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Abstract

The advancements in the field of e-mobility today far outpace all prior projections, and the rate of
progress is quick. Due to their high power density and energy density, Lithium-Ion Batteries (LIBs) have
grown to be an increasingly appealing alternative for use in electric vehicles. However, over extended
use, these batteries frequently experience problems with capacity loss. Additionally, the batteryôs cur-
rent collectors are challenging to scrape off from the cathode, which results in erroneous measurement
results under spectroscopic observation. Furthermore, current collectors have a propensity to corrode
with repeated use, which reduces the batteryôs power output.

In this study, the cathodes are manufactured without a current collector, i.e. a Free-Standing (FS)
cathode, to prevent the issues brought on by the current collector. To assess how well these cathodes
function in comparison to cathodes with an aluminium current collector, they are cycled both for long
term and at different charging rates. In this investigation, the cathode materials examined include NMC
532, NMC 811, and LCO. The cycling behaviour of the FS cathodes was found to be quite comparable
to that of the cathodes on current collectors. Using Electrochemical Impedance Spectroscopy (EIS),
X-Ray Diffraction (XRD), and X-Ray Photon Spectroscopy (XPS), their cycling behaviour was further
assessed in order to ascertain the chemical changes that occurred while cycling. The findings showed
that an unstable cathode-electrolyte interface layer caused the cathodes to develop cracks on their
surface during long-term cycling. Consequently, the electrolyte started to decompose, depositing im-
purities on the cathode surfaces. This behaviour produced a high impedance and prevented charge
transfer over the cathode surface, leading to quick capacity fading and a subpar electrochemical per-
formance.

To address the issue of capacity loss, the cathodes under investigation are coated with Al2O3 using
Atomic Layer Deposition (ALD). Every commercial battery, in recent times, utilizes a cathode with a
coating. However, there has been very little investigation into the chemical nature of the coating, es-
pecially during battery operation. This thesis investigates the chemistry of the coated cathodes during
electrochemical cycling, highlighting their benefits and drawbacks. The ALD coated cathodes were
found to demonstrate an improved cycling performance, with lower charge transfer resistances. Inves-
tigation of these cathodes after cycling revealed that the electrolyte decomposition had been greatly
decreased, resulting in a virtually impurity-free surface. Additionally, it was discovered that the thicker
the ALD coated layer is, the lower its cycle performance is likely to be, due to the increased charge
transfer resistance caused by the thick layer. As a result, it is suggested to keep the coating as thin as
possible to gain superior performances.

The chemical differences between the coated and uncoated cathodes in this work were exam-
ined through EIS, Scanning Electron Microscopy coupled with Energy Dispersive X-Ray Spectroscopy
(SEM-EDS), XRD, XPS and Nuclear Magnetic Resonance Spectroscopy (NMR). In order to examine
the chemistry of the coating layer more effectively, it is recommended to carry out NMR measurements
at high magnetic fields. It is also recommended to carry out cathode investigations at high voltages to
determine their behaviour. Overall, this thesis effectively illustrated the benefits of coating the cathodes
with Al2O3. Additionally, it offered a fascinating route for FS electrode-specific research.

Keywords: Lithium-Ion Battery, Free-Standing cathode, Atomic Layer Deposition, Electrochemical
cycling, NMC 532, NMC 811, LCO, Electrochemical Impedance Spectroscopy, X-Ray Diffraction, and
X-Ray Photon Spectroscopy, Scanning Electron Microscope coupled with Energy Dispersive X-Ray
Spectroscopy, Nuclear Magnetic Resonance Spectroscopy, Cathode-electrolyte interface.
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�������� �'�L�I�I�U�D�F�W�L�R�Q �S�D�W�W�H�U�Q�V �R�I �
�1�0�& ������ �X�Q�F�R�D�W�H�G�� ���� �$�/�' �D�Q�G ���� �$�/�' �S�R�Z�G�H�U �V�D�P�S�O�H�V�� �7�K�H
�S�D�W�W�H�U�Q �R�Q �W�K�H �W�R�S �U�L�J�K�W �L�V �W�K�H �]�R�R�P�H�G �L�P�D�J�H �R�I �W�K�H �K�L�J�K�O�L�J�K�W�H�G �U�H�J�L�R�Q �L�Q �W�K�H �P�D�L�Q �S�D�W�W�H�U�Q��
�
 �7�K�H �P�H�D�V�X�U�H�P�H�Q�W �I�R�U �1�0�& ������ �Z�D�V �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �D �P�R�Q�R�F�K�U�R�P�D�W�R�U �I�R�U ���� �K�U�V��
�Z�K�L�O�H �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U �1�0�& ������ �D�Q�G �/�&�2 �Z�H�U�H �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �D�Q �D�Q�W�L���V�F�D�W�W�H�U �V�O�L�W �I�R�U
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�)�6 �$�/�' �F�R�D�W�H�G �1�0�& �������� �1�0�& ������ �D�Q�G �/�&�2 �F�D�W�K�R�G�H�V �E�H�I�R�U�H �F�\�F�O�L�Q�J��
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�D�I�W�H�U �� �F�\�F�O�H �D�Q�G �D�I�W�H�U ���� �F�\�F�O�H�V�� �
 �$�O�O �W�K�H �X�Q�F�\�F�O�H�G �1�0�& ������ �D�Q�G �1�0�& ������ �F�D�W�K�R�G�H�V
�Z�H�U�H �P�H�D�V�X�U�H�G �Z�L�W�K �D �P�R�Q�R�F�K�U�R�P�D�W�R�U �I�R�U ���� �K�U�V �L�Q �D�Q �R�S�H�Q �V�D�P�S�O�H �K�R�O�G�H�U�� �7�K�H �/�&�2
�F�D�W�K�R�G�H�V �D�I�W�H�U ���� �F�\�F�O�H�V �Z�H�U�H �P�H�D�V�X�U�H�G �Z�L�W�K �D�Q �D�Q�W�L���V�F�D�W�W�H�U �V�O�L�W �X�V�L�Q�J �D�Q �D�L�U���W�L�J�K�W �V�D�P�S�O�H
�K�R�O�G�H�U�� �7�K�H �U�H�P�D�L�Q�L�Q�J �F�D�W�K�R�G�H�V �Z�H�U�H �P�H�D�V�X�U�H�G �Z�L�W�K �D�Q �D�Q�W�L���V�F�D�W�W�H�U �V�O�L�W �X�V�L�Q�J �D�Q �R�S�H�Q
�V�D�P�S�O�H �K�R�O�G�H�U�� �
�
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�������� �D�� �5�L�H�W�Y�H�O�G �U�H�I�L�Q�H�P�H�Q�W �U�H�V�X�O�W �I�R�U �1�0�& ������ ���� �$�/�' �)�6 �F�D�W�K�R�G�H �D�I�W�H�U ���� �F�\�F�O�H�V�� �E�� �0�L�F�U�R�V��
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�D�Q�G �/�L ���V �I�R�U �1�0�& �������� �1�0�& ������ �D�Q�G �/�&�2 ���� �$�/�' �S�R�Z�G�H�U �V�D�P�S�O�H�V�� �� �� �� �� �� �� �� �� �� ������
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�1�0�& �������� �1�0�& ������ �D�Q�G �/�&�2 �)�6 �F�D�W�K�R�G�H �V�D�P�S�O�H�V�� �7�K�H �F�D�W�K�R�G�H �V�D�P�S�O�H�V �D�U�H �W�H�V�W�H�G
�E�H�I�R�U�H �F�\�F�O�L�Q�J�� �D�I�W�H�U �� �F�\�F�O�H �D�Q�G �D�I�W�H�U ���� �F�\�F�O�H�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�������� �)�L�W�W�H�G �) ���V �V�S�H�F�W�U�D �R�I ���I�U�R�P �W�R�S �W�R �E�R�W�W�R�P �U�R�Z�� ���� �$�/�' �D�Q�G ���� �$�/�'�� ���I�U�R�P �O�H�I�W �W�R �U�L�J�K�W��
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�$���� �6�(�0 �P�L�F�U�R�J�U�D�S�K�V �R�I �X�Q�F�R�D�W�H�G �D�� �1�0�& �������� �E�� �1�0�& ������ �D�Q�G �F�� �/�&�2 �)�6 �F�D�W�K�R�G�H�V �D�I�W�H�U
�� �F�\�F�O�H�� �7�K�H �L�P�D�J�H�V �D�U�H �W�D�N�H�Q �D�W ���������[ �P�D�J�Q�L�I�L�F�D�W�L�R�Q �D�Q�G �� �N�9 �D�F�F�H�O�H�U�D�W�L�R�Q �Y�R�O�W�D�J�H���� �� ����

�$���� �6�(�0 �P�L�F�U�R�J�U�D�S�K�V �R�I �X�Q�F�R�D�W�H�G �D�� �1�0�& �������� �E�� �1�0�& ������ �D�Q�G �F�� �/�&�2 �$�O �F�D�W�K�R�G�H�V �D�I�W�H�U
���� �F�\�F�O�H�V�� �7�K�H �L�P�D�J�H�V �D�U�H �W�D�N�H�Q �D�W ���������[ �P�D�J�Q�L�I�L�F�D�W�L�R�Q �D�Q�G �� �N�9 �D�F�F�H�O�H�U�D�W�L�R�Q �Y�R�O�W�D�J�H��
�7�K�H �K�L�J�K�O�L�J�K�W�H�G �U�H�J�L�R�Q �V�K�R�Z�V �W�K�H �S�U�H�V�H�Q�F�H �R�I �P�L�F�U�R�F�U�D�F�N�V �R�Q �W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �S�D�U�W�L�F�O�H�V������

�$���� �5�L�H�W�Y�H�O�G �U�H�I�L�Q�H�P�H�Q�W �S�D�W�W�H�U�Q�V �R�I �X�Q�F�R�D�W�H�G �1�0�& ������ �D�Q�G �/�&�2 �)�6 �F�D�W�K�R�G�H�V �D�I�W�H�U ���� �F�\�F�O�H�V������
�$���� �0�L�F�U�R�V�W�U�D�L�Q �Y�D�O�X�H�V �R�E�W�D�L�Q�H�G �I�U�R�P �5�L�H�W�Y�H�O�G �U�H�I�L�Q�H�P�H�Q�W �R�I �1�0�& �������� �1�0�& ������ �D�Q�G �/�&�2
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 ���Q�G �F�\�F�O�H �L�V �D�W ������ �& �U�D�W�H�� �Z�K�L�O�H �����W�K�� �����W�K �D�Q�G �������W�K
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�F�\�F�O�H�� �7�K�H �L�P�D�J�H�V �D�U�H �W�D�N�H�Q �D�W ���������[ �P�D�J�Q�L�I�L�F�D�W�L�R�Q �D�Q�G �� �N�9 �D�F�F�H�O�H�U�D�W�L�R�Q �Y�R�O�W�D�J�H���� �� �� ����
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�D�I�W�H�U ���� �F�\�F�O�H�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
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������ �D�Q�G �1�0�& ������ �)�6 �F�D�W�K�R�G�H �V�D�P�S�O�H�V�� �7�K�H �F�D�W�K�R�G�H �V�D�P�S�O�H�V �D�U�H �W�H�V�W�H�G �E�H�I�R�U�H �F�\�F�O�L�Q�J��
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�$���� �/�D�W�W�L�F�H �S�D�U�D�P�H�W�H�U�V �D�� �E�� �F �D�Q�G �U�D�W�L�R �F���D �I�R�U �X�Q�F�R�D�W�H�G �1�0�& �������� �1�0�& ������ �D�Q�G �/�&�2 �)�6
�F�D�W�K�R�G�H�V�� �E�H�I�R�U�H �F�\�F�O�L�Q�J �D�Q�G �D�I�W�H�U ���� �F�\�F�O�H�V���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�%���� �6�(�0���(�'�6 �U�H�V�X�O�W�V �R�I �1�0�& ������ �X�Q�F�R�D�W�H�G�� ���� �$�/�' �D�Q�G ���� �$�/�' �F�D�W�K�R�G�H�V �D�I�W�H�U ���� �F�\�F�O�H�V������
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�F�D�O�D�W�H�G �I�U�R�P �W�K�H �D�Q�R�G�H �D�Q�G �P�R�Y�H �E�D�F�N �W�R �W�K�H �F�D�W�K�R�G�H�� �Z�K�L�F�K �U�H�O�H�D�V�H�V �W�K�H �H�Q�H�U�J�\ �V�W�R�U�H�G �>���� �@�� �7�K�H
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�V�O�L�W�� �7�K�H �P�R�Q�R�F�K�U�R�P�D�W�R�U �K�H�O�S�V �W�R �U�H�P�R�Y�H �X�Q�Q�H�F�H�V�V�D�U�\ �H�P�L�V�V�L�R�Q �O�L�Q�H�V�� �O�L�N�H �W�K�H �.� 2 �O�L�Q�H �L�Q �W�K�H �F�R�S�S�H�U
�H�P�L�V�V�L�R�Q �V�S�H�F�W�U�X�P�� �Z�K�L�F�K �L�V �U�H�O�D�W�L�Y�H�O�\ �F�O�R�V�H �W�R �.� 1 �D�Q�G �S�U�R�G�X�F�H�V �G�R�X�E�O�H �S�H�D�N�V�� �W�K�H�U�H�E�\ �V�X�E�V�W�D�Q�W�L�D�O�O�\
�V�L�P�S�O�L�I�\�L�Q�J �W�K�H �D�S�S�H�D�U�D�Q�F�H �R�I �D �S�R�Z�G�H�U �G�L�I�I�U�D�F�W�L�R�Q �S�D�W�W�H�U�Q �>������ �@�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H �P�R�Q�R�F�K�U�R�P�D�W�R�U �U�H��
�G�X�F�H�V �I�O�X�R�U�H�V�F�H�Q�F�H �F�D�X�V�H�G �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�I �F�R�E�D�O�W �L�Q �&�X �.� �U�D�G�L�D�W�L�R�Q �>������ �@�� �7�K�H �;�5�' �S�D�W�W�H�U�Q�V
�D�U�H �R�E�W�D�L�Q�H�G �Z�L�W�K �D �3�$�1�D�O�\�W�L�F�D�O �;�¶�3�H�U�W �3�U�R �V�\�V�W�H�P �Z�L�W�K �&�X �.� �U�D�G�L�D�W�L�R�Q ���D�W ���� �N�9 �D�Q�G ���� �P�$���� �7�K�H
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�G�L�I�I�U�D�F�W�L�R�Q �G�D�W�D �Z�H�U�H �F�R�O�O�H�F�W�H�G �Z�L�W�K �D �%�U�D�J�J���%�H�Q�W�D�Q�R �G�L�I�I�U�D�F�W�R�P�H�W�H�U �L�Q �W�K�H ��� �U�D�Q�J�H �E�H�W�Z�H�H�Q ����� �W�R ����� ��
�7�K�H �S�H�D�N�V �D�U�H �D�Q�D�O�\�V�H�G �X�V�L�Q�J �0�D�W�F�K �V�R�I�W�Z�D�U�H �>������ �@�� �Z�K�L�O�H �W�K�H �U�H�I�L�Q�H�P�H�Q�W �Z�D�V �G�R�Q�H �X�V�L�Q�J �5�L�H�W�Y�H�O�G
�U�H�I�L�Q�H�P�H�Q�W �X�V�L�Q�J �*�6�$�6���,�, �V�R�I�W�Z�D�U�H �>������ �@�� �7�K�H �O�D�W�W�L�F�H �S�D�U�D�P�H�W�H�U�V �D�U�H �R�E�W�D�L�Q�H�G �W�K�U�R�X�J�K �O�H�D�V�W �V�T�X�D�U�H
�U�H�I�L�Q�H�P�H�Q�W�V �L�Q �*�6�$�6���,�,��

�'�E�X�L�S�H�I �7�Y�V�J�E�G�I �%�R�E�P�]�W�M�W �Y�W�M�R�K �<�4�7

�;�3�6 �L�V �Q�R�Q���G�H�V�W�U�X�F�W�L�Y�H�� �V�X�U�I�D�F�H �V�H�Q�V�L�W�L�Y�H �W�H�F�K�Q�L�T�X�H �Z�K�L�F�K �V�W�X�G�L�H�V �W�K�H �F�R�P�S�R�V�L�W�L�R�Q �R�I �V�X�U�I�D�F�H �F�R�Q�W�D�P��
�L�Q�D�Q�W�V �D�Q�G �S�U�R�Y�L�G�H�V �D�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �F�D�W�K�R�G�H �V�X�U�I�D�F�H�V�� �E�H�I�R�U�H �D�Q�G �D�I�W�H�U �F�\�F�O�L�Q�J �>������ �@��
�7�K�L�V �W�H�F�K�Q�L�T�X�H �X�V�H�V �D�Q �;���U�D�\ �E�H�D�P �R�Q �W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �V�D�P�S�O�H �Z�K�L�F�K �U�H�O�H�D�V�H�V �S�K�R�W�R�H�O�H�F�W�U�R�Q�V�� �7�K�H
�D�E�L�O�L�W�\ �W�R �L�G�H�Q�W�L�I�\ �W�K�H �H�O�H�P�H�Q�W�V �S�U�H�V�H�Q�W �L�Q �D �P�D�W�H�U�L�D�O �L�V �P�D�G�H �S�R�V�V�L�E�O�H �E�\ �W�K�H �E�L�Q�G�L�Q�J �H�Q�H�U�J�L�H�V �R�I �W�K�H
�H�M�H�F�W�H�G �S�K�R�W�R�H�O�H�F�W�U�R�Q�V�� �Z�K�L�F�K �F�D�Q �E�H �F�R�P�S�X�W�H�G �I�U�R�P �W�K�H �R�E�V�H�U�Y�H�G �N�L�Q�H�W�L�F �H�Q�H�U�J�\ �R�I �W�K�H �H�O�H�F�W�U�R�Q �>������ �@��

�7�K�H �;���U�D�\ �E�H�D�P �K�D�V �D �S�H�Q�H�W�U�D�W�L�R�Q �G�H�S�W�K �R�I ����� �P �>������ �@�� �Z�K�L�F�K �D�O�O�R�Z�V �I�R�U �W�K�H �G�H�W�H�F�W�L�R�Q �R�I �S�K�R�W�R��
�H�O�H�F�W�U�R�Q�V �R�Q�O�\ �X�S�W�R ����� �P �Z�L�W�K�L�Q �D �F�D�W�K�R�G�H �V�X�U�I�D�F�H�� �(�O�H�F�W�U�R�Q�V �G�H�H�S�H�U �W�K�D�Q ����� �P �G�R �Q�R�W �F�R�Q�W�U�L�E�X�W�H �W�R
�W�K�H �V�L�J�Q�D�O�� �$ �V�F�K�H�P�D�W�L�F �R�I �;�3�6 �S�H�Q�H�W�U�D�W�L�R�Q �D�O�R�Q�J �Z�L�W�K �L�W�V �U�H�V�S�H�F�W�L�Y�H �S�H�D�N�V �L�V �V�K�R�Z�Q �L�Q �I�L�J��������

�)�L�J�X�U�H �������� �;�3�6 �S�H�Q�H�W�U�D�W�L�R�Q �G�H�S�W�K �D�Q�G �L�W�V �U�H�V�X�O�W�L�Q�J �S�H�D�N�V �>������ �@��

�$�F�F�R�U�G�L�Q�J �W�R �W�K�H �D�E�R�Y�H �L�O�O�X�V�W�U�D�W�L�R�Q�� �H�O�H�F�W�U�R�Q �� �J�H�Q�H�U�D�W�H�V �D �V�W�U�R�Q�J �V�L�J�Q�D�O �Z�L�W�K �D �G�L�V�W�L�Q�F�W �S�H�D�N�� �Z�K�H�U�H�D�V
�H�O�H�F�W�U�R�Q �� �J�H�Q�H�U�D�W�H�V �D �V�W�U�R�Q�J �E�D�F�N�J�U�R�X�Q�G �V�L�J�Q�D�O �G�X�H �W�R �L�W�V �H�Q�H�U�J�\ �O�R�V�V�� �(�O�H�F�W�U�R�Q �� �L�V �Q�R�W �G�H�W�H�F�W�H�G �V�L�Q�F�H
�L�W �I�D�O�O�V �R�X�W�V�L�G�H �W�K�H �D�S�S�D�U�D�W�X�V�¶�V �U�D�Q�J�H �R�I �S�H�Q�H�W�U�D�W�L�R�Q��

�,�Q �W�K�L�V �Z�R�U�N�� �;�3�6 �H�[�S�H�U�L�P�H�Q�W�V �D�U�H �F�D�U�U�L�H�G �R�X�W �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �D�W �K�L�J�K �Y�D�F�X�X�P �X�V�L�Q�J �D �.��
�$�O�S�K�D �7�K�H�U�P�R �6�F�L�H�Q�W�L�I�L�F �;���U�D�\ �S�K�R�W�R�Q �V�S�H�F�W�U�R�P�H�W�H�U�� �%�H�I�R�U�H �W�H�V�W�L�Q�J �W�K�H �F�\�F�O�H�G �F�D�W�K�R�G�H �V�D�P�S�O�H�V �X�V�L�Q�J
�;�3�6�� �W�K�H�\ �D�U�H �Z�D�V�K�H�G �Z�L�W�K �'�0�& ���6�L�J�P�D���$�O�G�U�L�F�K�� �!���� ���� �W�R �U�H�P�R�Y�H �D�Q�\ �H�[�F�H�V�V �H�O�H�F�W�U�R�O�\�W�H �S�U�H�V�H�Q�W �R�Q
�W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �F�D�W�K�R�G�H �Z�K�L�F�K �F�R�X�O�G �L�Q�W�H�U�I�H�U�H �Z�L�W�K �W�K�H �P�H�D�V�X�U�H�P�H�Q�W�V �>������ �@�� �)�R�U �W�K�H �P�H�D�V�X�U�H�P�H�Q�W�V��
�$�O �.� �U�D�G�L�D�W�L�R�Q ���������� �H�9�� �I�U�R�P �D �P�R�Q�R�F�K�U�R�P�D�W�L�V�H�G �;���U�D�\ �V�R�X�U�F�H �L�V �X�V�H�G�� �7�K�H �G�D�W�D �S�U�R�F�H�V�V�L�Q�J �Z�D�V
�G�R�Q�H �X�V�L�Q�J �&�D�V�D �;�3�6 �V�R�I�W�Z�D�U�H �>������ �@�� �)�R�U �W�K�H �G�D�W�D �S�U�R�F�H�V�V�L�Q�J�� �W�K�H �E�L�Q�G�L�Q�J �H�Q�H�U�J�L�H�V �R�I �W�K�H �V�D�P�S�O�H�V �D�U�H
�F�R�U�U�H�F�W�H�G �E�\ �V�H�W�W�L�Q�J �W�K�H �& ���V �D�G�Y�H�Q�W�L�W�L�R�X�V �F�D�U�E�R�Q �S�H�D�N �D�W ���������� �H�9 �>������ �@�� �7�K�H �S�H�D�N�V �Z�H�U�H �S�R�V�L�W�L�R�Q�H�G
�X�V�L�Q�J �D �Q�R�Q���O�L�Q�H�D�U �6�K�L�U�O�H�\ �E�D�F�N�J�U�R�X�Q�G �D�Q�G �I�L�W�W�H�G �X�V�L�Q�J �D �Z�H�L�J�K�W�H�G �O�H�D�V�W �V�T�X�D�U�H�V �P�H�W�K�R�G �F�R�Q�W�D�L�Q�L�Q�J
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�E�R�W�K �*�D�X�V�V�L�D�Q �D�Q�G �/�R�U�H�Q�W�]�L�D�Q �O�L�Q�H �V�K�D�S�H�V�� �7�K�H �R�E�W�D�L�Q�H�G �G�D�W�D �Z�D�V �L�Q�L�W�L�D�O�O�\ �V�P�R�R�W�K�H�G �X�V�L�Q�J �D �6�D�Y�L�W�V�N�\��
�*�R�O�D�\ �T�X�D�G�U�D�W�L�F �P�H�W�K�R�G�� �Z�K�L�F�K �X�V�H�V �O�L�Q�H�D�U �O�H�D�V�W �V�T�X�D�U�H�V �W�R �V�P�R�R�W�K �W�K�H �G�D�W�D�� �7�K�H �S�H�D�N �I�L�W�W�L�Q�J �Z�D�V �G�R�Q�H
�D�F�F�R�U�G�L�Q�J �W�R �W�K�H �E�L�Q�G�L�Q�J �H�Q�H�U�J�\ �R�I �W�K�H �G�L�I�I�H�U�H�Q�W �S�H�D�N�V �Z�L�W�K �D �Q�R�P�L�Q�D�O �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�� �E�\ �F�R�P�S�D�U�L�Q�J
�L�W �Z�L�W�K �U�H�I�H�U�H�Q�F�H�V �>������ �������� �������� �@��

�,�W �L�V �W�R �E�H �Q�R�W�H�G �W�K�D�W �G�X�H �W�R �W�K�H �P�H�D�V�X�U�H�P�H�Q�W �W�L�P�H �F�R�Q�V�W�U�D�L�Q�W�V�� �W�K�H �D�P�R�X�Q�W �R�I �V�F�D�Q�V �S�H�U �V�D�P�S�O�H �K�D�G �W�R
�E�H �O�L�P�L�W�H�G�� �7�K�L�V �D�I�I�H�F�W�H�G �W�K�H �V�F�D�Q�V �R�I �W�U�D�Q�V�L�W�L�R�Q �P�H�W�D�O �H�O�H�P�H�Q�W�V�� �Z�K�L�F�K �U�H�V�X�O�W�H�G �L�Q �O�H�V�V �R�E�V�H�U�Y�D�E�O�H �S�H�D�N�V
�W�K�D�Q �W�K�H �R�W�K�H�U �H�O�H�P�H�Q�W�V�� �+�H�Q�F�H�� �W�K�H�V�H �F�R�X�O�G �Q�R�W �E�H �I�L�W�W�H�G �D�Q�G �D�U�H �D�G�G�H�G �L�Q�$������ �$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H �O�H�V�V�H�U
�Q�X�P�E�H�U �R�I �V�F�D�Q�V �D�O�V�R �D�I�I�H�F�W�H�G �W�K�H �/�L ���V �V�F�D�Q �I�R�U �V�H�O�H�F�W�H�G �V�D�P�S�O�H�V�� �1�R�Q�H�W�K�H�O�H�V�V�� �W�K�H �K�L�J�K �E�D�F�N�J�U�R�X�Q�G
�Z�D�V �V�P�R�R�W�K�H�G �D�Q�G �W�K�H�Q �I�L�W�W�H�G�� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �W�K�H �I�L�W�V �R�Q�O�\ �U�H�S�U�H�V�H�Q�W �D�Q �D�S�S�U�R�[�L�P�D�W�H �R�I
�W�K�H �F�R�P�S�R�V�L�W�L�R�Q �R�I �H�D�F�K �H�O�H�P�H�Q�W �R�U �F�R�P�S�R�X�Q�G�� �;�3�6 �L�V �D �V�X�U�I�D�F�H �D�Q�D�O�\�V�L�V �W�H�F�K�Q�L�T�X�H �D�Q�G �G�R�H�V �Q�R�W
�D�F�F�X�U�D�W�H�O�\ �L�G�H�Q�W�L�I�\ �F�K�D�Q�J�H�V �L�Q �W�K�H �E�X�O�N �R�I �W�K�H �V�D�P�S�O�H �>������ �@�� �7�K�H �;�3�6 �P�H�D�V�X�U�H�P�H�Q�W�V �R�Q �1�0�& ������ �D�Q�G
�1�0�& ������ �S�R�Z�G�H�U �V�D�P�S�O�H�V�� �D�O�O �W�K�H �1�0�& �D�Q�G �/�&�2 �F�D�W�K�R�G�H �V�D�P�S�O�H�V �X�Q�F�\�F�O�H�G �D�Q�G �D�I�W�H�U �� �F�\�F�O�H�� �Z�H�U�H
�S�H�U�I�R�U�P�H�G �E�\ �3�7�* �(�L�Q�G�K�R�Y�H�Q �%���9��
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�������������7�)�1 �%�R�E�P�]�W�M�W �S�J �'�E�X�L�S�H�I �4�S�[�H�I�V�W

�7�K�H �1�0�& �D�Q�G �/�&�2 �S�R�Z�G�H�U �V�D�P�S�O�H�V �D�U�H �V�F�D�Q�Q�H�G �D�Q�G �D�Q�D�O�\�V�H�G �X�V�L�Q�J �6�(�0 �W�R �H�V�W�D�E�O�L�V�K �D �E�D�V�H�O�L�Q�H �I�R�U
�W�K�H�L�U �F�U�\�V�W�D�O �V�W�U�X�F�W�X�U�H �D�Q�G �P�R�U�S�K�R�O�R�J�\�� �7�K�H �L�P�D�J�H�V �I�U�R�P �6�(�0 �D�U�H �V�K�R�Z�Q �L�Q �I�L�J��������

�)�L�J�X�U�H �������� �6�(�0 �L�P�D�J�H �R�I �D�� �1�0�& �������� �E�� �1�0�& ������ �D�Q�G �F�� �/�&�2 �S�R�Z�G�H�U�V �W�D�N�H�Q �D�W ���������[ �P�D�J�Q�L�I�L�F�D�W�L�R�Q
�Z�L�W�K �� �N�9 �D�F�F�H�O�H�U�D�W�L�R�Q �Y�R�O�W�D�J�H��
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�)�U�R�P �W�K�H �L�P�D�J�H�V�� �L�W �F�D�Q �E�H �R�E�V�H�U�Y�H�G �W�K�D�W �W�K�H �1�0�& ������ �L�V �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �D �V�S�K�H�U�L�F�D�O �P�R�U�S�K�R�O��
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�)�U�R�P �W�K�H �V�S�H�F�W�U�D�� �L�W �F�D�Q �E�H �R�E�V�H�U�Y�H�G �W�K�D�W �D�I�W�H�U �W�K�H �I�L�U�V�W �F�\�F�O�H�� �W�K�H�U�H �L�V �D �O�D�U�J�H �V�H�P�L�F�L�U�F�O�H�� �Z�K�L�F�K �L�Q�G�L��
�F�D�W�H�V �D �K�L�J�K �F�K�D�U�J�H �W�U�D�Q�V�I�H�U �U�H�V�L�V�W�D�Q�F�H �D�Q�G �O�H�V�V �/�L+ �G�L�I�I�X�V�L�R�Q �D�W �W�K�H �V�X�U�I�D�F�H �>������ �@�� �7�K�L�V �O�D�U�J�H �V�H�P�L�F�L�U�F�O�H
�F�R�X�O�G �D�O�V�R �E�H �G�X�H �W�R �W�K�H �W�K�L�Q �6�(�, �O�D�\�H�U �W�K�D�W �I�R�U�P�V �G�X�U�L�Q�J �W�K�L�V �F�\�F�O�H �Z�K�L�F�K �G�R�H�V �Q�R�W �F�R�P�S�O�H�W�H�O�\ �F�R�Y�H�U �W�K�H
�V�X�U�I�D�F�H �R�I �W�K�H �O�L�W�K�L�X�P �D�Q�R�G�H�� �7�K�L�V �W�K�L�Q �6�(�, �I�X�Q�F�W�L�R�Q�V �D�V �D�Q �L�Q�W�H�U�I�D�F�L�D�O �U�H�V�L�V�W�D�Q�F�H �O�D�\�H�U �>������ �@�� �7�K�H �O�L�W�K�L�X�P
�G�L�I�I�X�V�L�R�Q �L�V �U�H�S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �F�L�U�F�X�L�W �D�V �D �:�D�U�E�X�U�J �H�O�H�P�H�Q�W�� �7�K�L�V �:�D�U�E�X�U�J �H�O�H�P�H�Q�W �L�V �D �F�R�Q�V�W�D�Q�W �S�K�D�V�H
�H�O�H�P�H�Q�W �Z�L�W�K �D�Q �D�Q�J�O�H �R�I ����� ��

�)�L�J�X�U�H �������� �.�.�7 �U�H�V�X�O�W�V �R�I �1�0�& ������ �)�6 �V�D�P�S�O�H �D�I�W�H�U �����W�K �F�\�F�O�H��

�8�S�R�Q �I�X�U�W�K�H�U �F�\�F�O�L�Q�J�� �W�K�H�U�H �L�V �D �&�(�, �O�D�\�H�U �Z�K�L�F�K �J�H�W�V �I�R�U�P�H�G �R�Q �W�K�H �F�D�W�K�R�G�H�� �Z�K�L�F�K �L�V �U�H�S�U�H�V�H�Q�W�H�G
�L�Q �W�K�H �F�L�U�F�X�L�W �D�V �D�Q �D�G�G�L�W�L�R�Q�D�O �5���3 �H�O�H�P�H�Q�W�� �7�K�H �V�L�J�Q�L�I�L�F�D�Q�W �G�H�F�U�H�D�V�H �L�Q �W�K�H �V�H�P�L �F�L�U�F�O�H �D�V�V�R�F�L�D�W�H�G �Z�L�W�K
�F�K�D�U�J�H �W�U�D�Q�V�I�H�U �U�H�V�L�V�W�D�Q�F�H �R�Y�H�U �F�\�F�O�L�Q�J�� �F�R�X�O�G �E�H �D �U�H�V�X�O�W �R�I �L�Q�F�U�H�D�V�H�G �O�L�W�K�L�X�P �G�H�Q�G�U�L�W�H �I�R�U�P�D�W�L�R�Q �R�Q �W�K�H
�D�Q�R�G�H �>������ �������� �@�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �L�W �L�V �H�Y�L�G�H�Q�W �W�K�D�W �W�K�H �:�D�U�E�X�U�J �H�O�H�P�H�Q�W �W�U�D�Q�V�I�R�U�P�V �L�Q�W�R �D �F�R�Q�V�W�D�Q�W �S�K�D�V�H
�H�O�H�P�H�Q�W �Z�L�W�K �F�\�F�O�L�Q�J�� �$ �K�L�J�K �L�P�S�H�G�D�Q�F�H �D�I�W�H�U �F�\�F�O�L�Q�J �F�R�X�O�G �L�Q�G�L�F�D�W�H �L�Q�W�H�U�J�U�D�Q�X�O�D�U �F�U�D�F�N�L�Q�J �D�V �D �U�H�V�X�O�W
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