVTCVKQP�FGT�* � 1 � �+QPGP�KP�GKPGT�Y¼UUGTKIGP�
.ÑUWPI��&GP�<WUCOOGPJCPI�\YKUEJGP�FGT�-QP\GPVTCVKQP�FGT�* � 1 � �+QPGP�WPF�FGO�
R*�9GTV�YGTFGP�5KG�+P�GKPGO�'ZRGTKOGPV�UGNDUV�JGTCWUHKPFGP��
4GKPGU�9CUUGT�DGUVGJV�CWU�OGJT�CNU�GKPGT�6GKNEJGPUQTVG��9CUUGT� TGCIKGTV�OKV�UKEJ�
UGNDUV��&CDGK�GPVUVGJGP�* � 1 � � WPF�1* � �+QPGP��<YKUEJGP�CNNGP�6GKNEJGP� KO�9CUUGT�
DGUVGJV� GKP� )NGKEJIGYKEJV�� FGUUGP� -QPUVCPVG� 5KG� KP� FKGUGO� -CRKVGN� MGPPGPNGTPGP�
YGTFGP��5KG�JGKUUV�+QPGPRTQFWMV�FGU�9CUUGTU��
�
/HNWLRQVDEODXI�
5KG� HKPFGP�CWH�FGT�P¼EJUVGP�5GKVG�GKPG�MWT\G�6JGQTKG�FGU�5VQHHGU��9GPP�5KG�FKGUG�
FWTEJIGCTDGKVGV� WPF� FKG�'ZRGTKOGPVG�IGOCEJV� JCDGP�� NÑUGP�5KG� FKG�-QPVTQNNCWHIC�
DGP��&CPCEJ� UKPF�5KG� DGTGKV� H×T� FGP�-CRKVGNVGUV��&KG�OGKUVGP� XQP� +JPGP�JCDGP�FKG�
R*�/GUUWPIGP�XQP�'ZRGTKOGPV�����UEJQP�IGOCEJV��5KG�MÑPPGP�+JTG�'TIGDPKUUG�XGT�
YGPFGP��
�
/HUQ]LHOH�
��� 5KG�YKUUGP��FCUU�9CUUGT�PKEJV�PWT�CWU�* � 1�/QNGM×NGP�DGUVGJV��UQPFGTP� KO�

OGT�CWEJ�* � 1 � � WPF�1* � �+QPGP�GPVJ¼NV��
��� 5KG� MGPPGP�FKG� �5¼WTGITCF��5MCNC��FKG�R*�5MCNC��5KG�MÑPPGP�FKGUG�5MCNC� KP�

$G\KGJWPI�\WO�UCWTGP��DG\KGJWPIUYGKUG�DCUKUEJGP�%JCTCMVGT�GKPGT�.ÑUWPI�
UGV\GP��

��� 5KG�YKUUGP��FCUU�FGT�R*�9GTV�GKP�/CUU�H×T�FKG�-QP\GPVTCVKQP�FGT�* � 1 � �+QPGP�
GKPGT�Y¼UUGTKIGP� .ÑUWPI� KUV��/CP� URTKEJV� CWEJ� XQO�5¼WTGITCF�FGT�.ÑUWPI��
5KG�MGPPGP�FKG�&GHKPKVKQP�FGU�R*��5KG�XGTUVGJGP��FCUU�\YKUEJGP�FGO�R*�9GTV�
WPF�FGT�-QP\GPVTCVKQP�FGT�* � 1 � �+QPGP�GKPG� NQICTKVJOKUEJG�#DJ¼PIKIMGKV�DG�
UVGJV���

��� 5KG� MÑPPGP� H×T� GKPG�DGUVKOOVG�* � 1 � �� QFGT�1* � �+QPGPMQP\GPVTCVKQP�FGP�R*�
9GTV�DGTGEJPGP�QFGT�DGK�GKPGO�DGMCPPVGP�R*�FKG�-QP\GPVTCVKQPGP�FKGUGT�+Q�
PGP�KP�GKPGT�.ÑUWPI�CPIGDGP��
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7KHRULH�
9CUUGTOQNGM×NG�TGCIKGTGP�OKVGKPCPFGT��&CDGK�GPVUVGJGP�* � 1 � � WPF�1* � �+QPGP��
�
� � � * � 1����* � 1�� * � 1 � ��1* � 
�����
�
&KGUG�4GCMVKQP�N¼WHV�PKEJV�XQNNUV¼PFKI�CD��CNNG�2CTVPGT�UKPF�KP�GKPGO�)NGKEJIGYKEJVU�
IGOKUEJ� XQTJCPFGP��&GP�$GYGKU� FCH×T� NKGHGTV� FKG�/GUUWPI� FGT� GNGMVTKUEJGP� .GKVH¼�
JKIMGKV�XQP�TGKPUVGO�9CUUGT��&KGUGU�NGKVGV�CWEJ�PCEJ�XKGNHCEJGT�&GUVKNNCVKQP�KP�2NCVKP�
IGH¼UUGP�FGP�5VTQO�KOOGT�PQEJ��YGPP�CWEJ�UGJT��UGJT�UEJYCEJ���
'U�MÑPPGP�MGKPG�8GTWPTGKPKIWPIGP� H×T�FKG�XGTDNGKDGPFG�.GKVH¼JKIMGKV�XGTCPVYQTVNKEJ�
IGOCEJV�YGTFGP���&CJGT�O×UUGP�IGNCFGPG�6GKNEJGP�XQTJCPFGP�UGKP���
9KT�MÑPPGP�H×T�FKG�4GCMVKQP�
������HQNIGPFG�)NGKEJIGYKEJVUMQPUVCPVG�-�HQTOWNKGTGP��
�
� � �������������������
� -������ � � � � � � 
����

�������
�
�
�
�
�
�

�

$XIJDEH������ �$GTGEJPGP�5KG� FKG�-QP\GPVTCVKQP� FGT� �9CU�
UGTOQNGM×NG�E
* � 1�� KP� TGKPGO�9CUUGT� 
F�J��/QN�9CUUGTOQ�
NGM×NG�KP�GKPGO�.KVGT����
7LSS��9KG�XKGNG�)TCOO�JCV�GU�KP���.KVGT�9CUUGT!�

�
+O�9CUUGT�IKDV�GU�PWT�XGTJ¼NVPKUO¼UUKI�YGPKIG�* � 1 � WPF��1* � �+QPGP���
$FKWXQJ��$GK�5¼WTG�$CUG�4GCMVKQPGP�KUV�9CUUGT�UQYQJN�.ÑUWPIUOKVVGN�CNU�CWEJ�
TGCIKGTGPFGT�5VQHH��&C�CDGT�XQP�FGO�XKGNGP�9CUUGT�PWT�GKP�XGTUEJYKPFGPF�MNGKPGT�
6GKN�TGCIKGTV��FCTH�FKG�-QP\GPVTCVKQP�XQP�9CUUGT�CNU�MQPUVCPV�DGVTCEJVGV�YGTFGP���
�
9KT��OWNVKRNK\KGTGP�FKG�)NGKEJWPI�
�����CWH�DGKFGP�5GKVGP�OKV�E � 
* � 1� WPF�H×JTGP�GKPG�
PGWG�-QPUVCPVG�GKP���
�
� � � -�|�E � 
* � 1� ���E
* � 1 � ��|�E
1* � ��� ���- � � � � � 
�����
�
&KGUG�PGWGP�-QPUVCPVGP�- � �DGKPJCNVGV�CNUQ�UQYQJN�-�WPF�E
* � 1���

=XU�(ULQQHUXQJ���&CU�/CUUGPYKTMWPIUIGUGV\�
�
)NGKEJIGYKEJVUMQPUVCPVG�������-������ ���/WNVKRNKMCVKQP�FGT�-QP\��CNNGT�2TQFWMVG��

���/WNVKRNKMCVKQP�FGT�-QP\��CNNGT�'FWMVG�

E
* � 1 � ��|�E
1* � ��
E � 
* � 1�

�
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- � �MCPP�OCP�GZRGTKOGPVGNN�DGUVKOOGP��$GK����u%�GTJ¼NV�OCP����
�
� � � � . � �� ��� �

�	�
�PRO�/�



����� � � �� � 
�����

�
/CP�PGPPV�.� ��FCU�,RQHQSURGXNW��FGU�9CUUGTU��'U�IKNV�KP�LGFGT�Y¼UUGTKIGP�.ÑUWPI��
PKEJV�PWT�KP�TGKPGO�9CUUGT���
�

�

. � �� �F�+ � 2 � ��Â�F�2+ � �� ���� �
��
�PRO�/�




'LHV� LVW�GDV� ,RQHQSURGXNW�GHV�:DVVHUV��(V�JLOW� LQ�DOOHQ�ZlV�
VHULJHQ�/|VXQJHQ���

�

�

$XIJDEH������$GTGEJPGP�5KG� �E
* � 1 � ��WPF�E
1* � �� KP� TGKPGO�
9CUUGT��6KRR��$GUVKOOGP�5KG�\WGTUV�FCU�8GTJ¼NVPKU�E
* � 1 � ����
E
1* � ��KP�FGT�)NGKEJWPI�
������

�

�

$XIJDEH� ����� $GTGEJPGP� 5KG� E
* � 1 � ��� YGPP� E
1* � �� �� � �

OQN�.�DGVT¼IV���

�
&GT�R*�9GTV�KUV�GKP�/CUU�H×T�FKG�-QP\GPVTCVKQP�FGT�* � 1 � �+QPGP�KP�GKPGT�Y¼UUGTKIGP�
.ÑUWPI��/CP�URTKEJV�CWEJ�XQO�5¼WTGITCF�GKPGT�.ÑUWPI��
&KGU�KUV�FKG�R*�5MCNC��
�
�
�
�
�
�

reines Wasser oder
neutrale Lösung

0 147

saure Lösung             basische Lösung 
(alkalische Lösung)

�
�
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'KIGPVNKEJ�KPVGTGUUKGTV�WPU�KP�GKPGT�.ÑUWPI�XQP�5¼WTGP�WPF�$CUGP�PWT�FKG�-QP\GPVTC�
VKQP�CP�* � 1 � �+QPGP��&KGUG�-QP\GPVTCVKQPGP�UKPF�CDGT�UGJT�MNGKP��(×T�TGKPGU�9CUUGT�
IKNV�E
* � 1 � ���� ��� �OQN�.��7O�GKPHCEJGTG�9GTVG�\W�GTJCNVGP��PKOOV�OCP�FGP�.QIC�
TKVJOWU��KO�$GKURKGN�XQP�9CUUGT�NI�E
* � 1 � �������&C�FCPP�FKG�9GTVG�CNNG�PGICVKX�UKPF��
OCEJV�OCP�PQEJ�GKPGP�8QT\GKEJGPYGEJUGN���
�
�
� &GT�R*�9GTV�KUV�CNUQ�YKG�HQNIV�FGHKPKGTV���
� �S+� ��OJ>F�+�2��@�� � � � � � 
������

�
�7OIGMGJTV�IKNV�FCPP�CWEJ�� �
�F�+�2��� ����S+ � � � � 
�����

S�UVGJV�H×T�FGP�PGICVKXGP�<GJPGTNQICTKVJOWU�
��NI���+�H×T�E
* � 1 � ���
�
�

�

$XIJDEH� ����� 9GNEJGP� -QP\GPVTCVKQPGP� XQP� * � 1 � � GPVURTKEJV�
FKG�R*�5MCNC��FKG�XQP��������IGJV!�$GTGEJPGP�5KG�FKGUG�H×T�CNNG�
ICP\GP�<CJNGP��5KG�MÑPPGP�FKG�9GTVG�KP�QDKIG�5MCNC�GKPVTCIGP��

�
9KT�MÑPPGP�PWP�KP�Y¼UUGTKIGP��.ÑUWPIGP�DGK�DGMCPPVGO�R*�CWEJ�FKG�-QP\GPVTCVKQP�
FGT�1* � �+QPGP�DGTGEJPGP�WPF�WOIGMGJTV��&C\W�XGTYGPFGP�YKT�FCU�+QPGPRTQFWMV�
FGU�9CUUGTU��
�
%HLVSLHO��� R*��������� �
� E
* � 1 � ������� ����� ���� � � OQN�.�
� E
* � 1 � �� |�E
1* � �������� ���	� �
OQN�.� �

� E
1* � ������ ��� � OQN�.��
�
�

�

$XIJDEH������$GTGEJPGP�5KG�FGP�R*�9GTV�XQP�0CVTQPNCWIG�
=E
0C1*� ��� ��������OQN�.?���
�

�

�
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([SHULPHQWHOOH�S+�0HVVXQJ�
&KG� GKPHCEJUVG� /GUUWPI� GTHQNIV� OKV� R*�+PFKMCVQTRCRKGT� QFGT� R*�+PFKMCVQTUV¼DEJGP��
+PFKMCVQT� DGFGWVGV� �#P\GKIGT��� R*�+PFKMCVQTGP� UKPF�(CTDUVQHHG�� FKG� LG� PCEJ�R*�9GTV�
GKPG�CPFGTG�(CTDG�JCDGP��&WTEJ�8GTINGKEJ�OKV�FGT�(CTDUMCNC�CWH�FGT�2CEMWPI�MCPP�
OCP�FGP�R*�9GTV�DGUVKOOGP���
8GTYGPFGV�OCP�R*�+PFKMCVQTRCRKGT��UQ�VT¼IV�OCP�OKV�GKPGO�)NCUUVCD�GKPKIG�6TQRHGP�
FGT�(N×UUKIMGKV�CWH�FCU�2CRKGT�CWH���

([SHULPHQW���������S+�:HUWH�LP�+DXVKDOW��
�

�

&KGU�KUV�GKP�8GTUWEJ��FGP�5KG�PKEJV�KP�FGT�5EJWNG��UQPFGTP�\W�
*CWUG�FWTEJH×JTGP�O×UUGP���
'XUFKI�KUXQJ�� 5KG� MTKGIGP� GKPGP� 5VTGKHGP� R*�2CRKGT�� /C�
EJGP� 5KG� FCTCWU� EC�� ���� EO� NCPIG� 5V×EMG� WPF� OGUUGP� 5KG�
FCOKV�FKG�R*�9GTVG�XQP�FKXGTUGP�*CWUJCNVUEJGOKMCNKGP��&C\W�
YKTF� FCU� 5V×EMEJGP� ICP\� MWT\� KP� FKG� %JGOKMCNKG� IGJCNVGP��
0CEJ����5GMWPFGP�MCPP�OCP�OKV�FGT�(CTDVCDGNNG�XGTINGKEJGP��
�
XQWHUVXFKWHU�6WRII�� JHPHVVHQHU�S+�:HUW��
� �
� �
� �
� �
� �
� �

�
'VYCU�CWHY¼PFKIGT�KUV�FKG�/GUUWPI�OKV�FGO�GNGMVTKUEJGP�R*�/GUUIGT¼V��
�
'LH�ZLFKWLJVWHQ�3XQNWH�LP�8PJDQJ�PLW�GHP�S+�0HVVJHUlW��
�
x� &KG�'NGMVTQFG�FGU�R*�/GVGTU�FCTH�PKG�CWUVTQEMPGP��&KG�-CRRG�FCT×DGT�GPVJ¼NV�FGUJCND�

GKPG�5CN\�.ÑUWPI���
x� 8QT�)GDTCWEJ�FKGUG�-CRRG�CDUEJTCWDGP�WPF�CWH�FKG�#DNCIG�UVGNNGP��Æ�&GEMGN�DNGKDV�CP�

FGT�'NGMVTQFG��
x� 8QT�FGO�)GDTCWEJ�FGU�R*�/GVGTU�OWUU�LGYGKNU�UKEJGTIGUVGNNV�YGTFGP��FCUU�GT�PQEJ�

UVKOOV��&GUJCND�OKV�FGP�DGTGKVIGUVGNNVGP�2WHHGTNÑUWPIGP�FGP�R*�RT×HGP��+UV�FKG�#DYGK�
EJWPI�ITÑUUGT�CNU������UQ�DTKPIGP�5KG�OKT�FKGUGU�R*�/GVGT�WPF�PGJOGP�5KG�GKP�CPFGTGU���

x� :LFKWLJ��CO�5EJNWUU�FKG�'NGMVTQFG�OKV�FGUV��9CUUGT�CDUR×NGP�WPF�FKG�-CRRG�OKV�FGT�
5CN\NÑUWPI�YKGFGT�CWHUEJTCWDGP��+UV�FKG�.ÑUWPI�CWUIGNCWHGP��DTKPIGP�5KG�FCU�R*�/GVGT�
\W�OKT���

x� &KG�R*�/GVGT�UEJCNVGP�UKEJ�XQP�UGNDUV�CWU��
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([SHULPHQW���������S+�:HUWH�HLQLJHU�/|VXQJHQ��
�

�
�

6LFKHUKHLW�� 6DO]VlXUH� XQG� (VVLJVlXUH� ZLUNHQ� DXI� GHU� +DXW�
lW]HQG�� 6SULW]HU� VRIRUW� PLW� :DVVHU� XQG� 6HLIH�� YHUVFK�WWHWH�
6lXUH�DP�$UEHLWVSODW]�PLW�YLHO�:DVVHU�DEZDVFKHQ��
9RUVLFKW� EHLP� 8PJDQJ� PLW� 1DWURQODXJH�� 6LH� ZLUNW� lW]HQG��
%HVRQGHUV�HPSILQGOLFK�VLQG�GLH�$XJHQVFKOHLPKlXWH��
6FKXW]EULOOH�XQG�/DERUPDQWHO��WUDJHQ��
6SULW]HU�YRQ�1DWURQODXJH�VRIRUW�PLW�YLHO�:DVVHU�DEZDVFKHQ��

*HUlWH��R*�/GVGT�OKV�'NGMVTQFG�����MNGKPG�$GEJGTIN¼UGT�
���ON�����ITQUUGU�$GEJGT�
INCU�
����ON���)NCUUVCD��5RTKV\HNCUEJG�OKV�FGUVKNNKGTVGO�9CUUGT��
6WRIIH�&KHPLNDOLHQ��'KEJRWHHGTNÑUWPIGP�
R*��������WPF��������XGTUEJKGFGPG�UCWTG�
WPF�DCUKUEJG�
CNMCNKUEJG��.ÑUWPIGP��
9RUJHKHQ��
� (×NNGP�5KG�XQP�FGP�DGTGKVUVGJGPFGP�.ÑUWPIGP�LG�GVYC����ON�KP�GKP����ON�$GEJGT�

INCU���
� /GUUGP�5KG�FKG�R*�9GTVG�FGT�XGTUEJKGFGPGP�.ÑUWPIGP�OKV�FGO�R*�/GVGT��0QVKG�

TGP�5KG�FKG�9GTVG�KP�FKG�6CDGNNG��
�

/|VXQJ�
S+�:HUW�

���� � !#"%$'&)(+*,! *.- / �
F�+�2���

$UW�GHU�/|VXQJ�
� 01�2*�-�354*�26!�- 1.7 31.7 891�7 � 06:5;,/ �

� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
� � � �
�
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([SHULPHQW���������9HUG�QQXQJ�XQG�S+�:HUW�
�

�

6LFKHUKHLW�� 6DO]VlXUH� XQG� (VVLJVlXUH� ZLUNHQ� DXI� GHU� +DXW�
lW]HQG�� 6SULW]HU� VRIRUW� PLW� :DVVHU� XQG� 6HLIH�� YHUVFK�WWHWH�
6lXUH�DP�$UEHLWVSODW]�PLW�YLHO�:DVVHU�DEZDVFKHQ��
9RUVLFKW� EHLP� 8PJDQJ� PLW� 1DWURQODXJH�� 6LH� ZLUNW� lW]HQG��
%HVRQGHUV�HPSILQGOLFK�VLQG�GLH�$XJHQVFKOHLPKlXWH��
6FKXW]EULOOH�WUDJHQ��
6SULW]HU�YRQ�1DWURQODXJH�VRIRUW�PLW�YLHO�:DVVHU�DEZDVFKHQ��

��
*HUlWH��R*�/GVGT�OKV�'NGMVTQFG����MNGKPG�$GEJGTIN¼UGT�
���ON�����ITQUUG�$GEJGTIN¼UGT�
����
ON�����/CUUMQNDGP�
����ONÆ�5EJWDNCFG�DGKO�(GPUVGT���5RTKV\HNCUEJG�OKV�GPVOKPGTCNKUKGTVGO�
9CUUGT����8QNNRKRGVVGP�
���ON���2KRGVKGTJKNHG��YCUUGTWPNÑUNKEJGT�(KN\UEJTGKDGT��
6WRIIH�&KHPLNDOLHQ��'KEJRWHHGTNÑUWPIGP�
R*��������WPF����������
5CN\U¼WTG�=E
*%N�CS��������OQN�.?��0CVTQPNCWIG�=E�
0C1*�CS��������OQN�.?��
�
'XUFKI�KUXQJ��
/GUUGP�5KG�FKG�R*�9GTVG�HQNIGPFGT�.ÑUWPIGP�
*GTUVGNNWPI�UKGJG�P¼EJUVG�5GKVG���
E
*%N �.� ��

OQN�.��

R*�9GTV�

�����

E
0C1* �.� ��

OQN�.��

R*�9GTV�

�����

���� � � ���� �
����� � ����� �
������ � ������ �
�
9RUJHKHQ���2KRGVVKGTGP�5KG������ON�5CN\U¼WTG�=E
*%N �.� � ������OQN�.?��KP�GKPGP�����ON�
/CUUMQNDGP�� (×NNGP� 5KG� FKGUGP� OKV� GPVOKPGTCNKUKGTVGO� 9CUUGT� DKU� \WT� /CTMG� CWH��
5EJ×VVGNP�5KG�FGP�-QNDGP��5EJTGKDGP�5KG�FKG�PGWG�-QP\GPVTCVKQP�FGT�.ÑUWPI�CWH�FGP�
-QNDGP��8QP�FKGUGT�.ÑUWPI�RKRGVVKGTGP�5KG������ON�KP�GKPGP�\YGKVGP�/CUUMQNDGP�WPF�
H×NNGP�YKGFGTWO�DKU�\WT�/CTMG�CWH����
/KV�FGT�0CVTQPNCWIG�IGJGP�5KG�IGPCW�INGKEJ�XQT�
PGWG�8QNNRKRGVVG�XGTYGPFGP���
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