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Graphit C -Film60
Bündel aus einwandigen
Kohlenstoff-
Nanoröhren (SWNT)
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±Cz|�l{,�Q��¦�©g��«¬��{,�®�Q{,��¨A����ðQ©Qz����N���Q����¦ª©Q�¥���l�l{,�a{,�Q�W°� � �g~l�|�l{,�Q�Q{,�A�Gz����A�Qz|{.{,�|{,§�����~l�Qz|��¦ª©Q{fê^�����Q§����Q�W}l~l�[{,z|�^�h���Q�Qz|�l{,�[ä	~l©Q�|{,�Q�U��~�åE��P���Q~l��æl©Q��{,��h ê^ëq�	ì j �g���Q�N�Q{,�h��z|¦�©é�Qz|{�{,�|{,§�����~l�Qz|��¦ª©Q{,�®±Cz|�l{,�Q��¦ª©g��«¬��{,�®���Q�|{,z���{,��¥������{,�8�W}l~l���l{,�U��{,�|����°WyPz|{5{,�|{,§�����~l�Qz|��¦ª©Q{�­h���Q�Q�U�����Q§����Q�[{,z|�Q{,�A{,z|�Q�,{,�|�Q{,��¨A����ðQ©Qz��U���¦ª©Qz|¦�©��S�g�Qz|{Az|���P�Q�Qz|�|�Q�Q�Q�ø�K°î� �,�®��{,©Q{,�®�N�����Q�Qz|�|�Q{²�G�Q{,�®�P�Q�������Q�l��ðQ�Q�Q§���°W¡
���§����Q� �l{,�g���Q§^�|z|¦ª©8�J�Nz|{���¦ª©Q~l��{,�U�hè�©Q�^�S�-{,z|�Q{�{,z|���N���Q�Qz|�l{��P���Q~l��æl©Q��{��Q�Q��¦ª© �g����P�k«³��~l�|�|{,� {,z|�Q{,�w¨A����ðQ©Qz�����¦�©Qz|¦ª©��C{,���,{,�Q�l{,�W°KyP{,�Cë�z|�Q§�{,�Q�Q{,�|<G~l�|�|��z�¦ª©����Q�Q�A�a{,�;=Q����|z|¦ª©��Q{,��<Gz|¦ª©����Q�Q�é�Q{,�[¨A����ðQ©Qz����lz�����{,���}h³�Q�Q��¦ª© �Q{,��¦ª©Qz|�����|{,����{,§���~l�
Ch

&^�g���^��z �
g�,z|{,�U� j �Q�Q���Q{,�éyP�Q��¦ª©Q��{,����{,� dt
�Q{,�ø{,��������{,©Q{²�Q�g{,��<Gæl©Q��{
{,�^����¦ª©Q{,z|�Q{,�ý=Q�E{,��Q{,��{,� {,�|{,§�����~l�Qz|��¦ª©Q{ �Q�Q� �g����z��P{,�|{,§�����z|��¦ª©Q{5±Cz|�l{,�Q��¦ª©g��«¬��{,�W°JyP�Q��¦ª© ða{,��z|~K�Qz|��¦ª©Q{<	���Q�Q�a{,�Qz|�Q�l�Q�Q�l{,�8�h�Qz|{��Q�Q��¦ª©q�g���é�P�k«³��~l�|�|{,�T©Q{,�U}l~l���l{,���k«³{,���h{,���Q{,�8�h�f{,���Q{,��Qz|{	{,�|{,§�����~l�Qz|��¦ª©Q{,���s�Q�U�ªè��Q�Q{-&^�Q{,�f�,�Q�h�P���Q~l��~l©Q�>� �N¦ª©Q��{+&^�g������z|��z|{,�U��°Ky����w©Q{,zÀ���S��^�Q�5�E{,�U��z|��� ��{ø{,�|{,§�����~l�Qz|��¦ª©Q{®�s�Q�U�ªè��Q�Q{���z|�Q� {,���¥���Q�k��°.äA��{,�Q�,{,�Í�Qz|{�{,���¥���Q�k��{,��s�Q�U�ªè��Q�Q{��Qz|{

K
�>¤C�Q�Q§���{éz|� �Q{,��¨A����ðQ©Qz��U�>­f��z�����~l�Qz��K�U�a~l�Q{��K°î�"��{,���lz|�k� ��z|¦ª© {,z|�Q{��{²�ª���|��z|��¦ª©Q{��P���Q~l��æl©Q��{��f�h{,�Q�q�Qz|¦ª©^�S�f�|z|{,���é{,z|�Q{�©g���|�Q�|{,z ��{,�Q�Q{ �P���Q~���æ�©Q��{���z��­h���Q�Q�À=Q¦ª§l{é}l~l�,°wyPz|{
¨A��æA�l{é�Q{,��­h���Q�Q�À=Q¦�§�{®z|�U� �gè�©Q{,���Q�Q�l�U�f{,z|��{�ó

Egap =
4~vF

3dt� êk��z¥íA�%���f�f~l�a{,z
vF
�Qz|{ �g{,����z �U¨�{,��¦ª©^�Gz|�Q�Qz|�l§�{,z��é�Q�Q�

dt
�Q{,�®yP�Q��¦�©Q��{,����{,�®�Q{,��P���Q~l��æl©Q��{éz|�U��°

Egap

�a{²����è����5�a{,zN{,z|�Q{,�$yP�Q��¦ª©Q��{,����{,� }l~l�qã
nm

{²� �N� ã
eV
°yP�Q��¦ª©è<	���U��{,�>� ì��Q�Q�Q{,�|� z|§^��~l��§l~lðQz|{¥h êKì	¡ j �Q�²�[°+<	���U��{,�>� ì��Q�Q�Q{,�|��ða{,§�����~l��§l~lðQz|{h êKì	ê j � ���Q~��l�%�	§�~l�Q����{
�Qz|{
����~l�ø����{
ê^�����Q§����Q��}�~��8}l{,����¦ª©Qz|{,�Q{,�Q{,�T�P�U��{,�8}l~l��P���Q~l��æl©Q��{,�
�Q�Q�
�Qz|{[{,������ðQ��{,¦ª©Q{��Q�Q{ {,�|{,§�����~l�Qz|��¦ª©Q{ ê^�����Q§����Q�P���k«³�l{,�|æl�U�G�f{,���Q{,�W°
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Chiraler Vector:
= n    + mC a a1 2

(4,4) armchair Röhre
(metallisch)

(5,3) chirale Röhre
halbleitend)

(7,0) zig-zag Röhre
(halbleitend)

a1

a2

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\ÌpÍAÎ þAÐ"î�Ò�Ó)Ø)á�×\ÅÉÒ[È\Ò�Ë>Òkÿ��SÌKÆÇÅÇá�×\Ý%Ò�ÅóÙ�Ò�Ë�Þ8Ò�ÅÇË>Ò}õwÓ�ß�ö\×\ÅÇÙ)Ø)á�×\ÅÉá)×�Ùuß�ÊAâäï[Ê\Ó)ÖSÆÇÆÉÒ�ËPÞÕÊ\Ë>ÈÈAÅÉÒqÈ>ß�Ä�Ò�Å�Ò�Ë%Ù)Ø�Ù�Ò�×"Ò�Ë"È\Ò�Ë�únß�Ë>ÖSÓ��S×\Ó)Ò�ËPÎ
ê>�K�U��{,�ø����z|��¦ª©Z§£���Q�Z�ø��� �g��� �P�k«¬����{²��{,�Í}l~l�Í��{²�ª���|�|z���¦ª©Q{,�Í�Q�Q�Z©g���|�Q�|{,z ��{,�Q�Q{,�<Gæl©Q��{,����z��N�Q{,�4ôw©Qz|�����|z��ªè����U}l{,§���~l�

Ch

�a{,��¦ª©Q��{,z|�a{,�Wó
Ch = na1 +ma2 ≡ (n,m),

h �K°�ã j
a1
�Q�Q�

a2
��z|�Q�ø�Qz|{P±Cz|�Q©Q{,z����U}�{,§���~l��{,���Q{,�N¨A����ðQ©Qz����lz��U��{,�����Q�Q��z|�ø�P�Q�Qz|�|�Q�Q�Q� �K° �}l{,�����Q��¦ª©g���Q�|z|¦ª©^��°�ì6�KðQz|��¦�©Q{,�U�f{,z|��{é�f{,���Q{,�Í�Qz|{é�P���Q~l��æl©Q��{,� �g��¦ª© z|©Q��{,�

(n,m)
�ì��QðE{,�|�®§^�¥������z�
g�,z|{,�U��°gyP{,�	yP�Q��¦�©Q��{²����{,�	�Q{,�	�P���Q~l��æl©Q��{,�

dt

{,���lz|�k�G��z|¦ª©®�g��¦ª©

dt =
| Ch |
π

.
h �K°î� j

±Cz|�0yP��z�����{,�^���|�|{,�W��©Q{,~l��{²��z|��¦ª©0��æl�l�|z�¦ª©Q{,�0�P���Q~l��æl©Q��{,�0��z|�Q�%��{²�ª���|�|z���¦ª©8�Ú�²�f{,zkyP��z��U���{,�J��z|�Q��©g���|�Q�|{,z���{,�Q�W°QyPz|{[­f{,�Qz|�Q�l�Q�Q� «�=Q�N{,z|�Q{[��{²�ª���|��z���¦ª©Q{u<Gæl©Q��{[�¥���k��{²��ó
n−m = 3j,

h �K° � j
�f~l�a{,z�h

jεN j �lz|����°J� �$êKðE{,�,z|{,�|�|{,����z|�Q� ���|�|{�<Gæl©Q��{,� ��z��
n � m

� {²�ª���|�|z���¦ª©W°��P�Q�~lðk��z|��¦ª©Q{,�f�P�Q��~l��ðk��z|~l�Q�>�;h����	�M���Uê��>�	�)< j �UêKða{,§�����~l��§�~lðQz|{}h6� �P�����l�%���Õ� ��¦,~����K� j �Q�Q�<	���ø���K�U¡®{,�����Q�Q�l{,�®}�{,�����Q¦ª©��A�ø���8�E�Qz�{[�ª������è�¦ª©Q�|z|¦�©Q{%yP�Q��¦�©Q��{,����{,�>�N�Q�Q� ôf©Qz|���£��|z��ªè£���U}�{,�U��{,z|���Q�Q�2z|�8�Q�Q��¦ª©8}�{,����¦ª©Qz|{,�Q{,�Q{2¡®{²��©Q~^�Q{,�T©Q{,���l{,�U��{,�|����{,��äP~l©Q�|{,�Q�U��~�åE��P���Q~l��~l©Q��ðQ��~l�E{,�é�,���a{,�U��z|����{,�W°K±Cz|�Q{����Q�U«�=Q©Q���|z|¦�©Q{P±Cz|�k«�=Q©Q���Q�Q� z|���Qz�{P{,�|{,§�����~���Qz|��¦ª©Q{,� ±Cz|�l{,�Q��¦ª©g��«¬��{,� }�~l�5ä	~l©Q�|{,�Q�U��~�åE�>�P���Q~l��æl©Q��{,� z|�U��z|�`� yP��{��kã��Q�Q�²�A°O� êk��z¥íA�%��,�p
g�Q�Q{,�W°
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	�

��

� ����������������������� �����!�
� "�#%$'&)(�*,+ ���.-/��+�0
yPz|{w� �Q©Q~l��~l�l{,�Qz��ªè���{,�%z|�cê^ëq�	ìf�U¡
����{,��z¥����§læl�Q�Q{,�0«�=Q���Qz|{Cë {,¦ª©Q��{,���Gz|��§^�Q�Q�P}l~l�¨[����{,����z��Aê^ëq�	ìf�U¡
����{,��z¥����{,������¦ª©Q{,z|�Q{,�Q� ��{,z|�W°syPz|{%}�{,����¦ª©Qz|{,�Q{,�Q{,�2�P�U��{,�
}l~l�� �Q©Q~l��~l�l{,�Qz��ªè���{,�8���Qz|{�z|�$ê^ëq�	ìf�U¡
����{,��z¥���N���k«¬����{²��{,�Í§�æl�Q�Q{,�8�C��~l�|�|{,� �Q{,��©g���|�©Qz|{,� �l{,�g���Q�^���f{,���Q{,�W°fyPz|{��C�Gz|{��Gz|� z|� �Q~l�|�l{,�Q�Q{,�8��{,©Q{,�8�f{,���Q{,�8�w�Gz|¦ª©���z|�l�U��{�P�U�.}l~l� � �Q©Q~l��~l�l{,�Qz��ªè���{,� ��z|�Q� yP{²«³{,§����U��{,�|�|{,� z|� äP~l©Q�|{,�Q�U��~�ås�lz�����{,���Q{,�wê^ëq�	ìA°yPz|{,�.§�æl�Q�Q{,���g{,©Q�|�U��{,�|��{,�8�£�Gz|{f��z|{fz|� �P�Q�Qz|�|�Q�Q�Q�A�K° �A��{,�,{,z|���C��z|�Q�8����{,z|�W°��P�k«³�l���Q�Q��Qz|{,��{,�0yP{²«³{,§���{øz|�U�%�Qz|{ §l~Ú}����|{,�^��{ø­fz|�Q�Q�Q�Q�®�Q{,�%�Q���|z�{,�l{,�Q�Q{,�

C
� �h��~l��{����2�g���¨Az�����{,���l{,��¦ª©��hè�¦�©��S�K�f~l�����k«³©Qz|���Qz|{,��{P{²©Q{,�f{,z|�Q{P­fz|�Q�Q�Q�Q�0� z��w�N�Q��~l���g����{,��{,z|�Q�l{��©Q{,�W°aêK~l�|¦ª©Q{%yP{²«³{,§���{%§�æl�Q�Q{,�®�hè�©Q��{,�Q�®�Q{,�Pê^ëq�	ìf�Uê>�K����©Q{,��{0~K�Q{,�N�g��¦�©�����è��l�|z|¦ª©�Q�Q��¦ª©Í±Cz|�k÷g�Q���0}�~l��~Ú¢kz|�g����z�}l{,� êK�Q�Q���ª���Q�²{,�Í{,���,{,�Q���5�f{,���Q{,�W°.�P���Q{,�ÍyP{²«³{,§��U��U��{,�|�|{,�5§�æl�Q�Q{,� «³�Q�Q§���z|~l�g���|{G¨A���QðQðE{,��h

COOH
�
COR j §�~Ú}����|{,�����l{,�Q�Q�Q�Q{,� ��{,z|�W°yPz|{,��{PyP{²«³{,§����U��{,�|�|{,�ø��z|�Q� «�=Q���Qz|{hë {,¦ª©Q��{,���Gz|��§^�Q�Q�0}l~l��ða~l�¥����{,� �G�Q��~l���g����{,�ø��z���Q{,�oê^ëq�	ìw�U¡��£�ª{²��z|���.{,������¦�©Q{,z|�Q{,�Q�{h³��z|{,©Q{5�P�Q��¦�©Q�Qz ���0çK°î�K° � j °WyPz|{��	¢kz|�g�£�ªz�~l�Q�>���{���§���z|~l��}l~l��ê^ëq�	ìf�U¡
����{,��z¥���J�Q�Q��¦ª©

NO2

g�Q�Q{²�	}�{,��� �k���|z|¦ª©é}�~l�®��~��|¦�©Q{,��yP{��«³{,§����U��{,�|�|{,�
���Q����{,©Q{,�Q�
�U�ª�����kh³��z|{,©Q{[�P�Q��¦ª©Q�Qz�����çK° � j °±Cz|�Q{Z���Q�Q{,��{Í�P�U��}l~l� � �Q©Q~l��~l�l{,�Qz��ªè���{,� ��z|�Q� ��{,���Q�Q��{,z|�Qz|�l�Q�Q�l{,�8�A�Qz|{ z|�ê^ëq�	ìf�U¡
����{,��z¥�����.���Q¦ª©Z�g��¦ª©Z�Q{,����{,�8�P�k«³��{,z|�Qz|�l�Q�Q����{,�^��©g������{,�Í��z|�Q�W°Cy���� ��z|�Q�����~l��ðQ©Q{,��ä	~l©Q�|{,�Q�U��~�å h³�Q�Q�l{²«Õè�©Q��í

% j �Q�Q�{<G{,�U��{®�Q{,��ä[���ª���É�K�ª�£�ª~���������{,��z|�����}l~l�®�Q{,�Pê^ëq�	ìf�>ä[���ª�����K��{�hÕ�	z|¦ª§�{,�J�Q�Q�
äP~l�g��� �K�k�Q�Q�l{²«Õè�©Q�Aã
% j °±Cz|�Q{P«�=Q�f�g���Nê^ëq�	ìf�U¡
����{,��z¥���a�,�Q��è����,�|z|¦ª©é���k«¬����{²��{,�Q�Q{�� �Q©Q~l��~l�l{,�Qz��ªè��fz|�U�hz|��Q{,�|��{,�U��{,z|�|�Q�Q�0�Q{,�hyP�Q��¦�©Q��{,����{,�h�Q{,�hz|�ø�Q{,�ù¡
����{,��z¥���E{,�^��©g������{,�Q{,�ø}l{,����¦�©Qz|{,�Q{���Q{,���P���Q~l��æl©Q��{,� �a{,�l��=Q�Q�Q{²��°�yPz|{,��{	yP�Q��¦ª©Q��{,����{,�U}�{,�U��{,z|�|�Q�Q�[©g����{,z��Q{n��{,�U��{,z|�|�Q�Q��Q{,�����ª����z|��¦ª©Q{,��¤�~l�¥����z|��z�{,���g����§l{,z���{,�

α0
�,�Q�ø�g~l�|�l{�� ­f{,�gí%��� °fyPz|{�}l{,����¦ª©Qz|{,�Q{,�Q{���P���Q~l��æl©Q��{,��©g���a{,�q�g��¦ª©q�Q{,�®���Q�®y���ìf�)<G{,¦ª©Q�^�Q�Q�l{,� {,��ðQz|��z|��¦ª©��l{²�f~l�Q�Q{,�Q{,�
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E

Zustandsdichte

M

(Md)*

(Md)

d
EF

E

s,p

d

Molekül Molekül-Metall
Adsorbatsystem

d-Metall
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�g~l����{,�J�K° � �l{²�h~��Q�Q{,�®�h{,���Q{,�§� ­f{,�gí���� ó

α0zz ∝
R

E2gap

,
h �K° � j

�f~l�a{,z
α0zz

�Qz|{A�U�ª����z|��¦ª©Q{%¤�~l�¥����z|��z|{,���g����§�{,z��hðQ��~ø¯-è��Q�l{,�Q{,z|�Q©Q{,z��Gz|��<Gz|¦ª©����Q�Q� �Q{,��P���Q~l��~l©Q�>� �N¦ª©Q��{��
R
�Q{,��<	���Qz|�Q�P�Q{,�A�P���Q~l��æl©Q��{ �Q�Q�

Eg
�Q{,��{,� ±C�Q{,���lz|{��>­h���Q�K��À=Q¦ª§�{�°g¡®{²�ª���|�|z|��¦ª©Q{��P���Q~l��æl©Q��{,�é��~l�|����{,�8�k���k«³�l���Q�Q���Q{,�h©Qæl©Q{,��{,�®¯-���Q�Q�Q�l�U����è��l{,�>�§�~l�Q�,{,����������z|~l�8��{,z|� �f{,��{,�^���|z|¦ª©5�l��æA�l{,��{,�

α0
���|��©g���|�Q�|{,z���{,�Q�Q{h�P���Q~l��æl©Q��{,�5©g���a{,�W°yPz|{ �P�Q�U�Gz|��§^�Q�Q�l{,� �Qz|{,��{,�%� �Q©Q~l� ~l�l{,�Qz��ªè��%���k«h�Qz|{ ­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{,�

EB

��z|�Q�©U{,�Q~^¦�©�}l{,��� �k���|z|¦�©é�,�®�l{,��z|�Q���g���|�N�l{,� {,����{²�®�h{,���Q{,�
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®i¯�® 687p·0²u¾:9`¸3;;²H¶p·Õº=<p¶)7?>�µ�·0²u¾:9`¸3;;²H¶p·�@A;S¶`µn¸3;B@
¡®~l�|{,§>=Q�|{����Qz|{����k«	{,z|�Q{p���a{,�U÷Eè�¦ª©Q{é����{²ås{,�8�.§�æl�Q�Q{,�Í�Q�^��{,����¦ª©Qz|{,�Q�|z|¦ª© �U�ª����§ �l{���Q�Q�Q�Q{,� �f{,���Q{,�W°.yPz|{�ê^�ªè���§�{��Q{,� ­fz|�Q�Q�Q�Q�®©gè��Q���0�,�Q�o{,z|�Q{,�2}l~l���Q{,�%{,�|{,§�����~���Qz|��¦ª©Q{,��ê^�����Q§����Q�[�Q{,�%�g{,�U��§�æl��ða{,��~l�E{,�U÷Eè�¦�©Q{��Q�Q�2�,�Q�Ã���Q�Q{,��{,� }l~l�2�Q{,�t<G{���§l���z�}Kz��ªè�� �Q{²�ø¡®~l�|{,§>=Q�|�5���W°�¡
���Í�Q����{,�U��{,z|���5�Qz|{é­fz|�Q�Q�Q�Q�l�����U��{,�Z�������a{,�U÷Eè�¦ª©Q{,�z|��ôf©Q{,��z|��~l��ðk��z|~l���Q�Q��¤C©\�K��z|��~l��ðk��z|~l�W°a±Cz|�Q{ ôf©Q{,��z|��~l��ðk��z|~l�®z|�U�P���|�G{,z|�Q{%�U�ª����§l{­fz|�Q�Q�Q�Q�®��z��%¯-���Q�Q�Q�l�����Q�U�ª���Q��¦ª© �²�Gz|��¦ª©Q{,���Q{,� ¡®~l�|{,§>=Q���Q�Q� �Q{,�k���a{,�U÷Eè�¦ª©Q{�Q{;
g�Qz|{,�U�£h³§l~Ú}����|{,�^��{�­fz|�Q�Q�Q�Q� j °�±Cz|� ±C�Q{,���lz|{,�Qz¥�����ª�������,�Q� ôf©Q{,��z|��~l��ðk��z|~l� z|�U�z|���P�Q�Qz��|�Q�Q�Q�ø�K°îç5����­f{,z|��ðQz|{,�W{,z|�Q{,�P¡®~l�|{,§>=Q�|�G���k«.{,z|�Q{,�	¡®{²�ª���|�|~l�a{,�U÷Eè�¦ª©Q{A�g���>��l{,�U��{,�|����°gyP{,�	¯-���Q�Q�Q�l�����Q�U�ª���Q��¦ª©�§£���Q�����Q¦ª©
���|�GyP~���z|{,���Q�Q���E{,�,{,z|¦�©Q�Q{²�	�f{,���Q{,�W°
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Vakuum
Oberfläche

Festkörper

+ -e-
e+

z
u

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\ÌnÍAÎ CAÐ_Ã|ÊAâäÌKÓ�Ê\Ë>È-È\Ò�Ó�í2Ò�å#Ò�ÌKÊ\Ë\ÌnÈ\Ò�ÓPî�ß�ÆÉÒ�Ë\ïûÒ�ÆÉÒ�Ý�Ù�Ó)ÖSË>Ò�Ë+ÌRÒ�ÌRÒ�Ë%ã\Ä�Ò�ÓÕÈ>Ò�Ë+Ã2Ù)ÖSì	ÛÓ�ã\ì�öAâ$Ò�ËtÝ%ÖSì�ì-Ù#Ò[Ø�ï[Ê\Ó#Ã|Ê>Ø�Ä\ÅÇÆÉÈAÊ\Ë\Ì+Ò�ÅÇË>Ò�Ó�ÆÉÒ�ÅÉá�×%Ù)Ò�Ëkò�ßSÈAÊ\Ë\ÌRØ ô Ò�Ó�Ù)Ò�ÅÇÆÇÊ\Ë\Ì}ðÀî�Ò�Ó)Ø)á�×\ÅÉÒ�Ä>Ê\Ë\ÌÈ\Ò[Ø�ö_ÖKØ�ÅÇÙ�Å ô Ò�ËtÊ\Ë>ÈtË>Ò�Ì%ß�Ù�Å ô Ò�Ëkò�ßSÈAÊ\Ë\ÌRØ)Ø)á�×%å2Ò�Ó�ö\Ê\Ë\Ý�Ù)Ò[Ø#Ê\ì u ñ ÅóË>Ë>Ò�Ó�×"ß�ÆÇÄkÈ\Ò[Ø#ÿ�ÖSÆÉÒ�Ý�ã\ÆÉØûÞå2Ò�ÆÉá)×>Ò�ÅÇË+È\Ò�Ó�D|Ä�Ò�Ó�E�FSá)×>Ò2ÈAÊ\Ó)á�×+Ò�ÅÇË>Ò#Ò�Ë%Ù)Ø�ö\Ó)Ò[á�×>Ò�Ë>È-ÌRÒ[Ø�ö\ÅÉÒ�ÌRÒ�ÆÇÙ)Ò#Ã|Ë>ÖSÓ)ÈAË�Ê\Ë\Ìqß�Ä\ÌRÒ�Ä\ÅÇÆÉÈ\Ò�Ùå9ÅÇÓ)ÈOÎ>Ñqß�Ó�ß�ÊAâä×\ÅÇËiÄ\ÅÇË>È\Ò�Ù|È>ßSØ|ÿ�ÖSÆÉÒ�Ý�ã\Æ�ß�Ë�ÈAÅÉÒGD|Ä�Ò�Ó�E�FSá)×>Ò+ß�ÊAâäÌKÓ�Ê\Ë>È ô ÖSË Cdis
Î

��{��g��¦�©¥<Gz|¦ª©����Q�Q�2�Q{,� {²ås{,§���z�}l{,��¯-���Q�Q�Q�l�U�h���Q�Q{,���Q�Q��§£���Q�8�g���ø¡®~l�|{,§>=Q�N�Qz|{���a{,�U÷Eè�¦ª©Q{�ðK��h ¡®~l�|{,§>=Q�wz|�U�5±C�|{,§�����~l�Q{,�K� �P§^�,{,ðk��~l� j �Q�²�[°��K� �Q~���z|{,��{,�ýh ¡®~l�|{,§>=Q�z|�U�w±C�|{,§�����~l�Q{,�K�>yP~l�g����~l� j °^­f{,zE�Q{,�fôf©Q{,��z|��~l��ðk��z|~l� §����Q��{,�w�,�Q�wyPz|����~��,z¥����z|~l� �Q{,��N�Q��~l���g����{,�	§�~l����{,�W°
yPz|{�¤C©>�K��z|��~l��ðk��z|~l�2z|�U�%{,z|�Q{ ��¦ª©^�h��¦ª©Q{�­fz|�Q�Q�Q�Q���J�Qz|{ ~l©Q�Q{ø¯-���Q�Q�Q�l�U�������Q�U«³{,��,�Q�U�ª���Q�Q{w§l~���� �J�Q�Q�0�Q�Q��¦ª©0�|{,z|¦ª©���{6�	��~l���Q�K�Q�Q�Gz|�[�Q{,�-{,�|{,§�����~l�Qz|��¦�©Q{,� ê^�����Q§����Q��Q{,� ¡®~l�|{,§>=Q�|�[�Q�²�[°��Q{,�k���E{,�U÷Eè�¦ª©Q{�}l{,���Q������¦�©��0�Gz|���{h$�w���2�Q{,�[ë��l������h$���kë j �ë {,¦ª©Q��{,���Gz|��§^�Q�Q� j °l� � �P�Q�Qz|�|�Q�Q�Q�[�K° 
Pz|�U�.�g���.¤C��z|�Q�,z|ð �Q{,�#���kë��]ë {,¦ª©Q��{,���Gz|��§^�Q�Q�{,z|�Q{,�5¡®~l�|{,§>=Q�|�0��z��%{,z|�Q{²�}���a{,�U÷Eè�¦ª©Q{��Q�Q��¦ª© �Qz|{ø±C���,{,�Q�l�Q�Q��{,z|�Q{,�0­fz|�|�Q�¥���Q�Q�Q�z|���Q{,�n���a{,�U÷Eè�¦ª©Q{P�g�����l{,�U��{,�|����°K�s�Q��������{,�k«Õ������{,�Q�ø§����Q�ø�ø�����Qz|{G}l{,����¦ª©Qz|{,�Q{,�Q{��ä	~l��ða~l�Q{,����{,�®�Q{,�q���kë��]ë2{,¦�©Q��{,���Gz|��§^�Q�Q����¦�©Q��{,z|�E{,�����|�u� � ����í��R� ó

VV dW ∝ −(Cind + Cdisp + Corient),
h �K°îç j

�f~l�a{,z
Cind

�Q�Q��¦ª© ë {,¦ª©Q��{,���Gz|��§^�Q�Q�A{,z|�Q{,��ða{,���ø���Q{,����{,� yPz|ðE~l�|����z���{,z|�Q{,�c�Q�Q��¦ª©z|©Q� z|�Q�Q�Q�,z|{,�U��{,� yPz|ða~l���
Cdisp

���Q�Q��¦�© ë {,¦ª©Q��{,���Gz|��§^�Q�Q�A}�~l�5��z|¦�©5�l{,�l{,�Q��{,z �ªz���hÕ���k«¥��l���Q�Q�
}l~l�����|�Q§����g����z|~l��z|�
�Q{,��±C�|{,§�����~l�Q{,�Q§�~l�_
g�l�Q������z|~l� j z|�Q�Q�Q�,z|{,�U��{,��yPz|ða~l�|{,��Q�Q�
Corient

�Q�Q��¦ª©Q����z|{,����z|{,���Q�Q�l�U�f{,¦ª©Q��{,���Gz|��§^�Q�Q�2�²�h{,z|{,�5ða{,���ø���Q{,����{,��yPz|ða~l�|{©Q{,�U}l~l���l{,���k«³{,�®�Gz|���W°
yPz|{%äAz|�Q{²��z|§�}�{,����¦ª©Qz|{,�Q{,�Q{,�����a{,�U÷Eè�¦ª©Q{,�QðQ��~l�,{,����{ph³�N�Q��~l��ðk��z|~l�8�EyP{,��~l��ðk��z|~l� jz|�U��z|� �P�Q�Qz|�|�Q�Q�Q�%�K°îõA��¦ª©Q{,�ø����z|��¦ª©��g�����l{,�U��{,�|����°l�P�|�C�N�Q��~l��ðk��z|~l�5�Gz|�����g���w�P��«¬��{,����k«A�Q{,�`���a{,�U÷Eè�¦ª©Q{
�a{,�,{,z|¦ª©Q�Q{²�S�w�f{,�|¦ª©Q{,���|z|�Q§^��z|�Z�Q{,�ø�P�Q�Qz|�|�Q�Q�Q�2�l{,�,{,z|���øz|�U��°�P��¦ª©®{,z|�Q{,�G�E{,�U��z|��� ��{,�£��{,�U�f{,z|�|�,{,z���ó

tres = ν exp

(−EB

kBT

)−1

,
h �K° 
 j
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Probe

Adsorption Desorption

QMS
QMS

Temperaturrampe

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\Ì�ÍAÎ H�Ð_Ã9È\Ø)ÖSÓ�ö\Ù�ÅÉÖSË�Ä_Ò�Å6Ù�ÅÉÒ�â$Ò�ËI�ÕÒ�ì�ö_Ò�Ó�ß�Ù�Ê\Ó)Ò�ËVß�ÊAâqÈ\Ò�ÓJD|Ä�Ò�Ó�E�FSá)×>ÒKÎ�ÑnÒ[Ø)ÖSÓ�öAÛÙ�ÅÉÖSË ô ÖSË�È\Ò�ÓKD|Ä_Ò�Ó�E�FSá�×>ÒiåLF�×\Ó)Ò�Ë>È�ÆÇÅÇË>Òûß�Ó)Ò�Ó 2 Ó�×M�S×�Ê\Ë\Ì�È\Ò�ÓJN8Ó�ÖSÄ_Ò�Ë�Ù)Ò�ì�ö_Ò[Ó�ß�Ù�Ê\ÓûÎ#ÑwÅÉÒÈ\Ò[Ø)ÖSÓ�Ä\ÅÉÒ�Ó)Ò�Ë>È\Ò�Ë�ÿ�ÖSÆÉÒ�Ý�ã\ÆÉÒqå#Ò�Ó)È\Ò�Ëiì�ÅÇÙ|È\Ò�ì¨ÿ£ßSØ)Ø)Ò�Ë>Ø�ö�Ò�Ý�Ù�Ó)ÖSìuÒ�Ù)Ò�Ó+ðPOwÿ`Ü ñ È\Ò�Ù)Ò�Ý�Ù�ÅÉÒ�Ó�ÙûÎ
�Qz|{
}l~l���Q{,�®¤C��~l�E{,�^��{,� ða{,�������Q�

T
�h�Q{,��­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{

EB

�Q�Q���Q{,� �g��{��&^�Q{,�Q�²«Õ��§���~l�
ν
���Q©gè��Q���S�K�Q{²��~����Qz�{,�U�h�g���h¡®~l�|{,§>=Q�E}l~l���Q{,�n���a{,�U÷Eè�¦ª©Q{}h³��{,¦�©����fz|��P�Q�Qz|�|�Q�Q�Q���K°îõ j °��þ��,ßEü£á-Ø£Ó³ßaÔ ó�yPz|{é�G�Q��~l��ðk��z|~l�Í§����Q�Z{,������ðQ��{,¦�©Q{,�Q���Q{,�øê^�ªè���§�{®�Q{,�5ë {,¦ª©K���{,���Gz|��§^�Q�Q�Í�g��¦ª©q{,z|�Q{,���,�Q�gè�¦�©Q�U�
ðQ©\�K��z|��~l���Qz|{,�U��{,� ¤C©g����{¥hÕ¤C��{,¦,�Q����~l� j z|��{,z|�Q{ôf©Q{,��z|��~l��ðk��z|~l�H=Q�a{,���l{,©Q{,� ~K�Q{,�.ðQ©>�K��z|��~l���Qz|{,�U�C�Q�|{,z|�E{,�W°l±Cz|�5{,������ðQ��{,¦ª©Q{��Q�Q{,�f¤�~����{,����z¥���|�Qz¥���l����� �tz|�U�Nz|���P�Q�Qz|�|�Q�Q�Q� �K° � �g�����l{,�U��{,�|����°kyPz|{A���Q�l{,�l{,�a{,�Q{,�®±C�Q{,���lz|{,���z|�Q� �Qz|{ ­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{5�Q{,� ¡®~l�|{,§>=Q�|�[���k«f�Q{,�H���E{,�U÷Eè�¦�©Q{

EB
�J�Qz|{5�P§���z�}Kz|{ª����Q�Q�l��{,�Q{,���lz|{é«�=Q�5�Qz|{
ôf©Q{,��z|��~l��ðk��z|~l�

EA

°�yPz|{®êK�Q����{����Q� �a{,z|�Q{,�Z{,���lz|�k� �Qz|{yP{,��~l��ðk��z|~l�Q��{,�Q{,���lz|{
ED

���Q�N�Q{,�+¦ª©Q{,��z|��~l���Qz|{,�U��{,�®�s�Q�U�����Q�W°E±C������ðQ��{,¦�©Q{,�Q�
�Q{,��	æl©Q{w}l~l�
EA

z|�U���Qz|{hôf©Q{,��z|��~l��ðk��z|~l�%{,z|� ��§���z�}Kz|{,�U��{,��¤C��~l�,{,���.~K�Q{,���Qz|¦ª©���°��#=Q���Qz|{yP{,��~l��ðk��z|~l�����Q��{,z|�Q{,�jðQ©\�K��z|��~l���Qz|{,�U��{,���s�Q�U�ª���Q���lz�����ó
ED = EB

°lë�z|���h{²���Q{²�øz|��Q{,�J}l~l���|z|{,�l{,�Q�Q{,�%�P���a{,z���z�����{,�W�Qz|{w­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{
EB
���Q�l{,�a{,�8�£�g�G�Qz|{w¨[����{���Qz|{�©Qz|{,�h}l{,����{,����{,�®�G�Q���Q{,�8�Q���KðQz|��¦�©Q{²���f{,z|��{%���k«C¨A����ðQ©Qz��h�Q�Q��ê^ëq�	ìf�U¡
����{,��z¥���ðQ©\�K��z|��~l���Qz|{,�U�	��z|�Q�W°� �5�P�Q©gè��Q�lz|�l§�{,z���}l~l�5�Q{,�.��{,�¥����z�}�{,� ­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{h�Q{,�.�G�Q��~l���g������~l�|{,§>=Q�|{�Q����{,��{,z|�g���Q�Q{,�w�Q�Q���Q{²�h­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{G�Q{,�N¡®~l�|{,§>=Q�|{G�,�Q�n���a{,�U÷Eè�¦ª©Q{P§£���Q��{,�}l{,����¦ª©Qz|{,�Q{,�Q{2¡®{,¦ª©g���Qz|����{,�8«�=Q���Qz|{
­fz|�|�Q�Q�Q� {,z|�Q{,�ø�N�Q��~l���g����§^��z|�U�ª���|�|�����k«A�Q{,����E{,�U÷Eè�¦�©Q{[�l{,�a{,�W°EyA���	��z|�Q�Wó

• y����h�g�����Q§l�]}������Q{,�G¡®{,�U�f{��]ë���¦ª©Q�U���Q�½h³~^�Q{,�N¯J���l{,�^�h��¦ª©Q�U���Q���k��z|{,©Q{��P�K��Qz|�|�Q�Q�Q�0�K° í%� j �l�h~��a{,z\©U{,�Q{	�N�Q��~l���g�����¥���l{N}l{,�U}l~l�|�|�U�ªè��Q�Qz|���C�Gz|���8�^�E{²}�~l�w�Qz|{�gè�¦ª©Q�U��{fêK¦ª©Qz|¦�©������k«¬�Nè�¦ª©Q�U��°£yPz|{�­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{C�²�Gz|��¦�©Q{,�%�G�Q��~l���g���-�Q�Q�êK�Q�Q�U�������fz|�U��©Qæl©Q{,�f���|���Qz|{G�²�Gz|��¦ª©Q{,���Q{,�ø�N�Q��~l���g������{,z|�|¦ª©Q{,��h¬}l~l�|�|�U�ªè��Q�Qz|�l{,�
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Abstand zur Oberfläche z

V z( )

0

EB

EA

ED

Precursor

Übergangs-
zustand ( )‡

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\Ì�ÍAÎ QAÐR�pÒ[á�×>Ø)Ò�ÆÇå9ÅÇÓ�Ý�Ê\Ë\ÌRØ�ö_ÖSÙ)Ò�Ë�Ù�Å�ß�Æ
V (z)

âäã\Ótß�Ý�Ù�Å ô ÅÉÒ�Ó�Ù)ÒA4�×>Ò�ì�ÅÉØ)ÖSÓ�ö\Ù�ÅÉÖSË�ì�ÅÇÙö\×TSAØ�ÅÉØ)ÖSÓ�Ä\ÅÉÒ�Ó�Ù)Ò�ìUN0Ó)Ò[á�Ê\Ó)Ø)ÖSÓMÛMü"Ê>Ø�Ù�ß�Ë>ÈOÎ
­f{,�Q{²���,{,� j °�yP{,�%±Cz|�k÷g�Q���0�Q{²�k���a{,�U÷Eè�¦ª©Q{ø���k«h�Qz|{�­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{ ��{²���²���z|¦ª©8�Q~K¦ª©¥=Q�a{,�ø{²z|�Qz|�l{��N�Q��~l���g�����¥���l{,�Z«³~l�U�S�C��~ �g�����ø�Qz|{é��z|{²«³{,��{,��¯-���l{,�z|��� {,�h{²�>�h���G�U�ªè���§l{,�G�l{,�Q�Q�Q�Q{,�
��z|�Q�®���|�N�Qz|{A©Qæl©Q{,��{,��¯-���l{,�W°

• y����Nê^�������Q��§^z �>äA�����U�ª���Q~£}��]ë���¦�©Q�U���Q��h³��z|{,©Q{P�P�Q�Qz|�|�Q�Q�Q�5�K° í%� j �^�f~l�a{,za�K�Q��Qz|{Aãl°l�G�Q��~l���g�����¥���l{h�l{,��¦�©Q��~l����{²���Gz|���W°^yPz|{h�f{,z���{,��{,�ø¯-���l{,���Qz|�|�Q{,�5� �Q��{,�|�W°�#=Q���Qz|{Pãl°�¡®~l�Q~l�¥���l{	h>ãl°�¡
¯ j z|�U���Qz|{f­fz|�Q�Q�Q�Q���,�Q�c�N�Q��~l���g�����Gz|{,�Q{,���U�ªè��>�§�{,�����|�J�Qz�{C�²�Gz|��¦�©Q{²�0�N�Q��~l���g����{,�W°£�P��¦�©���{,�U}l~l�|�|�U�ªè��Q�Qz|�l�Q�Q�N�Q{,��ãl°Ú¡�¯���z|�Q��Qz|{,��{�­fz|�Q�Q�Q�Q�l{,����z|�Q�Q{,�U��{,�Q� �l�|{,z|¦ª© �U�ª����§E°�±C� §l~l���0�0�,�Q�0� �Q��{,�|�Qz|�|�Q�Q�Q����k«��Q{,�N}l~l�|�|�U�ªè��Q�Qz|�l{,��ãl°a¡
¯C°
• �	�Q�
�g���-��~l�|��{,�>�]ë {²�a{,�>�]ë���¦ª©Q�U���Q� h³��z|{,©Q{0�P�Q�Qz|�|�Q�Q�Q���K° í ¦ j �E�f~l�a{,z-�g����Q��{,z|�Qz|��{,�Q��z|~l�g����{%ë���¦ª©Q�U���Q�Ã�a{,�lz��Q�^�S�W�E{²}�~l�A�Qz|{éãl°-¡
¯Z�l{,��¦�©Q�|~l����{,�2z|�U��°±Cz|�Q{C�U�ªè���§�{,��{Cë {,¦ª©Q��{,���Gz|��§^�Q�Q�	���Gz|��¦�©Q{,�%�Q{,�[�G�Q��~l���g������~l�|{²§>=Q�|{,�Az|�ý��{,�>��l�|{,z|¦ª© �,�Q�C�N�Q��~l���g���U�UêK�Q�Q�U�������U�]ë {,¦ª©Q��{,���Gz|��§^�Q�Q�%z|�U�.�Qz|{q�	������¦ª©Q{N«�=Q�.�Qz|{,��{,�ë���¦ª©Q�U���Q�®°
±Cz|�@���a{,�U÷Eè�¦ª©Q{,�QðQ©gè��Q~l��{,�8�E�f{,�|¦ª©Q{,�P��z��N�Qz|{,��{,�®ë���¦ª©Q�U���Q������~K�Q{,�
�,�®���Q�©g���S�hz����é�g����­f{,�Q{²���,{,��}l~l�¢���a{,�U÷Eè�¦ª©Q{,�q�Q�Q��¦ª©q�N�Q��~l���g����{�°fë�z|�ø�f{,���Q{,�q�g���­f{,�Q{²���,{,���Q{,�h�Q�^��{,�����Q¦ª©���{,�
ä	~l©Q�|{,�Q�U��~�åE�����a{,�U÷Eè�¦ª©Q{,�éz|���P�Q��¦ª©Q�Qz����	çK°îç%�a{,��ðQ��{��¦ª©Q{,�W°C¡®{,�����Q�Q�l{,� �,�Q�0�N�Q��~���ðk��z|~��Q��§^z��Q{²��z|§P���W° ©W°��.¡®{,�����Q�Q�l{,� �Q{,�0��~��l{,�g���Q�^��{,��P��«¬��§�~K{WV��,z|{,����{,�

s
�k�f{,���Q{,�
z|���P�Q��¦ª©Q�Qz����-���E{,©g���Q�Q{,����°

 é×"�,ßEü£á-Ø£Ó³ßaÔ ó�yPz|{øz|� �Qz|{,��{,�0�P���E{,z�� �Q����{,�����Q¦ª©^��{éyP{,��~l��ðk��z|~l��z|�U�0�Qz|{�ìN©Q{,�>���z|��¦ª©Q{®yP{,��~l��ðk��z|~l� h³ìGy j °wy����E{,z	©g���Q�Q{,����{,����z|¦ª©Z�Q�Y{,z|�Q{,�ZðQ©Q~l�Q~l�Qz|��¦�©Í}�{,�>���z�����{,����{,� ¤C��~l�,{,�����C�Q{,� �ø��� ��z|¦ª©Í���Q��¦ª©g���Q�|z|¦ª© ���|�0�g���5�	{,�����Q���U��~A�l{,� �Q{,�5�N�K�
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Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\ÌlÍAÎ XAÐ8ð$ß ñ ò�ß�ÌRÒ�Ë�å2ßSá�×>Ø�Ù�Ê\ìiÞ ðÀÄ ñ Ü%Ù�Ó�ß�Ë>Ø�Ý�ÅóÛ�ÔnÓ�ßSØ�Ù�ßSØ�Ë>Ö ô ÛP��ßSá)×>Ø�Ù�Ê\ìiÞ ðäá ñî�ÖSÆÇìuÒ�ÓMÛP��Ò�Ä_Ò�ÓMÛP��ßSá)×>Ø�Ù�Ê\ì¨âäã\Ó ô Ò�Ó)Ø)á�×\ÅÉÒ[È\Ò�Ë>Ò�í2Ò[È\Ò[á�Ý�Ê\Ë\ÌRÒ�Ë θ Î
��~l���g�����N���Q�h�Q{,�N¤�~���{,����z¥���|� �Q�|�Q{kh³��z|{,©Q{��P�Q�Qz|�|�Q�Q�Q�5�K° � j �Q�Q��¦ª©���©Q{,����z|��¦�©é���Q�l{����{,����{�¤C©Q~l�Q~l�Q{,� }�~l���U��{,�|�|{,� §����Q�W°-yPz|{�­fz|�Q�Q�Q�Q�l��{,�Q{,���lz�{,�

EB

�G�Q���Q{,� ��z��A�Q{,�ìN©Q{,����z|��¦ª©Q{,�K�>yP{,��~l��ðk��z|~l�Q�>�UêKða{,§�����~l��§�~lðQz|{£h³ìGyAê j {,����z�����{,����°GHN-×^ü%��Ó��SW%N-× �  é×"�,ßEü£á-Ø£Ó³ßaÔ�� �ZY áC×>�sØÚü£ß����EßEá�Ó³× óQyPz|{��,{,z����|z|¦ª©Q{+�P�Q�Q{²���Q�Q�5�Q{,��N�Q��~l���g�����a{,�Q{,¦ª§^�Q�g�
Θ
�Q{,�6�P�a{,�U÷Eè�¦ª©Q{����Nè�©Q��{,�Q� �Q{,�.�,{,z����|z|¦ª©%�|z|�Q{�����{,� �	~K¦ª©Q©Q{,z ��,{,�Q�C�Q{,�C¤C��~l�E{����Gz|{fz|� �P�Q�Qz|�|�Q�Q�Q�A�K°îõ}h³��{,¦ª©���� j �g�����l{,�U��{,�|���S�Ú�Gz|���5z|�c{,z|�k«Õ��¦ª©Q�U��{,��E���|�s�Q�Q��¦ª©®{,z|�Q{t<	����{,�Q�l�|{,z|¦ª©^�Q�Q� �Q{,�G�P����©Q{,�Qz|�Q�>� ì|�KðQ�	�E{,��¦�©Q��z|{,�E{,�Wó

−dΘ

dt
= νΘn exp

(−EB

kBT

)

,
h �K°îõ j

�f~l�a{,z
ν
�Q{,�f�g��{�&^�Q{,�Q�²«Õ��§���~l�wz|�U�S�

n
�Qz|{GyP{,��~l��ðk��z|~l�Q��~l���Q�K�Q�Q���

EB
�Qz|{	­fz|�Q�Q�Q�Q�l�>�{,�Q{,���lz|{��g�Qz|{A��z|¦ª©®z °Q�P�|�|�Q°k�,�

EB = ED − EA

�a{,��{,¦ª©Q�Q{²�ih³��z|{,©Q{[�P�Q�Qz|�|�Q�Q�Q�ø�K° � j �
kB
�Qz|{ ­f~l�����,�ø���Q�K�>äP~��Q�U�ª���^��{ �Q�Q�

T
�Qz|{5ì�{,��ðE{,�������Q�,°

ν
�
EB

�Q�Q�
n
��z|�Q� �Qz|{§^z|�Q{²��z|��¦ª©Q{,��¤���������{²��{,�[�Q{,�0yP{,��~l��ðk��z|~l�Q�>�)<G{���§��ªz�~l�8�J�Qz|{ {,�%�,� �E{,�U��z|����{,�2�lz|���,°yPz|{®­f{,��{,¦ª©Q�K�Q�Q���Q{,�ø�g��{�&^�Q{,�Q�²«Õ��§���~l���ø�Q�Q�8�g����z�� �Q{,�ø­fz|�Q�Q�Q�Q�l��{,�Q{,���lz|{��Gz|���z|�j�P�Q��¦ª©Q�Qz����NçK°�ã	{,�U«³~l�|�l{,�W°^�	z|{,���^�Q�ø{,z|�Qz|�l{hë ~l�U��{	�,�Q�fyP{,��~l��ðk��z|~l�Q��~l���Q�^�Q�Q���^z|��f{,�|¦ª©Q{,�G�Qz|{%­f{,�Q{,¦ª§^�Q�Q�l�����Q©gè��Q�lz|�l§l{,z��	�Q{,�-<G{,��§���z|~l���,�Q���P�Q���Q���Q¦ª§é§l~l���0��°ì6�KðQz|��¦�©Q{�yP{,��~l��ðk��z|~l�Q����ða{,§�����{,�Z}l~l�8¨A����ðQ©Qz��phÕ�	�A¤w¨ j ��z|�Q� z|� �P�Q�Qz|�|�Q�Q�Q��K°�ãÚ���,�Z��{,©Q{,�W°f�#=Q�5�a{,z|�Q{®­f{,�Q{,¦ª§^�Q�Q�l����{���z|{,�8z|�U� �Q{,��­f{,z�������� �Q{,��ãl°w¡®~l�Q~l�¥�£��l{@h>ãl°�¡�¯ j �,�Q�9êKða{,§������Q�o�Q{,�k���|z|¦�© }l~l���Q{,�o­f{,z��������®©Qæl©Q{,��{,� ­f{,�Q{,¦ª§^�Q�Q�l{,�h ¡®�Q����z|�|���l{,� j �,�
�Q�^��{,����¦ª©Q{,z|�Q{,�W°W¡
���
§����Q�
z|�~��{,���l�|{,z|¦ª©®�Q{,�P�E{,z|�Q{,�
�l{,�,{,z|����{,�­f{,�Q{,¦ª§^�Q�Q�l����{,��z|{,� «�=Q�wôf©Q�|~l��~�«³~l��� �Q�Q��­f{,�Q�,~l�g�Q{,���	����{,����¦�©Qz|{,��z|�5�Q{,��yP{,��~l��ðK���z|~l�Q��~l���Q�^�Q�Q�

n
{,��§l{,�Q�Q{,�W°aëqè�©Q��{,�Q� ôf©Q�|~l��~�«³~l���+{,z|��yP{,��~l��ðk��z|~l�Q�U}�{,��©g������{,���k°�����Q�^�Q�Q�0�,{,z|���S����z����Q{,�����KðQz|��¦�©Q{,�ø{�¢kða~l�Q{,����z|{,�|�a���Q�U��{,z|�l{,�Q�Q{,�ø�Q�Q���Q{,�w�U��{,z|�E���K�«Õ���|��{,�Q�Q{,�2���¥���Q§l{��W�,{,z|���%­f{,�Q�,~l�C{,z|�Q{�yP{,��~l��ðk��z|~l�Q��§^z|�Q{²��z|§�ãl°������Q�K�Q�Q�®��z���«Õ���U�
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Multilage

1. Monolage

Benzol: 0.7 - 7.8 ML

Multilage

Chloroform: 0.1 - 4.3 ML

1. Monolage

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\Ì@ÍAÎÇÏ\[AÐ_í2Ò[È\Ò[á�Ý�Ê\Ë\ÌRØ)Ø)Ò�Ó�ÅÉÒKÐ]�2×>Ò�Ó�ì�ÅÉØ)á)×>Ò�ÑnÒ[Ø)ÖSÓ�ö\Ù)ÅÇÖSË"Ø)Ø�ö_Ò�Ý�Ù�Ó)Ò�Ë ô ÖSË ô Ò�Ó)Ø)á)×\ÅÉÒ�ÛÈ\Ò�Ë>Ò�Ë�í2Ò[È\Ò[á�Ý�Ê\Ë\ÌRÒ�Ë ô ÖSËiÃ ñ 4�×\ÆÉÖSÓ)Ö�â$ÖSÓ�ì¨Ê\Ë>È}í ñ í2Ò�Ë\ïûÖSÆÕß�ÊAâ�õwÓ�ß�ö\×\ÅÇÙûÎ
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m
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Vakuum

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\Ì�ÍAÎÇÏKÏKÐ_ÑnÒ[Ø)ÖSÓ�ö\Ù�ÅÉÖSË^[AÎ_D|Ó)ÈAË%Ê\Ë\Ì ô ÖSËa`qÒ�Ë"ÖSËAÛ�ÿ�Ê\ÆÇÙ�ÅÇÆ�ß�ÌRÒ�Ë�ß�ÊAâ|õwÓ�ß�ö\×\ÅÇÙ\bOí#ÅÇËAÛÈAÊ\Ë\ÌRØ)Ò�Ë>Ò�Ó�ÌKÅÉÒqâäã\Ó ô Ò�Ó)Ø)á)×\ÅÉÒ[È\Ò�Ë>Ò�D|Ä�Ò�Ó�E�FSá)×>Ò�Ë\ö>×"ßSØ)Ò�ËPÎ

���K����{²����z|��¦ª©Q{,� yP{,��~l��ðk��z|~l�Q����{,��§^�ø���|{,�
~l©Q�Q{ �U�ª����§�{5­f{,�Q{,¦�§^�Q�Q�l�����Q©gè��Q�lz|�l§�{,z���Q{,�GyP{,��~l��ðk��z|~l�Q���ø�£¢kz|�ø�0z|�+¡®{,��§^�ø���W�Q{,�Aãl°g¡
¯C°g�#=Q�N�Qz|{[�s�Q~l���Q�^�Q�Q�5}l~l����z �§^��~l��§�~lðQz|��¦�©é���k«-�Q{,�q���a{,�U÷Eè�¦ª©Q{A���Q�¥���k«³{,�Q�Q{,�é¤C��~l�,{,����{,���Q�Q���Q{,�f�g���,�Q�l{,©Qæl��{,�K��Q{,�0�N�Q��~l���g�����U�����Q§����Q���,�Q�O©U{²�f{,z|�|z|�l{,�[yP{,��~l��ðk��z|~l�Q��~l���Q�K�Q�Q�	�lz|�k�-{,��{,z|�Q{9��z|{,�|����©Q�}l~l��¡®~K�Q{,�|�|{,�8���Qz|{h«�=Q��±Cz|�Q§^��z|�U�ª���|�|~��a{,�U÷Eè�¦ª©Q{,� ��° ­P°�z|��� êK¦ª©gíkã��g�,�Q��������{,�Q�l{²«Õ�����U���z|�Q�W°Ky�z�{A�s�Q~l���Q�^�Q�Q� z|�U�w��{,z|�U�f�Qz|¦ª©^�f{,z|�Q�Q{,�k��z|�Q°K�s�Q��­f{,z|��ðQz|{,�g�Gz|���ø�Qz|{P�k°_�����K��^�Q�Q�%yP{,��~l��ðk��z|~l� ©gè��_
g�A�g����z��.{,��§^�¥è��U�S���g�����C�Qz|{����a{,�U÷Eè�¦ª©Q{,�Q§�~l�Q��{,�����ª�£�ªz�~l� �Q{,��N�Q��~l���g����{�§�{,z|�Q{,�0±Cz|�k÷g�Q�������k«k�Q{,�0yP{,��~l��ðk��z|~l�Q��ðQ��~l�,{,����©g���|� ôf©Q��íkã�� °�ì|�KðQz|��¦ª©Q{,�>��f{,z|��{0�Gz|����{,z|��¯-���l{,�^�h��¦ª©Q�U���Q�lh³�P�Q�Qz|�|�Q�Q�Q�é�K° í j ��z��PyP{,��~l��ðk��z|~l���k°8�����Q�K�Q�Q�������~l�,z|z|{,�U��°k±Cz��Q{A±C��§^�¥è����Q�Q�0«�=Q�f�Qz|{�yP{,��~l��ðk��z|~l�é�k°������Q�^�Q�Q� ���Q�
Xe
�U¡®�Q����z|�¥���l{,�}l~l��¨A����ðQ©Qz��S�k�Qz|{A���Q¦�©��,�Q��yP{,��~l��ðk��z|~l�Q����{,��§^�ø���W�Q{,�[ãl°E¡
¯2�a{,z��������l{,�8�k§l~l�Q�K���{[��z��G�Q{,�4¡®~K�Q{²�|�-�Q{,�	��~l�l{,�g���Q����{,��¤C©g����{,�Q�l�|{,z|¦ª©Q�l{²�Gz|¦�©����	�l{²«³�Q�Q�Q{,�®�f{,���Q{,�W°
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�	����{,����¦ª©Qz|{,�Q�|z|¦ª©Q{®¤C©g����{,�èh³�²�f{,z|�Qz|��{,�Q��z|~l�g����{�¨%����ðQ©g����{é}l~l�8���k«��Q{,�����a{,�U÷Eè£�¦ª©Q{%«³��{²z��a{²�f{,�l�|z|¦ª©Q{,���G�Q��~l���g������~l�|{,§>=Q�|{,�8�g§l~l�Q�Q{,�Q��z|{,�U��{ � �Q��{,�|�8�W¡®�Q����z|�|���l{,�^�a{���Q{,¦ª§^�Q�Q�l{,��}�~l� � �Q��{,�|� j �-�Gz|{�z|� �P�Q�Qz|�|�Q�Q�Q���K°�ãlãø�l{,�,{,z|���S�-�g����ðk«³{,� ��z��[�Q���ª{²�U���¦ª©Qz|{,�Q�|z|¦ª©Q{,��÷Eè�¦ª©Q{,�K�E{,�,~l�l{,�Q{�� yP{,��~l��ðk��z|~l�Q��������{,�q���8�f�Qz|{
��z|¦�©T�Q����{,��{,z|�g���Q�Q{,�z|�j¨A�|{,z|¦�©Q�l{²�Gz�¦�©��C�a{;
g�Q�Q{,�@� ��{,�Eõ�
%� °^�s�Q�t­f{,z|��ðQz|{²���l�Qz|{GyP{,��~l��ðk��z|~l���k°>�����Q�^�Q�Q�}l~l��o�{,�Q~l��}�~l� ¨A����ðQ©Qz��Az|�U�[��z����Q{,�o¨A�|{,z|¦�©Q��{²�Gz|¦�©��A�²�Gz|��¦ª©Q{,� {,z|�Q{,�A�l{,��z|�Q�l{,�ä	~l�Q�,{,����������z|~l��}�~l��¨[������~l��{,§>=Q�|{,� z|� �Q{,�0�K°W�G�Q��~l���g������~l�Q~l�¥���l{

C2
��z��A{,z|�Q{,�©Q~l©Q{,��yP{,��~l��ðk��z|~l�Q�U�N��©Q����¦ª©Q{,z|�Q�|z|¦�©Q§�{,z��

W2
���k«³�l���Q�Q�é�Q{,�N�l{,��z|�Q�l{,��{,��­fz|�Q�Q�Q�Q�l�>�{,�Q{,���lz|{��Q�Q� {,z|�Q{,�%©Q~l©Q{,��äP~l�Q�,{,����������z|~l� }l~l�Í¨[������~l�|{²§>=Q�|{,�2z|�2�Q{,�øãl°J�G�Q��~l�>��g������~l�Q~l�¥���l{

C1
��z��[{,z|�Q{,�%�l{,��z|�Q�l{,� yP{,��~l��ðk��z|~l�Q�U�N��©Q����¦ª©Q{,z|�Q�|z|¦�©Q§�{,z��

W1
���Q¦ª©~l©Q�Q{%¯-���l{,���h��¦ª©Q�U���Q��h³��z|{,©Q{[�	�Q�Qz|�|�Q�Q�Q�ø�K° í �%� j {,��§^�¥è����g���th C1W1 = C2W2 j °¡®{,��§^�ø���|{[ãl°"�����Q�^�Q�Q�0��z|�Q� ���KðQz|��¦ª©�«�=Q����~l�|{,§^�Q�¥����{GyP{,��~l��ðk��z|~l�W°^yP{,�w������{,�K��|z|� z ��z�{,��{,�Q�Q{�êK¦�©Q��z����Jz|�U�J�g���a{,zl�g���J�P�k«³�Q��{,¦ª©Q{,�0�Q{,�J�N�Q��~l���g���U�UêK�Q�Q�U�������U�>­fz|�Q�Q�Q�Q�Q°yPz|{���{,z|�U��{,� �l{,��{,����{,�Q{,�ÍìGyG�UêKðE{,§�����{,�Í��z|�Q�8ãl°2�����Q�^�Q�Q�Q°.¨A{,�Q��~K¦ª©Q{,�Q������z|~l�g�£��|{éyP{,��~l��ðk��z|~l�Q��~l���Q�K�Q�Q�l{,�Z��z|�Q�Z���Q¦ª©Z��æl�l�|z�¦ª©8����° ­P°

n = 1/2
«�=Q�5�Qz|{�yP{,��~l��ðK���z|~l� }�~l��� �Q��{,�|��è��Q�Q{,���W°K¡®{,��§^�ø���|{	�K°^yP{,��~l��ðk��z|~l�Q��~l���Q�Q�Q�%��z|�Q� ���K����{²����z|��¦�© �Q��g��� ì�{,��ðE{,�������Q�����£¢kz|�5�Q�9�Q�Q�8��z|�Q� �)�KðQz|��¦ª©Z«�=Q� ������~l�,z¥����z�}l{®yP{,��~l��ðk��z|~l�Í}l~l��,�k}l~l�A�E{,z.�Q{,���N�Q��~l��ðk��z|~l���Qz|����~l�,z|z|{,�U��{,� ¡®~l�|{,§>=Q�|{,�W°WyPz|{ ¨A{,�U�ª�������Q{,���l{,��{,����{���Q{,� êKða{,§�����{,��}l~l� ¨A����ðQ©Qz��	�|z|{,���	�²�Gz|��¦ª©Q{,���Q{,�Q{,���Q{,���k°a�Q�Q��ãl°Õ�����Q�K�Q�Q�Q°syPz|{yP{,��~l��ðk��z|~l�Q��~l���Q�^�Q�Q�é«�=Q���Qz|{ yP{,��~l��ðk��z|~l��}l~l� ê^ëq�	ìf�U¡
����{,��z¥����z|�U�A�Qz|¦ª©��A~l©Q�Q{�f{,z���{,��{,�A���Q���Q{,��ìGyG�UêKða{,§�����{,� ��æl�l�|z�¦�©8�E�g�ø�Qz|{0ìGyG�UêKða{,§�����{,� �Q�Q��¦ª© �Qz�ås�Q��z�}l{¤C��~l�,{,����{�h³��z|{,©Q{0�P�Q��¦ª©Q�Qz����%�K°î�K°�ã j }l{,���Q��{,z���{,�U�A��z|�Q�W°Eë {,�l{,���Q{,�P���K����{²����z|��¦ª©Q{,�¨A{,�U�ª����� �Q{,��ìGyG�UêKðE{,§�����{,��}l~l�½ê^ë��	ìf�U¡
����{,��z¥���th³��z�{,©Q{®��° ­P°��P�Q�Qz|�|�Q�Q�Q� çK° � j§�æl�Q����{A�ø����yP{,��~l��ðk��z|~l��ãl°O�����Q�^�Q�Q� «�=Q�N���|�|{P�N�Q��~l���g����{�}l~l��ê^ëq�	ìf�U¡
����{,��z¥������Q�l{,�E{,�W°.¡®z��0�Q{,�o�P���l�Q��{,���0�Q{,� yP{,��~l��ðk��z|~l�����Q�0�Q{,�o¤C©g����{,�Q�l�|{,z|¦�©Q�l{²�Gz|¦ª©���f{,���Q{,�Z�Gz|�+©U{,�Q~^¦�©8���Q�Q{,©Q��{,�8�C�g����� �Qz|{�yP{,��~l��ðk��z|~l�Q��~l���Q�^�Q�Q�2�l�|{,z|¦�© �Q{,�5}l~l�¨A����ðQ©Qz����ø�£��{,��z¥���hz|�U��°.ë�z|�5�h{,���Q{,���Qz|{��N�Q��~l���g�����U�����Q§����Q���Qz|�|�Q�Q�Q� z|�l<	��©Q��{,��Q{,�	­f{,�Q{²���,�Q�Q�l�U}�{,��©g������{,�Q�Pz|��ä[��ðQz���{,�-çK° � �Qz|��§^�k��z|{,��{,�W°

y����ø¨A�|{,z|¦ª©Q�l{²�Gz|¦ª©^�5�²�Gz|��¦ª©Q{,�Z�G�Q��~l��ðk��z|~l�Í�Q�Q�ZyP{,��~l��ðk��z|~l�Z�E{,zN§�~l�Q�U�ª���^��{,�ì�{,��ðE{,�������Q�C�Gz|��� �Q�Q��¦ª©��G�Q��~l��ðk��z|~l�Q��z|��~���©Q{,����{,�5�a{,��¦ª©Q��z|{,�a{,�W°K�#=Q�C�Qz|¦�©��U� �Qz|����~���,z¥����z�}l{h�N�Q��~l��ðk��z|~l� �¥���k��{²�C�Qz|{G�Q~l����{,�k«�=Q�.�Qz|{N��~l�l{,�g���Q����{	¯-���Q�l� �Qz|�>� � ��~���©Q{,����{�ó

p =
Θ

b(1−Θ) ,
h �K° � j

�f~l�a{,z
p
�Q{,�[¤����U��z¥���|�Q���Q¦ª§��Q{,�%���Q��~l���Qz|{,��{,�Q�Q{,� �Q�²�[°W�Q{,��~l���Qz|{,��{,�Q�Q{,��¨[����{,���

Θ�Qz|{V���a{,�U÷Eè�¦ª©Q{,�^�a{,�Q{�¦ª§K�Q�Q���Q�Q��¦ª© �g���
�G�Q��~l���g�����Q�Q�
b
{,z|�Q{�ä	~l�Q�U�ª���^��{ z|�U��°yP�Q��¦ª© ¡®{,�����Q�Q����~l�|¦�©Q{,�P�G�Q��~l��ðk��z|~l�Q��z|��~���©Q{,����{,����z|�Q��� �k«³~l���ø����z|~��Q{,�@=Q�a{,���Qz|{ê^�ªè���§�{ �Q�Q�2�P�U�[�Q{,�Aë {,¦ª©Q��{²���Gz|��§^�Q�Q�
�²�Gz|��¦ª©Q{,� �N�Q��~l���g���%�Q�Q��êK�Q�Q�U�������%��æl����|z|¦ª©W°�¡®{,�����Q�Q�l{,���Qz|{,��{,���P�U�C�G�Q���Q{,�øz|� <	��©Q��{,� �Q{,�C}l~l���|z|{,�l{,�Q�Q{,���P���E{,z����Qz|¦ª©^��Q�Q��¦ª©Q�l{²«�=Q©Q�U��°	¡®{,©Q�®yP{²�ª��z|�|�é�,���Qz|{,��{,�
¡®{²��©Q~^�Q{2��z|�Q��z|�è� ôf©Q��íkã��[�,�Q
g�Q�Q{,�W°
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¡®{,�����Q�Q�l{,�T���8ê^ëq�	ìf�U¡
����{,��z¥���|z|{,���G�Q���Q{,�Í}�~l�8�Q�%©Uz��N������{²����� °q� �g�%©��kã��h�Q�Q�ì����¥��ðg������� {²�P��� °8� ì����¥�kã��J�Q�Q��¦ª©Q�l{²«�=Q©Q�U��°
	�
c	�

� de�gfJh�iR�����kjmlndedo(�*,��p���0�0
­f{,zQða~l��æl��{,��¡
����{,��z¥���|z�{,�8���Nz|{N�Q{,�jz|�5�Qz|{,��{,�C�P���a{,z��C}l{,�U�f{,�Q�Q{²��{����P���Q~l��~l©Q���ø�£���{,��z¥�����W§����Q� {,z|�����k«N�Qz|{�¤C��~l�a{ø�Q~l��z|{,�U��{,� ¨[���%z|�2�Qz|{ø¤�~l��{,���Qz ås�Q�Q�Qz|{,��{,�W°�y����©Q{,zÀ���S�a�g���A�Q{,�E{,� �Q{,����{,��ða{,�������Q�����Q©gè��Q�lz|�l{,���N�Q��~l��ðk��z|~l�Q�>�N�Q�Q�2yP{,��~l��ðk��z|~l�Q�>�}l~l����è��Q�l{,�8���Í�Q{,�{���a{,�U÷Eè�¦ª©Q{,�Z�,�Q��è����,�|z|¦�©Q{,� ��{,��ða{,�������Q�����Q©gè��Q�lz|�l{,� ¡
������{,�K��������Q��ða~l�U���Q�Q��¦ª© �g���[¡
����{,��z¥�������k«¬����z����S�E�Q{,����z|¦ª©�z|���Q{,��ìN©Q{,����z|��¦ª©Q{,� yP{,��~l��ðK���z|~l�Q�>�UêKða{,§�����{,�Vh³ìGyG�UêKða{,§�����{,� j �a{,��{,��§^�g���G�ø��¦ª©Q{,�®��~l�|����{�°Q�P�Q�G�Qz|{,��{,�4¨A���Q�Q��G�Q���Q{�{,z|�A�l{,§�~lðQða{,����{,��yP{,��~l��ðk��z|~l�Q�>�>yPz�ås�Q��z|~l�Q�>�U¡®~^�Q{,�|�Oh ôhy�yG�U¡®~K�Q{,�|� j {,�����Gz|¦�§�{,����°¨A���Q�Q�Q�|{,�l{,�Q� ����{²��{,���Q��{,zE�Q����{,����¦�©Qz|{,�Q�|z�¦�©Q{	¤C��~l�,{,����{����k«)���Qz|{Nz|���P�Q�Qz��|�Q�Q�Q� �^°�ã£��g�����l{,�U��{,�|���	��z|�Q�Wóa�²�f{,z|�Qz|��{,�Q��z|~l�g���|{H���a{,�U÷Eè�¦ª©Q{,�Q�Qz�ås�Q��z|~l�@=Q�E{,��z|�Q�Q{,��{%�Q�Q��è��K��l{,��{ ê^ëq�	ìf�>­w=Q�Q�Q{,�|~l�a{,�U÷Eè�¦ª©Q{,�8�J¨[����ðQ©g����{,�Q�Qz�ås�Q��z|~l�
�Q�Q��¦ª©��Qz|{[�Q��{,z|�Qz|��{,�Q��z|~���g���|{,�Tz|�Q�Q{,��{,�Q�C~l�|�Q��z|�g�2�Q�Q�qyP{,��~l��ðk��z|~l�T}l~l���Q{,��è�����{,��{,�¢���a{,�U÷Eè�¦ª©Q{�°GyPz|{

Desorption von sichtbarer
Oberfläche

Gasphasendiffusion

Oberflächendiffusion

äußere
Oberfläche

innere
Oberfläche

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\Ì�ÍAÎÇÏûÍAÐ�ÔqFSØ)Ò�ìuÖ%È\Ò�ÆÇÆ\ï[Ê\Ó8î�Ò�Ó�ß�Ë>Ø)á�×"ß�Ê\ÆÇÅÉá)×�Ê\Ë\Ì ô ÖSË5D|Ä�Ò�ÓgE�FSá)×>Ò�Ë>ÈAÅÇÚ�Ê>Ø�ÅÉÖSËPÞ%õqßSØMÛö\×"ßSØ)Ò�Ë>ÈAÅóÚ�Ê>Ø�ÅÉÖSËiÊ\Ë>ÈiÑnÒ[Ø)ÖSÓ�ö\Ù�ÅÉÖSËPÎ
z|�Q�Q{,��{,�@��~l�|�Q��z|�g���a{,z|�Q©g������{,���Qz|¦ª©^�A�g����� �Q�Q{,��{ �Q{,�A�P���Q~l��æl©Q��{,� ��{,�|�Q�U�S�s�g�éz|��Q{,��«�=Q�f�Q�Q��{,��{[±�¢kða{,��z|��{,����{��a{,�^�k���²��{,�®¤C��~l�a{,�é�Qz|{A¡®{,©Q��©Q{,z��N�Q{,�N�P���Q~l��æl©Q��{,�}l{,����¦�©Q�|~l����{,��h³��z|{,©Q{	�P�Q��¦ª©Q�Qz����NçK°î�^°�ã j �Q�Q�ø��~l��z��C«�=Q�f¨[�����Qz|¦ª©^�w�,�Q��è��Q�l�|z|¦�© ��z|�Q�W°yPz|{�yPz�ås�Q��z|~l� }l~l� {,z|�Q{,�5���Q��~l���Qz|{,�U��{,�ÍêKða{,�,z|{,�0�Gz|����z|�Ã�f{,z���{,��{,�Z���|�k���a{,�U÷Eè£�¦ª©Q{,�Q�Qz�ås�Q��z|~l� �E{,�,{,z|¦�©Q�Q{²�S���l�|{,z|¦ª©8�Ú~l� �Qz|{hê^ëq�	ìf�>­w=Q�Q�Q{,�|~l�a{²��÷Eè�¦�©Q{,� �ª������è�¦�©Q��z|¦�©�����Q{,� è����l{,��{,�r���a{,�U÷Eè�¦ª©Q{��Q{,� ¨A{,�����0��ðQ��~l�a{�~K�Q{,�0z|�Ã� �Q�Q{,��{,� �Qz|{,��{,�5¤C��~l�E{
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�|z|{,�l{,�W°.y�z�{®yPz�ås�Q��z|~l�Í�Q{,��¨[����{,�����Qz|{é�Q�Q��¦�©Z�Qz|{®¤�~l��{,�Z�Q{,��ê^ëq�	ìf�U¡
����{,��z¥���|��U�ª������
g�Q�Q{²�S�s�Gz|��� ���|�[¨[����ðQ©g����{,�Q�Qz�ås�Q��z|~l���a{,�,{,z|¦ª©Q�Q{²��°-�g~l���ø�����a{,��¦ª©Q��{,z|�k�[�ø����Qz|{NyPz�ås�Q��z|~l� z|� {,z|�Q�Qz|��{,�Q��z|~l�g����{,�5�E���|�K�Q�Q��¦�© �Qz|{h�,{,z����|z|¦ª©Q{n�P�Q�Q{,���Q�Q�[�Q{,��ä	~l�K��,{,����������z|~l�

C(z)
ó

∂C(z)

∂t
=

∂

∂z
D

∂C(z)

∂z
=

∂

∂z
j(z),

h �K° í j
�f~l�a{,z

j(z)
�Q{,�P¨A{,����� ��÷g�Q���G�a{,z

z
z|�U��°gyPz|{

z
�)<Gz|¦ª©����Q�Q� z|�U�G��{,�Q§^��{,¦�©��P�,�Q�Pè����l{ª���{,�¦���a{,�U÷Eè�¦ª©Q{����Q�Q���Qz|{ø¨[{²�ª��� ��§�~l�Q�,{,����������z|~l�

C(z)
��{²���²� ��z|¦ª©����Q�0�Q{²�5¨[���>�ðQ©g����{,�Q§�~l�Q�,{,�^��������z|~l�

Cg

�Q�Q�q�Q{,�����E{,�U÷Eè�¦�©Q{,�Q§�~l�Q�,{,�^��������z|~l�
Co

�,�Q��������{,�Wó
C(z) = Cg(z) + Co(z)

°Q�P�Q���l{,��¦ª©Q��z�{,�a{,���¥���k��{²�N�Qz|{0¨A�|{,z�¦�©^�Q�Q��h �K° í j ���|��~Qó
∂C(z)

∂t
=

∂

∂z

(

Dg
∂Cg(z)

∂z
+Do

∂Co(z)

∂z

)

,
h �K°�ãÚ� j

�f~l�a{,z
Dg

�Q�Q�
Do

�Qz|{Í¨[����ðQ©g����{,�K���Q�²�[°u���a{,�U÷Eè�¦ª©Q{,�K�>yPz�ås�Q��z|~l�Q��§l~l�Q�U�ª������{,���z|�Q�W°
Do

§����Q� z|� �	����©Q{,�Qz��Q�U�>�Q~l���9�l{,��¦ª©Q��z|{,�a{,� �f{,���Q{,�Wó
Do = D0 exp(

−Em

kBT
)
��f~l�a{,z

Em

�Qz|{%�,�Q�PyPz�ås�Q��z|~l�®�Qæ���z|�l{[�P§���z�}Kz|{,���Q�Q�l��{,�Q{,���lz|{%�g�����U��{,�|���	�Q�Q�
D0

�Q{,�ðQ��è�{�¢kðE~l�Q{,�^��z|{,�|�|{��E��§���~l��z|�U��°hyPz|{ ¨[����ðQ©g����{,�Q�Qz�ås�Q��z|~l�Q��§�~l�Q�U�ª���^��{�z|�U�é�l{,�l{,�E{,��Q�Q��¦ª©Wó
Dg = λv/3

��z�����z�������{,��{,��¨A{,��¦ª©��Gz|�Q�Qz|�l§�{,z��
v = (8kBT/πm)1/2

�Q�Q���z�������{,��{,�f«³��{,z|{,�hë {,�l�¥è��Q�l{
λ
�Q{,�P¨[���U��{,z|�|¦ª©Q{,�W°yPz|{f�,{,z����|z�¦�©Q{6�P�Q�Q{,���Q�Q��}l~l�

Cg(z)
�Q�Q�

Co(z)
§����Q� ��z����	z|��«³{��Q{,�.¯-���Q�l�5�Qz|�>�äAz|�Q{²��z|§ �E{,��¦�©Q��z|{,�E{,�8�f{,���Q{,� � ¯J���WãK�%� °�yPz|{é��{,��ða{,�������Q�>�%�Q�Q�8�Q���Q¦ª§£���Q©gè��Q�lz|�l{­f{,�Q{,¦ª§^�Q�Q�ø�Q{,�Gz|�Q�Q{,��{,�
¤C��~l�a{,�Q~l�E{,�U÷Eè�¦�©Q{,�

Θi(p, T )
z|�U�G�g��¦ª©�¨A� °0h �K° � j ó

Θi(p, T ) =
bp

1 + bp
,

h �K°�ãlã j
��z��

b =
σ

ν
√
2πmkBT

exp

(

EB

kBT

)

.
h �K°�ã£� j

σ
z|�U���Qz|{é�a{,�Q{,¦ª§���{����E{,�U÷Eè�¦�©Q{®�Q�Q�

m
�Qz|{��N�Q��~l���g�����ø������{�°w�#=Q�����Q����{,z|¦ª©Q{,�Q��l{,��z|�Q�l{ ­f{,�Q{,¦ª§^�Q�Q�l{,�

bp ¿ 1
§£���Q�2�ø����}l{,��{,z|�k«Õ��¦�©Q{,�2�,�

Θi(p, T ) ∼ bp
°JyPz|{���E{,�U÷Eè�¦�©Q{,�Q§�~l�Q�,{,�^��������z|~l�ø{,���lz|�k�w��z|¦ª©ø���Q�w�Q{,�f­f{,�Q{,¦ª§^�g�Q� z|�����)<Gz|¦ª©����Q�Q�
Θi(z)�Q�Q�ø�Q{,�w{²ås{,§���z�} �a{,�Q{,¦ª§���{,�����a{,�U÷Eè�¦ª©Q{

Ao/σ
�Q~l����z|{,�U����z����Q{,�w�-}�~l�����Q��~��U�W��©Q�

NA

ó
Co(z) =

Θi(z)

NAσ
Ao.

h �K°�ãÚ� j
Ao
z|�U���Qz|{���ða{,�,z�
g��¦ª©Q{����E{,�U÷Eè�¦ª©Q{
ðQ��~���~l�|�Q��{,�W°w¡®z����	z|��«³{é�Q{,��z|�Q{����|{,�8¨[���>��l�|{,z|¦ª©^�Q�Q�5{,��©gè����N�ø���é�Qz|{[¨[����ðQ©g����{,�Q§�~l�Q�,{,�^��������z|~l��z|�é�Q{,�®¤�~l��{,�§h³z|�Q�Q{,��{�«³��{,z|{��~l�|�Q� z|�g�

V0 j �Q{,�	¤C��~l�a{A�Gz|{,�Q{,���Q�+�Q~l����z|{,�U�G���k« (mol/m−3)
ó

Cg(z) =
p(z)

NAkBT
f.

h �K°�ãS� j
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f
z|�U� �Q{,� �P�^��{,z|�w�Q{,�5z|�Q�Q{,��{,��«³��{,z|{,�§��~l�|�Q��z|�g�
���$¨A{,����� ��}l~l�|�Q��{,�Wó V0

V
= f

°yP�Q��¦ª©�yP{;
g�Qz���z|~l�é}l~l�

h(T ) :=

(

1 +
kBTbAo

fσ

)−1 h �K°�ã£ç j
§����Q�®�ø���®¨A� °�h �K°�ãÚ� j ���Q¦�©®��¦ª©Q��{,z|�a{,�
���|�,ó

∂C(z)

∂t
= (Dgh(T ) +Do (1− h(T )))

∂2C(z)

∂z2
.

h �K°�ãK
 j
�	�Q��{,��z|��¦ª©Q{,�ø¯Jæl��{,�Z}l~l��¨A� °�h �K°�ãK
 j «�=Q� �Qz|{é�a{,z|�Q{,�8yPz�ås�Q��z|~l�Q��ðQ��~l�,{,����{
{,���lz|�k��Q����{,� ±Cz|�^�a{,�,z|{,©Q{,�c�Q{,���P����©Q{,�Qz|�Q�>�U¨A�|{,z|¦ª©^�Q�Q�èh]�^°îõ j «�=Q���Qz�{ yP{,��~l��ðk�ªz�~l�c{,z|�Q{êKz|� �Q�¥����z�~l� �Q{,�5ìGyG�UêKðE{,§�����{,�8�C�f{,�|¦ª©Q{éz|� �P�Q�Qz|�|�Q�Q�Q� �K°�ãÚ�®«�=Q� �g���5z|�Q{,�U��{�¨[���o�{,�Q~l�®}l~l��¨A����ðQ©Qz��N�l{,�,{,z|���	z|�U��°EyP{,�G«�=Q�G�Qz|{[­f{,��{,¦�©Q�^�Q�Q�l{,���a{,�^�k���²��{5¨A{,�����0�U�

0.00

1601401201008060

Temperatur (K)

D
e

s
o

rp
ti

o
n

s
ra

te
 (

M
L

/s
)

80 K

-5

Abstand von Oberfläche (µm)

K
o

n
z
e

n
tr

a
ti

o
n

 C
(z

)

0 -5 0 -5 0 -5 0

100 K 115 K 130 K

x 10

0.05

0.10

0.15

0.20

Ã|Ä\Ä\ÅÇÆÉÈAÊ\Ë\ÌgÍAÎóÏûþAÐPü_Ò�ÅÇÙ�ÆÇÅÉá)×>Ò 2 Ë�Ù�å9ÅÉá�Ý�ÆÇÊ\Ë\Ì�È\Ò[Ø õnÒ[Ø�ß�ì+Ù�ÝRÖSË\ïûÒ�Ë�Ù�Ó�ß�Ù�ÅÉÖSË>Ø�ö\Ó)ÖBr>Æ�Ø
C(z)ðäÖSÄ�Ò�Ë ñ Ê\Ë>È}Ä_Ò�Ó)Ò[á�×\Ë>Ò�Ù)Ò[Ø��9Ñ|ÛMÜ%ö�Ò�Ý�Ù�Ó�Ê\ìuØ ô ÖSËK`nÒ�Ë>ÖSË�ß�ÊAâ�õwÓ�ß�ö\×\ÅÇÙ+ðÀÊ\Ë�Ù)Ò�Ë ñ Î

ì�{,z|�|¦ª©Q{,�k÷g�Q���
j(0)

}l~l�®�Q{,�	è����l{,��{,�
¤C��~l�a{,�Q~l�E{,�U÷Eè�¦�©Q{£h
z = 0 j z|�U��ó

j(0) =
f̃

NAσ

dΘ(0)

dt
+Dg

∂Cg(z)

∂z
|z=0,

h �K°�ã£õ j



��� ��,	�9'�/#46.rÁ_����Âq(	7846�+/#4
� ��~l�E{,��{,��ì�{,z|�a�Q{,�h�P�Q�Qz|�|�Q�Q�Q� �K°�ãÚ�0z|�U�h�Qz|{P�,{,z����|z|¦ª©Q{�±C���>�Gz|¦ª§^�|�Q�Q�5�Q{²�Gä	~l�Q�,{,�K���������z|~l�Q��ðQ��~�
g�|�

C
�,����{,©Q{,�W°��	����{,��©g���|�ø}l~l��ãlã£ç

K
�Qz|���0�w�g���hä	~l�Q�,{,����������z|~l�Q�>�ðQ��~�
g�������Q{,��è����l{,��{,�����a{,�U÷Eè�¦ª©Q{5���W°s­f{,z�ì�{,��ðE{,�������Q��{,��=Q�a{,� ãlãÚç

K
z|�U��{,z|�Q{�Q{,�k���|z|¦ª©Q{-��{,���Q��{,z���{,���Q�Q�5�Q{,�G¤C��~�
g�|�f�,��{,��§�{,�Q�Q{,�8�g�W° ©W°��QyPz�ås�Q��z|~l��z|���Qz|{Pða~l��æl��{¤C��~l�E{%©Qz��Q{,z|�`
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Austrittarbeit,
Schottky-
Barriere ?

Adsorbatstoß,
Phonondrag ?

intrinsiche
Defektstelle ?

Kontakt zwischen
Bündeln ?
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