
Kapitel 5                                                                                                                                Experimenteller Teil

118

� ��������	
���������

��� 5HDJHQ]LHQ XQG /|VXQJVPLWWHO

����� 5HDJHQ]LHQ LQ DOSKDEHWLVFKHU 5HLKHQIROJH

� �� %URPHWKDQRO ���� $/'5,&+�

� ����%XWDGLHQ �)D� 0(5&.�

� Q�%XW\OOLWKLXP ���� 0 /|VXQJ LQ +H[DQ� )D� $/'5,&+�

� &KORUDPHLVHQVlXUHEHQ]\OHVWHU ������ �� )D� )/8.$�

� 'LHWKDQRODPLQ ��� �� )D� $OGULFK�

� 'LK\GUR[\HWK\O�HWK\OHQGLDPLQ ����� )D� $OGULFK�

� 'LLVRSURS\OD]DGLFDUERQVlXUH ����� )D� /DQFDVWHU�

� (VVLJVlXUH �S�D�� �� �� )D� 0(5&.�

� (WK\OHQR[LG �SXUXP� !���� �� )D� )/8.$�

� +H[DHWK\OHQJO\NRO �SXUXP� �� �� )D� )/8.$�

� .DOLXP �SXUXP� �� �� XQWHU 3DUDIILQ|O� )D� )/8.$�

� .DOLXPK\GUR[LG

� /LWKLXPDOXPLQLXPK\GULG �S�D�� !�� �� )D� 0(5&.�

� 0HWK\OLRGLG

� 1DWULXP �S�D�� �� �� XQWHU 3DUDIILQ|O� )D� )/8.$�

� ��ROHR\O������1LWUREHQ]R���R[D����GLD]RO�DPLQRGRGHFDQR\O�VQ�JO\FHURO���

SKRVSKDWLG\OFKROLQH �$YDQWL� ��P0 LQ &+&O��

� 2FWDGHFDQRO �$OGULFK� ����

� 2FWDGHF\ODPLQ �$OGULFK� ����

� 3DOODGLXP �SXULVV�� �� �LJ DXI $NWLYNRKOH� +\GULHUNDWDO\VDWRU� )D� 0(5&.�

� 3KRVJHQ ��� �� )D� 0(66(5� *5,(6+(,0�

� 3KRVSKRU\OFKORULG

� 6DO]VlXUH �S�D�� �� �� )D� 0(5&.�

� 7H[DV�5RW �6XOIRUKRGDPLQ ���� �$YDQWL� �� P0 /|VXQJ LQ &+&O��

� 7ULHWK\ODPLQ

� 7ULPHWK\ODPLQ ���� $/'5,&+�

� 7ULSKHQ\OSKRVSKLQ

� :DVVHUVWRII �)D� /,1'(�
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����� /|VXQJVPLWWHO

)ROJHQGH /|VXQJVPLWWHO ZXUGHQ QDFK HLQIDFKHU 'HVWLOODWLRQ HLQJHVHW]W�

%HQ]RO� &KORURIRUP �&+&O��� &\FORKH[DQ �&K[�� 'LHWK\OHWKHU �(W�2�� (WK\ODFHWDW� 0HWKDQRO�

0HWK\OHQFKORULG �&+�&O��� 7HWUDK\GURIXUDQ �7+)�� 7ROXRO �DOOH S�D�� )D� 0(5&.�

'LH 105�6SHNWURVNRSLH ZXUGH LQ IROJHQGHQ /|VXQJVPLWWHOQ GXUFKJHI�KUW�

&KORURIRUP�G� �&'&O��� :DVVHU�G� �'�2�� 0HWKDQRO�G� �&'�2'�

/|VXQJVPLWWHO� GLH I�U EHVWLPPWH 6\QWKHVHQ EHVRQGHUH 5HLQKHLW EHVLW]HQ PX�WHQ�

� $FHWRQLWULO �DEVROXW�

��� PO $FHWRQLWULO ZXUGH PLW � J &DOFLXPK\GULG YHUVHW]W� � K XQWHU 5�FNIOX� HUKLW]W XQG

GDV /|VXQJVPLWWHO DQVFKOLH�HQG DEGHVWLOOLHUW�

� &KORURIRUP �GHVWDELOLVLHUW�

(LQ /LWHU &KORURIRUP ZXUGH PLW �� J 'LSKRVSKRUSHQWR[LG YHUVHW]W� � K XQWHU 5�FNIOX�

HUKLW]W XQG GDV /|VXQJVPLWWHO DQVFKOLH�HQG DEGHVWLOOLHUW�

� &\FORKH[DQ �DEVROXW�

(LQ /LWHU &\FORKH[DQ ZXUGH PLW � J &DOFLXPK\GULG YHUVHW]W� � K XQWHU 5�FNIOX� HUKLW]W XQG

GDV /|VXQJVPLWWHO DQVFKOLH�HQG DEGHVWLOOLHUW�

� 'LHWK\OHWKHU �DEVROXW�

(LQ /LWHU 'LHWK\OHWKHU �YRUJHWURFNQHW �EHU .DOLXPK\GUR[LG� ZXUGH XQWHU $UJRQDWPRVSKlUH

PLW � J 1DWULXP XQG HWZD ��� PJ %HQ]RSKHQRQ HLQLJH 6WXQGHQ ODQJ XQWHU 5�FNIOX� ]XP

6LHGHQ HUKLW]W �ELV ]XU %ODXIlUEXQJ GHU /|VXQJ� XQG DEGHVWLOOLHUW�

� 3\ULGLQ �DEVROXW�

��� PO 3\ULGLQ ZXUGHQ �EHU &DOFLXPK\GULG ZlKUHQG � K XQWHU 5�FNIOX� ]XP 6LHGHQ

HUKLW]W XQG DQVFKOLH�HQG DEGHVWLOOLHUW�

� 7HWUDK\GURIXUDQ

(LQ /LWHU 7HWUDK\GURIXUDQ ZXUGH � 7DJH ODQJ XQWHU $UJRQDWPRVSKlUH � J

1DWULXP�.DOLXP�/HJLHUXQJ XQWHU 5�FNIOX� ]XP 6LHGHQ HUKLW]W XQG DEGHVWLOOLHUW� )�U GLH



Kapitel 5                                                                                                                                Experimenteller Teil

120

DQLRQLVFKH 3RO\PHULVDWLRQ YRQ (WK\OHQR[LG ZXUGH GDV QDFK RELJHU 0HWKRGH JHUHLQLJWH

/|VXQJVPLWWHO PLW �J /LWKLXPDOXPLQLXPK\GULG YHUVHW]W XQG XQWHU 5�FNIOX� ]XP 6LHGHQ

HUKLW]W� $QVFKOLH�HQG ZXUGH GDV /|VXQJVPLWWHO XQWHU $UJRQDWPRVSKlUH DEGHVWLOOLHUW�

��� $OOJHPHLQH $UEHLWVYRUVFKULIWHQ

����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH 3KRVJHQLHUXQJ YRQ

+\GUR[\YHUELQGXQJHQ �$$9 ��

,Q HLQHQ 'UHLKDOVNROEHQ PLW 7URSIWULFKWHU RKQH 'UXFNDXVJOHLFK� .RQGHQVLHUDXIVDW] XQG

*DVDEJDQJ �QlKHUHV VLHKH $EELOGXQJ DXI GHU QlFKVWHQ 6HLWH� ZLUG 3KRVJHQ LP �PRODUHQ

hEHUVFKX� HLQNRQGHQVLHUW� $QVFKOLH�HQG ZLUG GLH +\GUR[\YHUELQGXQJ ODQJVDP ]XJHWURSIW� VR

GD� GDV 3KRVJHQ QXU JHOLQGH VLHGHW� 1DFK %HHQGLJXQJ GHU =XJDEH ZLUG GDV

5HDNWLRQVJHPLVFK �EHU 1DFKW EHL 5DXPWHPSHUDWXU JHU�KUW� 'DV GDQDFK QRFK LP

5HDNWLRQVJHIl� YHUEOLHEHQH 3KRVJHQ ZLUG GXUFK ODQJVDPHV (UZlUPHQ DXI ���& YHUWULHEHQ�

5HVWH GHV 3KRVJHQV XQG GDV /|VXQJVPLWWHO ZHUGHQ DQVFKOLH�HQG LP gOSXPSHQYDNXXP

HQWIHUQW� 'DV 3URGXNW ZLUG RKQH 5HLQLJXQJ I�U GLH .RQGHQVDWLRQVUHDNWLRQ HLQJHVHW]W�
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����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH .RQGHQVDWLRQ YRQ $PLQHQ PLW

&KORURIRUPLDWHQ LQ &KORURIRUP �$$9 ��

,Q HLQHP .ROEHQ PLW 7URSIWULFKWHU ZLUG GDV $PLQ LQ HQWVWDELOLVLHUWHP &KORURIRUP JHO|VW� %HL

HLQHU 7HPSHUDWXU YRQ � � ��& ZLUG LQQHUKDOE YRQ � K XQWHU NUlIWLJHP 5�KUHQ GDV

&KORURIRUPLDW� JHO|VW LP GRSSHOWHQ 9ROXPHQ &KORURIRUP� ]XJHWURSIW XQG DQVFKOLH�HQG HLQH �

0 1DWULXPFDUERQDWO|VXQJ LP ��� IDFKHQ hEHUVFKX� EH]RJHQ DXI GDV $PLQ ]XJHVHW]W� 'DV

5HDNWLRQVJHPLVFK ZLUG �EHU 1DFKW EHL 5DXPWHPSHUDWXU JHU�KUW� =XU $XIDUEHLWXQJ ZHUGHQ

GLH 3KDVHQ JHWUHQQW XQG GLH Zl�ULJH 3KDVH GUHLPDO PLW &KORURIRUP H[WUDKLHUW� 'LH

YHUHLQLJWHQ RUJDQLVFKHQ 3KDVHQ ZHUGHQ MH ]ZHLPDO PLW � 1 6DO]VlXUH� � �LJHU

1DWULXPK\GURJHQFDUERQDWO|VXQJ XQG :DVVHU JHZDVFKHQ XQG �EHU 1DWULXPVXOIDW JHWURFNQHW�

'DV /|VXQJVPLWWHO ZLUG DP 5RWDWLRQVYHUGDPSIHU HQWIHUQW XQG GDV 3URGXNW LP +RFKYDNXXP

JHWURFNQHW�

����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH K\GURJHQRO\WLVFKH $EVSDOWXQJ GHU

%HQ]\OR[\EDUERQ\O�6FKXW]JUXSSH �&%2�6FKXW]JUXSSH� �$$9 ��

'LH JHVFK�W]WH 9HUELQGXQJ ZLUG LQ ��� PO HLQHV ��� *HPLVFKHV YRQ 0HWKDQRO XQG (VVLJVlXUH

JHO|VW XQG PLW � J +\GULHUNDWDO\VDWRU 3DOODGLXP DXI $NWLYNRKOH ����� DXIJHVFKOlPPW LQ

(VVLJVlXUH YHUVHW]W� $QVFKOLH�HQG ZLUG �� 6WXQGHQ EHL ���& XQG HLQHP :DVVHUVWRIIGUXFN

YRQ � EDU K\GULHUW� ZREHL YRU %HJLQQ GHU 5HDNWLRQ GHU $XWRNODY PHKUPDOV PLW :DVVHUVWRII

JHVS�OW ZLUG� 'DV 5HDNWLRQVJHPLVFK ZLUG �EHU &HOLWH JHILOWHUW� GDV /|VXQJVPLWWHO DP

5RWDWLRQVYHUGDPSIHU ZHLWHVWJHKHQG HQWIHUQW� 'DQDFK ZLUG GLH /|VXQJ PLW �� 1

1DWULXPK\GUR[LGO|VXQJ DXI S+ �� DEJHVWXPSIW XQG GUHLPDO PLW &KORURIRUP H[WUDKLHUW� 'LH

YHUHLQLJWHQ RUJDQLVFKHQ 3KDVHQ ZHUGHQ �EHU 1DWULXPVXOIDW JHWURFNQHW XQG GDV

/|VXQJVPLWWHO DP 5RWDWLRQVYHUGDPSIHU HQWIHUQW�
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��� 6\QWKHVH GHU (LQ]HOYHUELQGXQJHQ

,P )ROJHQGHQ ZHUGHQ GLH 6\QWKHVHQ GHU HLQ]HOQHQ 9HUELQGXQJHQ EHVFKULHEHQ XQG 'DWHQ GHU

&KDUDNWHULVLHUXQJ PLWWHOV 105�6SHNWURVNRSLH DQJHI�KUW�

'HU 0DNURDONRKRO � XQG DOOH GDUDXV V\QWKHWLVLHUWHQ 9HUELQGXQJHQ ZXUGHQ PHKUIDFK

KHUJHVWHOOW� ZREHL GLH $QVlW]H YRQ D ELV I GXUFKQXPHULHUHW ZXUGHQ� 'LH ]XJHK|ULJHQ

5HDNWLRQHQ VLQG LQ LKUHU $QVDW]JU|�H MHZHLOV LQ HLQHP %HLVSLHO EHVFKULHEHQ� GLH JHQDXHQ

$XVEHXWHQ GHU HLQ]HOQHQ $QVlW]H D�I VLQG I�U GLH MHZHLOLJHQ =LHOYHUELQGXQJHQ EH]RJHQ DXI

GHQ 0DNURDONRKRO E]Z��EHL ��� �� XQG ��� E]Z� $XI GDV 0DNURDPLQ � �EHL ��� DQJHJHEHQ�

����� 1��%HQ]\OR[\FDUERQ\O��HWKDQ�����GLDPLQ �

�&��+��1�2�� 0:  �������

O N

O

NH2

a b c d

H

,Q HLQHP 'UHLKDOVNROEHQ PLW ]ZHL 7URSIWULFKWHUQ ZHUGHQ ����� J ����� PRO� (WK\OHQGLDPLQ LQ

��� PO :DVVHU YRUJHOHJW� 'LH /|VXQJ ZLUG PLW GHP ,QGLNDWRU %URPNUHVROJU�Q YHUVHW]W XQG

PLW 0HWKDQVXOIRQVlXUH ELV ]XP 8PVFKODJVSXQNW GHV ,QGLNDWRUV YHUVHW]W �FD� ��J� �� PPRO��

(V ZHUGHQ ��� PO (WKDQRO ]XJHJHEHQ XQG DQVFKOLH�HQG DEZHFKVHOQG HLQH /|VXQJ DXV ��J

����� PRO� &KORUDPHLVHQVlXUHEHQ]\OHVWHU XQG HLQH �� �LJH Zl�ULJH 1DWULXPDFHWDWO|VXQJ

]XJHWURSIW� 'DEHL LVW HV ZLFKWLJ� GD� GHU S+�:HUW P|JOLFKVW QDK DP 8PVFKODJVSXQNW GHV

,QGLNDWRUV EOHLEW XQG DXI NHLQHQ )DOO ]X GDUXQWHU DEVLQNW� $QVFKOLH�HQG ZLUG GLH

5HDNWLRQVO|VXQJ HLQH ZHLWHUH 6WXQGH JHU�KUW XQG GLH /|VXQJVPLWWHO LP 9DNXXP HQWIHUQW� 'HU

5�FNVWDQG ZLUG PLW ��� PO :DVVHU DXIJHQRPPHQ � ]XU $EWUHQQXQJ GHV GLVXEVWLWXLHUWHQ

3URGXNWHV JHILOWHUW XQG PLW GUHLPDO ��� PO %HQ]RO H[WUDKLHUW� 'LH RUJDQLVFKH 3KDVH ZLUG

DQVFKOLH�HQG PLW NRQ]HQWULHUWHU Zl�ULJHU 1DWULXPFKORULGO|VXQJ JHZDVFKHQ� GDV
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/|VXQJVPLWWHO �EHU 1DWULXPVXOIDW JHWURFNQHW XQG DQVFKOLH�HQG LP 9DNXXP HQWIHUQW� 0DQ

HUKlOW HLQ IDUEORVHV gO�

� $XVEHXWH� ����� J ����� PRO�  �� � G� 7K�

� &KDUDNWHULVLHUXQJ

ï+�105 �δ>SSP@�� LQ &'&O��

���� �+G� �+� W� ���� �+F� �+� W� ���� �+E� �+� V�

���� �+D� �+� P� ��������� �+D� �+� P�
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����� 'LHWKDQRODPLQ�1�FDUERQVlXUH�EHQ]\OHVWHU 5� �Ä($&%2´�

�&��+��12�� 0:� �������

OCH2

ba

C

O

N
CH2 CH2 OH

CH2 CH2 OH

c d e

� 'XUFKI�KUXQJ QDFK $$9 �

� $QVDW]� �� J ����� PRO� 'LHWKDQRODPLQ LQ

��� PO &KORURIRUP� HQWVWDELOLVLHUW

��� PO �1 1DWULXPFDUERQDWO|VXQJ

�� PO �����J� ���� PRO� &KORUDPHLVHQVlXUHEHQ]\OHVWHU LQ

�� PO &KORURIRUP� HQWVWDELOLVLHUW

� $XVEHXWH� ���� J ����� PRO�  �� � G� 7K��

OHLFKW JHOEOLFKHV gO

� &KDUDNWHULVLHUXQJ

�+�105 �δ>SSP@�� LQ &'&O��

���� �+F� �+� G� ���� �+G� �+� G� EUHLW� ���� �+H� �+� V� EUHLW�

���� �+E� �+� V� ��������� �+D� �+� P�
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����� 1�1¶�'LK\GUR[\HWK\O�1�1¶�'LFDUERQVlXUH�EHQ]\OHVWHU�HWK\OHQGLDPLQ �

�Ä'H�&%2��´�

�&��+��1�2�� 0:� �������

N O

O

OH

NO

OH

O
a b c

d

e

� 'XUFKI�KUXQJ QDFK $$9 �

� $QVDW]� � J ����� PPRO� 1�1¶�'LK\GUR[\HWK\O�HWK\OHQGLDPLQ LQ

�� PO &KORURIRUP� HQWVWDELOLVLHUW

�� PO �1 1DWULXPFDUERQDWO|VXQJ

��� J ����� PRO� &KORUDPHLVHQVlXUHEHQ]\OHVWHU LQ

�� PO &KORURIRUP� HQWVWDELOLVLHUW

� $XVEHXWH� ���� J ����� PPRO�  �� � G� 7K��

OHLFKW JHOEOLFKHV gO

� &KDUDNWHULVLHUXQJ

�+�105 �δ>SSP@�� LQ &'&O��

���� �+F� �+� P� ���� �+G� �+� P� ���� �+H� �+� P�

���� �+E� �+� V� ��������� �+D� ��+� P�
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����� 3RO\PHULVDWLRQ YRQ ����%XWDGLHQ ]XU 'DUVWHOOXQJ GHV XQJHVlWWLJWHQ

0DNURDONRKROV �

a b c/d e/f

}H3C CH2 CH2 CH2 CH2 CH CH CH2 CH2 CH CH2 CH2 OH

CH
CH2

( ) ( )...stat...
x y

b g j k

h

i

,Q HLQHQ YROOVWlQGLJ DXVJHKHL]WHQ �O�'UHLKDOVNROEHQ PLW .RQGHQVDWLRQVDXIVDW] ZHUGHQ

&\FORKH[DQ XQG 7HWUDK\GURIXUDQ� EHLGH JHWURFNQHW� XQWHU $UJRQDWPRVSKlUH YRUJHOHJW XQG

PLW �� PO HLQHU ��� PRODUHQ /|VXQJ DXV %XW\OOLWKLXP LQ +H[DQ �)D� $OGULFK� YHUVHW]W� ,Q GHQ

DXI ���� JHN�KOWHQ .ROEHQ ZLUG GDV ����%XWDGLHQ �)D� 0HUFN� �EHU 0ROHNXODUVLHE XQG .DOLXP�

6SLHJHO HLQNRQGHQVLHUW� %HLP (UZlUPHQ DXI 5DXPWHPSHUDWXU ZLUG GLH 5HDNWLRQVO|VXQJ

RUDQJH� 0DQ Ol�W �EHU 1DFKW EHL 5DXPWHPSHUDWXU U�KUHQ� DQVFKOLH�HQG ZLUG LQ GHQ

JHN�KOWHQ .ROEHQ GDV (WK\OHQR[LG �)D� )OXND� ZLH REHQ HLQNRQGHQVLHUW� ZREHL VLFK GLH

/|VXQJ HQWIlUEW� 1DFK ZHLWHUHQ �K 5�KUHQ EHL 5DXPWHPSHUDWXU ZHUGHQ ��� PO HLQHU ��

�LJHQ 6DO]VlXUHO|VXQJ ]XJHJHEHQ� $QVFKOLH�HQG Ol�W PDQ QRFK HLQPDO �K U�KUHQ� WUHQQW

GDQQ GLH EHLGHQ 3KDVHQ LP 6FKHLGHWULFKWHU XQG ZlVFKW GLH RUJDQLVFKH 3KDVH ]ZHLPDO PLW

:DVVHU� 1DFK 7URFNQHQ �EHU 1DWULXPVXOIDW ZLUG GDV /|VXQJVPLWWHO DP 5RWDWLRQVYHUGDPSIHU

HQWIHUQW XQG GDV HUKDOWHQH JHOEH gO LP +RFKYDNXXP JHWURFNQHW� 'D GDV 3URGXNW

OLFKWHPSILQGOLFK LVW� ZHUGHQ DOOH *ODVJHIl�H ZlKUHQG GHU $XIDUEHLWXQJ PLW $OXPLQLXPIROLH

XPK�OOW� 'DV 5RKSURGXNW� HLQ OHLFKW JHOEOLFKH gO� ZLUG RKQH 5HLQLJXQJ HLQJHVHW]W�

� &KDUDNWHULVLHUXQJ�

ï+�105 �δ>SSP@�� LQ &'&O��

���� �+D� P� ��������� �+E� P� ���� �+L� P�

���� �+J� �&+�� P� ���� �+F� WUDQV�&+�&+ &+&+��� P�

���� �+G� FLV�&+�&+ &+&+��� P�

���� �+N� P� ���� �+K� P� ���� �+I� FLV�&+ &+�� P�

���� �+H� WUDQV�&+ &+�� P� ���� �+J� P�
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7DEHOOH ����� $QVDW]JU|�HQ I�U GLH 3RO\PHULVDWLRQ� 0HQJH &\FORKH[DQ �&K[�� 7+)�

.RQ]HQWUDWLRQ %XWDGLHQ �>&�+�@�� .RQ]HQWUDWLRQVYHUKlOWQLV 7+) ]X ,QLWLDWRU

�>7+)@�>,@�� .RQ]HQWUDWLRQ GHV ,QLWLDWRUV �>,@�� 0HQJH (WK\OHQR[LG�

WKHRUHWLVFKHU 3RO\PHULVDWLRQVJUDG �3 WKHRUHW�� XQG WDWVlFKOLFKHU

3RO\PHULVDWLRQVJUDG

$QVDW] PO &K[ PO 7+) >&�+�@ >7+)@�>,

@

>,@ PO

&�+�2

3

WKHRUHW�

3 H[S�

D 120 40 3,3 6,0 0,5 7 6,4 5,8

E 100 10 5,2 0,8 1,4 12 3,8 2,2

F 400 3 0,5 0,7 0,1 5 3,9 3,1

G 150 0 3,5 0,0 0,5 7 7,1 3,3

H 800 1 0,7 0,2 0,1 7 7,1 5,5

I 120 40 3,3 6,0 0,5 7 6,4

����� 0DNURDONRKRO � �Ä52+´�

a b

H3C CH2 CH2 CH2 CH2 CH CH CH2 CH2 CH CH2 CH2 OH

CH
CH2

( ) ( )...stat...
x y{

c d

'DV 5RKSURGXNW � ZLUG LQ ��� PO &\FORKH[DQ JHO|VW XQG LQ HLQHP �O�*ODVU�KU�$XWRNODYHQ

�)D� %�FKL� JHI�OOW� 'LH /|VXQJ ZLUG PLW ��� PJ +\GULHUNDWDO\VDWRU 3DOODGLXP DXI $NWLYNRKOH�

DXIJHVFKOlPPW LQ &\FORKH[DQ� YHUVHW]W XQG EHL ���& XQG � EDU :DVVHUVWRIIGUXFN �EHU 1DFKW

K\GULHUW� =XU (QWIHUQXQJ GHV .DWDO\VDWRUV ZLUG GDV 5HDNWLRQVJHPLVFK �EHU &HOLWH JHILOWHUW

XQG DQVFKOLH�HQG ZLUG GDV /|VXQJVPLWWHO HQWIHUQW� 'DV 5RKSURGXNW ZLUG GXUFK

6lXOHQFKURPDWRJUDSKLH �EHU .LHVHOJHO JHUHLQLJW� 0LW GHP /DXIPLWWHO &\FORKH[DQ ZHUGHQ

]XQlFKVW ]ZHL QLFKW QlKHU FKDUDNWHULVLHUWH 9HUXQUHLQLJXQJHQ DEJHWUHQQW �5I  ���� XQG

����� XQG DQVFKOLH�HQG GDV IDUEORVH 3URGXNW �5I  ���� PLW /DXIPLWWHO &\FORKH[DQ� PLW

(WK\ODFHWDW YRQ GHU 6lXOH JHZDVFKHQ�

7DEHOOH ������ $XIOLVWXQJ GHU (LQZDDJHQ XQG $XVEHXWHQ



Kapitel 5                                                                                                                                Experimenteller Teil

128

�EH]RJHQ DXI %XWDGLHQ� I�U GLH $QVlW]H �D�I

$QVDW]

(LQVDW]

%XWDGLHQ LQ PRO

$XVZDDJH

LQ J
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� 'XUFKI�KUXQJ QDFK $$9 �

� $QVDW]� ���� J 5RKSURGXNW ��

��� J 3G�& �� �LJ

� &KDUDNWHULVLHUXQJ

ï+�105 �δ>SSP@�� LQ &'&O��

��������� �+D� P� ��������� �+E� P� ���� �+F
� �+� P�

���� �+J� �+� P� ���� �+I � �+� W� ���� �+G� �+� P�

���� �+H� �+� P�
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������ �51��'H�+(*0H�� ��
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� 'XUFKI�KUXQJ QDFK $$9 �

$QVFKOLH�HQG HUIROJWH 5HLQLJXQJ PLWWHOV 6lXOHQFKURPDWRJUDSKLH PLW HLQHP

/|VXQJVPLWWHOJHPLVFK YRQ 0HWK\OHQFKORULG XQG 0HWKDQRO �������

� $QVDW]� ����J ����� PPRO� 5RKSURGXNW ��

� PO &KORURIRUP� HQWVWDELOLVLHUW

��� PO �1 1DWULXPFDUERQDWO|VXQJ

�� PJ ����� PPRO� &KORURIRUPLDW YRQ 0HWKR[\KH[DHWK\OHQJO\NRO 5��

LQ

� PO &KORURIRUP� HQWVWDELOLVLHUW

� $XVEHXWH ���� J ����� PPRO�  � � EH]RJHQ DXI GDV 0DNURDPLQ �

� &KDUDNWHULVLHUXQJ

�+�105 �δ>SSP@�� LQ &'&O��

��������� �+D� P� ��������� �+E� P� ���� �+F
� �+� P�

���� �+J� �+� P� ���� �+N � �� V� ��������� �+I� +M� �+� P�

��������� �+L� ��+� P� ���� �+G� �+� P� ���� �+H� +K� �+� W�
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� 'XUFKI�KUXQJ QDFK $$9 �

$QVFKOLH�HQG HUIROJWH 5HLQLJXQJ PLWWHOV 6lXOHQFKURPDWRJUDSKLH PLW HLQHP

/|VXQJVPLWWHOJHPVLFK YRQ 0HWK\OHQFKORULG XQG 0HWKDQRO �������

� $QVDW]� ����J ���� PPRO� 5RKSURGXNW ��

� PO &KORURIRUP� HQWVWDELOLVLHUW

��� PO �1 1DWULXPFDUERQDWO|VXQJ

�� PJ ����� PPRO� &KORURIRUPLDW YRQ 0HWKR[\KH[DHWK\OHQJO\NRO 5��

LQ

� PO &KORURIRUP� HQWVWDELOLVLHUW

� $XVEHXWH ���� J ���� PPRO�  � � EH]RJHQ DXI GDV 0DNURDPLQ �

� &KDUDNWHULVLHUXQJ

�+�105 �δ>SSP@�� LQ &'&O��

��������� �+D� P� ��������� �+E� P� ���� �+F
� �+� P�

���� �+J� �+� P� ���� �+N � �� V� ��������� �+I� +M� �+� P�
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������ ��%URPRHWK\O GLFKORURSKRVSKDW ��

Br
OPCL3

1 a 2 b

(LQH /|VXQJ YRQ ���� J ����� PPRO� ��%URPRHWKDQRO LQ �� PO 0HWK\OHQFKORULG ZLUG ZlKUHQG

�� PLQ ODQJVDP ]X ���� ����� PPRO� 3KRVSKRU\OFKORULG� JHO|VW LQ ��� PO 0HWK\OHQFKORULG

JHWURSIW� 7URFNHQHU 6WLFNVWRII ZLUG GXUFK GLH 5HDNWLRQVO|VXQJ JHOHLWHW XP ZlKUHQG GHU

5HDNWLRQ HQWVWHKHQGHV +\GURJHQFKORULG *DV ]X HQWIHUQHQ� 1DFK �� 6WXQGHQ ZHUGHQ GDV

0HWK\OHQFKORULG XQG GHU JU|�WH 7HLO GHV �EHUVFK�VVLJHQ 3KRVSKRU\OFKORULGV DP

5RWDWLRQVYHUGDPSIHU HQWIHUQW� 'DV 5RKSURGXNW ZLUG GXUFK 9DNXXPGHVWLOODWLRQ JHUHLQLJW�

'DEHL ZLUG ]XQlFKVW QLFKW 3KRVSKRU\OFKORULG HQWIHUQW XQG GDQDFK GDV 3URGXNW DEGHVWLOOLHUW

�6GS�� ���&� ���⋅���� PEDU�� 0DQ HUKlOW HLQ IDUEORVHV gO�

� $XVEHXWH� ���� J ����� PPRO�  �� � G� 7K��

� &KDUDNWHULVLHUXQJ�

ï+�105 �δ>SSP@�� LQ &'&O
�
�

���� �+
D
� �+� W� ���� �+

E
� �+� GW�

��3�105 �δ>SSP@�� LQ &'&O
�
�

����
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������ $PSKLSKLO PLW 3KRVSKDWLG\OFKROLQ .RSIJUXSSH �� �Ä53&´�

P

O

O-

O
N(CH3)

+
3][ ][...stat...

xy O

1 a

1 a
4 d3 c 5 e 6 f 7 g

2 b

'LH 5HDNWLRQ ZLUG LQ YRQ 5HVWIHXFKWLJNHLW EHIUHLWHQ 5HDNWLRQVJHIl�HQ XQWHU $UJRQ XQG PLW

VRUJIlOWLJ JHWURFNQHWHQ /|VXQJVPLWWHOQ GXUFKJHI�KUW� (LQH /|VXQJ YRQ � PPRO 0DNURDONRKRO

5� XQG ���� PO ����� J� ��� PPRO� 7ULHWK\ODPLQ LQ �� PO WURFNHQHP 'LHWK\OHWKHU ZLUG

WURSIHQZHLVH ]X HLQHU JHN�KOWHQ /|VXQJ �� �&� YRQ ��� J ���� PPRO� ��

%URPRHWK\OGLFKORURSKRVSKDW 5��� LQ (WKHU XQWHU $UJRQ JHJHEHQ� 'LH 0LVFKXQJ ZLUG

]XQlFKVW �� 6WXQGHQ EHL 5DXPWHPSHUDWXU JHU�KUW� GDQQ YLHU 6WXQGHQ XQWHU 5�FNIOX� HUKLW]W�

1DFK $EN�KOHQ DXI 5DXPWHPSHUDWXU ZLUG �� PO :DVVHU ]XJHJHEHQ XQG GLH

5HDNWLRQVPLVFKXQJ I�U ZHLWHUH �� 6WXQGHQ JHU�KUW� 'LH 3KDVHQ ZHUGHQ JHWUHQQW� GLH

Zl�ULJH 3KDVH GUHLPDO PLW �� PO &KORURIRUP H[WUDKLHUW� GLH YHUHLQLJWHQ RUJDQLVFKHQ 3KDVHQ

�EHU 1D�62� JHWURFNQHW� GDV 7URFNQXQJVPLWWHO DEJHILOWHUW XQG GDV /|VXQJVPLWWHO LP 9DNXXP

HQWIHUQW� 'HU 5�FNVWDQG ZLUG LQ �� PO HLQHV &KORURIRUP�$FHWRQLWULO *HPLVFKHV ����� JHO|VW

XQG LQ HLQ 'UXFNJHIl� JHI�OOW� ��� J 7ULHWK\ODPLQ ������ PPRO� ZHUGHQ GXUFK GLH /|VXQJ

JHOHLWHW� GDV 'UXFNJHIl� ZLUG IHVW YHUVFKORVVHQ XQG I�U �� 6WXQGHQ DXI �� �& HUKLW]W� 1DFK

GHP $EN�KOHQ ZHUGHQ GLH /|VXQJVPLWWHO DP 5RWDWLRQVYHUGDPSIHU HQWIHUQW XQG GHU

ZDFKVDUWLJH 5�FNVWDQG ZLUG GXUFK 6lXOHQFKURPDWRJUDSKLH �EHU .LHVHOJHO JHUHLQLJW� 'D]X

ZHUGHQ ]XQlFKVW GLH QLFKW QlKHU FKDUDNWHULVLHUWHQ 9HUXQUHLQLJXQJHQ GXUFK (OXWLRQ PLW �O

HLQHV 0HWK\OHQFKORULG�0HWKDQRO *HPLVFK DEJHWUHQQW� 'DV 9HUKlOWQLV ZLUG GDEHL ODQJVDP YRQ

��� DXI ��� JHlQGHUW� 1DFK (OXWLRQ PLW ZHLWHUHQ ��� PO 0HWKDQRO ZLUG GDV 3URGXNW PLW

0HWKDQRO����LJH Zl�ULJH $PPRQLXPFKORULGO|VXQJ ���� JHZRQQHQ�
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7DEHOOH ������� $XIOLVWXQJ GHU (LQZDDJHQ XQG $XVEHXWHQ I�U GLH $QVlW]H ��D�I

$QVDW] (LQZDDJH 52+ � $XVZDDJH 0Z �� $XVEHXWH

D 4 g 0,79 g 1,12 mmol 594 12 %

E 3 g 0,44 g 1,34 mmol 388 10 %

F 2 g 0,59 g 1,28 mmol 446 18 %

G 4 g 1,04 g 1,07 mmol 465 8 %

H 4 g 0,53 g 0,88 mmol 576 9 %

� &KDUDNWHULVLHUXQJ

ï+�105 �δ>SSP@�� LQ &'�2'�

��������� �+D� P� ��������� �+E� P� ���� �+F
� �+� W�

���� �+J� �+� V� ���� �+I� �+� W� ���� �+H� �+� WW�

���� �+G� �+� P�

��&�105 �δ>SSP@�� LQ &'�2'�

��������� �&�� ��������� �&��&�� ���� �&��

���� �&�� ���� �&��

��3�105 �δ>SSP@�� LQ &'�2'�

����

������ $PSKLSKLO PLW 3KRVSKDWLG\OFKROLQ .RSIJUXSSH �� �Ä&�+��23&´�
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'LH 5HDNWLRQ ZLUG DQDORJ GHU 6\QWKHVH I�U 53& �� XQWHU $UJRQ XQG PLW DEVROXWLHUWHQ

/|VXQJVPLWWHOQ GXUFKJHI�KUW� (LQH /|VXQJ YRQ ��� J �� PPRO� 2FWDGHFDQRO XQG ��� PO �����

J� ���� PPRO� 7ULHWK\ODPLQ LQ �� PO WURFNHQHP 'LHWK\OHWKHU ZLUG WURSIHQZHLVH ]X HLQHU

JHN�KOWHQ /|VXQJ �� �&� YRQ ��� J ���� PPRO� ��%URPRHWK\OGLFKORURSKRVSKDW 5��� LQ (WKHU

XQWHU $UJRQ JHJHEHQ� 1DFK �� 6WXQGHQ EHL 5DXPWHPSHUDWXU ZLUG GLH /|VXQJ YLHU 6WXQGHQ

XQWHU 5�FNIOX� HUKLW]W� 1DFKGHP DXI 5DXPWHPSHUDWXU DEJHN�KOW JHODVVHQ ZXUGH� ZHUGHQ ��

PO :DVVHU ]XJHJHEHQ XQG GLH 5HDNWLRQVPLVFKXQJ I�U ZHLWHUH �� 6WXQGHQ JHU�KUW� 'LH

RUJDQLVFKH 3KDVHQ ZLUG DEJHWUHQQW XQG GLH Zl�ULJH 3KDVH GUHLPDO PLW �� PO &KORURIRUP

H[WUDKLHUW� 'LH YHUHLQLJWHQ RUJDQLVFKHQ 3KDVHQ ZHUGHQ �EHU 1D�62� JHWURFNQHW� XQG QDFK

)LOWHUQ ZLUG GDV /|VXQJVPLWWHO LP 9DNXXP HQWIHUQW� 'HU 5�FNVWDQG ZLUG LQ �� PO HLQHV

&KORURIRUP�$FHWRQLWULO *HPLVFKHV ����� JHO|VW XQG LQ HLQ 'UXFNJHIl� JHI�OOW� �� J

7ULHWK\ODPLQ ������ PPRO� ZHUGHQ GXUFK GLH /|VXQJ JHOHLWHW� GDV 'UXFNJHIl� ZLUG IHVW

YHUVFKORVVHQ XQG GLH 5HDNWLRQVO|VXQJ ZLUG �EHU 1DFKW EHL �� �& JHU�KUW� 'DV /|VXQJVPLWWHO

ZLUG LP 9DNXXP HQWIHUQW XQG GHU 5�FNVWDQG GXUFK 6lXOHQFKURPDWRJUDSKLH �EHU .LHVHOJHO

JHUHLQLJW� ]XQlFKVW GXUFK HLQ 0HWK\OHQFKORULG�0HWKDQRO *HPLVFK PLW ZDFKVHQGHP $QWHLO YRQ

0HWKDQRO� �'DV 9HUKlOWQLV ZlFKVW YRQ ��� DXI ����� JHlQGHUW� ,P $QVFKOX� DQ 1DFKZDVFKHQ

PLW ZHLWHUHQ ��� PO 0HWKDQRO ZLUG GDV 3URGXNW PLW 0HWKDQRO����LJH Zl�ULJH

$PPRQLXPFKORULGO|VXQJ ���� HOXLHUW�

� $XVEHXWH� ���� J ����� PRO�  �� � G� 7K�

� &KDUDNWHULVLHUXQJ

ï+�105 �δ>SSP@�� LQ &'�2'�

��������� �+D� P� ��������� �+E� P� ���� �+F
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��� 0HVVXQJHQ XQG ,QVWUXPHQWH

����� *HOSHUPHDWLRQVFKURPDWRJUDSKLH

'LH *HOSHUPHDWLRQVFKURPDWRJUDSKLH ZXUGH PLW HLQHU :$7(56 *3&�$QODJH GXUFKJHI�KUW� 'LH

7UHQQXQJ HUIROJWH DQ GUHL KLQWHUHLQDQGHUJHVFKDOWHWHQ 6lXOHQ� EHVFKLFNW PLW YHUQHW]WHP

3RO\VW\URO �3DUWLNHOJU|�HQ� ���� ��� XQG ���� c�� $OV (OXWLRQVPLWWHO GLHQWH HQWJDVWHV XQG

ILOWULHUWHV &KORURIRUP �)OX�� � PO�PLQ�� 'LH 'HWHNWLRQ HUIROJWH GXUFK GLH 0HVVXQJ GHV

%UHFKXQJVLQNUHPHQWV PLW HLQHP :$7(56 ��� � %UHFKXQJVLQGH[GHWHNWRU� 'LH (LFKXQJ GHU

$QODJH HUIROJWH PLW 3RO\VW\URO� XQG 3RO\HWK\OHQR[LGVWDQGDUGV�

15 20 25 30

2

3

4

5 Kalibrierkurve Polystyrol

 

lo
g 

M
W

Elutionsvolumen [ml]
15 20 25 30

2

3

4 Kalibrierkurve Polyethylenoxid

 
lo

g 
M

W

Elutionsvolumen [ml]

.DOLEULHUNXUYHQ *3& PLW 36� XQG 3(2�6WDQGDUGV

����� (6,�06�6SHNWUHQ

=XU $XIQDKPH GHU 6SHNWUHQ ZXUGH HLQH 6WDQGDUG .UDWRV (OHNWURQHQVSUD\ ,RQHQTXHOOH XQG

GDUDQ DQJHVFKORVVHQ HLQ .UDWRV 3URILOH GRSSHOW IRNXVVLHUHQGHV� PDJQHWLVFKHV

6HNWRULQVWUXPHQW PLW ���� N9 %HVFKOHXQLJXQJVVSDQQXQJ YHUZHQGHW� 'HU P�]�:HUW ZXUGH LP

%HUHLFK ������� 'D DXIJH]HLFKQHW� 'LH 6FDQJHVFKZLQGLJNHLW EHWUXJ �� V�'HF XQG GLH

$XIO|VXQJ ���� ���� 7DOGHILQLWLRQ�� 'LH YHUZHQGHWHQ 3RWHQWLDOH EHWUXJHQ ���� N9 DQ GHU

6SUD\NDSLOODUH� ���� N9 DP =\OLQGHU� ���� N9 DQ GHU (QGSODWWH� .DOLEULHUXQJ HUIROJWH PLW

&lVLXP ,RGLG ���� PJ�O� 0HWKDQRO�:DVVHU ����
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����� 105�6SHNWURVNRSLH

'LH �+� XQG ��&�.HUQUHVRQDQ]�6SHNWUHQ ZXUGHQ PLW HLQHP $& ����6SHNWURPHWHU GHU )LUPD

%58.(5 LQ &KORURIRUP�G �)D� $/'5,&+�� E]Z� 0HWKDQRO�G� �)D� (85,62�723� PLW

7HWUDPHWK\OVLODQ DOV LQWHUQHP 6WDQGDUG DXIJHQRPPHQ� 'LH 0H�WHPSHUDWXU EHWUXJ ���.� GLH

.RQ]HQWUDWLRQHQ GHU /|VXQJHQ ODJHQ ]ZLVFKHQ �� XQG ��� PJ�PO ��+ � XQG ��3�105

6SHNWUHQ� E]Z� �� XQG ��� PJ�PO ���&�105�6SHNWUHQ�� )�U GLH ��&� XQG ��3�105 0HVVXQJHQ

ZXUGH HLQ �+�%UHLWEDQGHQWNRSSOHU ]XJHVFKDOWHW� 'LH =XRUGQXQJ GHU 6LJQDOH HUIROJWH DQKDQG

YRQ /LWHUDWXUDQJDEHQ RGHU GXUFK 9HUJOHLFK PLW GHQ 6SHNWUHQ GHU 9RUVWXIHQ�

=XU &KDUDNWHULVLHUXQJ GHU 6LJQDOH ZXUGHQ IROJHQGH $EN�U]XQJHQ YHUZHQGHW�

V  6LQJXOHWW G  'XEOHWW W  7ULSOHWW T  4XDGUXSOHWW

P  0XOWLSOHWW �QLFKW DXIJHO|VWH RGHU �EHUODSSHQGH 6LJQDOH�

=XU $QJDEH GHU FKHPLVFKHQ 9HUVFKLHEXQJ ZXUGHQ GLH 6LJQDOVFKZHUSXQNWH DXVJHZlKOW� 'LH

.HQQ]HLFKQXQJ GHU 3URWRQHQ LQ GHQ 6WUXNWXUIRUPHOQ HUIROJWH GXUFK .OHLQEXFKVWDEHQ� GLH

.HQQ]HLFKQXQJ GHU .RKOHQVWRIIDWRPH GXUFK =DKOHQ

����� 'LIIHUHQWLHOOH :lUPHIOX� .DORULPHWULH

'6&�8QWHUVXFKXQJHQ ZXUGHQ DQ HLQHP 3(5.,1�(/0(5 3<5,6 � :lUPHIOX�NDORULPHWHU PLW

DXWRPDWLVFKHU 7LHIWHPSHUDWXUHLFKXQJ GXUFKJHI�KUW� 'LH JHPHVVHQHQ :HUWH ZXUGHQ MHZHLOV

HQWVSUHFKHQG HLQHU PLW ,QGLXP XQG :DVVHU GXUFKJHI�KUWHQ (LFKXQJ NRUULJLHUW� 'LH

(LQZDDJHQ GHU 3UREHQ EHWUXJHQ � ELV �� PJ� 'HU YHUPHVVHQH 7HPSHUDWXUEHUHLFK ODJ

]ZLVFKHQ �����& XQG ���&� GLH +HL]UDWH EHL ��.�PLQ�

����� )OXRUHV]HQ]VSHNWUHQ

(V ZXUGH HLQ 3(5.,1 (/0(5 /XPLQHVFHQFH 6SHFWURPHWHU /6��% PLW WKHUPRVWDWLVLHUEDUHP

3UREHQKDOWHU YHUZHQGHW� 'LH 6FKOLW]ZHLWH EHWUXJ ��� PP� 'LH 6SHNWUHQ ZXUGHQ PLW HLQHU

6FDQJHVFKZLQGLJNHLW YRQ �� QP�V EHL HLQHU $QUHJXQJVZHOOHQOlQJH YRQ ��� QP

DXIJHQRPPHQ�
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����� 6FKXE�)OlFKHQ�'LDJUDPPH

'LH 0HVVXQJ GHU 6FKXE�)OlFKHQ�'LDJUDPPH ZXUGHQ PLW HLQHU /$8'$ ): � )LOPZDDJH

GXUFKJHI�KUW� 'HU 7URJ ZXUGH PLW 0LOOL�470 :DVVHU EHI�OOW XQG PLW HLQHP /$8'$

7KHUPRVWDWHQ WHPSHULHUW� 'LH DQJHJHEHQHQ 7HPSHUDWXUHQ OLH�HQ VLFK DXI ± ��� �& JHQDX

HLQVWHOOHQ� 'LH ]XP 6SUHLWHQ YHUZHQGHWHQ &KORURIRUPO|VXQJHQ GHU XQWHUVXFKWHQ 6XEVWDQ]HQ

EHVD�HQ .RQ]HQWUDWLRQHQ YRQ FD� � PPRO�O� GLH JHVSUHLWHWHQ 6WRIIPHQJHQ EHWUXJHQ ]ZLVFKHQ

���⋅����

PRO XQG �⋅���� PRO� )�U GLH +HUVWHOOXQJ GHU /|VXQJHQ ZXUGH &KORURIRUP LQ +3/&�

4XDOLWlW YHUZHQGHW�

����� )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ

(V ZXUGH HLQH VHOEVWJHEDXWH WHPSHULHUEDUH )LOPZDDJH PLW �� FP
�

7URJIOlFKH VRZLH HLQHP

:LOKHOPLSOlWWFKHQ�'UXFNDXIQHKPHU PLW HLQHU *HQDXLJNHLW YRQ ��� P1�P YHUZHQGHW� 'LH

:HUWH I�U GHQ 'UXFN XQG GLH )OlFKH ZXUGHQ PLW +LOIH YRQ $UDFKLGLQVlXUH NDOLEULHUW� 'LH

8QWHUVXFKXQJHQ IDQGHQ PLW HLQHP =(,66 $[LRYHUW �� 0LNURVNRS VWDWW� =XU 'RNXPHQWDWLRQ

ZXUGH HLQH $48$ 79 &&' 9LGHRNDPHUD +5 ��� YHUZHQGHW� 'LH %LOGHU ZXUGHQ PLW HLQHP

3$1$621,& 6�9+6�5HFRUGHU DXIJHQRPPHQ XQG PLW HLQHP 0DFLQWRVK ,,I[�=XEHK|U PLW HLQHU

3(5&(37,&6 3L[HO3LSHOLQH *UDSKLNNDUWH XQG PLW GHU %LOGEHDUEHLWXQJVVRIWZDUH ,PDJH ����

�:D\QH 5DVEDQG� 1DWLRQDO ,QVWLWXWHV RI +HDOWK� DQDO\VLHUW�

����� 3KRWREOHLFKYHUIDKUHQ

$OV %OHLFKVWUDKO GLHQWH HLQ $UJRQLRQHQODVHU PLW HLQHU :HOOHQOlQJH YRQ ��� QP� =XU

9HUHLQIDFKXQJ GHU *HRPHWULH XQG GDPLW GHU VSlWHUHQ %HUHFKQXQJ GHU 'LIIXVLRQVNRQVWDQWH

ZXUGH HLQ 3LQKROH PLW HLQHP 5DGLXV YRQ ��� µP YHUZHQGHW� 'HU /DVHUVWUDKO ZLUG LQ HLQHQ

%OHLFKVWUDKO XQG HLQHQ 0H�VWUDKO DXIJHWHLOW� GHVVHQ ,QWHQVLWlW ]XVlW]OLFK PLW HLQHP

3RODULVDWLRQVILOWHU UHJXOLHUW ZHUGHQ NDQQ� %HLGH 6WUDKOHQ ELOGHQ GDV 3LQKROH VFKDUI �EHU HLQHQ

GLFKURLWLVFKHQ 6SLHJHO XQG GDV 2EMHNWLY DXI GLH 3UREH DE� 'LH )OXRUHV]HQ] ZLUG �EHU HLQHQ

7UDQVPLVVLRQVILOWHU �λ!��� QP� XQG HLQH ,ULVEOHQGH LQ GHQ 3KRWRPXOWLSOLHU �53����3�

+DPDPWVX� DEJHELOGHW� (LQ &RPSXWHUSURJUDPP UHJHOW �EHU HLQH '�$�7LPH�&RXQWHU .DUWH

GHQ 0H�DEODXI XQG GLH 'DWHQHUIDVVXQJ� =XU 7HPSHUDWXUVWHXHUXQJ GLHQWH HLQ /$8'$

7KHUPRVWDW� PLW GHP GLH 3UREHQNDPPHU XQG GDV gOLPPHUVLRQV�2EMHNWLY JOHLFK]HLWLJ
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WHPSHULHUW ZHUGHQ� 0LW HLQHP 37���� ZLUG GLH 7HPSHUDWXU GLUHNW LQ GHU 3UREHQNDPPHU

JHPHVVHQ� 8P HLQH 9HUIlOVFKXQJ GHU (UJHEQLVVH EHUXKHQG DXI )OXRUHV]HQ]HUKROXQJ GXUFK

5RWDWLRQVGLIIXVLRQ ]X YHUPHLGHQ ZXUGH ]XU 'HSRODULVDWLRQ GHV OLQHDU SRODULVLHUWHQ

/DVHUVWUDKOV ZXUGH HLQ λ���3OlWWFKHQ LQ GHQ 6WUDKOHQJDQJ HLQJHVHW]W�

����� /LFKWPLNURVNRSLH

'LH /LFKWPLNURVNRSLHELOGHU ZXUGHQ DQ GHU 7HFKQLVFKHQ 8QLYHUVLWlW 0�QFKHQ �/HKUVWXKO I�U

%LRSK\VLN� 3URI� 6DFNPDQQ� DXIJHQRPPHQ� 'LH 8QWHUVXFKXQJHQ IDQGHQ PLW HLQHP =(,66

$[LRYHUW �� 0LNURVNRS VWDWW� DXVJHU�VWHW PLW HLQHP 3KDVHQNRQWUDVW�2EMHNWLY �=(,66 �� [ 3K�

Q$  ������ =XU 'RNXPHQWDWLRQ ZXUGH HLQH $48$ 79 &&' 9LGHRNDPHUD +5 ��� YHUZHQGHW�

'LH %LOGHU ZXUGHQ PLW HLQHP 3$1$621,& 6�9+6�5HFRUGHU DXIJHQRPPHQ XQG PLW HLQHP

0DFLQWRVK ,,I[�=XEHK|U PLW HLQHU 3(5&(37,&6 3L[HO3LSHOLQH *UDSKLNNDUWH XQG PLW GHU

%LOGEHDUEHLWXQJVVRIWZDUH ,PDJH ���� �:D\QH 5DVEDQG� 1DWLRQDO ,QVWLWXWHV RI +HDOWK�

DQDO\VLHUW�

������ +\GULHUXQJ

(V ZXUGH HLQ WKHUPRVWDWLVLHUEDUHU *ODVU�KUDXWRNODY %(3 ��� GHU )LUPD %h&+, PLW � O

)DVVXQJVYHUP|JHQ YHUZHQGHW�
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'LH FKHPLVFKH %LRSK\VLN EHID�W VLFK ]XQHKPHQG PLW 3URWHLQUHDNWLRQHQ LQ 0RGHOOPHPEUDQHQ�

'LHVH 3URWHLQH ZHUGHQ KlXILJ DQ VRJHQDQQWH $QNHUOLSLGH JHEXQGHQ XQG VR LQ GHU

0RGHOOPHPEUDQ LPPRELOLVLHUW� 'HUDUWLJH /LSLGH VROOWHQ P|JOLFKVW ODQJH K\GURSKREH 5HVWH

DXIZHLVHQ� ZDV EHL JHVlWWLJWHQ $ON\ONHWWHQ ]X HLQHP 9HUOXVW DQ )OXLGLWlW GHU 0HPEUDQ I�KUHQ

NDQQ� 8P GHP %HGDUI DQ JHHLJQHWHQ $QNHUOLSLGHQ QDFK]XNRPPHQ� ZXUGH LQ GHU

YRUOLHJHQGHQ $UEHLW HLQ QHXDUWLJHU $PSKLSKLOW\S V\QWKHWLVLHUW� GHU WURW] ODQJHU K\GURSKREHU

$ON\ONHWWHQ QLFKW DQ .HWWHQIOH[LELOLWlW HLQE��W XQG LQ GHU /DJH LVW� 0RGHOOPHPEUDQHQ

QDW�UOLFKHU /LSLGH� ZLH HWZD '33&� GXUFK =XVDW] DOV &ROLSLG ]X IOXLGLVLHUHQ�

8P VLFK I�U GHQ (LQVDW] LQ GHQ YHUVFKLHGHQVWHQ $UWHQ PHKUNRPSRQHQWLJHU

0RGHOOPHPEUDQHQ ]X HLJQHQ� P�VVHQ GLH KHUJHVWHOOWHQ $PSKLSKLOH HLQLJH )RUGHUXQJHQ

HUI�OOHQ� ,Q HUVWHU /LQLH VROOWHQ GLH QHXDUWLJHQ $PSKLSKLOH QLFKWNULVWDOOLVLHUEDU VHLQ� XP GLH

)OXLGLWlW ]X JHZlKUOHLVWHQ� 'LHVH +DXSWDQIRUGHUXQJ ZXUGH GXUFK GLH 9HUZHQGXQJ HLQHV

K\GURSKREHQ %DXVWHLQV DXV YHU]ZHLJWHP 3RO\EXWDGLHQ HUI�OOW� 8P LKQ FKHPLVFK ]X

VWDELOLVLHUHQ ZXUGH HU K\GULHUW� 'LH 6\QWKHVH GXUFK DQLRQLVFKH 3RO\PHULVDWLRQ HUP|JOLFKWH GLH

+HUVWHOOXQJ YRQ 2OLJRPHUHQ PLW HQJHU 0ROHNXODUJHZLFKWVYHUWHLOXQJ� 'LHVH ZDU ZLFKWLJ� XP

HLQ P|JOLFKVW JXW GHILQLHUWHV 3URGXNW ]XU 9HUI�JXQJ ]X KDEHQ XQG NRQQWH PLWWHOV

*HOSHUPHDWLRQVFKURPDWRJUDSKLH E]Z� LP )DOO GHU 3KRVSKDWLG\OFKROLQH PLW +LOIH GHU

(OHNWURQHQVSUD\ ,RQLVDWLRQ � 0DVVHQVSHNWURVNRSLH �(6,�06� QDFKJHZLHVHQ ZHUGHQ�

)XQNWLRQDOLVLHUXQJ GXUFK (WK\OHQR[LG HUP|JOLFKWH GLH $QNQ�SIXQJ YHUVFKLHGHQHU K\GURSKLOHU

.RSIJUXSSHQ �0HWKR[\KH[DHWK\OHQJO\NRO E]Z� 3KRVSKDWLG\OFKROLQ��

%XWDGLHQ NDQQ EHL DQLRQLVFKHU 3RO\PHULVDWLRQ PLW %XW\OOLWKLXP LQ $EKlQJLJNHLW YRP

/|VXQJVPLWWHO LQ XQWHUVFKLHGOLFKHQ .RQIRUPDWLRQHQ� GXUFK ���� XQG ����$GGLWLRQ�

SRO\PHULVLHUHQ� 'LHVH (LJHQVFKDIW ZXUGH JHQXW]W� XP K\GURSKREH 5HVWH XQWHUVFKLHGOLFKHU

0LNURVWUXNWXU KHU]XVWHOOHQ� 'LH JHQDXH &KDUDNWHULVLHUXQJ HUIROJWH GDEHL �EHU PHKUHUH

0HWKRGHQ GHU PDJQHWLVFKHQ .HUQUHVRQDQ]VSHNWURVNRSLH �105�� 'LH TXDQWLWDWLYH $XVZHUWXQJ

GHU �+�105 6SHNWUHQ OLHIHUWH GDEHL GLH $Q]DKO GHU 7HWUDPHWK\OHQ� XQG

(WK\OHWK\OHQZLHGHUKROXQJVHLQKHLWHQ XQG GDPLW GDV 0ROHNXODUJHZLFKW XQG GLH 5�FNJUDWOlQJH

GHU K\GURSKREHQ 5HVWH DOOHU XQWHUVXFKWHU $PSKLSKLOH� 'LH DXV GHQ 105�6SHNWUHQ HUKDOWHQHQ

:HUWH VWLPPHQ GDEHL JXW PLW GHQ (UJHEQLVVHQ GHU (6,�0DVVHQVSHNWURVNRSLH �EHUHLQ� 0LWWHOV

TXDQWLWDWLYHU $XVZHUWXQJ GHU ��&�105 6SHNWUHQ NRQQWH $XIVFKOX� �EHU GLH 0LNURVWUXNWXU GHU

YRUOLHJHQGHQ 9HUELQGXQJHQ HUKDOWHQ ZHUGHQ� (LQ ZLFKWLJHV (UJHEQLV ZDU GDEHL� GD� GLH
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:DKUVFKHLQOLFKNHLW I�U GHQ (LQEDX HLQHU (WK\OHWK\OHQHLQKHLWHQ DOV HUVWH 0RQRPHUHLQKHLW QDFK

GHU %XW\OJUXSSH GHV ,QLWLDWRUV JU|�HU LVW� DOV I�U VWDWLVWLVFKHQ (LQEDX HQWVSUHFKHQG GHP

PLWWOHUHQ *HKDOW DQ 9HU]ZHLJXQJHQ HUZDUWHW Z�UGH� 'LH 'LIIHUHQ] GHU :DKUVFKHLQOLFKNHLWHQ

LVW XP VR JU|�HU� MH QLHGULJHU GHU *HKDOW DQ 9HU]ZHLJXQJHQ OLHJW� 'DKHU VLQG .RPSOLNDWLRQHQ�

GLH VLFK LP XPJHNHKUWHQ )DOO� HLQHU +lXIXQJ YRQ ����$GGLWLRQVHLQKHLWHQ DP $QIDQJ GHU

.HWWH� HUJHEHQ Z�UGHQ� QLFKW ]X EHI�UFKWHQ� ,Q GLHVHP )DOO Z�UGHQ QlPOLFK YHUPHKUW

0ROHN�OH YRUOLHJHQ� GLH HLQH HUVWH 9HU]ZHLJXQJ HUVW DP ]HKQWHQ .RKOHQVWRIIDWRP EHVLW]HQ�

ZDV XQWHU 8PVWlQGHQ QHJDWLYH $XVZLUNXQJHQ DXI GLH )OXLGLWlW GHU 0RGHOOPHPEUDQHQ� PLW

6LFKHUKHLW DEHU (LQIOX� DXI GDV 9HUKDOWHQ LQ 0RQR� RGHU 'RSSHOVFKLFKWHQ KlWWH�

,P 0LWWHOSXQNW GLHVHU $UEHLW VWDQG GLH (UPLWWOXQJ GHU 6WUXNWXU�(LJHQVFKDIWVEH]LHKXQJHQ GHU

YHU]ZHLJWHQ $PSKLSKLOH� 'D]X ZXUGHQ XQWHU DQGHUHP GLH NULWLVFKHQ

0L]HOOELOGXQJVNRQ]HQWUDWLRQHQ LQ $EKlQJLJNHLW YRQ .RSIJUXSSH $PSKLSKLOW\S PLW +LOIH GHU

)OXRUHV]HQ]VSHNWURVNRSLH EHVWLPPW� 3\UHQ GLHQWH GDEHL DOV ,QGLNDWRU I�U GLH %LOGXQJ YRQ

0L]HOOHQ� (V NRQQWH WHQVLGLVFKHV 9HUKDOWHQ QDFKJHZLHVHQ ZHUGHQ� 'HU WHPSHUDWXUDEKlQJLJH

7UHQG GHU &0& LVW GDEHL VRZRKO LP )DOO GHU 3KRVSKDWLG\OFKROLQNRSIJUXSSHQ DOV DXFK I�U GLH

0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSHQ PLW GHQ LQ GHU /LWHUDWXU EHVFKULHEHQHQ 6\VWHPHQ

YHUJOHLFKEDU� 'HU (LQIOX� GHU .HWWHQOlQJH XQG EHVRQGHUV DXFK GHU $Q]DKO GHU K\GURSKREHQ

.HWWHQ LVW LP 9HUJOHLFK ]X XQYHU]ZHLJWHQ $PSKLSKLOHQ DOOHUGLQJV VHKU JHULQJ� 'XUFK GHQ

VWDUNHQ 9HU]ZHLJXQJVJUDG EHVLW]HQ GLH XQWHUVXFKWHQ 9HUELQGXQJHQ HLQH &0&� GLH NRQVWDQW

LP %HUHLFK ���� PRO�O OLHJW� 'LHV VSLHJHOW GHQ JUR�HQ (LQIOX� GHU 9HU]ZHLJXQJHQ ZLGHU�

ZHOFKH GLH /|VOLFKNHLW GHU 9HUELQGXQJHQ LQ :DVVHU HUK|KHQ� 'D &ROLSLGH PLW HLQHU JU|�HUHQ

:DVVHUO|VOLFKNHLW DOV GLH XQYHU]ZHLJWHQ QDW�UOLFKHQ /LSLGH ZLH '33& 0HPEUDQHQ GLHVHU

/LSLGH ]X IOXLGLVLHUHQ YHUP|JHQ� GDUI DXVJHKHQG YRQ GHQ &0&�:HUWHQ YRQ DOOHQ YHU]ZHLJWHQ

$PSKLSKLOHQ HUZDUWHW ZHUGHQ� GD� VLH LQ 0LVFKXQJ PLW '33& IOXLGH 0RGHOOPHPEUDQHQ ELOGHQ�

'LH YHU]ZHLJWHQ $PSKLSKLOH ZXUGHQ ZHLWHUKLQ PLWWHOV )LOPZDDJHQPHVVXQJHQ DXI 6WDELOLWlW

GHU /DQJPXLUILOPH VRZLH DXI GHQ )OlFKHQEHGDUI GHU HLQ]HOQHQ 9HUELQGXQJHQ XQWHUVXFKW�

$XIJUXQG GHU KRKHQ :DVVHUO|VOLFKNHLW GHU YHU]ZHLJWHQ /LSLGH ELOGHWH NHLQHV HLQHQ VWDELOHQ

/DQJPXLUILOP DXV� ZLH DXV GHQ 5HOD[DWLRQVNXUYHQ HUVLFKWOLFK ZDU� 'XUFK GLH :DKO JHHLJQHWHU

3DUDPHWHU EHL GHU 'XUFKI�KUXQJ GHU 0HVVXQJHQ ZDU HV GHQQRFK P|JOLFK� ]XYHUOlVVLJH XQG

UHSURGX]LHUEDUH (UJHEQLVVH ]X HUKDOWHQ� )�U GLH $PSKLSKLOH PLW 0HWKR[\KH[D�

HWK\OHQJO\NRONRSIJUXSSH NRQQWH JH]HLJW ZHUGHQ� GD� GHU )OlFKHQEHGDUI KDXSWVlFKOLFK YRQ

GHU $Q]DKO GHU .RSIJUXSSHQ DEKlQJLJ LVW� 'D LQ LKUHQ ,VRWKHUPHQ GHU /LIW�RII GXUFKZHJ QLFKW

GXUFK HLQHQ VFKDUIHQ .QLFN LQ GHU .XUYH DQJH]HLJW ZXUGH� NRQQWH GHU H[DNWH )OlFKHQEHGDUI
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I�U GLHVH $PSKLSKLOW\SHQ QLFKW HUPLWWHOW ZHUGHQ� 6WDWW GHVVHQ ZXUGHQ GLH :HUWH EHL

(UUHLFKHQ HLQHV 'UXFNHV LP /DQJPXLUILOP YRQ ��� P1�P YHUJOLFKHQ�

,P )DOO GHU 3KRVSKDWLG\OFKROLQH NRQQWH HLQ =XVDPPHQKDQJ ]ZLVFKHQ )OlFKHQEHGDUI XQG

6WUXNWXU GHV YHU]ZHLJWHQ K\GURSKREHQ 5HVWHV KHUJHVWHOOW ZHUGHQ� 0LW HLQHU HLQIDFKHQ

]ZHLGLPHQVLRQDOHQ %HWUDFKWXQJ LVW HV JHOXQJHQ� GLH :HUWH I�U GHQ )OlFKHQEHGDUI VHKU JHQDX

DE]XVFKlW]HQ� (V ZDU VR P|JOLFK ]X ]HLJHQ� GD� GLH YHU]ZHLJWHQ $PSKLSKLOH GHP HUK|KWHQ

'UXFN GXUFK J�QVWLJH VWHULVFKH $QRUGQXQJ DXVZHLFKHQ�

:HLWHUH ZLFKWLJH )RUGHUXQJHQ DQ GLH KLHU YRUJHVWHOOWHQ /LSLGH EHVWDQGHQ LQ GHU 0LVFKEDUNHLW

PLW '33&� GHU )OXLGLVLHUXQJ GHU '33&�0RQR� XQG 'RSSHOVFKLFKWHQ LQ PHKUHUHQ 7\SHQ YRQ

0RGHOOPHPEUDQHQ XQG GHU 6WDELOLWlW GLHVHU ]ZHLNRPSRQHQWLJHQ 0HPEUDQHQ� 6LH ZXUGHQ PLW

HLQHU .RPELQDWLRQ DXV )LOPZDDJHQPHVVXQJHQ� 'LIIHUHQWLHOOHU :lUPHIOX�NDORULPHWULH LQ

/|VXQJ PLW :DVVHU�EHUVFKX�� 8QWHUVXFKXQJHQ PLWWHOV 3KRWREOHLFKYHUIDKUHQ XQG

)OXRUHV]HQ]PLNURVNRSLH �EHUSU�IW�

=XQlFKVW ZXUGHQ 0LVFKXQJHQ YRQ '33& XQG YHU]ZHLJWHP $PSKLSKLO JHPHLQVDP DXI GHP

/DQJPXLUWURJ JHVSUHLWHW� 'LH 0LVFKXQJHQ HLQLJHU 9HUELQGXQJHQ ZLHVHQ GDEHL HLQ Ä]ZHLWHV

3ODWHDX´ LQ GHU ,VRWKHUPH DXI� ZDV RIW HLQ +LQZHLV DXI HLQH 3KDVHQVHSDUDWLRQ LVW� $OOHUGLQJV

ZXUGH GLHVH %HVRQGHUKHLW LP YRUOLHJHQGHQ )DOO PLW HLQHU 'HVRUSWLRQ YRQ GHU *UHQ]IOlFKH

JHGHXWHW� GLH DE HLQHP EHVWLPPWHQ 'UXFN DXIWULWW XQG VR GLHVHV 3ODWHDX HU]HXJW� GD I�U GLH

9HUELQGXQJHQ EHL DQGHUHQ 0HVVXQJHQ NHLQH $Q]HLFKHQ I�U (QWPLVFKXQJ JHIXQGHQ ZXUGHQ�

(LQH 7HQGHQ] ]XU (QWPLVFKXQJ LVW PLWWHOV '6& 0HVVXQJHQ HLQIDFK QDFK]XZHLVHQ� $XV GLHVHP

*UXQG ZXUGHQ Zl�ULJH 9HVLNHOO|VXQJHQ GLHVHU 9HUELQGXQJHQ LQ 0LVFKXQJ PLW '33&

KHUJHVWHOOW XQG PLWWHOV '6& XQWHUVXFKW� $Q]HLFKHQ I�U (QWPLVFKXQJHQ NRQQWHQ KLHU QLFKW

JHIXQGHQ ZHUGHQ� 'DJHJHQ ZLHVHQ IOXRUHV]HQ]PLNURVNRSLVFKH $XIQDKPHQ HLQHU JHPLVFKWHQ

VXEVWUDWJHVW�W]WHQ 0HPEUDQHQ FD� ]HKQ 0LQXWHQ QDFK GHU 3UlSDUDWLRQ Ä/|FKHU´ DXI� DOVR

HLQH SDUWLHOOH =HUVW|UXQJ GHU 0HPEUDQ� GLH DXI GHU :DVVHUO|VOLFKNHLW GHU YHU]ZHLJWHQ

.RPSRQHQWH EHUXKW� =XVlW]OLFK ]HLJHQ 0HVVXQJHQ PLWWHOV 3KRWREOHLFKYHUIDKUHQ DQ GLHVHQ

ÄVROLG VXSSRUWHG PHPEUDQHV´ EHL 6WHLJHUXQJ GHV $QWHLOV DQ YHU]ZHLJWHP $PSKLSKLO ]XQlFKVW

HLQH )OXRUHV]HQ]HUKROXQJ� DEHU GDQQ HLQH $EQDKPH GHU )OXRUHV]HQ]LQWHQVLWlW� 'LHVH NDQQ

QXU VR JHGHXWHW ZHUGHQ� GD� GLH /|VOLFKNHLW GHV YHU]ZHLJWHQ $PSKLSKLOV GLH '33&�0HPEUDQ

GDKLQJHKHQG GHVWDELOLVLHUW� GD� HLQ 7HLO GHU ]XJHVHW]WHQ 6XEVWDQ] YRQ GHU *UHQ]IOlFKH

GHVRUELHUW�
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'6& 0HVVXQJHQ DQ Zl�ULJHQ /|VXQJHQ ]ZHLNRPSRQHQWLJHU 9HVLNHO OLHIHUWHQ I�U HLQ DQGHUHV

$PSKLSKLO� GDV EHL )LOPZDDJHQPHVXQJHQ LQ 0LVFKXQJ PLW '33& NHLQH $XIIlOOLJNHLWHQ ZLH HLQ

Ä]ZHLWHV 3ODWHDX´ ]HLJWH� HLQHQ +LQZHLV DXI HLQH 0LVFKXQJVO�FNH� 'HU 0ROHQEUXFKEHUHLFK GHU

(QWPLVFKXQJ NRQQWH HUPLWWHOW XQG LQ HLQHP YRUOlXILJHQ 3KDVHQGLDJUDPP IHVWJHKDOWHQ

ZHUGHQ� $XFK )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ ]HLJWHQ I�U GLHVH 9HUELQGXQJ HLQH ZHLWDXV

JHULQJHUH )OXLGLVLHUXQJ GHV '33&�/DQJPXLUILOPV DOV I�U GLH EHLGHQ DQGHUHQ PLW GLHVHQ

0HWKRGHQ XQWHUVXFKWHQ 6XEVWDQ]HQ� (V NDQQ YHUVXFKW ZHUGHQ� GLHVH (UJHEQLVVH

GDKLQJHKHQG ]X YHUDOOJHPHLQHUQ� GD� I�U 0LVFKEDUNHLW PLW '33& J�QVWLJH 6WUXNWXUPHUNPDOH

HLQ ODQJHV K\GURSKREHV 5�FNJUDW XQG�RGHU HLQ KRKHU 9HU]ZHLJXQJVJUDG VLQG� 'LH *U�QGH

KLHUI�U VLQG QRFK XQNODU�

'LH XQWHUVXFKWHQ $PSKLSKLOH ]HLJWHQ LQ 9HVLNHOO|VXQJ PLW :DVVHU�EHUVFKX� NHLQH

WKHUPRWURSH 3KDVHQXPZDQGOXQJ� 'LHV VSLHJHOW GLH GXUFK GLH 9HU]ZHLJXQJHQ YHUXUVDFKWH

KRKH )OXLGLWlW ZLGHU� 'LH %LOGHU GHU YLGHRXQWHUVW�W]WHQ /LFKWPLNURVNRSLH NRUUHOLHUHQ PLW

GLHVHP (UJHEQLV� 8QPLWWHOEDU QDFK .RQWDNW PLW :DVVHU XQG EHL 5DXPWHPSHUDWXU ZXUGH GLH

$XVELOGXQJ YRQ 5LHVHQYHVLNHOQ E]Z� ILQJHUI|UPLJHQ 7XEXOL� GLH VLFK YRQ HLQHP 5HVHUYRLU�

6XEVWDQ]WURSIHQ DXVEUHLWHWHQ� EHREDFKWHW� 'LHVH 8QWHUVXFKXQJ ZXUGH EHLVSLHOKDIW QXU PLW

HLQHP YHU]ZHLJWHQ 3KRVSKDWLG\OFKROLQ GXUFKJHI�KUW� $XIJUXQG IU�KHUHU %HREDFKWXQJHQ DQ

HLQHP YHU]ZHLJWHQ $PSKLSKLO PLW VXEVWLWXLHUWHU +H[DHWK\OHQJO\NRONRSIJUXSSH XQG GHQ

(UJHEQLVVHQ GHU DQGHUHQ 8QWHUVXFKXQJHQ NDQQ PLW JUR�HU 6LFKHUKHLW DQJHQRPPHQ ZHUGHQ�

GD� DOOH DQGHUHQ YHU]ZHLJWHQ $PSKLSKLOH lKQOLFKHV 9HUKDOWHQ ]HLJHQ�

'HU (LQIOX� GHU YHU]ZHLJWHQ $PSKLSKLOH DXI '33&�0HPEUDQHQ LVW GHP GHV &KROHVWHULQV

YHUJOHLFKEDU� 'LH )OXLGLVLHUXQJ ZLUG HLQGHXWLJ GXUFK GLH 9HUEUHLWHUXQJ GHV (QGRWKHUPV XQG

VHLQ $EVLQNHQ ]X QLHGULJHUHQ 7HPSHUDWXUHQ LQ GHQ '6&�0HVVXQJHQ EHZLHVHQ� $XFK GLHVHV

(UJHEQLV ZLUG GXUFK GLH /LFKWPLNURVNRSLH JHVW�W]W� 5HLQ TXDOLWDWLY NDQQ JHVDJW ZHUGHQ� GD�

PLWWHOV ÄHOHFWUR VZHOOLQJ´ SUlSDULHUWH 9HVLNHO HLQHU ���� 0LVFKXQJ ZHVHQWOLFK VWHLIHU ZDUHQ DOV

I�U HLQH ��� 0LVFKXQJ �'33&�YHU]ZHLJWHV $PSKLSKLO�� (EHQVR ]HLJWHQ

)OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ � PLW $XVQDKPH GHU REHQ HUZlKQWHQ 9HUELQGXQJ� GLH PLW

'33& HLQH 0LVFKXQJVO�FNH EHVLW]W � HLQH HUKHEOLFKH 6W|UXQJ GHU IHVWDQDORJHQ 3KDVH GHV

'33&�

,QVJHVDPW SUlVHQWLHUHQ VLFK GLH QHXDUWLJHQ $PSKLSKLOH DOV 9HUELQGXQJHQ PLW KRKHU

.HWWHQIOH[LELOLWlW � XQDEKlQJLJ YRQ GHU 5�FNJUDWOlQJH GHV K\GURSKREHQ 5HVWHV � XQG

WDXJOLFK� 0RGHOOPHPEUDQHQ XQYHU]ZHLJWHU $PSKLSKLOH ]X IOXLGLVLHUHQ� 'LHV ZLUG GXUFK GLH
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(WK\OHQYHU]ZHLJXQJHQ HUUHLFKW� $OOHUGLQJV EHVLW]HQ VLH JHUDGH DXIJUXQG GLHVHU

6HLWHQJUXSSHQ GHQ 1DFKWHLO HLQHU I�U $PSKLSKLOH PLW ODQJNHWWLJHQ $ONDQUHVWHQ KRKHQ

:DVVHUO|VOLFKNHLW� DXI GHU GLH ,QVWDELOLWlW GHU /DQJPXLUILOPH GHU 5HLQVXEVWDQ]HQ XQG GHU

0LVFKXQJHQ PLW '33& EHUXKHQ� 'XUFK :DKO GHV ULFKWLJHQ 0LVFKXQJVYHUKlOWQLVVHV N|QQHQ

DOOHUGLQJV WURW]GHP VWDELOH 0RGHOOPHPEUDQHQ HUKDOWHQ ZHUGHQ� 6R NDQQ JHVDJW ZHUGHQ� GD�

HLQ QHXHU $PSKLSKLOW\S YRUJHVWHOOW ZXUGH� GHU EHL :DKO GHU ULFKWLJHQ 3DUDPHWHU

�5�FNJUDWOlQJH XQG 9HU]ZHLJXQJVJUDG GHV K\GURSKREHQ 5HVWHV� 0LVFKXQJVYHUKlOWQLV PLW

'33&� I�U GLH +HUVWHOOXQJ YRQ ]ZHLNRPSRQHQWLJHQ� IOXLGHQ 0RGHOOPHPEUDQHQ XQG DOV

$QNHUOLSLG I�U 3URWHLQH JHHLJQHW LVW�
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��� ������	

3URWHLQ UHDFWLRQV LQ PRGHO PHPEUDQHV DUH D VXEMHFW RI JURZLQJ LQWHUHVW LQ WKH ILHOG RI

FKHPLFDO ELRSK\VLFV� 2IWHQ DQFKRUOLSLGV DUH XVHG WR LPPRELOLVH SURWHLQV� 7KHVH OLSLGV VKRXOG

SRVVHVV ORQJ K\GURSKRELF FKDLQV WR SURYLGH D VWURQJ DQFKRULQJ LQ WKH PHPEUDQH� /RQJ

FKDLQV� KRZHYHU� RIWHQ PHDQ D GHFUHDVH LQ PHPEUDQH IOXLGLW\ GXH WR FKDLQ FU\VWDOOLVDWLRQ� ,Q

WKLV WKHVLV� D QRYHO W\SH RI DPSKLSKLOH LV SUHVHQWHG� ZKLFK GRHV QRW GHFUHDVH PHPEUDQH

IOXLGLW\ GHVSLWH KDYLQJ ORQJ K\GURSKRELF FKDLQV�

2QH RI WKH PDLQ UHTXLUHPHQWV IRU VXFK DPSKLSKLOHV DUH QRQ�FU\VWDOOLVLQJ K\GURSKRELF WDLOV WR

JXDUDQWHH PHPEUDQH IOXLGLW\� :H XVHG K\GURJHQDWHG SRO\EXWDGLHQH FKDLQV ZLWK UDQGRPO\

GLVWULEXWHG HWK\O EUDQFKHV DV K\GURSKRELF WDLO WR PHHW WKLV PDLQ UHTXLUHPHQW �ILJ� �����

$QLRQLF SRO\PHULVDWLRQ RI EXWDGLHQH XVLQJ EXW\O OLWKLXP DV WKH LQLWLDWRU \LHOGHG D ZHOO�GHILQHG

SURGXFW ZLWK QDUURZ PROHFXODU ZHLJKW GLVWULEXWLRQ DV FKDUDFWHULVHG E\ JHO SHUPHDWLRQ

FKURPDWRJUDSK\ DQG HOHFWURQ VSUD\ LRQLVDWLRQ � PDVV VSHFWURVFRS\� 5HDFWLRQ RI WKH OLYLQJ

SRO\PHU HQG ZLWK HWK\OHQH R[LGH SURGXFHG D WHUPLQDO K\GUR[\ JURXS� 7KLV HQDEOHG WKH

DWWDFKPHQW RI YDULRXV K\GURSKLOLF KHDG JURXSV WR WKH UHVXOWLQJ PDFURDOFRKRO �ILJ� �����

][ y[...stat...
xx OH

][ ][...stat...
yx OH

2. O
1. BuLi

3. H2, Pd/CaCO3

= ROH  5

4

)LJ� ���� 6\QWKHVLV VFKHPH RI WKH EUDQFKHG PDFURDOFRKRO � K\GURSKRELF WDLO IRU WKH QRYHO

QRQ�FU\VWDOOLVDEOH W\SH RI DPSKLSKLOV

7KH SRODULW\ RI WKH VROYHQW XVHG IRU WKH DQLRQLF SRO\PHULVDWLRQ GHWHUPLQHV WKH FRQWHQW RI

HWK\O HWK\OHQH DQG WHWUDPHWK\OHQH XQLWV LQ WKH SRO\PHU� :H H[SORLWHG WKLV HIIHFW DQG

V\QWKHVLVHG VL[ K\GURSKRELF PDFURDOFRKROV RI GLIIHUHQW PLFURVWUXFWXUH� 7KHLU VWUXFWXUDO

FKDUDFWHULVDWLRQ ZDV FDUULHG RXW XVLQJ QXFOHDU PDJQHWLF UHVRQDQFH VSHFWURVFRS\ �105��

4XDQWLWDWLYH HYDOXDWLRQ RI WKH SURWRQ 105 VSHFWUD JDYH WKH QXPEHU RI ���� DQG ����DGGLWLRQ

XQLWV� 7KLV GDWD DOORZHG XV WR FDOFXODWH WKH QXPEHU DYHUDJH PROHFXODU ZHLJKW DQG WKH
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QXPEHU RI EDFNERQH DWRPV LQ WKH SRO\PHULVHG K\GURSKRELF SDUW RI DOO V\QWKHVLVHG

DPSKLSKLOHV� 7KH PROHFXODU ZHLJKWV REWDLQHG RQ WKLV ZD\ ZHUH LQ JRRG DJUHHPHQW ZLWK WKH

UHVXOWV RI HOHFWURQ VSUD\ LRQLVDWLRQ � PDVV VSHFWURVFRS\ H[SHULPHQWV� ��& 105 VSHFWUD

SURYLGHG LQIRUPDWLRQ DERXW WKH PLFURVWUXFWXUH RI WKH FRPSRXQGV� HVSHFLDOO\ LQ WKH IURQW RI

WKH SRO\PHU FKDLQ� 7KH PRQRPHU XQLW IROORZLQJ WKH EXW\O VHJPHQW RI WKH LQLWLDWRU LV PRUH

OLNHO\ D EUDQFKHG HWK\O HWK\OHQH XQLW WKDQ D QRQ�EUDQFKHG XQLW� 7KH UHODWLYH SUREDELOLW\ RI

KDYLQJ D EUDQFKHG XQLW LQ WKH ILUVW SRVLWLRQ LQFUHDVHV ZLWK GHFUHDVLQJ RYHUDOO FRQWHQW RI

EUDQFKHV� 7KXV WKHUH DUH UHODWLYHO\ IHZ DPSKLSKLOHV FRQWDLQLQJ FKDLQV ZLWK D ILUVW EUDQFKLQJ

RQO\ RQ WKH ��WK FDUERQ DWRP� 0ROHFXOHV ZLWK VXFK D PLFURVWUXFWXUH FRXOG GHFUHDVH WKH

IOXLGLW\ RI WKH PRGHO PHPEUDQHV RU DW OHDVW FDXVH D GLIIHUHQW EHKDYLRXU LQ PRQR� DQG

GRXEOHOD\HUV LQ FRPSDUDQFH WR DPSKLSKLOHV ZLWK D ����XQLW LQ ILUVW SODFH DIWHU WKH EXW\O

VHJPHQW� 7KLV SRVVLELOLW\ KDV QRW WR EH WDNHQ LQWR DFFRXQW ZKHQ LQWHUSUHWLQJ WKH UHVXOWV RI

WKH IXUWKHU H[SHULPHQWV�

i

P

O

O-

O
N(CH3)

+

][ ][...stat...
xy

NH
NH O

O

O
CH3( )
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O

][ ][...stat...
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12a-e

25a-e

&RPSRXQG 0Z

LQ J�PRO

[ \ & � &�[

��D ��� ��� ��� ���� �� ���

��E ��� ��� ��� ���� �� ���

��F ��� ��� ��� ���� �� ���

��G ��� ��� ��� ���� �� ���

��H ��� ��� ��� ���� �� ���

��D ��� ��� ��� ���� �� ���

��E ��� ��� ��� ���� �� ���

��F ��� ��� ��� ���� �� ���

��G ��� ��� ��� ���� �� ���

��H ��� ��� ��� ���� �� ����

)LJ� ���� &KHPLFDO VWUXFWXUH RI WZR QRYHO EUDQFKHG DPSKLSKLOHV DQG GDWD RQ WKHLU

PLFURVWUXFWXUH DV GHWHUPLQHG E\ TXDQWLWDWLYH 105 VSHFWURVFRS\�

&� DYHUDJH QXPEHU RI FDUERQ DWRPV LQ WKH FKDLQ�
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7KH UHODWLRQ RI VWUXFWXUH DQG SURSHUWLHV RI WKH EUDQFKHG DPSKLSKLOHV ZDV WKH PDLQ IRFXV RI

WKLV WKHVLV� )RU WKLV UHDVRQ WKH FULWLFDO PLFHOOH FRQFHQWUDWLRQV ZHUH GHWHUPLQHG LQ GHSHQGHQFH

RI WKH K\GURSKLOLF KHDG JURXS DQG WKH W\SH RI DPSKLSKLOH XVLQJ WKH PHWKRG RI IOXRUHVFHQW

SUREHV ZLWK S\UHQH DV LQGLFDWRU RI PLFHOOH IRUPDWLRQ� 7KH WHPSHUDWXUH GHSHQGHQFH RI WKH

IOXRUHVFHQFH ZDV VLPLODU WR UHVXOWV GHVFULEHG LQ WKH OLWHUDWXUH IRU ERWK WKH DPSKLSKLOHV ZLWK

SKRVSKDWLG\O FKROLQH DQG ZLWK PHWKR[\�KH[D�HWK\OHQHR[\� KHDGJURXS� &RPSDUHG WR QRQ�

EUDQFKHG WHQVLGHV� WKH OHQJWK RI WKH K\GURSKRELF WDLO KDV D ZHDN LQIOXHQFH RQ WKH FPF �� � �

Â ���� PROH�O�� 7KLV FRUUHVSRQGV WR D JRRG VROXELOLW\ RI DOO FRPSRXQGV LQ ZDWHU� 8VXDOO\

PHPEUDQHV RI QRQ�EUDQFKHG VDWXUDWHG OLSLGV VXFK DV '33& EHFRPH PRUH IOXLG ZKHQ D FR�

OLSLG RI KLJKHU VROXELOLW\ LV DGGHG� $FFRUGLQJ WR WKH FPF GDWD� DOO V\QWKHVLVHG DPSKLSKLOHV DUH

WKHUHIRUH H[SHFWHG WR IOXLGLVH PRGHO PHPEUDQHV RI '33&�
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)LJ� ���� )LOP EDODQFH UHOD[DWLRQ FXUYHV RI VHYHUDO EUDQFKHG DPSKLSKLOHV

)LOP EDODQFH H[SHULPHQWV SURYLGHG LQIRUPDWLRQ RQ WKH VWDELOLW\ RI PRQROD\HUV DW WKH DLU�

ZDWHU�LQWHUIDFH DQG RQ WKH DUHD UHTXLUHG E\ WKH PROHFXOHV� $V DOO EUDQFKHG DPSKLSKLOHV ZHUH

ZDWHU�VROXEOH� QRQH RI WKHP DSSHDUHG WR EH VWDEOH LQ D /DQJPXLU ILOP� DV FDQ EH VHHQ IURP

WKH UHOD[DWLRQ GLDJUDPV �ILJ� ����� %\ FKRRVLQJ DSSURSULDWH H[SHULPHQWDO FRQGLWLRQV� LW ZDV

QHYHUWKHOHVV SRVVLEOH WR REWDLQ UHOLDEOH DQG UHSURGXFLEOH UHVXOWV� 7KH DUHD DW WKH LQWHUIDFH

UHTXLUHG E\ WKH DPSKLSKLOHV ZLWK PHWKR[\��KH[DHWK\OHQHR[\� KHDGJURXS PDLQO\ GHSHQGHG

RQ WKH QXPEHU RI KHDGJURXSV SHU PROHFXOH� 'XH WR FRQIRUPDWLRQDO WUDQVLWLRQV RI WKH

SRO\R[\HWK\OHQH VHJPHQW� WKH DUHD�SUHVVXUH�LVRWKHUPV RI DPSKLSKLOHV ZLWK WKLV KHDGJURXS

GLG QRW VKRZ DQ\ VKDUS EHQGV WKDW ZRXOG LQGLFDWH OLIW�RII �ILJ� �����
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)LJ� ���� )LOP EDODQFH LVRWKHUPV RI DQ DPSKLSKLOH ZLWK D PHWKR[\

KH[D�HWK\OHQHR[\� ���H� KHDGJURXS DQG D SKRVSKDWLG\OFKROLQH

���H� V\QWKHVLVHG IURP WKH VDPH PDFURDOFRKRO ��H� YLHZ ILJ� ����

DW ���&

:H IRXQG D UHODWLRQ RI WKH UHTXLUHG DUHD DQG WKH VWUXFWXUH RI WKH K\GURSKRELF WDLOV IRU WKH

SKRVSKDWLG\OFKROLQHV� ,W ZDV SRVVLEOH WR SUHGLFW WKH H[SHULPHQWDO GDWD XVLQJ D VLPSOH WZR�

GLPHQVLRQDO PRGHO� 7KLV SURYHV WKDW WKH PROHFXOHV DYRLG WKH SUHVVXUH E\ RULHQWLQJ LQ D

VWHULFDOO\ IDYRXUDEOH ZD\�

0LVFLELOLW\ ZLWK QDWXUDO OLSLGV VXFK DV '33& ZDV DQRWKHU PDLQ UHTXLUHPHQW IRU WKH

V\QWKHVLVHG OLSLGV� DV ZDV WKH DELOLW\ WR IOXLGLVH '33& PRQR� RU GRXEOHOD\HUV DQG WR IRUP

VWDEOH PL[HG PLFHOOHV� :H SURYHG WKDW WKH QRYHO DPSKLSKLOHV KDYH WKHVH SURSHUWLHV E\ D

FRPELQDWLRQ RI ILOP EDODQFH H[SHULPHQWV� GLIIHUHQWLDO VFDQQLQJ FDORULPHWU\ �'6&� RI PL[HG

YHVLFOH VROXWLRQV� IOXRUHVFHQFH UHFRYHU\ DIWHU SKRWR EOHDFKLQJ �)5$3� DQG IOXRUHVFHQFH

PLFURVFRS\�
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)LJ� ���� ,VRWKHUPHV RI PL[HG /DQJPXLU ILOPV RI '33& DQG D EUDQFKHG DPSKLSKLOH ZLWK �D�

PHWKR[\ KH[D�HWK\OHQHR[\� KHDGJURXS ��H DQG �E� D SKRVSKDWLG\OFKROLQH ��D DW

GLIIHUHQW PRODU UDWLRV DW ���&

:KHQ VSUHDGLQJ PL[HG VROXWLRQV RI '33& DQG EUDQFKHG DPSKLSKLOHV RQ WKH ZDWHU VXUIDFH RI

WKH /DQJPXLU WURXJK� VRPH RI WKH UHFRUGHG LVRWKHUPHV VKRZHG D �VHFRQG SODWHDX� �L�H� WKH

DPSKLSKLOHV ��H DQG ��D� ILJ� ����� 7KLV LV RIWHQ DQ LQGLFDWLRQ RI SKDVH VHSDUDWLRQ� 2WKHU

H[SHULPHQWV JDYH HYLGHQFH WKDW WKLV LV QRW WKH FDVH IRU WKH EUDQFKHG OLSLGV SUHVHQWHG KHUH�

7KHUHIRUH WKLV HIIHFW KDV WR EH LQWHUSUHWHG DV GHVRUSWLRQ RI WKH EUDQFKHG OLSLG IURP WKH

LQWHUIDFH WKDW RFFXUV DW D FHUWDLQ SUHVVXUH� 6HJUHJDWLRQ FDQ HDVLO\ EH GHWHFWHG LQ '6&

H[SHULPHQWV E\ WKH DSSHDUDQFH RI D VHFRQG SHDN LQ WKH WKHUPRJUDPP� :H WKHUHIRUH

H[DPLQHG DTXHRXV VROXWLRQV RI PL[HG YHVLFOHV XVLQJ '6&� 7KH WZR�FRPSRXQG V\VWHPV

DSSHDUHG WR EH FRPSOHWHO\ PLVFLEOH �ILJ� ����� )OXRUHVFHQFH PLFURVFRS\ RI VXEVWUDWH

VXSSRUWHG PHPEUDQHV� KRZHYHU� UHYHDOHG �GDUN VSRWV� �ILJ ���� WKDW IRUPHG WHQ PLQXWHV

DIWHU SUHSDUDWLRQ� 7KLV LQGLFDWHV SDUWLDO GHFRPSRVLWLRQ RI WKH ILOP FDXVHG E\ GLVVROXWLRQ RI

WKH EUDQFKHG FRPSRQHQW LQ WKH ZDWHU SKDVH� $GGLWLRQDO )5$3 �IOXRUHVFHQFH UHFRYHU\ DIWHU

SKRWR EOHDFKLQJ� PHDVXUHPHQWV RI WKHVH VROLG VXSSRUWHG GRXEOHOD\HUV VKRZHG ILUVW D

IOXRUHVFHQFH UHFRYHU\� EXW DIWHU �� PLQXWHV D GHFUHDVH RI IOXRUHVFHQFH LQWHQVLW\ IRU FHUWDLQ

SURSRUWLRQV RI PL[LQJ� 7KLV FDQ RQO\ EH H[SODLQHG E\ DQ XQVWDEOH PL[HG PRGHO PHPEUDQH

GXH WR WKH GLVVROXWLRQ RI WKH EUDQFKHG FR�OLSLG LQ ZDWHU�
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)LJ� ���� '6& WKHUPRJUDPPV RI DTXHRXV YHVLFOH VROXWLRQV PDGH IURP PL[WXUHV RI '33& DQG

D EUDQFKHG DPSKLSKLOH� 7KH PRODU IUDFWLRQ RI ��H DQG ��D LV JLYHQ DV [�

)LJ� ���� )OXRUHVFHQFH PLFURVFRS\ SLFWXUHV RI D VROLG VXSSRUWHG PHPEUDQH RI ��H DQG

'33& �UDWLR����� DIWHU �� PLQXWHV �D� DQG �� PLQXWHV �E�� 'LDPHWHU RI WKH

SLFWXUHV� �� µP�

$QRWKHU DPSKLSKLOH� ��F� WKDW GLG QRW SRVVHVV DQ\ SDUWLFXODULWLHV OLNH D �VHFRQG SODWHDX� LQ

WKH ILOP EDODQFH H[SHULPHQWV� VKRZHG VHJUHJDWLRQ LQ WKH '6& H[SHULPHQWV� ,Q FRPSDULVRQ WR

WKH DPSKLSKLOHV GLVFXVVHG HDUOLHU� WKLV RQH KDV IHZHU EUDQFKHV DQG D VKRUWHU EDFNERQH� :H

GHWHUPLQHG WKH UDQJH RI WKH PRODU IUDFWLRQ LQ ZKLFK LPPLVFLELOLW\ ZLWK '33& RFFXUV DQG

FRQVWUXFWHG D WHQWDWLYH SKDVH GLDJUDP� $PSKLSKLOH ��F DOVR IOXLGLVHV '33& PHPEUDQHV WR D

OHVVHU H[WHQW� DV ZH VKRZHG E\ IOXRUHVFHQFH ILOP EDODQFH H[SHULPHQWV� 7KHVH UHVXOWV FDQ

PRVW OLNHO\ EH JHQHUDOLVHG LQ VWDWLQJ WKDW EUDQFKHG DPSKLSKLOHV ZLWK D ORQJ EDFNERQH DQG D

KLJK FRQWHQW RI EUDQFKHV DUH PRUH DSSURSULDWH WR IRUP VWDEOH DQG IOXLG PL[HG PRGHO

PHPEUDQH ZLWK '33&�
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1RQH RI WKH H[DPLQHG DPSKLSKLOHV H[KLELWV DQ\ WKHUPRWURSLF SKDVH WUDQVLWLRQV LQ EXON RU DV

YHVLFOH VROXWLRQ LQ H[FHVV ZDWHU� 7KLV PLUURUV WKH ODFN RI FU\VWDOOLVDELOLW\ FDXVHG E\ WKH

EUDQFKLQJ� 3LFWXUHV WDNHQ E\ YLGHR VXSSRUWHG PLFURVFRS\ FRQILUP WKLV UHVXOW� ,PPHGLDWHO\

DIWHU WKH DPSKLSKLOH FDPH LQ FRQWDFW ZLWK ZDWHU� ILQJHU�OLNH WXEXOHV WKDW IRUPHG E\ VZHOOLQJ

DQG ZHUH JURZLQJ IURP D FHQWUDO UHVHUYRLU GURSOHW ZHUH REVHUYHG�

7KH LQIOXHQFH RI WKH EUDQFKHG DPSKLSKLOHV RQ '33& PHPEUDQHV LV FRPSDUDEOH WR WKDW RI

FKROHVWHURO� :H SURYHG WKH HIIHFW RI IOXLGLVDWLRQ E\ '6& PHDVXUHPHQWV RI DTXHRXV VROXWLRQV

RI PL[HG YHVLFOHV� $V DOUHDG\ PHQWLRQHG� WKH '6& WKHUPRJUDPPV RI PL[HG YHVLFOH VROXWLRQV

ZLWK '33& VKRZHG EURDGHQHG H[RWKHUPDO SHDNV ZLWK GHFUHDVLQJ WUDQVLWLRQ WHPSHUDWXUHV

XSRQ LQFUHDVLQJ FRQWHQW RI EUDQFKHG FR�OLSLG� 7KHVH UHVXOWV� WRR� DUH VXSSRUWHG E\

PLFURVFRS\ H[SHULPHQWV� 7KHLU TXDOLWDWLYH RXWFRPH� D YHVLFOH VROXWLRQ RI D ���� PL[WXUH RI

EUDQFKHG OLSLG DQG '33&� SUHSDUHG E\ HOHFWUR VZHOOLQJ� FRQWDLQHG YHVLFOHV WKDW ZHUH PXFK

PRUH ULJLG WKDQ WKRVH SUHSDUHG IURP D ��� PL[WXUH�

7KH QRYHO W\SH RI DPSKLSKLOHV SUHVHQWHG LQ WKLV ZRUN EXLOGV KLJKO\ IOXLG PHPEUDQHV�

UHJDUGOHVV RI WKH FKDLQ OHQJWK RI WKH K\GURSKRELF WDLO DQG WKH UDWLR RI EUDQFKLQJ� 7KH\ FDQ

EH XVHG WR IOXLGLVH PRGHO PHPEUDQHV RI QRQ�EUDQFKHG� VDWXUDWHG QDWXUDO OLSLGV GXH WR WKHLU

HWK\O EUDQFKHV� $V D GLVDGYDQWDJH� WKH EUDQFKHG K\GURSKRELF FKDLQV HIIHFW D KLJK VROXELOLW\

LQ ZDWHU� 7KLV FDXVHV LQVWDELOLW\ RI PL[HG '33& PRGHO PHPEUDQHV XSRQ LQFUHDVLQJ WKH

FRQWHQW RI FR�OLSLG DERYH D FULWLFDO YDOXH� 1HYHUWKHOHVV� WKLV QRYHO W\SH RI DPSKLSKLOH LV ZHOO

VXLWHG DV DQ DQFKRUOLSLG IRU SURWHLQV LQ IOXLG WZR�FRPSRQHQW PHPEUDQHV SURYLGHG WKH ULJKW

SDUDPHWHUV �EDFNERQH OHQJWK DQG UDWLR RI EUDQFKLQJ RI WKH K\GURSKRELF WDLO� PL[LQJ UDWLR

ZLWK '33&� DUH FKRVHQ�
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0HPEUDQHV� �� (GLWLRQ� -RKQ :LOH\ 	 6RQV� 1HZ <RUN ������
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>�@ +� +RIIPDQQ� :� 8OEULFKW� &KHP� 8QVHUHU =HLW �� ���� �� ������

>�@ ,VUDHODFKYLOOL� -� 1�� ,QWHUPROHFXODU DQG 6XUIDFH )RUFHV� �� (GLWLRQ� $FDGHPLF 3UHVV�

6DQ 'LHJR ������

>��@ +� 5LQJVGRUI� %� 6FKODUE� -� 9HQ]PHU $QJHZ� &KHP� ���� ��� ������

>��@ /lXJHU� 3�� $QJHZ� &KHP� ��� ��� ������

>��@ 0F&RQHOO� +� 0�� :DWWV� 7� +�� :HLV� 5� 0�� %ULDQ� $� $�� %LRFKLP� %LRSK\V� $FWD

��� �� ������

>��@ 7DPP /� .�� %LRFKHPLVWU\ ��� ���� ������

>��@ .DOE� (�� (QJHO� -�� 7DPP� /� .�� %LRFKHPLVWU\ ��� ���� ������

>��@ .DOE� (� (QJHO� -�� -� %LRO� &KHP� ���� ����� ������

>��@ 3LVDUFKLN� 0� /�� 7KRPSVRQ� 1� /�� %LRSK\V� -� ��� ���� ������

>��@ .XKQ� +� 0|ELXV� '�� $QJHZ� &KHP� ��� ��� ������

>��@ ,� /LQGK� -� 6WDZLQVNL� -� 2UJ� &KHP� ��� ���� ������

>��@ (�/� &KDLNRI� &KHPWHFK �� �� ������

>��@ 6FKXU� -� 0�� 6FLHQFH ���� ���� ������

>��@ %DNNHU�*UXQHZDOG� 7�� &KHP� 8QVHUHU =HLW ��� �� ������

>��@ /� 6FKPLWW� &� 'LHWULFK� 5� 7DPSp� -� $P� &KHP� 6RF� ���� ���� ������

>��@ 6FKPLGW� 0� )� *� %LRFKLP� %LRSK\V� $FWD ���� ��� ������

>��@ /RZ� 0� *�� %LRFKLP� %LRSK\V� $FWD ���� ��� ������

>��@ :DWWV� 7�� *DXE� +� (�� 0F&RQHOO� +� 0�� 1DWXUH ���� ��� ������

>��@ .XQJ� 9� 7�� 5HGHPDQQ� &� 7� %LRFKLP� %LRSK\V� $FWD ���� ��� ������

>��@ +DVKLPRWR� .�� /RDGHU� -� (�� .LQVN\� 6� &�� %LRFKLP� %LRSK\V� $FWD ���� ���

������

>��@ :LQJHU� 7� 0�� /XGRYLFH� 3� -�� &KDLNRI� (� /�� %LRPDWHULDOV ��� ��� ������
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>��@ (JJHU� 0�� +H\Q� 6��3�� *DXE� +� (�� %LRFKLP� %LRSK\V� $FWD ����� �� ������

>��@ +LOOHU� <�� *HUVKRQL� (� $�� %D\HU� 0�� :LOFKHN� 0�� %LRFKHP� -� ���� ��� ������

>��@ %XFNODQG� 5� 0�� 1DWXUH ���� ��� ������

>��@ *DUOLFN� 5� .�� *LHVH� 5� :�� -� %LRO� &KHP� ���� ��� ������

>��@ /\QHQ� )�� .QDSSH� -�� /RUFK� (�� -�WWLQJ� *�� 5LQJHOPDQQ� (�� $QJHZ� &KHP� ���

��� ������

>��@ :LOFKHN� 0�� %D\HU� (� $�� $QDO� %LRFKHP� ���� � ������

>��@ &RXJKOLQ� 5� :�� %DFODVNL� -� %�� %LRWHFKQRO� 3URJ� �� ��� ������

>��@ %D\HU� (� $�� 5LYQD\� %�� 6NXWHOVN\� (�� %LRFKLP� %LRSK\V� $FWD ���� ��� ������

>��@ 5� %ODQNHQEXUJ� 3� 0HOOHU� +� 5LQJVGRUI� &� 6DOHVVH� %LRFKHPLVWU\ ��� ����

������

>��@ ,MLUR� .�� 5LQJVGRUI� +�� /DQJPXLU ��� ���� ������

>��@ 0HQJHU� )� 0�� :RRG� 0� *�� -U�� 5LFKDUGVRQ� 6�� =KRX� 4�� (OULQJWRQ� $� 5��

6KHUURG� 0� -�� -� $P� &KHP� 6RF� ���� ���� ������

>��@ (� *|WWH� 0� -� 6FKZXJHU� 7HQVLGH � ��� ������

>��@ .|OEHUO� +�� .ODPDQ� '�� .XU]HQG|UIHU� 3�� $QJHZ� &KHP� �� ��� ������

>��@ )� 3DOWDXI� &KHP� 3K\V� /LSLGV ��� ��� ������

>��@ +� %DGHU� +� 5LQJVGRUI� )DUGD\ 'LVFXVV� &KHP� 6RF� ��� ��� ������

>��@ (� $QWRQRSRXORV� +��-� )HLVOHEHQ� *� =LPPHU� 8� 5RWKH� 8� %DNRZVN\� *,7 /DERU�

)DFK]HLWVFKULIW� ��� ������

>��@ )� 0� 0HQJHU� ;� <� &KHQ� 6� %URFFKLQL� +� 3� +RSNLQV� '� +DPLOWRQ� -� $P� &KHP�

6RF� ���� ���� ������

>��@ 7� (JXFKL� .� $UDNDZD� 7� 7HUDFKL�� .� .DNLQXPD� -� 2UJ� &KHP� ��� ���� ������

>��@ +HJHU� 5�� *RHGHO� :� $�� 0DFURPROHFXOHV ��� ���� ������

>��@ +HJHU� 5�� *RHGHO� :� $�� /DQJPXLU ��� ���� ������

>��@ 0�-� 5RVHQ� &KHPWHFK � � �� ������

>��@ .� 6WDUN� 'LSORPDUEHLW� 8QLYHUVLWlW %D\UHXWK ������

>��@ &� *RQVHU� 'LSORPDUEHLW� 8QLYHUVLWlW 6WXWWJDUW ������

>��@ &�'� (LVHQEDFK� +� +D\HQ� +� 1HI]JHU� 0DFURPRO� &KHP� 5DSLG &RPPXQ� ��� ���

������

>��@ &�+� +HDWKFRFN� 5� 5DWFOLII� -� $P� &KHP� 6RF� ��� ���� ������

>��@ *� -� $WZHOO� :� $� 'HQQ\� 6\QWKHVLV� ��������� ������

>��@ +� 6FKLOOLQJ� 'LSORPDUEHLW� 8QLYHUVLWlW %D\UHXWK ������

>��@ 5HHG� 6� )�� -U�� -� 3RO\P� 6FL� $�� ��� ���� ������

>��@ +DXJ� 3�� 'LVVHUWDWLRQ� 6WXWWJDUW ������
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>��@ 0� 0RUWRQ� $QLRQLF 3RO\PHUL]DWLRQ� 3ULFLSOHV DQG 3UDFWLFH� $FDGHPLF 3UHVV� 1HZ

<RUN ������

>��@ 0RUWRQ� 0�� )HWWHUV� /� -�� 5XEEHU &KHP� 7HFKQRO� ��� ��� ������

>��@ (� )DELDQR� %� 7� *ROGLQJ� 0� 0� 6DGHJOX� 6\QWKHVLV ��� ������

>��@ +� :ROI� 2UJ� 5HDFW� �� ��� ������

>��@ .� <DPDVKLWD� 9� -DQRXW� (� 0� %HUQDUG� '� $UPVWURQJ� 6� /� 5HJHQ -� $P� &KHP�

6RF� ���� ���� ������

>��@ *DHQW]OHU� 6�� 9LHUOLQJ� 3� 1HZ -� &KHP� ��� ��� ������

>��@ $� 6LQJK� /� ,� 7VDR� '� %� 3XUDQLN� 6\QWK� &RPPXQ� ��� ��� ������

>��@ <� 1DJDVDNL� 7� .XWVXQD� 0� ,LMLPD� 0� .DWR� .�.DWDRND� %LRFRQMXJDWH &KHP� ��

��� ������

>��@ D� <� .LP� <� 1DJDVDNL� .� .DWDRND� 0� .DWR� 0� <RNR\DPD� 7� 2NDQR� <� 6DNXUDL�

3RO\PHU %XOO� ��� � ������

E� 0� <RNR\DPD� 7� 2NDQR� <� 6DNXUDL� %LRFRQMXJDWH &KHP� �� ��� ������

>��@ .� <DPDXFKL� )� 8QH� 6� 7DEDWD� 0� .LQRVKLWD� -� &KHP� 6RF� 3HUNLQ 7UDQV� ,� ����

��� ������

>��@ 9� 5DYLO\� 6� *DHQW]OHU� &� 6DQWDHOOD� 3� 9LHUOLQJ� +HOY� &KLP� $FWD ��� �������

������

>��@ +� 0HLHU� ,� 6SUHQJHU� 0� %lUPDQQ� (� 6DFNPDQQ� 0DFURPROHFXOHV ��� ����

������

>��@ 6DI� 5�� 0LUWO� &�� +XPPHO� .�� $FWD 3RO\P� ��� ��� ������

>��@ 6DI� 5�� 6FKLWWHU� 5�� 0LUWO� &�� 6WHO]HU� )�� +XPPHO� .�� 0DFURPROHFXOHV ��� ���

������

>��@ +HVVH� 0�� 0HLHU� +�� =HHK� %�� 6SHNWURVNRSLVFKH 0HWKRGHQ LQ GHU RUJDQLVFKHQ

&KHPLH� 7KLHPH�9HUODJ� 6WXWWJDUW ������

>��@ 5� 6DOOH� 4�7� 3KDP� -� 3RO\P� 6FL�� 3RO\P� &KHP� (G� �� ���� ������

>��@ 'XFK� 0� :�� *UDQW� '� 0� 0DFURPROHFXOHV �� ��� ������

>��@ 5DQGDOO� -� &�� -� 3RO\P� 6FL� ��� ���� ������

>��@ 0RFKHO� 9� '�� -� 3RO\P� 6FL� � 3DUWW $�� ��� ���� ������

>��@ 5DQGDOO� -� &�� 3RO\PHU 6HTXHQFH 'HWHUPLQDWLRQ� &DUERQ��� 105 0HWKRG�

$FDGHPLF 3UHVV� 1HZ <RUN ������

>��@ &ODJXH� $� '� +�� -� $� 0� YDQ %URHNKRYHQ� /� 3� %ODDXZ� 0DFURPROHFXOHV �� ���

������

>��@ /LQGHPDQ� /� 3�� $GDPV� -� 4�� $QDO\W� &KHP� ��� ��������� ������
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>��@ 2GLQRNRY� 9� 1�� $NKPHWRYD� 9� 5�� .KDVDQRY� .� '�� -� 2UJ� &KHP� 8665� ���

������

>��@ %UDXQ� 6�� .DOLQRZVNL� +��2�� %HUJHU� 6�� ��� DQG 0RUH %DVLF 105 ([SHULPHQWV�

:LOH\�9&+� :HLQKHLP ������

>��@ 1DJKL]DGHK� -�� $GY� &KHP� 3K\V� ��� �� ������

>��@ 6FKZLFNHUW� +�� 6WUREO� *�� .LPPLJ� 0�� -� &KHP� 3K\V� ��� ���� ������

>��@ .LPPLJ� 0�� 6WHLQHUW� 5�� 6WUREO� *�� 6W�KQ� %�� -� &KHP� 3K\V� ��� ���� ������

>��@ -�1� ,VUDHODFKYLOL� '� -RKQ 0LWFKHOO� %�:� 1LQKDP� -� &KHP� 6RF�� )DUDG� 7UDQV� ���

���� ������

>��@ ,� $VWDILHYD� ;� )� =KRQJ� $� (LVHQEHUJ� 0DFURPROHFXOHV ��� ���� ������

>��@ 0� 3pUH]�5RGUtJXH]� *� 3ULHWR� &� 5HJD� /� 0� 9DUHOD� )� 6DUPLHQWR� 9� 0RVTXHUD�

/DQJPXLU ��� ���� ������

>��@ ;X� 5�� :LQQLN� 0� $�� +DOOHWW� )� 5�� 5LHVV� *�� &URXFKHU� 0� '� 0DFURPROHFXOHV

��� �� ������

>��@ .� 3� $QDQWKDSDGPDQDEKDQ� (� '� *RGGDUG� 1� -�7XUUR� 3� /� .XR� /DQJPXLU ��

��� ������

>��@ .� .DO\DQDVXQGDUDP� -� .� 7KRPDV� -� $P� &KHP� 6RF� ��� ���� ������

>��@ .� .DO\DQDVXQGDUDP� /DQJPXLU �� ��� ������

>��@ 6� *RXLQ� ;� ;� =KX� /DQJPXLU ��� ���� ������

>��@ 0� :LOKHOP� &� /� =KDR� <� :DQJ� 5� ;X� 0� $� :LQQLN� 0DFURPROHFXOHV ��� ����

������

>��@ .� 3� $QDQWKDSDGPDQDEKDQ� (� '� *RGGDUG� 1� -�7XUUR� 3� /� .XR� /DQJPXLU ��

������� ������

>��@ +DP� -� 6� -� &KHP� 3K\V� ��� ��� ������

>��@ 5RVHQ� 0� -�� 6XUIDFWDQWV DQG ,QWHUIDFLDO 3KHQRPHQD� -RKQ :LOH\ 	 6RQV� �QG

(GLWLRQ� 1HZ <RUN ������

>��@ ,VUDHODFKYLOL� -� ,QWHUPROHFXODU 	 6XUIDFH )RUFHV� $FDGHPLF 3UHVV� �QG (GLWLRQ�

����

>��@ (OZRUWK\� 3� +�� 0DF)DUODQH� &� %�� -� 3KDUP� 3KDUPDFRO� 6XSSO� ��� ��� ������

>���@ &URRN� (� +�� 7UHEEL� )*� )�� )RUG\FH� '� %�� -� 3K\V� &KHP� ��� ���� ������

>��� 0�-� 5RVHQ� $�:� &RKHQ� 0� 'DKDQD\DNH� -� 3K\V� &KHP� ��� ��� ������

>���@ 6WDXII� -�� =� SK\V� &KHP� $ ���� �� ������

>���@ D� /DQJPXLU� ,�� 7UDQV� )DUDGD\ 6RF� ��� �� ������

E� /DQJPXLU� ,�� -� $P� &KHP� 6RF� ��� ���� ������

>���@ .�%� %ORGJHWW -� $P� &KHP� 6RF� ��� ���� ������



Kapitel 8                                                                                                                                Literaturverzeichnis

171

>���@ $OEUHFKW� 2�� *UXOHU� +�� 6DFNPDQQ� (�� -� 3K\V� �3DULV� ��� ������� ������

>���@ %DHNPDUN� 7� 5�� :LHVHQWKDO� 7�� .XKQ� 3�� %D\HUO� 7� 0�� 1X\NHQ� 2�� 0HUNHO� 5��

/DQJPXLU ��� ���� ������

>���@ %DHNPDUN� 7� 5�� :LHVHQWKDO� 7�� .XKQ� 3�� $OEHUVG|UIHU� $�� 1X\NHQ� 2�� 0HUNHO�

5�� /DQJPXLU ��� ���� ������

>���@ :LHVHQWKDO� 7�� %DHNPDUN� 7� 5�� 0HUNHO� 5�� /DQJPXLU ��� ���� ������

>���@ 7�5� %DHFNPDUN� *� (OHQGHU� '�'� /DVLF� (� 6DFNPDQQ� /DQJPXLU ��� ����� ������

>���@ +� +D\HQ� &� '� (LVHQEDFK� XQYHU|IIHQWOLFKW

>���@ (� 0� $UQHWW� -� 0� *ROG� -� $P� &KHP� 6RF� ���� ��� ������

>���@ 0HQJHU� )� 0�� :RRG 0� *�� -U�� 5LFKDUGVRQ� 6�� =KRX� 4�� (OULQJWRQ� $� 5��

6KHUURG� 0� -�� -� $P� &KHP� 6RF� ���� ��������� ������

>���@ 0HQJHU� )� 0�� :RRG 0� *�� -U�� 5LFKDUGVRQ� 6�� 6KHUURG� 0� -�� /DQJPXLU �� ����

��� ������

>���@ :�'� +DUNLQV� (� %R\G� -� 3K\V� &KHP� ��� �� ������

>���@ 0� $KOHUV� Z� 0�OOHU� $� 5HLFKHUW� +� 5LQJVGRUI� -� 9HQ]PHU� $QJHZ� &KHP� ����

���� ������

>���@ 3DWLVW� $�� &KKDEUD9�� 3DJLGLSDWL� 5�� 6KDK� 5�� 6KDK� '� 2�� /DQJPXLU ��� ���

������

>���@ 0F&RQORJXHV� &� :�� 9DQGHUOLFN� 7� .�� /DQJPXLU ��� ���� ������

>���@ &KDSPDQ� '�� :LOOLDPV� 5� 0�� /DQGEURRNH� %� '�� &KHP� 3K\V� /LSLGV �� ���

������

>���@ -DQLDN� 0� -�� 6PDOO� '� 0�� 6KLSOH\� *� *�� %LRFKHPLVWU\ ��� ���� ������

>���@ &HYF� *� �+UVJ�� 3KRVSKROLSLGV +DQGERRN� 0DUFHO 'HNNHU� 1HZ <RUN ������

>���@ :LQWHU� 5�� &KHP� 8QVHUHU =HLW ��� �� ������

>���@ %OXPH� $� $SSOLFDWLRQV RI FDORULPHWU\ WR OLSLG PRGHOO PHPEUDQHV LQ� 3K\VLFOD

3URSHUWLHV RI %LRORJLFDO 0HPEUDQHV DQG 7KHLU )XQFWLRQ ,PSOLFDWLRQV� �+LGDOJR� &��

+UVJ��� 3OHQXP 3UHVV� 1HZ <RUN ������

>���@ 6DFNPDQQ� (�� )(%6 /HW� ���� � ������

>���@ (� 6DFNPDQQ LQ %LRSK\VLFV� :� +RSSH� :� /RKPDQQ +� 0DUNO� +� =LHJOHU �+UVJ���

6SULQJHU 9HUODJ� %HUOLQ +HLGHOEHUJ ������

>���@ 6RXPSDVLV� '� 0�� %LRSK\V -� ��� ����� ������

>���@ 0HUNHO� 5�� 6DFNPDQQ� (�� (YDQV� (� -� 3K\V� �3DULV� ��� ���� ������

>���@ /� 0� :LOOLDPV� 6� 3� (YDQV� )O\QQ� 7� 0�� 0DUVK� $�� .QRZOHV� 3� )�� %XVKE\� 5� -��

%RGHQ� 1�� /DQJPXLU ��� ��� ������

>���@ 7DPP� /� .�� 0F&RQHOO� +� 0�� %LRSK\V� -� ��� ��� ������
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>���@ =HQRQ� '�� -DFREVRQ� .�� %LRFKHPLVWU\ ��� ���� ������

>���@ 6HXO� 0�� 0F&RQHOO� +� 0�� -� 3K\VLTXH ��� ���� ������

>���@ 5� /LSRZVN\� 3K\V� %O� �� ���� ��� ������

>���@ 5lGOHU� -�� 6WUH\� +�� 6DFNPDQQ� (�� /DQJPXLU ��� ���� ������

>���@ 0�,� $QJHORYD� '�6� 'LPLWURY� )DUUDGD\ 'LVFXVV� &KHP� 6RF� ��� ��� ������
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�� ������

��� YHUZHQGHWH $EN�U]XQJHQ

δ FKHPLVFKH 9HUVFKLHEXQJ LQ SSP

π 'UXFN LQ P1�P

$$9 DOOJHPHLQH $UEHLWVYRUVFKULIW

$EE� $EELOGXQJ

%/0 EODFN OLSLG PHPEUDQH

%RF WHUW�%XW\OR[\FDUERQ\O�� 6FKXW]JUXSSH

&�[ $QWHLO GHU 5�FNJUDWDWRPH� GLH HLQH 9HU]ZHLJXQJ WUDJHQ

&%2 %HQ]\OR[\FDUERQ\O�� 6FKXW]JUXSSH I�U $PLQH

&'&/� GHXWHULHUWHV &KORURIRUP

&K[ &\FORKH[DQ

&0& NULWLVFKH 0L]HOOELOGXQJVNRQ]HQWUDWLRQ

'H 1�1¶�'LK\GUR[\HWK\OHWK\OHQGLDPLQ

G� 7K� GHU 7KHRULH

'D 'DOWRQ

'(37 'LVWRUWLRQOHVV (QKDQFHPHQW E\ 3RODULVDWLRQ 7UDQVIHU

'33& 'LSDOPLWR\OSKRVSKDWLG\OFKROLQ

'6& 'LIIHUHQWLHOOH 6FDQQLQJ .DORULPHWULH

(D 'LHWKDQRODPLQ

(6,�06 (OHNWURQHQVSUD\ ,RQLVDWLRQ � 0DVVHQVSHNWURVNRSLH

)�W� )OXRUHV]HQ]LQWHQVLWlW LQ $EKlQJLJNHLW GHU =HLW

)DE 0ROHN�OIUDJPHQW PLW HLQHU $QWLJHQELQGXQJVVWHOOH

)5$3 )OXRUHVFHQFH 5HFRYHU\ $IWHU 3KRWREOHDFKLQJ

*3& *HOSHUPHDWLRQVFKURPDWRJUDSKLH

+(*0H 0HWKR[\KH[DHWK\OHQJO\NRO�

∆+P 6FKPHO]HQWKDOSLH GHU +DXSWXPZDQGOXQJ

∆+Y 6FKPHO]HQWKDOSLH GHU 9RUXPZDQGOXQJ

,� ,QWHQVLWlW GHV 3HDNV EHL ��� QP LP 3\UHQ )OXRUHV]HQ]VSHNWUXP

,� ,QWHQVLWlW GHV 3HDNV EHL ��� QP LP 3\UHQ )OXRUHV]HQ]VSHNWUXP

,1$'(48$7( ,QFUHGLEOH 1DWXUDO $EXQGDQFH 'RXEO( 4XDQWXP 7UDQVIHU

.DS� .DSLWHO

N9 NLOR 9ROW

/β ODPHOODUHQ *HOSKDVH

/α LQ GLH IO�VVLJ�NULVWDOOLQH 3KDVH

/& /LTXLG &RPSUHVVHG  IHVWDQDORJH 3KDVH GHV /DQJPXLUILOPV

/( /LTXLG ([SDQGHG  IO�VVLJDQDORJH 3KDVH GHV /DQJPXLUILOPV

0 0RODU

P 0DVVH� 0HWHU
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P�] 0DVVH � /DGXQJ

PPRO PLOOL 0RO

0Q =DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV

0: 0ROHNXODUJHZLFKW

0Z *HZLFKWVPLWWHO GHV 0ROHNXODUJHZLFKWV

1 $Q]DKO GHU 7ULDGHQ

1%' ��2OHR\O������1LWUREHQ]R���R[D����GLD]RO�DPLQRGRGHFDQR\O�VQ�JO\FHURO���

SKRVSKDWLG\OFKROLQ

105 1XNOHDUPDJQHWLVFKH 5HVRQDQ]

3β JHULIIHOWH *HOSKDVH

3& 3KRVSKDWLG\OFKROLQ

3' 3RO\GLVSHUVLWlW

3G�& 3DOODGLXP DXI $NWLYNRKOH

U� 5 5DGLXV

5∞ (QGZHUW GHU UHODWLYHQ (UKROXQJ

5(Q 0DNURDPLQ PLW 'LHWK\ODPLQIUDJPHQW

5I )OLH�JUHQ]H GHU '�QQVFKLFKWFKURPDWRJUDSKLH

51 0DNURDPLQ

52+ 0DNURDONRKRO

5UHO UHODWLYH )OXRUHV]HQ]HUKROXQJ

V 6HNXQGH

66% 6ROLG 6XSSRUWHG %LOD\HU �VXEVWUDWJHVW�W]WH 'RSSHOVFKLFKW�

W =HLW

Wò +DOEZHUWV]HLW

WHUW WHUWLlU

7DE� 7DEHOOH

7(0 7UDQVPLVVLRQVHOHNWURQHQPLNURVNRSLH

7J *ODV�EHUJDQJVWHPSHUDWXU

7+) 7HWUDK\GURIXUDQ

7P 6FKPHO]WHPSHUDWXU

7Y 7HPSHUDWXU GHU 9RUXPZDQGOXQJ

YJO� YHUJOHLFKH

[ $Q]DKO GHU (WK\OHWK\OHQHLQKHLWHQ

\ $Q]DKO GHU 7HWUDPHWK\OHQHLQKHLWHQ
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��� hEHUVLFKW �EHU GLH 6WUXNWXUIRUPHOQ DOOHU DPSKLSKLOH PLW YHU]ZHLJWHP

K\GURSKREHQ 5HVW

����� $PSKLSKLOH PLW HLQHP K\GURSKREHQ 5HVW

NH
NH O

O

O
CH3( )
6

][ ][...stat...
xy O

O

P

O

O-

O
N(CH3)

+
3][ ][...stat...

xy O

12a-e

25a-e

7DE� ��, � 6WUXNWXUGDWHQ GHU $PSKLSKLOH ��D�H XQG ��D�H� =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV DOOHU YHU]ZHLJWHU $PSKLSKLOH �YJO� 6WUXNWXUIRUPHOQ LQ .DSLWHO

���� DOV (UJHEQLV DXV GHQ �+�105 6SHNWUHQ XQG (6,�06� 0Q� =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV� [ XQG \� GXUFKVFKQLWWOLFKH $Q]DKO GHU (WK\OHWK\OHQ� E]Z�

7HWUDPHWK\OHQHLQKHLWHQ� &� $Q]DKO GHU &�$WRPH LP 5�FNJUDW�

9HU]ZHLJXQJVJUDG LQ �� GDV HQWVSULFKW HLQHP 9HU]ZHLJXQJVJUDG YRQ HLQHU

9HU]ZHLJXQJ DXI &�[ 5�FNJUDWDWRPH�

3UREH 0: =DKOHQPLWWHO LQ

J�PRO

[ \ & � &�[

��D ��� ��� ��� ���� �� ���

��E ��� ��� ��� ���� �� ���

��F ��� ��� ��� ���� �� ���

��G ��� ��� ��� ���� �� ���

��H ��� ��� ��� ���� �� ���

��D ��� ��� ��� ���� �� ���

��E ��� ��� ��� ���� �� ���

��F ��� ��� ��� ���� �� ���

��G ��� ��� ��� ���� �� ���

��H ��� ��� ��� ���� �� ����
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����� $PSKLSKLOH PLW ]ZHL K\GURSKREHQ 5HVWHQ

N
][ ][

N
[][ ]

...stat...

...stat...

yx

yx

(CH2)2

O

O

O

N

N

O
O

O

O

][
6

O
O

O

][

6

O][ ][

O
[][ ]

...stat...

...stat...

yx

yx

O

O

O

O

N O
O

O

][
6

N
N

N
N

O

O

16a,b

22

7DE� ��, � 6WUXNWXUGDWHQ GHU $PSKLSKLOH ��D�H XQG ��D�H� =DKOHQPLWWHO GHV

0ROHNXODUJHZLFKWV DOOHU YHU]ZHLJWHU $PSKLSKLOH DOV (UJHEQLV DXV GHQ �+�105

6SHNWUHQ XQG (6,�06� 0Q� =DKOHQPLWWHO GHV 0ROHNXODUJHZLFKWV� [ XQG \�

GXUFKVFKQLWWOLFKH $Q]DKO GHU (WK\OHWK\OHQ� E]Z� 7HWUDPHWK\OHQHLQKHLWHQ� &�

$Q]DKO GHU &�$WRPH LP 5�FNJUDW� 9HU]ZHLJXQJVJUDG LQ �� GDV HQWVSULFKW HLQHP

9HU]ZHLJXQJVJUDG YRQ HLQHU 9HU]ZHLJXQJ DXI &�[ 5�FNJUDWDWRPH�

3UREH 0: =DKOHQPLWWHO LQ

J�PRO

[ \ & � &�[

��D ���� ��� ��� ���� �� ���

��E ���� ��� ��� ���� �� ���

��G

�� ���� ��� ��� ��� �� ���



Erklärung

���������

'LH YRUOLHJHQGH $UEHLW ZXUGH YRQ PLU VHOEVW YHUID�W XQG LFK KDEH GDEHL NHLQH DQGHUHQ

+LOVPLWWHO DOV GLH DQJHJHEHQHQ 4XHOOHQ XQG +LOIVPLWWHO EHQXW]W�

)HUQHU KDEH LFK QLFKW YHUVXFKW� DQGHUZHLWLJ PLW RGHU RKQH (UIROJ HLQH 'LVVHUWDWLRQ

HLQ]XUHLFKHQ RGHU PLFK GHU 'RNWRUSU�IXJ ]X XQWHU]LHKHQ�

6WXWWJDUW� 0lU] ����

&KULVWLQD %HQHGHN


