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Deelogxqj :14= Hqhujlhgldjudpp ghv hD0]xvwdqgv lq Qd+K2R,q0Foxvwhuq plw q @ 3 � 431

Ghu Juxqg}xvwdqg ghu qhxwudohq Foxvwhu lvw xqwhu Ehuÿfnvlfkwljxqj ghu Elqgxqjvhqhujlh dxi0

jhwudjhq1 Glh Devruswlrqvedqgh ghv hD0]xvwdqgv zxugh lp Udkphq glhvhu Duehlw ehvwlppw/

gdv Lrqlvdwlrqvsrwhqwldo xqg glh Elqgxqjvhqhujlh vlqg ^QVJ<5` hqwqrpphq1 Glh Sihloh hqw0

vsuhfkhq ghu Hqhujlh yrq Sxps0 xqg Surehsxov1
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Deelogxqj :15= Lrqhqvljqdo qdfk Dquhjxqj ghv hD0]xvwdqgv ghu Qd+K2R,q0Nrpsoh{h plw

q @ 4 xqg 5 plw hlqhu Odvhusxovgdxhu yrq 533 iv= Hlqh H{srqhqwldoixqnwlrq lvw dq glh

h{shulphqwhoohq Zhuwh dqjhsd�w/ dxv ghuhq ]hlwnrqvwdqwh glh Ohehqvgdxhu ehvwlppw zlug1

Glh Zhuwh lq Nodpphuq jhehq glh Ph�jhqdxljnhlw dq1 Glh Ohehqvgdxhu qlppw ehl hlqhu

Dquhjxqj plw �R�6R @ ;43 qp vwdun yrq 473 sv +q @ 4, dxi 8/6 sv +q @ 5, de1 Ehl hlqhu

Dquhjxqj plw �R�6R @ :;8 qp lvw glh jhphvvhqh ]hlwnrqvwdqwh whqghq}lhoo nÿu}hu dov ehl

Dquhjxqj plw �R�6R @ ;43 qp1
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Deelogxqj :16= Sxps0Sureh0Vshnwuhq dxijhqrpphq dq Qd+K2R,q0Nrpsoh{hq plw q @

7 � 43 ehl Dquhjxqj plw hlqhu Zhoohqoçqjh yrq ;43 qp xqg hlqhu Sxovgdxhu yrq 533 iv1

Glh Ohehqvgdxhu qlppw plw }xqhkphqghu Foxvwhujuù�h de xqg lvw vfkrq de q @ : plw

4;3 iv nrqvwdqw1 ]hlwnrqvwdqwhq nohlqhu dov 4 sv zhughq xqwhu Yhuzhqgxqj ghu rswlvfkhq

Eorfkjohlfkxqjhq ehvwlppw1



�	�	 �������� �� ����� ���������
���� ��� ��� �� >A

���� ��� �� ������� < (��
����(��� /�������� ����� B��)
���
������� ��� 	����
���

B�	
�����
������ (����$� ��� 6�(�������� ��� ����2������������ (���0�� ;<9 �� ���

����� ����� �� /������
� $� ����� �	����& ��� =�2�� � � � �� ����� *���	� "	� 
� 

59 �( *)� �	����&� ��� =�2�� � � 	 ($� � � � ����� ��� C��� ��� �����	��������

������ ��� A99 �� ($� <;9 �� �( '( ����� =�2�� "	� � � 
 ��� ��� 6�(�������� �������

��� <99 ��% ��� ��� (���(� �)� � � � ��� 5:9 �� �	������ 

7����7�	(��.������� ������	���� �� ����2��q��������� ��� � � � ��� 	 (��

����� '���������������0��� "	� 4:@ �� ���� �� '((������ 4 ; ����������� ��� .�������

�� ������ D��� ��� '((������ ������� ��� $�����
��� /������ ��� !	���������� "	� �A (��

5@ �� ��� ������
� ��� ��� ���� �
������� ������� ��� !	���������� ���� � � � ��� ���

����������� ������� �)� � � � �� ������(�� ��� +������ ���� ��� ����� ���������

.
���������� �������	��% �� ��
� ��� �
������� ������� $� �������� '� ��� !	���������

��� ������� ��� � � � ���� ���� *�����	� ��� ��� �����	�������� � � � ��� �� ���

� 2 � 
�� �� �������� ������ *)� � � 	 ������ ��� �����	�������� $� �� � ��� �� ���

� 2 � �
 �� (������� 

τ
1
 = 300(50)fs

τ
2
 = 6.5(1)ps

n = 3

  

 

∆t / ps

τ = 6.5(2)psn = 3

 Io
n

en
in

te
n

si
tä

t /
 w

. E
.

 

τ
1
 = 250(50)fs

τ
2
 = 16(5)ps

-1 0 1 2
 

n = 4

  

-5 0 5 10 15

τ = 16(5)psn = 4

  

Deelogxqj :17= Sxps0Sureh0Vshnwuhq ghu Qd+K2R,q0Foxvwhu plw q @ 6 xqg 7= Glh Dquh0

jxqjvzhoohqoçqjh ehwuçjw :;8 qp1 Ghxwolfk lvw dxv ghp Yhuodxi ghv Lrqhqvljqdov hlq ]huidoo

ghv dqjhuhjwhq ]xvwdqgv plw }zhl ]hlwnrqvwdqwhq hunhqqedu1
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Deelogxqj :18= Yhuodxi ghv Lrqhqvljqdov ghu Qd+K2R,q0Foxvwhu plw q @ 8�43 xqg �R�6R @

:;8 qp= Glh Ohehqvgdxhu qlppw plw }xqhkphqghu Foxvwhujuù�h de xqg lvw de q @ < plw 483

iv nrqvwdqw1 Hlq grsshow h{srqhqwlhoohu ]huidoo/ zlh hu lq Nrpsoh{hq ghu Juù�h q @ 6 xqg 7

ehl Dquhjxqj plw glhvhu Zhoohqoçqjh jhixqghq zxugh/ ndqq klhu qlfkw ehredfkwhw zhughq1
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Deelogxqj :19= Sxps0Sureh0Vshnwuhq ghu Qd+G2R,q0Nrpsoh{h plw q @ 4 xqg 5= Glh

Ohehqvgdxhu ghu ghxwhulhuwhq Foxvwhu plw q @ 4 lvw ehl Dquhjxqj plw ehlghq Zhoohqoçqjhq

hukheolfk juù�hu dov glh ghu xqghxwhulhuwhq xqg ehvlw}w hlqhqZhuw juù�hu dov 5 qv1 Lp Yhujohlfk

gd}x qlppw glh Ohehqvgdxhu lq hlqhp Foxvwhu ghu Juù�h q @ 5 xp hlqhq Idnwru 43 dxi 4;3

sv de1
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τ = 150(50)fs

Deelogxqj :1:= Sxps0Sureh0Vshnwuhq ghu Qd+G2R,q0Foxvwhu ghu Juù�h q @ 6 elv 43 ehl

hlqhu Dquhjxqjvzhoohqoçqjh yrq ;43 qp1 Glh Ohehqvgdxhu qlppw plw }xqhkphqghu Foxvwhu0

juù�h yrq 8;3 iv +q @ 6, dxi 4;3 iv +q � ;, de1
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Deelogxqj :1;= Sxps0Sureh0Phvvxqjhq dq Qd+G2R,q0Foxvwhuq plw q @ 6 xqg 7 ehl hlqhu

Dquhjxqjvzhoohqoçqjh yrq :;8 qp1 Hlq ]huidoo ghv Lrqhqvljqdov plw }zhl ]hlwnrqvwdqwhq/ zlh

hu ehl xqghxwhulhuwhq Foxvwhuq plw q @ 6 xqg 7 ehl Dquhjxqj plw glhvhu Zhoohqoçqjh jhixqghq

zlug/ ndqq dxfk klhu ehredfkwhw zhughq1 Gdv Lrqhqvljqdo ghu Foxvwhu jhkw qdfk Denolqjhq

ghu ]hlwnrqvwdqwhq qlfkw dxi Qxoo }xuÿfn1 Pùjolfkhuzhlvh kdqghow hv vlfk klhu xp hlqhq

}zhlwhq vhku odqjvdphq deidoohqghq Sur}h�/ ghvvhq ]hlwnrqvwdqwh lq ghp klhu yruolhjhqghq

Ph�lqwhuydoo qlfkw qçkhu ehvwlppw zhughq ndqq1
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Deelogxqj :1<= Sxps0Sureh0Vshnwuhq dxijhqrpphq dq Qd+G2R,q0Nrpsoh{hq ghu Juù�h

q @ 8 elv 43 plw �R�6R @ :;8 qp1 De ghu Foxvwhujuù�h q @ 9 lvw glh huplwwhowh Ohehqvgdxhu

plw Zhuwhq }zlvfkhq 533 iv elv 583 iv lp Udkphq ghu Ph�jhqdxljnhlw nrqvwdqw1
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Deelogxqj :143= Sxps0Sureh0Vshnwuhq dxijhqrpphq dq Qd+K2R,q0Nrpsoh{hq plw q @

: elv 451 Glh Odvhusxovgdxhu ehwuçjw 56 iv xqg glh }hqwudoh Dquhjxqjvzhoohqoçqjh lvw :<3

qp1 Ghxwolfk lvw hlq h{srqhqwlhoohu ]huidoo ghv Lrqhqvljqdov }x ehredfkwhq1 Glh ehvwlppwh

Ohehqvgdxhu lvw dxfk klhu iÿu Foxvwhu ghu Juù�h q � < nrqvwdqw1
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Deelogxqj :144= Vfkhpdwlvfkh Gduvwhooxqj ghu lqwhuqhq Nrqyhuvlrq lq Qd+K2R,?0

Nrpsoh{hq= Ghu Nrpsoh{ zlug gxufk ghq Sxpssxov hohnwurqlvfk dqjhuhjw1 Ehl hlqhu lqwhuqhq

Nrqyhuvlrq zlug glh Dquhjxqjvhqhujlh ghv Hohnwurqv lq Yleudwlrqvhqhujlh xpjhzdqghow1 Ghu

Foxvwhu eh�qghw vlfk dqvfkolh�hqg krfk yleudwlrqvdqjhuhjw lp hohnwurqlvfkhq Juxqg}xvwdqg1

Glh Hqhujlh ghv Surehsxovhv uhlfkw dxv/ xp hlqhq qlhgulj olhjhqghq Vfkzlqjxqjv}xvwdqg lp

Lrq }x huuhlfkhq/ dehu ghu Iudqfn0Frqgrq0Idnwru iÿu vrofk hlqhq ßehujdqj lvw jhulqj1 Ghvkdoe

qlppw gdv }hlwdekçqjljh Lrqhqvljqdo qdfk ghu lqwhuqhq Nrqyhuvlrq gudvwlvfk de1
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Deelogxqj :145= ]xvdpphqidvvxqj ghu Uhvxowdwh ghu Sxps0Sureh0Phvvxqjhq dq

Qd+K2R,?0Nrpsoh{hq/ gxufkjhiÿkuw plw }zhl yhuvfklhghqhq Dquhjxqjvzhoohqoçqjhq1 Glh

Ohehqvgdxhu lvw orjdulwkplvfk dxijhwudjhq1 Vlh qlppw plw ghu Foxvwhujuù�h elv q @ 6 xp

phkuhuh Juù�hqrugqxqjhq de xqg yhuulqjhuw vlfk iÿu juù�huh Foxvwhu zhqljhu vwdun1 Glh Oh0

ehqvgdxhu ghu plw :;8 qp dqjhuhjwhq Nrpsoh{h lvw hwzdv nÿu}hu dov ehl Dquhjxqj plw ;43

qp1
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Deelogxqj :146= Orjdulwkplvfkh Dxiwudjxqj ghu Ohehqvgdxhu lq Qd+G2R,q0Nrpsoh{hq lq

Dekçqjljnhlw yrq ghu Foxvwhujuù�h1 Elv }x hlqhu Foxvwhujuù�h yrq q @ 6 qlppw glh huplwwhowh

]hlwnrqvwdqwh xp phkuhuh Juù�hqrugqxqjhq de1 Iÿu juù�huh Foxvwhu huirojw glh Deqdkph

ghu Ohehqvgdxhu plw ghu Foxvwhujuù�h zhvhqwolfk odqjvdphu1 Vlh lvw ehl Dquhjxqj plw :;8

qp whqghq}lhoo juù�hu dov ehl Dquhjxqj plw ;43 qp1

��� !� �	����&�� ��� � � � ��� ��� �&����������� ���������� �����	������� ����$�
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Deelogxqj :147= Gduvwhooxqj ghv Lvrwrshqh�hnwhv= Lq ghxwhulhuwhq Foxvwhu zlug hlqh juù�huh

]hlwnrqvwdqwh dov lq xqghxwhulhuwhq ehredfkwhw1 Gdv Yhukçowqlv ghu }xjhkùuljhq Ohehqvgdxhuq

lvw lq Dekçqjljnhlw yrq ghu Foxvwhujuù�h dxijhwudjhq1 Dp juù�whq lvw ghu Lvrwrshqh�hnw

ehl hlqhu Foxvwhujuù�h yrq q@5 plw hlqhu xp ghq Idnwru 87 yhuoçqjhuwhq Ohehqvgdxhu lp

ghxwhulhuwhq Foxvwhu1
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Anzahl der Solvatmoleküle

Deelogxqj :148= Yhujohlfk ghu Ohehqvgdxhu ghv hD0]xvwdqgv ghu Qd+K2R,q0 xqg Qd+QK�,q0

Foxvwhu lq Dekçqjljnhlw yrq lkuhu Juù�h1
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Deelogxqj :149= Gdv Yhukçowqlv dxv ghu Ohehqvgdxhu ghv ghxwhulhuwhq xqg xqghxwhulhu0

whq Foxvwhuv lvw dxijhwudjhq1 Ghxwhulhuxqj iÿkuw vrzrko lq Qdwulxp0Dpprqldn0 dov dxfk lq

Qdwulxp0Zdvvhu0Foxvwhuq }x hlqhu vwdun yhuoçqjhuwhq ]hlwnrqvwdqwhq1
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