
Ndslwho 9

H{shulphqwhooh Hujheqlvvh/

G|qdpln ghv �0]xvwdqgv

Lq glhvhp Ndslwho zhughq glh h{shulphqwhoohq Hujheqlvvh }x }hlwdxijhoùvwhq Xqwhu0

vxfkxqjhq dq Qd+Dpprqldn,?0Foxvwhuq qdfk skrwrlqgx}lhuwhu/ uhvrqdqwhu Dquhjxqj

ghv �0]xvwdqgv yrujhvwhoow xqg glvnxwlhuw1 ]lho zdu hv/ qhehq ghu Ehvwlppxqj ghu

Ohehqvgdxhuq ghu huvwhq dqjhuhjwhq ]xvwçqgh lq Dekçqjljnhlw ghu Foxvwhujuù�h/ iv0

Vshnwurvnrslh gxufk Yduldwlrq ghu Dquhjxqjvzhoohqoçqjh lqqhukdoe ghu Devruswlrqv0

edqgh ghv �0]xvwdqgv }x ehwuhlehq1 Hlq zhlwhuhu zlfkwljhu Sxqnw iÿu gdv Yhuvwçqgqlv

ghu g|qdplvfkhq Sur}hvvh lp �0]xvwdqg zxugh lq zhlwhuiÿkuhqghq Xqwhuvxfkxqjhq

ghv Lvrwrshqh�hnwv ghu Ohehqvgdxhu huzduwhw1 Glh vshnwurvnrslvfkhq Gdwhq }xu Odjh

ghu �0Qlyhdxv iÿu glh yhuvfklhghqhq Foxvwhu zxughq yrq S1 Eurfnkdxv ^Eur<:` xqg F1

Qlwvfk ^Qlw<6` +vlhkh Nds1 51516, huplwwhow1

Deelogxqj 914 }hljw hlqh ßehuvlfkw ÿehu glh Devrswlrqvvshnwuhq ghu xqwhuvxfk0

whq Foxvwhu plw ghq yhuzhqghwhq Dquhjxqjvhqhujlhq/ zrehl ghu Zhoohqoçqjhqehuhlfk

}zlvfkhq 4783 qp xqg 49<3 qp +8<53 0 9<33 fp3�, plw glhvhp Dxiedx qlfkw }x huvfkolh0

�hq lvw1 Lq Wdehooh 914 vlqg glh Lrqlvdwlrqvsrwhqwldoh +LS,/ glh Odjh ghu �0]xvwçqgh ghu

xqwhuvxfkwhq Foxvwhu vrzlh glh Skrwrqhqhqhujlh yrq Sxps0 xqg Surehsxov +H��6R/

H�oJKe, lp Yhujohlfk }xvdpphqjhvwhoow1 Glh Vshnwuhq xqg glh Hqhujlhq zhughq lp

Hlq}hoqhq lq Yhuelqgxqj plw ghq Phvvxqjhq glvnxwlhuw1
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Deelogxqj 914= Devruswlrqvvshnwuhq yrq Qd+QK�,?0 xqg Qd+QG�,?0Foxvwhuq plw ghq

yhuzhqghwhq Dquhjxqjvhqhujlhq1
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Wdehooh 914= ]xvdpphqidvvxqj ghu Lrqlvdwlrqvsrwhqwldoh +LS, xqg Odjh ghu D0]xvwçqgh

+D, ghu xqwhuvxfkwhq Foxvwhu vrzlh glh yhuzhqghwhq Dquhjxqjv0 xqg Lrqlvdwlrqvhqhu0

jlhq +H�oJKe/ H�oJKe,1 Hqhujlhdqjdehq lq ^42fp`1
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Glhvhv Ndslwho jolhghuw vlfk zlh irojw=

]xqçfkvw jlew Ndslwho 914 hlqhq ßehueolfn ÿehu glh Dekçqjljnhlw ghu Ohehqvgdxhuq

yrq ghu Foxvwhujuù�h/ g1k1 yrq ghu Dq}dko ghu Oljdqghq1 Ndslwho 915 }hljw ghq Hlq0

 x� ghu Dquhjxqjvzhoohqoçqjh dxi gdv Lrqhqvljqdo/ klhuehl zlug glh Dquhjxqjvhqhujlh

lqqhukdoe ghu Devruswlrqvedqgh ghu Foxvwhu ydullhuw1 Glh Hujheqlvvh }x Xqwhuvxfkxq0

jhq dq ghxwhulhuwhq xqg sduwlhoo ghxwhulhuwhq Foxvwhuq zhughq lq Ndslwho 916 jh}hljw1

Lq Ndslwho 917 zhughq glh Hujheqlvvh qrfk hlqpdo wdehoodulvfk }xvdpphqjhid�w xqg

dqkdqg yhuvfklhghqhu Prghooh glvnxwlhuw1

914 Dekçqjljnhlw ghu Ohehqvgdxhu ghv �0]xvwdqgv

yrq ghu Foxvwhujuù�h

Glh Sxps0Sureh H{shulphqwh dq Qd+QK�,?0Foxvwhuq hujdehq elv }x hlqhu Foxvwhujuù�h

yrq ? ' 2f dxvzhuweduh Lrqhqvljqdoh1 Dqjhuhjw zxugh lp Devruswlrqv}hqwuxp ghv

hohnwurqlvfkhq ]xvwdqgv/ vr gd� hlq gluhnwhu Yhujohlfk ghu Ohehqvgdxhuq pùjolfk lvw1

Deelogxqj 915 }hljw gdv Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�, qdfk uhvrqdqwhu

Dquhjxqj ghv f�� $ �2. ßehujdqjv/ zhofkhu dv|pswrwlvfk ghp ehndqqwhq �r $

�R ßehujdqj ghv Qd0Dwrpv hqwvsulfkw1 Glh Dquhjxqjvzhoohqoçqjh ehwuçjw b��6R @

;4; qp +45558 fp3�,1 Lrqlvlhuw zhughq glh Foxvwhu plw hlqhu Zhoohqoçqjh yrq b�h JKe

@ 743 qp +57783 fp3�,1 Lq ghu Deelogxqj lvw glh Lrqhqlqwhqvlwçw lq Dekçqjljnhlw

ghu uhodwlyhq Yhu}ùjhuxqjv}hlw {w }zlvfkhq Sxps0 xqg Surehsxov dxijhwudjhq1 Hlqh

Dqsdvvxqj plw hlqhp hlqidfk h{srqhqwlhoohq ]huidoo hujlew hlqh Ohehqvgdxhu yrq � @

5 qv1

Glh Ohehqvgdxhu ghv huvwhq dqjhuhjwhq ]xvwdqghv lvw/ gxufk glh Dqodjhuxqj qxu

hlqhv Dpprqldn0Prohnÿov/ ehuhlwv ghxwolfk nÿu}hu dov glh vwudkohqgh Ohehqvgdxhu ghv

Qdwulxp �r $ �R ßehujdqjv plw 49 qv1

Deelogxqj 916 }hljw ghq }hlwolfkhq Yhuodxi ghv Lrqhqvljqdov yrq Qd+QK�,21 Glh

Dquhjxqj plw b��6R @ ;4; qp +45558 fp3�, huirojw lq glhvhp Idoo dp krfkhqhujh0

wlvfkhq Udqg ghu Devruswlrqvedqgh yrq Qd+QK�,21 Glh Phvvxqjhq yrq M1 Kùkqgrui

}xu Dekçqjljnhlw ghu Lrqhqlqwhqvlwçw yrq ghu Dquhjxqjvlqwhqvlwçw ehvwçwljhq/ gd� glh



<:

0 100 200 300 400

0,0

0,2

0,4

0,6

0,8

1,0

1,2

Na(NH3)
+

τ = 2000(200) ps

Io
n

en
in

t.
 / 

a
rb

. u
n

.

∆ t / ps

Deelogxqj 915= Lrqhqvljqdo yrq Qd+QK�,n lq Dekçqjljnhlw ghu }hlwolfkhq Yhu}ùjhuxqj

}zlvfkhq Sxps0 xqg Surehsxov/ Dquhjxqjvzhoohqoçqjh b��6R@ ;4; qp +45558 fp3�,/

Lrqlvdwlrqvzhoohqoçqjh b�h JKe@ 73< qp +57783 fp3�,1

Dquhjxqj plw ;4; qp uhvrqdqw lvw ^Kùk<9`1 Hlqh Ehvwlppxqj ghu Ohehqvgdxhu lp

]hqwuxp ghu Devruswlrq yrq Qd+QK�,2 +4333 qp/ 43333 fp3�, lvw lp Udkphq glhvhu

Duehlw qlfkw jhoxqjhq/ gd glh/ iÿu ghq h{shulphqwhoohq Dxiedx qrwzhqgljh/ Sxovhqhujlh

qlfkw }xu Yhuiÿjxqj vwdqg1

Iÿu Qd+QK�,2 zlug hlqh Ohehqvgdxhu yrq � @ 66 sv huplwwhow/ gdv ehghxwhw hlqh

zhlwhuh Yhunÿu}xqj ghu Ohehqvgdxhu gxufk Dqodjhuxqj qxu hlqhv }xvçw}olfkhq Oljdq0

ghq xp hlqhq Idnwru yrq idvw :31 Glhvh Hujheqlvvh zxughq ehuhlwv yrq M1 Kùkqgrui

huplwwhow1

Deelogxqj 917 }hljw gdv Sxps0Sureh Vljqdo yrq Qd+QK�,� plw hlqhu Ohehqvgdxhu

yrq � @ 4/4 sv xqg hqwvsuhfkhqg hlqhu zhlwhuhq judylhuhqghq Deqdkph xp hlqhq Idnwru

yrq 631 Glh Dquhjxqjvzhoohqoçqjh ehwuçjw b��6R @ 4633 qp +:9<3 fp3�,/ lrqlvlhuw

zlug ghu Foxvwhu plw b�h JKe @ 743 qp +57733 fp3�,1

Lq Deelogxqj 918 lvw gdv Sxps0Sureh Vljqdo yrq Qd+QK�,e gdujhvwhoow1 Glh Oh0

ehqvgdxhu ehwuçjw 5/; sv/ g1k1 Qd+QK�,e lvw hwzdv vwdelohu lp Yhujohlfk }x Qd+QK�,�1

Glhv oç�w vlfk gdudxi }xuÿfniÿkuhq/ gd� ehl hlqhu Dqodjhuxqj yrq 7 QK�0Prohnÿohq dq

gdv Qd0Dwrp hlq Vroydwdwlrqv0Vfkdohqdevfkox� yruolhjw1 Gxufk glhvhq Devfkox� zlug



<;

0 100 200 300

0,0

0,2

0,4

0,6

0,8

1,0

1,2

Na(NH3)2

+

τ = 33(3) ps

Io
n

en
in

t. 
/ a

rb
. u

n.

∆ t / ps
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n
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Deelogxqj 917= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�,
n
� > b��6R @ 4633 qp +:9<3

fp3�,/ b�h JKe@ 743 qp +57733 fp3�,1
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ghu Foxvwhu vwdelohu/ zdv vlfk lq ghu yhuoçqjhuwhq Ohehqvgdxhu zlghuvslhjhow1
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Deelogxqj 918= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�,
n
e > b��6R@ 49<3 qp +8<53

fp3�,/ b�h JKe @ 83: qp +4<:53 fp3�,1

Ehl Qd+QK�,D vlqnw glh Ohehqvgdxhu zlhghu zhlwhu dxi � @ :33 iv +Dee1 919,1

Deelogxqj 91: xqg Deelogxqj 91; }hljhq ghq zhlwhuhq Yhuodxi ghu Ohehqvgdxhuq

lq Dekçqjljnhlw ghu Foxvwhujuù�h ? elv }x hlqhu Juù�h yrq ? ' 2f1 Glh Ohehqvgdxhuq

vlqnhq zhlwhu gudvwlvfk plw }xqhkphqghu Foxvwhujuù�h xqg huuhlfkhq vfkqhoo Zhuwh lp

Ehuhlfk ghu }hlwolfkhq Dx ùvxqjvjuhq}h/ zhofkh gxufk glh Sxovgdxhuq +���6R ' �ef iv/

��h JKe ' 22f iv, xqg glh/ plw ghu Foxvwhujuù�h deqhkphqghq/ Lrqhqlqwhqvlwçw ehvwlppw

lvw1

Ehl Qd+QK�,?0Foxvwhuq plw ? � �H lvw gdv Lrqlvdwlrqvsrwhqwldo ehuhlwv vrzhlw

dejhvxqnhq/ gd� plw ghu Lrqlvdwlrqvzhoohqoçqjh yrq b�h JKe@ 83: qp +4<:33 fp3�, hlqh

Hlqskrwrqhq0Lrqlvdwlrq vwdww�qghw +vlhkh Wde1 914,1 Vr hukçow pdq dov Sxps0Sureh

Vljqdo hlq Ghsohwlrqvljqdo +vlhkh Nds1 714,/ zdv pdq ghxwolfk dp Lrqhqvljqdo yrq

Qd+QK�,�b xqg Qd+QK�,2f vlhkw1 Ehphunhqvzhuw lvw/ gd� gdv Lrqhqvljqdo }x srvlwlyhq

Yhu}ùjhuxqjv}hlwhq qlfkw zlhghu dxi glh Lqwhqvlwçw qhjdwlyhu ]hlwhq dqvwhljw/ vrqghuq

jhulqj eohlew1 Gdv ehghxwhw/ gd� hlqh Uhod{dwlrq lq ghq fE� ' f�0]xvwdqg lqqhukdoe

glhvhv ]hlwihqvwhuv dxvjhvfkorvvhq zhughq ndqq1

Deelogxqj 9156 }hljw glh ]xvdpphqidvvxqj ghu Ohehqvgdxhuq lq Dekçqjljnhlw ghu
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Deelogxqj 919= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�,
n
D / b��6R @ 49<3 qp +8<53

fp3�,/ b�h JKe @ 83: qp +4<:33 fp3�,1

Foxvwhujuù�h1 Ghxwolfk hunhqqw pdq glh gudvwlvfkh Deqdkph ghu Ohehqvgdxhuq ÿehu 8

Juù�hqrugqxqjhq plw ]xqdkph ghu Foxvwhujuù�h xqg ehl ghu Foxvwhujuù�h yrq ? ' e

ghq Devfkox� hlqhu Vroydwdwlrqvvfkdoh1

915 Dekçqjljnhlw ghu Ohehqvgdxhu yrq ghu Dquh0

jxqjvhqhujlh

Gdv Lrqhqvljqdo yrq Qd+QK�, xqg Qd+QK�,2 }hljw nhlqh hunhqqeduh Dekçqjljnhlw yrq

ghu Dquhjxqjvhqhujlh1 Glhv çqghuw vlfk ehl Qd+QK�,�/ ghp nohlqvwhq Foxvwhu/ ghu

lq vhlqhp Devruswlrqvvshnwuxp }zhl Nrpsrqhqwhq dxizhlvw/ hlqh hohnwurqlvfkh De0

vruswlrq ghv Foxvwhuv xqg hlqh yleurqlvfkh ghv QK�0Prohnÿov1 Deelogxqj 9143 lvw gdv

Devruswlrqvvshnwuxp yrq Qd+QK�,� }x vhkhq1

Ehl hlqhu Dquhjxqj ghu Qd+QK�,�0Foxvwhu plw b��6R @ 4783 qp +9<33 fp3�, xqg

ghu dqvfkolh�hqghq Lrqlvdwlrq plw b�h JKe @ 743 qp +57733 fp3�, hunhqqw pdq/ gd� vlfk

gdv Lrqhqvljqdo dxv }zhl Ehvwdqgwhlohq }xvdpphqvhw}w +Dee1 9144,1 Deelogxqj 9145

}hljw glh Phvvxqj plw hukùkwhu ]hlwdx ùvxqj1 Ghu odqjoheljh Dqwhlo zlug plw hlqhu

]hlwnrqvwdqwhq yrq �� @ 4; sv ehvwlppw1 ]xu Ehvwlppxqj ghv nxu}oheljhq Dqwhlov
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Deelogxqj 91:= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�,?0Foxvwhuq> b��6R@ 49<3 qp

+8<53 fp3� ,/ b�h JKe@ 83: qp +4<:33 fp3�,1
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+8<53 fp3�,/ b�h JKe@ 83: qp +4<:33 fp3�,1
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Deelogxqj 9143= Devruswlrqvvshnwuxp yrq Qd+QK�,�1 Hv ehvwhkw dxv }zhl Devrus0

wlrqvnrpsrqhqwhq/ hlqhu hohnwurqlvfkhq Devruswlrq ghv Foxvwhuv xqg hlqhu yleurql0

vfkhq Devruswlrq ghv QK�0Prohnÿov xp 4833 qp> dqjhuhjw zxugh plw ghp Sxpssxov

b��6R '4783 qp +4, lp Ehuhlfk yleurqlvfkhu xqg hohnwurqlvfkhu Devruswlrq xqg plw

b��6R '4633 qp +5, lp Ehuhlfk hohnwurqlvfkhu Devruswlrq dqjhuhjw ^Eur<:`1
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vxewudklhuw pdq yrq ghp Lrqhqvljqdo ghq Dqwhlo/ ghu gxufk �� hqwvwhkw xqg hukçow

hlqh Ohehqvgdxhu yrq � 2 @ 4/3+5, sv1 Glhvhu Zhuw vwhkw lq jxwhu ßehuhlqvwlppxqj

plw ghu Ohehqvgdxhu/ glh plw hlqhu Dquhjxqj yrq 4633 qp lp ]hqwuxp hohnwurqlvfkhu

Devruswlrq huplwwhow zlug1 Dxijuxqg glhvhu ßehuhlqvwlppxqj zlug �� hlqhp H�hnw

}xjhrugqhw/ ghu gxufk glh QK�0Yleudwlrq yhuxuvdfkw zlug1
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Deelogxqj 9144= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK �,
n
� plw hlqhu Dquhjxqjvzhoohq0

oçqjh yrq b��6R@ 4783 qp +9<33 fp3�,/ Lrqlvdwlrqvzhoohqoçqjh b�h JKe@ 743 qp +57733

fp3�,> pdq hunhqqw hlqhq grsshoh{srqhqwlhoohq Vljqdodeidoo1

Gd ghu RSJ lq ghpZhoohqoçqjhqehuhlfk xp ghq Hqwduwxqjvsxqnw }zlvfkhq 4783

qp xqg 49;3 qp qlfkw devwlppedu lvw +vlhkh Dee1 8148,/ oç�w vlfk glh Hqhujlhdekçq0

jljnhlw ghv Vljqdov lqqhukdoe ghu yleurqlvfkhq Devruswlrq qlfkw zhlwhu yhuirojhq1

Dxfk Qd+QK�,?0Foxvwhu plw ? : � zhlvhq lq lkuhq Devruswlrqvvshnwuhq glhvh

ehuhlwv ehvfkulhehqh Grsshovwuxnwxu plw hlqhu hohnwurqlvfkhq Qd+QK�,?0Nrpsrqhqwh

xqg hlqhu QK�0Yleudwlrqvnrpsrqhqwh dxi1 De ghu Juù�h ? ' D yhuçqghuw vlfk Odjh xqg

Irup ghu Devruswlrqvvshnwuhq ndxp +vlhkh Dee1 516,1 Uhsuçvhqwdwly }hljw Deelogxqj

9146 gdv Devruswlrqvvshnwuxp yrq Qd+QK�,S1

Ehl ghq Sxps0Sureh H{shulphqwhq xqwhuolhjw glh Ohehqvgdxhu glhvhu Foxvwhu dxfk

hlqhu Dekçqjljnhlw yrq ghu Dquhjxqjvzhoohqoçqjh1 Glhvh Phvvxqjhq zxughq plw hlqhu

Dquhjxqjvzhoohqoçqjh yrq b��6R @ 4783 qp +9<33 fp3�, xqg hlqhu Lrqlvdwlrqvzho0

ohqoçqjh yrq b�h JKe @ 8:3 qp +4:833 fp3�, gxufkjhiÿkuw1 Glh Dquhjxqj ghu Foxvwhu
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Deelogxqj 9145= d, Sxps0Sureh Vljqdo yrq Qd+QK�,
n
� plw hlqhu Dquhjxqjvzhoohqoçq0

jh yrq b��6R@4783 qp +9<33 fp3�, xqg hlqhu Lrqlvdwlrqv0Zhoohqoçqjh yrq b�h JKe@

743 qp +57733 fp3�,> pdq hunhqqw ghxwolfk hlqhq grsshoh{srqhqwlhoohq Yhuodxi1 e,

Yhujohlfk ghu nxu}oheljhq Nrpsrqhqwh ehl 4783 qp Dquhjxqj plw ghp Vljqdoyhuodxi

ehl 4633 qp Dquhjxqj }hljw hlqh jxwh ßehuhlqvwlppxqj ghu Ohehqvgdxhuq yrq 4 sv1
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Wellenlänge / nm

Deelogxqj 9146= Devruswlrqvvshnwuxp yrq Qd+QK�,S/ dqjhuhjw zxughq glh Foxvwhu

plw b��6R @ 4783 qp xqg b��6R @ 49<3 0 4;83 qp ^Eur<:`1
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plw 4783 qp +9<33 fp3�, huirojw dp Udqgh ghu Devruswlrqvedqgh1 Glh odqjzhooljvwh

Dquhjxqj qdfk ghu QK�0Vfkzlqjxqj lvw plw glhvhp Dxiedx huvw ehl 49<3 qp +8<53

fp3�, pùjolfk1 Vrplw lvw hlq gluhnwhu Yhujohlfk plw ghq Phvvxqjhq dq Qd+QK�,� qlfkw

pùjolfk1 Dxvzhuweduh Vljqdoh zxughq elv }x hlqhu Foxvwhujuù�h yrq q @ 48 huplwwhow1

Pdq hunhqqw/ gd� glh hqhujhwlvfk kùkhu dqjhuhjwhq Foxvwhu hlqh jhulqjhuh Ohehqv0

gdxhu kdehq1 Hlq grsshoh{srqhqwlhoohu Vljqdoyhuodxi zlh lp Idoo yrq Qd+QK�,� oç�w

vlfk mhgrfk qlfkw ehredfkwhq1 Glhv ndqq gdgxufk hunoçuhq zhughq/ gd� iÿu glh Foxvwhu

ehl ? � e dq glhvhu hqhujhwlvfkhq Vwhooh ghv Vshnwuxpv nhlqh ßehuodjhuxqj ghu hohn0

wurqlvfkhq xqg yleurqlvfkhq Devruswlrq dxiwulww/ vrqghuq glhvhu ßehuodssehuhlfk/ zlh

gdv jdq}h Devruswlrqvvshnwuxp/ lqv Odqjzhooljh yhuvfkrehq lvw1

Lp Dquhjxqjvehuhlfk yrq 49<3 0 4;83 qp hujhehq vlfk nhlqh ehvwlppeduhq Xq0

whuvfklhgh lq ghu Ohehqvgdxhu1

Deelogxqj 9149 }hljw hlqhq ßehueolfn ghu huplwwhowhq Ohehqvgdxhuq plw hlqhu Dq0

uhjxqjvhqhujlh yrq b��6R @ 4783 qp +8<83 fp3�, vrzlh hlqhq Yhujohlfk plw ghq Oh0

ehqvgdxhuq ehl Dquhjxqj lp ]hqwuxp hohnwurqlvfkhu Devruswlrq plw hlqhu Dquhjxqjv0

zhoohqoçqjh yrq b��6R @ 49<3 qp +8<53 fp3�,1
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τ = 120(20) fs

n = 9

Deelogxqj 9147= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK �,?0Foxvwhuq ehl hlqhu Dquh0

jxqjvhqhujlh yrq b��6R@ 4783 qp +9<33 fp3�,/ b�h JKe @ 8:3 qp +4:833 fp3�,1
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τ = 100(30) fs

n = 15

Deelogxqj 9148= Sxps0Sureh Lrqhqvljqdo yrq Qd+QK�,n? 0Foxvwhuq ehl hlqhu Dquh0

jxqjvhqhujlh yrq b��6R@ 4783 qp +9<33 fp3�,/ b�h JKe @ 8:3 qp +4:833 fp3�,1
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Clustergröße

Deelogxqj 9149= Ohehqvgdxhuq ghu Qd+QK�,?0Foxvwhu lq Dekçqjljnhlw ghu Dquhjxqjv0

hqhujlh1

916 Lvrwrshqh�hnwh lq ghu Ohehqvgdxhu

Yrq M1 Kùkqgrui zxughq glh huvwhqPhvvxqjhq dq ghxwhulhuwhq Qd+Dpprqldn,?0Foxvwhuq

+? ' �c 2, gxufkjhiÿkuw1 Gdehl }hljwh vlfk/ gd� ghu Dxvwdxvfk yrq QK� gxufk QG� }x

hlqhu h{wuhphq Yhuoçqjhuxqj ghu Ohehqvgdxhuq iÿkuw1 Ghu gudvwlvfkh H�hnw ehl Ghx0

whulhuxqj ghu Foxvwhu zxugh dxi glh Lqyhuvlrqvvfkzlqjxqj ghv Dpprqldn0Prohnÿov

}xuÿfnjhiÿkuw/ gd ghvvhq Shulrgh vlfk lq çkqolfkhu Zhlvh çqghuw/ zlh glh Ohehqvgdxhu

ghu Foxvwhu +Lqyhuvlrqvvfkzlqjxqjvshulrghq vlhkh ^WV88`,1 Hlq ]lho glhvhu Duehlw zdu

glh jhqdxh Dqdo|vh ghv Lvrwrshqh�hnwv/ xp glhvh huvwh Lqwhusuhwdwlrq }x klqwhuiudjhq

xqg/ lp Idoo yrq sduwlhoo ghxwhulhuwhq Foxvwhuq/ pùjolfkh H�hnwh gxufk V|pphwulheuxfk

lqqhukdoe ghu Dpprqldn0Prohnÿoh }x hunhqqhq1

Lp Udkphq glhvhu Duehlw zxughq huvwpdov }hlwdxijhoùvwh Phvvxqjhq plw nohlqhq/

sduwlhoo ghxwhulhuwhq Foxvwhuq +? ' �c 2, xqg yroovwçqglj ghxwhulhuwhq Foxvwhuq +? � �D,

gxufkjhiÿkuw1 Glh hqhujhwlvfkh Odjh ghv �0]xvwdqgv nrqqwh iÿu glh Foxvwhu plw ? : �f

yrq S1 Eurfnkdxv ^Eur<:` qlfkw ehvwlppw zhughq/ hv ndqq mhgrfk gdyrq dxvjhjdqjhq

zhughq/ gd� vlfk glh Odjh }zlvfkhq ? ' �f xqg ? ' �D qlfkw zhvhqwolfk çqghuw1

Lq Deelogxqj 914: vlhkw pdq gdv Qd+Dpprqldn, Sxps0Sureh0Lrqhqvljqdo iÿu dooh
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ylhu Ghxwhulhuxqjvjudgh1 Glhvh Phvvxqj zxugh plw hlqhp Plvfkxqjvyhukçowqlv QK�

2 QG� yrq 68 2 98 gxufkjhiÿkuw1 Glh Dquhjxqjvzhoohqoçqjh ehwuçjw b��6R @ ;4;

qp +45583 fp3�,/ glh Lrqlvdwlrqvzhoohqoçqjh b�h JKe @ 73< qp +57783 fp3�,1 Ehl ghu

Ghxwhulhuxqj yhuçqghuw vlfk glh Odjh ghv huvwhq dqjhuhjwhq ]xvwdqghv �2. qxu xp fd1

73 fp3� ^VQ<:`/ vr gd� lqqhukdoe ghu vshnwudohq Euhlwh ghv iv0Odvhusxovhv +� :3 fp3�,

hlq Hlq x� ehl ghu Dquhjxqj yhuqdfkoçvvljedu lvw1

Pdq hunhqqw ghxwolfk/ gd� glh Ohehqvgdxhu vxn}hvvlyh plw ghu Pdvvh/ g1k1 ghu

Dq}dko ghu G0Dwrph lp Foxvwhu/ }xqlppw1 Glh ]hlwnrqvwdqwh yhuoçqjhuw yrq fd1 4433

sv ehl Qd+QK�, dxi fd1 8333 sv ehl Qd+QG�,1 Glh dqjhjhehqhq Ihkohu eh}lhkhq

vlfk dxi glh Jhqdxljnhlw ghu Dxvzhuwxqj1 Hlqh Dxvvdjh ÿehu ghq devroxwhq Zhuw

ghu Ohehqvgdxhu lvw qxu vfkzhu }x pdfkhq/ gd vlfk glhvh Ph�whfkqln qxu iÿu nxu}h

Ohehqvgdxhuq hljqhw/ vr gd� ghu devroxwh Ihkohu jur� lvw1 Gd glh Hujheqlvvh mhgrfk lq

hlqhu Phvvxqj xqg vrplw xqwhu h{dnw ghq johlfkhq Ph�ehglqjxqjhq hqwvwdqghq/ ndqq

glh Whqghq} ghu Ohehqvgdxhuq ehzhuwhw zhughq1

Deelogxqj 914; }hljw ghq Lvrwrshqh�hnw iÿu Qd+Dpprqldn,21 Gd ehl hlqhu K

2 G Plvfkxqj qlfkw dooh Ghxwhulhuxqjvjudgh dxvuhlfkhqgh Foxvwhulqwhqvlwçwhq dxizhl0

vhq/ zhughq iÿu ghq Yhujohlfk ghu Foxvwhu yhuvfklhghqh Plvfkxqjvyhukçowqlvvh yhu0

zdqgw1 Deelogxqj 914; zxugh hqwvsuhfkhqg dxv yhuvfklhghqhq Phvvxqjhq/ mhgrfk dq

hlqhp Ph�wdj/ jhzrqqhq1 Zlh dxfk lp Idoo yrq Qd+Dpprqldn, ndqq lp Idoo yrq

Qd+Dpprqldn,2 ghu Hlq x� ghu Ghxwhulhuxqj dxi glh hqhujhwlvfkh Odjh ghv huvwhq dq0

jhuhjwhq ]xvwdqgv ehl ghq Phvvxqjhq yhuqdfkoçvvljw zhughq1 Dxfk klhu hunhqqw pdq

hlqh vxn}hvvlyh/ plw ghu Pdvvh vwdun dqvwhljhqgh Ohehqvgdxhu1 Zçkuhqg Qd+QK�,2 hl0

qh Ohehqvgdxhu yrq 66 sv dxizhlvw +vlhkh Dee1 916,/ }hljw Qd+QG�,2 hlqh Ohehqvgdxhu

yrq fd1 5833 sv/ zdv hlqh Yhuoçqjhuxqj ghu Ohehqvgdxhu gxufk glh Ghxwhulhuxqj xp

hlqhq Idnwru yrq fd1 :8 ehghxwhw1

Deelogxqj 914< }hljw ghqYhujohlfk ghu Lqyhuvlrqvvfkzlqjxqjvgdxhuq yrq xqwhu0

vfklhgolfk ghxwhulhuwhq Dpprqldn0Prohnÿohq +Zhuwh hqwqrpphq dxv ^WV88`, plw ghq

Ohehqvgdxhuq ghv �0]xvwdqgv yrq Qd+Dpprqldn, xqg Qd+Dpprqldn,21 Glh Çqgh0

uxqj ghu Ohehqvgdxhuq plw }xqhkphqghu Ghxwhulhuxqj }hljw hlqhq çkqolfkhq Yhuodxi

zlh glh Lqyhuvlrqvvfkzlqjxqjvgdxhu/ zdv }x ghu Yhupxwxqj iÿkuw/ gd� glh Vljqdode0

qdkph plw ghu Lqyhuvlrqvvfkzlqjxqj yhunqÿsiw lvw/ mhgrfk lvw glh Lqyhuvlrqvfkzlqjxqj

dxijuxqg ghu Vwùuxqj gxufk gdv Qdwulxp Dwrp vfkzhu yruvwhooedu1



444

-100 0 100 200 300 400

50

100

150

τ = 1100(100) ps

Na(NH3)
+

Io
ne

ni
nt

. 
/ a

rb
.u

n.

Io
ne

ni
nt

. 
/ a

rb
.u

n.
Io

ne
ni

nt
. 

/ a
rb

.u
n.

Io
ne

ni
nt

. 
/ a

rb
.u

n.

∆ t / ps∆ t / ps

∆ t / ps

-100 0 100 200 300 400

400

600

800

1000

∆ t / ps

τ = 1600(100) ps

Na(NH
2
D)+

-100 0 100 200 300 400
1000

1200

1400

1600

1800

2000

τ = 3000(200)ps

Na(NHD
2
)+

-100 0 100 200 300 400
1000

1200

1400

1600

1800

2000

τ = 5000(300) ps

Na(ND
3
)
+

Deelogxqj 914:= Dekçqjljnhlw ghu Ohehqvgdxhu yrq ghu Ghxwhulhuxqj yrq

Qd+Dpprqldn,> Dquhjxqjvzhoohqoçqjh b��6R@ ;4; qp +45558 fp3�,/ Lrqlvdwlrqv0

zhoohqoçqjh b�h JKe@ 73< qp +57783 fp3�,1
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Deelogxqj 914;= Sxps0Sureh Lrqhqvljqdo yrq Qd+Dpprqldn,2 lq Dekçqjljnhlw ghv

Ghxwhulhuxqjvjudgv> Dquhjxqjvzhoohqoçqjh b��6R@ ;4; qp +45558 fp3�,/ Lrqlvdwlrqv0

zhoohqoçqjh b�h JKe@ 73< qp +57783 fp3�,1
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Deelogxqj 914<= Yhujohlfk ghu Lqyhuvlrqvvfkzlqjxqjvgdxhu yrq Dpprqldn plw ghq

Ohehqvgdxhuq yrq Qd+Dpprqldn, xqg Qd+Dpprqldn,2�

Deelogxqj 9153 xqg 9154 }hljhq ghq Lvrwrshqh�hnw ehl Qd+Dpprqldn,�1 Dxfk

klhu lvw glh Odjh ghv huvwhq dqjhuhjwhq ]xvwdqgv gxufk Ghxwhulhuxqj/ zlh lp Idoo yrq

Qd+Dpprqldn, xqg Qd+Dpprqldn,2/ xqzhvhqwolfk yhuvfkrehq +Dee1 914,1

Dqjhuhjw xqg lrqlvlhuw zlug lq ehlghq Içoohq plw b��6R @ 4633 qp xqg b�h JKe @

743 qp1 Pdq hunhqqw hlqh Ohehqvgdxhuyhuoçqjhuxqj xp hlqhq Idnwru yrq 881 Yhu0

vfklhew pdq glh Dquhjxqjvhqhujlh lq ghq hqhujhwlvfkhq Ehuhlfk/ lq ghp Qd+QK�,� ehl0

gh Nrpsrqhqwhq +hohnwurqlvfkhu xqg yleurqlvfkhu Dqwhlo, lq ghp Lrqhqvljqdo dxizhlvw

+b��6R @ 4783 qp 	' 9<33 fp3�,/ vr hunhqqw pdq nhlqh Çqghuxqj ghu Ohehqvgdxhu

yrq Qd+QG�,� +Dee1 9154,1 Glhv ehvwçwljw glh lq Ndslwho 915 jhwur�hqh ]xrugqxqj

hlqhu yleurqlvfkhq xqg hohnwurqlvfkhq Dquhjxqj/ gd lp Idoo yrq QG� glh Yleudwlrq ehl

7<33 fp3� olhjw/ zdv hlqhu Dquhjxqjvzhoohqoçqjh yrq 5373 qp hqwvsulfkw xqg vrplw

lp Lrqhqvljqdo nhlqh Nrssoxqj dxiwuhwhq ndqq1

Ehl Qd+QK�,?0Foxvwhuq plw q� 7 yhuçqghuw vlfk Odjh xqg Vwuxnwxu ghu Devruswlrq

ehl Ghxwhulhuxqj1 Iÿu hlqhq Yhujohlfk }zlvfkhq ghxwhulhuwhq xqg qlfkwghxwhulhuwhq

Foxvwhuq pÿvvhq xqwhuvfklhgolfkh Dquhjxqjvhqhujlhq jhzçkow zhughq1 Klhu zxughq iÿu
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Dquhjxqjvzhoohqoçqjh b��6R@4633 qp +:9<3 fp3�,/ Lrqlvdwlrqvzhoohqoçqjh b�h JKe@

743 qp +576<3 fp3�,1
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Deelogxqj 9154= Sxps0Sureh Vljqdo yrq Qd+QG�,� plw hlqhu Dquhjxqjvzhoohqoçq0

jh yrq b��6R@ 4783 qp +9<33 fp3�,/ Lrqlvdwlrqvzhoohqoçqjh b�h JKe@ 743 qp +57733

fp3�,1
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glh Xqwhuvxfkxqjhq }zhl Ehuhlfkh ghu Dquhjxqj dxvjhzçkow/ 4783 qp +9<33 fp3�,

iÿu glh uhlq hohnwurqlvfkh Dquhjxqj xqg 4<33 qp +8593 fp3�, iÿu glh yleurqlvfkh1

Deelogxqj 9155 lvw uhsuçvhqwdwly gdv Devruswlrqvvshnwuxp yrq Qd+QG�,. }x vhkhq1
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Wellenlänge / nm

Deelogxqj 9155= Devruswlrqvvshnwuxp yrq Qd+QG�,./ xqwhuvxfkw zxughq glh Foxvwhu

ehl 4783 qp xqg 4<33 qp1

Glhvh Dquhjxqjvhqhujlhq hqwvsuhfkhq ghq Pd{lpd ghu Devruswlrqvedqghq +vlhkh

Dee1 914,/ zrehl gdv Pd{lpxp ghu yleurqlvfkhq Devruswlrq iÿu glh yhuvfklhghqhq

Foxvwhujuù�hq xp 4<33 qp vfkzdqnw1 Hlqh jhqdxh Ehvwlppxqj ghv Pd{lpxpv zdu

zhjhq ghv yhuzhqghwhq Odvhuv|vwhpv qxu vfkzhu pùjolfk ^Eur<:`1 Glh Ohehqvgdxhuq

ghu Qd+QG�,?0Foxvwhu nrqqwhq elv }x hlqhu Foxvwhujuù�h yrq q @ 48 huplwwhow zhughq1

Gdv Lrqhqvljqdo ghu Foxvwhu }hljw mhgrfk qlfkw zlh ehl Qd+QK�,� hlqhq grsshoh{sr0

qhqwlhoohq Yhuodxi/ glhv hqwvsulfkw ghq Hujheqlvvhq ehl Qd+QK�,? plw ? � e plw hlqhu

Dquhjxqjvzhoohqoçqjh yrq 4783 qp1 Glh Deelogxqjhq 915609158 }hljhq glh Sxps0Sureh

Lrqhqvljqdoh iÿu glh yhuvfklhghqhq Dquhjxqjvhqhujlhq/ zçkuhqg Deelogxqj 9159 glhvh

Hujheqlvvh judsklvfk }xvdpphqid�w1

Hqwvsuhfkhqg ghu Hujheqlvvh ehl Qd+QK�,?0Foxvwhuq/ hunhqqw pdq ehl ghq ghxwh0

ulhuwhq Foxvwhuq ehl hqhujhwlvfk kùkhuhu Dquhjxqj +b��6R @ 4783 qp, hlqh jhulqjhuh

Ohehqvgdxhu1
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Deelogxqj 9156= Sxps0Sureh Lrqhqvljqdo yrq Qd+QG�,?0Foxvwhu ehl hlqhu Dquhjxqjv0

zhoohqoçqjh yrq b��6R @ 4783 qp +9<33 fp3�, xqg hlqhu Lrqlvdwlrqvzhoohqoçqjh yrq

b�h JKe @ 8:3 qp +4:883 fp3�,1
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Deelogxqj 9157= Sxps0Sureh Lrqhqvljqdo yrq Qd+QG�,?0Foxvwhuq b��6R @ 4783 qp

+9<33 fp3�, xqg b�h JKe @ 8:3 qp +4:883 fp3�,1
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Deelogxqj 9158= Sxps0Sureh Vljqdo yrq Qd+QG�,?0Foxvwhuq plw b��6R@ 4<33 qp

+8593 fp3�, xqg b�h JKe@ 848 qp +4<733 fp3�, iÿu ? � ec iÿu ? ' e ehwuçjw b��6R@

4;63 qp +8793 fp3�, xqg b�h JKe@853 qp +4<533 fp3�,1
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Deelogxqj 9159= Yhujohlfk yrq Qd+QG�,? Ohehqvgdxhuq ehl xqwhuvfklhgolfkhu Dquh0

jxqjvhqhujlh1
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Deelogxqj 915:= Yhujohlfk ghu Ohehqvgdxhu ghxwhulhuwhu xqg qlfkwghxwhulhuwhu

Qd+Dpprqldn,?0Foxvwhuq ehl hohnwurqlvfkhu Dquhjxqj1
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Deelogxqj 915: }hljw hlqhq Yhujohlfk ghu huplwwhowhq Ohehqvgdxhuq }zlvfkhq ghx0

whulhuwhq xqg qlfkwghxwhulhuwhq Foxvwhuq1 Klhehl zhughq glh ]hlwnrqvwdqwhq ehl uhlq

hohnwurqlvfkhu Dquhjxqj plwhlqdqghu yhujolfkhq1 Iÿu Qd+QK�,?0Foxvwhu ehghxwhw gdv

iÿu ? ' � xqg ? ' 2 hlqh Dquhjxqjvzhoohqoçqjh yrq b��6R@ ;4; qp +45553 fp3�,/ iÿu

? ' �/ b��6R@ 4633 qp +:9<3 fp3�, xqg iÿu ? � ec b��6R@ 49<3 qp +8<53 fp3�,1 Iÿu

Qd+QG�,?0Foxvwhu ehwuçjw iÿu ? ' � xqg ? ' 2 glh Dquhjxqjvzhoohqoçqjh b��6R@;4;

qp +45553 fp3�,/ iÿu ? ' �c b��6R@ 4633 qp +:9<3 fp3�, xqg iÿu ? � ec b��6R@

4783 qp +9<33 fp3�,1Ghu H�hnw ghu Ghxwhulhuxqj dxi glh Ohehqvgdxhu yhunohlqhuw vlfk

plw }xqhkphqghu Foxvwhujuù�h/ ghu pd{lpdoh Xqwhuvfklhg }hljw vlfk ehl ? ' 2 plw

hlqhp Idnwru yrq fd1 :: xqg huuhlfkw ehl ? ' b hlq Yhukçowqlv yrq 4/91

1
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917 ]xvdpphqidvvxqj xqg Glvnxvvlrq

Irojhqgh Wdehooh id�w glh Ohehqvgdxhuq lq Dekçqjljnhlw ghu Foxvwhujuù�h lp Yhujohlfk

}x ghxwhulhuwhq Foxvwhuq }xvdpphq1 Glhvh Gdwhq eh}lhkhq vlfk dxi glh Ohehqvgdxhu

ehl Dquhjxqj lp ]hqwuxp hohnwurqlvfkhu Devruswlrq1

? 4 5 6 7 8 9 : ; < 43

Qd+QK�,?

� 2 sv
4433 66 4/4 5/; 3/:3 3/64 3/53 3/48 3/48 3/48

Qd+QG�,?

� 2 sv
8333 5833 93 9/4 4/4 4/4 3/:8 3/78 3/57 3/55

�( * �M 7/8 :8 87 5/5 4/9 6/8 6/; 6 4/9 4/8

? 44 45 46 47 48 49 4: 4; 4< 53

Qd+QK�,?

� 2 sv
3/45 3/45 3/45 3/45 3/45 3/45 3/45 3/45 3/45 3/45

Qd+QG�,?

� 2 sv
3/4; 3/49 3/45 3/45 3/4

�( * �M 4/8 4/6 4 4 3/;

Wdehooh 915= ]xvdpphqidvvxqj ghu huplwwhowhq Ohehqvgdxhuq dqjhuhjwhu Qd+QK�,?0

xqg Qd+QG�,?0Foxvwhu1

Pdq hunhqqw hlqh ghxwolfkh Deqdkph ghu Ohehqvgdxhuq plw vwhljhqghu Foxvwhu0

juù�h xqg hlqhq Lvrwrshqh�hnw iÿu ghxwhulhuwh Foxvwhu/ ghu }x oçqjhuhq Ohehqvgdxhuq

iÿkuw1 Gdv Yhukçowqlv ghu Ohehqvgdxhuq yhuçqghuw vlfk mhgrfk plw ghu Foxvwhujuù�h1

Zçkuhqg �(*�M ' .D iÿu Qd+Dpprqldn,2/ yhuulqjhuw vlfk glhvhv Yhukçowqlv iÿu ? � b

dxi �(*�M � �c D1

Gd wkhruhwlvfkh Ehuhfkxqjhq ghu Srwhqwldoh glhvhu Nrpsoh{h ihkohq/ lvw glh Ylhoidow

ghu ehredfkwhwhq Skçqrphqh lq hlqhu jhvfkorvvhqhq Lqwhusuhwdwlrq ndxp }x huidvvhq1

Vrplw nùqqhq klhu qxu txdolwdwlyh Ehwudfkwxqjhq dqjhvwhoow zhughq/ xp pùjolfkh huvwh

Klqzhlvh ÿehu glh Sur}h�deoçxih }x jhzlqqhq/ zhofkh glh Juù�hq0 xqg Lvrwrshqdekçq0

jljnhlw hunoçuhq1 Irojhqgh Sur}hvvh nrpphq lq Ehwudfkw=
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� vwudkohqgh Uhod{dwlrq/ glhvh iÿkuw mhgrfk }x Ohehqvgdxhuq lp Qdqrvhnxqghq0

Ehuhlfk xqg ndqq dxijuxqg ghu huplwwhowhq Ohehqvgdxhuq dxvjhvfkorvvhq zhughq>

� gluhnwh Iudjphqwdwlrq ghv Foxvwhuv/ klhuehl huirojw hlqh Dquhjxqj gluhnw dxi hl0

qh devwr�hqgh Srwhqwldonxuyh/ zrehl glh Iudjphqwsurgxnwh dxv hqhujhwlvfkhq

Juÿqghq qlfkw qdfkjhzlhvhq zhughq nùqqhq>

� vwdwlvwlvfkh Iudjphqwdwlrq/ klhuehl zlug glh hohnwurqlvfkh Dquhjxqj dxi dooh Iuhl0

khlwvjudgh yhuwhlow> gdv V|vwhp iudjphqwlhuw/ zhqq glh Hqhujlh lq hlqhp Iuhlkhlwv0

judg glh Glvvr}ldwlrqvhqhujlh ÿehuvwhljw>

� lqwhuqh Hqhujlhxpyhuwhloxqj yrq ghp hohnwurqlvfk dqjhuhjwhq Qlyhdx lq ghq krfk

vfkzlqjxqjvdqjhuhjwhq hohnwurqlvfkhq Juxqg}xvwdqg plw hlqhp jhulqjhq Iudqfn0

Frqgrq ßehuodss lq ghq lrqlvfkhq ]xvwdqg/

glh ehlghq ohw}whq Pùjolfknhlwhq zhughq qxq lp Hlq}hoqhq txdolwdwly ehwudfkwhw

xqg glvnxwlhuw1

91714 Vwdwlvwlvfkh Hqhujlhxpyhuwhloxqj/ UUN0Wkhrulh

Kçx�j ehredfkwhw pdq ehl dqjhuhjwhq Foxvwhuq hlqh Iudjphqwdwlrq/ glh qdfk hlqhu

vwdwlvwlvfkhq Hqhujlhxpyhuwhloxqj lq Iudjphqwdwlrqviuhlkhlwvjudgh dxiwulww1 Glh Iudj0

phqwdwlrqvudwh oç�w vlfk lq hlqidfkvwhu Qçkhuxqj plw ghu nodvvlvfkhq UUN0Wkhrulh

^UU5:/ Ndv;:` ehvfkuhlehq1 Lq ghu UUN0Wkhrulh ehwudfkwhw pdq gdv Prohnÿo dov hlqh

Dqvdppoxqj vwdun plwhlqdqghu jhnrsshowhu Rv}loodwruhq/ }zlvfkhq ghqhq vlfk glh Hqhu0

jlh dxvwdxvfkw1 Orndolvlhuw vlfk glh Dquhjxqjvhqhujlh lq hlqhp Rv}loodwru ghuduw/ gd� vlh

juù�hu dov glh Elqgxqjvhqhujlh lvw/ nrppw hv }xu Iudjphqwdwlrq1 Iÿu glh ]huidoovudwh

& jlow qdfk ^Kde<7`=

& ' �3� ' D

�
.W �(

.W

�E�?3S�3�

c +914,

zrehl D glh Vfkzlqjxqjviuhtxhq} ghu glvvr}ldwlyhq Elqgxqj lvw/ .W glh Dquhjxqjvhqhu0

jlh/ ( glh Glvvr}ldwlrqvhqhujlh ehl hlqhp V|vwhp plw �?� S Iuhlkhlwvjudgh1

ßehuwuçjw pdq glhvhv Elog dxi glh klhu ehwudfkwhwhq Qd+QK�,?0Foxvwhu/ ndqq pdq

gdyrq dxvjhkhq/ gd� hlq nrpsohwwhv Dpprqldn0Prohnÿo yrp Nrpsoh{ dejhvsdowhq
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Deelogxqj 915;= Ehjul�vhuoçxwhuxqj iÿu glh UUN0Wkhrulh1

zlug/ gd vrzrko glh Qdwulxp0Dpprqldn Elqgxqj/ dov dxfk glh Dpprqldn0Dpprqldn

Elqgxqj glh vfkzçfkvwhq Elqgxqjhq lp Foxvwhu vlqg +( � fc e hY,1 Glh Dquhjxqjv0

hqhujlh .W ehwuçjw 4633 qp +:9<3 fp3�, iÿu ? ' � xqg 4:33 qp +8;;3 fp3�, iÿu glh

juù�huhq Foxvwhu +? � ��� Dov Vfkzlqjxqjviuhtxhq} D zlug glh QK�0Glphuvfkzlqjxqj

plw 9�43�2 v3� dqjhqrpphq ^PUE<8`1 Iÿu glh Ehwudfkwxqj zhughq glh Glvvr}ldwlrqv0

hqhujlh ( xqg glh Vfkzlqjxqjviuhtxhq} D nrqvwdqw jhkdowhq1 Lq Deelogxqj 915< lvw ghu

Yhujohlfk }zlvfkhq ghq h{shulphqwhoohq Hujheqlvvhq xqg ghq qdfk ghu UUN0Wkhrulh

huplwwhowhq Zhuwhq }x vhkhq1

Qdfk ghu UUN0Wkhrulh yhuoçqjhuw vlfk glh Ohehqvgdxhu/ mh juù�hu ghu Foxvwhu lvw/

zçkuhqg glh h{shulphqwhoohq Hujheqlvvh hlqh jhjhqvçw}olfkh Whqghq} dxi}hljhq1 Hv

px� gdudxv jhvfkorvvhq zhughq/ gd� glh ehredfkwhwhq Ohehqvgdxhuq qlfkw dxi hlqhu

vwdwlvwlvfkhq Hqhujlhxpyhuwhloxqj lp Foxvwhu plw dqvfkolh�hqghu Iudjphqwdwlrq }x0

uÿfn}xiÿkuhq vlqg/ vrqghuq hlq dqghuhu Phfkdqlvpxv iÿu glh Deqdkph ghv Lrqhqvljqdov

yhudqwzruwolfk lvw1

91715 Lqwhuqh Nrqyhuvlrq

Hlqh zhlwhuh Pùjolfknhlw ghq Yhuodxi ghu Lrqhqvljqdoh }x hunoçuhq lvw gxufk glh lqwhuqh

Nrqyhuvlrq jhjhehq +Dee1 9163,1 Hlq Foxvwhulrq zlug qxu ghwhnwlhuw/ vrodqjh vlfk ghu

Foxvwhu lp �0]xvwdqg eh�qghw1 Hqwyùonhuw vlfk glhvhu ]xvwdqg gxufk hlqhq Hqhujlh0
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Deelogxqj 915<= Yhujohlfk ghu h{shulphqwhoo ehvwlppwhq Ohehqvgdxhuq plw ghq huzdu0

whwhq Zhuwhq dxv ghu UUN0Wkhrulh1

wudqvihu lq hlqhq krfk vfkzlqjxqjvdqjhuhjwhq Juxqg}xvwdqg fc vr ehvwhkw qxu hlqh

jhulqjh Lrqlvdwlrqvzdkuvfkhlqolfknhlw dxijuxqg hlqhv jhulqjhq Iudqfn0Frqgrq ßehu0

odssv lq ghq lrqlvfkhq ]xvwdqg1 Glhv zxugh ehuhlwv ehl ghu Xqwhuvxfkxqj ghu Lrql0

vdwlrqvsrwhqwldoh jhvhkhq ^QVJ<5`1 Glh huplwwhowhq Denolqj}hlwhq hqwvsuhfkhq gdqq

Deelogxqj 9163= Hqhujlhwudqvihu ehl lqwhuqhu Nrqyhuvlrq1

ghu ]hlwnrqvwdqwh iÿu glh Nrqyhuvlrq1 Lq hlqhp qçfkvwhq Vfkulww lvw hlqh Iudjphqwd0

wlrq ghv Foxvwhuv yruvwhooedu/ glh vlfk plw ghu UUN0Wkhrulh ehvfkuhlehq oç�w1 Glhvh

Iudjphqwdwlrq lvw mhgrfk lq ghq klhu gxufkjhiÿkuwhq H{shulphqwhq qlfkw ehredfkwedu1
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9171514 Juù�hqdekçqjljnhlw

]xqçfkvw vroo glh Dekçqjljnhlw ghu Ohehqvgdxhu yrq ghu Foxvwhujuù�h ehwudfkwhw zhu0

ghq1 Deelogxqj 9164 huoçxwhuw yhuhlqidfkw ghq Sur}h�1 Ghu suçsdulhuwh �0]xvwdqg

zhfkvhozlunw plw ghq Yleudwlrqvprghq ghv f0]xvwdqghv/ zrehl ghu Hlqidfkkhlw kdoehu

çtxlglvwdqwh Vfkzlqjxqjvtxdqwhq dqjhqrpphq zhughq1 ]xu Ehuhfkqxqj ghu Nrqyhu0

vlrqvudwh ndqq dxi glh ehndqqwh Oùvxqj iÿu vwudkoxqjvorvh ßehujçqjh lq sro|dwrpduhq

V|vwhphq }xuÿfnjhjul�hq zhughq +}1E1 ^\du;3`,1

Deelogxqj 9164= Vfkhpdwlvfkh Gduvwhooxqj ghv � $ f Hqhujlhwudqvihuv/ ehwudfkwhw

zlug qxu glh Zhfkvhozlunxqj }/ glh Yleudwlrqv}xvwçqgh yrq [ zhfkvhozlunhq qlfkw

xqwhuhlqdqghu1

Iÿu glh Vfkuùglqjhujohlfkxqj ghv Jhvdpwv|vwhpv jlow=

�|
Y

Y|
� ' E 	Mf n 	̀ ��c +915,

zrehl 	Mf gdv xqjhvwùuwh V|vwhp ehvfkuhlew/ 	̀ glh Zhfkvhozlunxqj }zlvfkhq ghq ]x0

vwçqghq ehvfkuhlew1 Glh lqwhuqh Nrqyhuvlrqvudwh & ' �*� zlug plw Kloih yrq Ihuplv

�jroghqhu Uhjho� +vlhkh }1E1 ^\du;3`, huplwwhow1

& '
�

�
'

2Z

|
�E.�

���G�
��� 	̀

���fH���2 c +916,

zrehl �E.� glh ]xvwdqgvglfkwh ehl ghu Hqhujlh . ghv �0]xvwdqgv lvw1 Iÿu glh Ohehqv0

gdxhu hujlew vlfk gdplw=

� '
�

&
'

|

2Z

�

�E.�}2
c +917,

zrehl iÿu gdv Pdwul{hohphqw
G
�
��� 	̀

���fH
' } iÿu dooh Yleudwlrqvprghq johlfk dqjhqrp0

phq zlug1 Dov hlqh huvwh Dqqdkph zlug } dov nrqvwdqw ehwudfkwhw xqg pdq hunhqqw/

gd� glh Ohehqvgdxhu plw vwhljhqghu ]xvwdqgglfkwh deqlppw1 Iÿu glh ]xvwdqgvglfkwh

jlow qdfk hlqhp nodvvlvfkhq Prghoo ^\du;3`=

�E.� '
E. n.5�

r3�

Er� ��-
rT
�'�

|/�

c +918,
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plw . ghu Dquhjxqjvhqhujlh/ .5 ghu Qxoosxqnwvhqhujlh/ r ' �? � S ghu Dq}dko ghu

Prghq iÿu hlq Qd+QK�,?0Foxvwhu xqg /� ghu Iuhtxhq} ghu Prgh ��

Glh ]xvwdqgvglfkwh vwhljw vfkqhoo plw ghu Foxvwhujuù�h dq xqg glh Ohehqvgdxhu

pÿ�wh hqwvsuhfkhqg vfkqhoo zhlwhu deqhkphq1 Ghu jhqdxh Zhuw lvw vfkzhu }x ehvwlp0

phq/ gd glh Iuhtxhq}hq /� ghu hlq}hoqhq Prghq zhlwjhkhqg xqehndqqw vlqg1 Hv ndqq

mhgrfk dqjhqrpphq zhughq/ gd� dq ghu Hqhujlhxpyhuwhloxqj ghv dqjhuhjwhq ]xvwdqgv

qxu hlqh hqgolfkh Dq}dko yrq Vroydwprohnÿohq lq gluhnwhu Xpjhexqj ghv dqjhuhjwhq

Hohnwurqv hlqh Urooh vslhohq1 Glhv iÿkuw gd}x/ gd� vlfk glh h�hnwlyh ]xvwdqgvglfkwh

de hlqhu ehvwlppwhq Juù�h qlfkw phku çqghuw1 Iÿu glh Foxvwhujuù�h yrq ? ' e zxu0

gh hlqh hukùkwh V|pphwulh ehvwlppw ^KKP<6`/ glh Dpprqldn0Prohnÿoh rugqhq vlfk

whwudhghuiùuplj xp gdv Qdwulxp Prohnÿo dq1 Hlqh hukùkwh V|pphwulh huqlhguljw glh

]xvwdqgvglfkwh/ gd vlfk glh ]dko hqwduwhwhu ]xvwçqgh hukùkw1 Dxi glhvh Zhlvh ndqq

pdq glh Yhuoçqjhuxqj ghu Ohehqvgdxhu ehl ? ' e hunoçuhq1

Txdolwdwly hunhqqw pdq hlqh jxwh ßehuhlqvwlppxqj ghu Whqghq}hq/ hlqh Deqdkph

ghu Ohehqvgdxhu plw ghu Foxvwhujuù�h ?/ glh jhjhq hlqhq nrqvwdqwhq Zhuw nrqyhujlhuw1

Ghq h{shulphqwhoohq Hujheqlvvhq }xu Irojh zçuh glhvh Foxvwhujuù�h ehuhlwv ehl ? � H

huuhlfkw1

9171515 Lvrwrshqh�hnw

Ehwudfkwhw pdq ghq Lvrwrshqh�hnw plw ghq Johlfkxqjhq 917 xqg 918 huzduwhw pdq hlqh

Yhunÿu}xqj ghu Ohehqvgdxhuq hqwvsuhfkhqg ghu ]xqdkph ghu ]xvwdqgvglfkwh1 Glhv

vwhkw mhgrfk lp Zlghuvsuxfk }x ghq h{shulphqwhoo ehvwlppwhq Ohehqvgdxhuq/ glh vlfk

gxufk Ghxwhulhuxqj yhuoçqjhuq1 Vr ndqq gdudxv jhvfkorvvhq zhughq/ gd� ehl Ghxwhulh0

uxqj gdv Pdwul{hohphqw } '
G
�
��� 	̀

���fH
hlqh hqwvfkhlghqgh Urooh vslhow1 Qdfk M1W1

\dugoh| ^\du;3` ndqq glhvhv Pdwul{hohphqw lq hlqhq hohnwurqlvfkhq Dqwhlo/ ghu vlfk

gxufk Ghxwhulhuxqj qlfkw çqghuq vroowh/ xqg hlqhp Yleudwlrqvÿehuodsslqwhjudo/ ghv0

vhq Txdgudw ghp Iudqfn0Frqgrq Idnwru hqwvsulfkw/ dxijhwhlow zhughq1 Glh Juù�h ghv

Iudqfn0Frqgrq Idnwruv kçqjw yrq ghu Hqhujlh . de/ glh lq hlqhu ehvwlppwhq Prgh

|/& wudqvihulhuw zlug1 Hlqh Devfkçw}xqj ghu gdudxv uhvxowlhuhqghq Wudqvihuudwh zxugh

yrq Z1 Vlheudqg xqg M1 Mruwqhu ^Vlh99/ HM:3` khujhohlwhw/ xqg lvw dov �Hqhuj| Jds
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Odz� ehndqqw=

&�f 2 i T

�
�

.

|/&

�
c +919,

plw . ' .� � .f xqg |/& ghu Hqhujlh hlqhv Vfkzlqjxqjvtxdqwv1 Dxijuxqg vshnwur0

vnrslvfkhu Xqwhuvxfkxqjhq zlug gdyrq dxvjhjdqjhq/ gd� lp zhvhqwolfkhq glh Q 0 K�

Vwuhfnvfkzlqjxqj iÿu ghq huvwhq Vfkulww ghv Hqhujlhwudqvihuv yhudqwzruwolfk lvw1 Gd

|/& gxufk Ghxwhulhuxqj deqlppw +QK� Vwuhfnvfkzlqjxqj 6669 fp3�/ QG� Vwuhfn0

vfkzlqjxqj 574< fp3� ^Khu89`,/ yhunohlqhuw vlfk dxfk glh Udwh & xqg hqwvsuhfkhqg

yhujuù�huw vlfk glh Ohehqvgdxhu ghv �0]xvwdqgv1 Plw ghq Zhuwhq iÿu glh Dpprqldn0

Vwuhfnvfkzlqjxqj xqg ghq h{shulphqwhoo yhuzhqghwhq Dquhjxqjvhqhujlhq hujlew vlfk

hlqh Yhuoçqjhuxqj ghu Ohehqvgdxhuq yrq �(*�M � 2c b c zdv lq ghu Juù�hqrugqxqj

ghp Lvrwrshqh�hnw }xplqghvw ehl juù�huhq Foxvwhuq +? � e, hqwvsulfkw1

Glhvh Ehvfkuhlexqj ndqq qxu hlqh Lghh vhlq/ gd iÿu hlqh txdqwlwdwlyh Ehvfkuhlexqj

ghu G|qdpln txdqwhqphfkdqlvfkh Uhfkqxqjhq huirughuolfk vlqg/ glh lp Prphqw qlfkw

}xu Yhuiÿjxqj vwhkhq1

Deelogxqj 9165= Yrujhvfkodjhqhu Uhdnwlrqvzhj qdfk ghu Dquhjxqj ghv Foxvwhuv1 Hv

nrppw }x hlqhp Hqhujlhwudqvihu gxufk lqwhuqh Nrqyhuvlrq yrq � $ fWW jhulqjhu

Lrqlvdwlrqvzdkuvfkhlqolfknhlw/ lp phwdvwdelohq ]hlwehuhlfk ndqq hv }xu Iudjphqwdwlrq/

ehvfkulhehq gxufk glh UUN0Wkhrulh/ nrpphq1

Deelogxqj 9165 }hljw qrfk hlqpdo gdv jhgdfkwh Elog ghu Sur}hvvh qdfk ghu Dquh0
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jxqj1 Hlqh gluhnwh Iudjphqwdwlrq ghv Foxvwhuv zlug dxvjhvfkorvvhq/ ylhophku lvw zdku0

vfkhlqolfk/ gd� hv }x hlqhp Hqhujlhwudqvihu gxufk lqwhuqh Nrqyhuvlrq yrq suçsdulhuwhq

�0]xvwdqg lq ghq krfk vfkzlqjxqjvdqjhuhjwhq Juxqg}xvwdqg f nrppw/ lq ghp ghu

Foxvwhu hlqh vfkohfkwh Lrqlvdwlrqvzdkuvfkhlqolfknhlw kdw1 Glh h{shulphqwhoo ehvwlppwh

Ohehqvgdxhu hqwvsulfkw ghu ßehujdqjvudwh yrq � $ fWW1 Lq ghp klhu }xu Yhuiÿ0

jxqj vwhkhqghq Ehredfkwxqjv}hlwihqvwhu nrppw hv qlfkw }x hlqhu Uhod{dwlrq lq ghq

fEv ' f�0]xvwdqg/ zdv vlfk lq ghp iv0Ghsohwlrqvvljqdo yrq Qd+QK�,�b xqg Qd+QK�,2f

}hljw +Dee1 91;,1 Vrqvw pÿ�wh gdv Lrqhqvljqdo zlhghu dxi ghq xuvsuÿqjolfkhq Zhuw dq0

vwhljhq1 Lp >v0]hlwehuhlfk ndqq hv gxufk vwdwlvwlvfkh Hqhujlhxpyhuwhloxqj/ ehvfkulhehq

gxufk glh UUN0Wkhrulh/ }x hlqhu Iudjphqwdwlrq nrpphq1 Glhvh Iudjphqwdwlrq olhjw

mhgrfk dx�hukdoe ghv Ehredfkwxqjvihqvwhuv1


