
������� ���
	���
������
������� ����
�������� ��

-!�"�# �$��
&%'�)(*(�� # �+�-,

Conveners .0/21436587�9 5 -:<;>=?3*5>@BAC90DFEHG�IKJLI�D>MHM6N2O63P9LOQOR9SE
Speakers .$TU361QMCVWNXN2YZ3P5[5?\^]_1436`?N_7U361a9SbKN2cS=d\[e�9FNfY8D>5g@h7�3*E2ig9SE6\[T�9S=a5>j?3PEH@B7�E2=k5lcgYZ345>5?\[Vm1Q9onBp�j�34D?\$q�9r=RE29 5hpsj>D[`?\t 3*E2D?N41u3P;he�9oEui[9 5>9L;?\>Vm1RiF9oE2O<e�90TsD>9ovScw\$Vxi>j?3dyBe�9FN{zgj�345>@g9-\^]_1d36`?N�|}1RD[9oOQORYZ3*5[5~\$��i>9oEHj~3dEH@�]_9o=�1u\l7�EQ`lv 9Z]_=�5>Gw\$��3Pn
]_1Q9o=R5?\CA_9oD>M2MHEu9oy�]_E�3�MHMuO�\^q�=ROQ9oc�]_E�30N25lyF\��$OR9S;g9h��34Gg=�1Q1u\w��Dgj>5���3dEuE2=R5>9oE�\^�<=�3U��9SEHY�=Q5>G}3o\wTs=Qv0j?3PEQ@���=R1a5>9oE�\��[9LEuG[9ry� 3*G?3d=QOuN49o;?\L�P=RY � D>E29oYZ\>�$Oa9S;r9��l9rG[GwNX\L��1�EH=Qv0jKT�3PO��r=�5>Gg9SE6\L��j[D>YZ3 N�T_D?N29oE�\L��=Rcg9���9o=R@g9S1u\Spsj?36EH1Q=R9K�$=a5>vo1d3d=QE6\�Vx1R9Snw3d5>@>9oE
�[c>EH=Q5?N4c[yF\0p�j>Eu=uN
��N{v0j~3d1d349SE6\[3*5>@8|^9oEH@>=�5~345>@8q�=�1Q1R9ScS9
�[�o�P�X�a�F �¡_¢}£>��¤ � .-��Dl5Z7_`FOROR9oE2b�D>EuO�j?\�� t ��9L9-\�A_9oD>EHG¥I�DFMHM6NfOd3d9rORO�9oE�\-�<i>9oE2j?3*E2@�]C9o=�14\
��3Pn�]_1k9S=a5�\���9SEHGg9Sy � 3*G?3d=QOuN49o;}\
7�Eu9oO�O>�¦3PEHc>9oE�\S�[OQ9L;>9x�}9oG>GFNP\0�*D>jg5§�rjg9oz[z~3dEu@?\S3P5[@8��34`>E2y��C=QGg5>9LE



�����������
	��
���������������

���������
 "!�#
��$�%'&(��)(*+ 
epton-

�-,/.�0�%�$213%� � "�4.653071/,/$98:0;%-<��".�5=8-0;5/1/�>&?5@,/$�.
1/%�#+86 45/)A5=.�,/)",@5B&C&�5D$-)���,/ 
)�%9)?��5=!� �)��"#+,E)�5=!-$�.�5/03&()A,/$-.���$��
%�F
)A��5G&H)�0�!�1/)�!-0;5=%�FI#+,E)�)A5/0KJML75D8:)�%-$

-
�E,E.�0;%-$+1D%- 4 ��".B5/0N&I�-,/<-5O,P!�$-�RQ:!�5S86%�)A53$-)���,/ 6�4$9��$-<�5T&H)A�4�-,/)A�R$B�9<�,E0;��%�!'&UF�,/135/)V&I%�FIWYXSZG[M)A��5P�-,/.B0(%-$

&H8�,/1/5Y,/$B.�&\8:�R$]&H)A0;!-13)A!�0�5�^E)A��5_&(8-,`1D5@)A��#
5Y8-��1D)?!�0�5@%-F=&()A0�%�$��2��$�)A5/0;,E13)A�R%B$
&a^�1D%-$�FV�R$-5/#+5/$�)V^b,`$�.2)A��5Y!-$�.�5/0K&H)A,/$�.-�R$B�2%�Fc1/%�$'&()A��)�!-53$�)
#+,:&N&H5T&dJDe
!-0;)A��5/0(#+%-0;5B^M �5D8:)�%-$

-
��,`.�0�%�$@1/%� � ���.�5/0N&f,/0�5O5�&d&(5/$�)A�4,E -)A%�%- H&fF(%B0I#+5D,g&?!B0(��$��_&�)A0(!B1D)A!�0�5OF(!-$�1/)���%�$'&U��$+!�$-5Dh�8: R%-0;5E.@8-,E0A,`#953)A530

0�53���A#95B&I%�FIh+,/$�. 2Q
Jcij�-5T&H5Pk=�A 4 6l-5S$B5D5/.�53.9)A%@!-$�.�5/0K&H)A,/$�.+��,/.-0(%B$Y1D%B " ��>&H��%�$'&I�"$@mSnYo(X@^dLjn=X+^d,/$-.Yp=L7nqXGJ

r %sF�,/0On=tImS�u,/)jZYt r�v �E,g&wlB5/5D$s)?��5
%B$� �*_�������
-
53$-5/0��-*_ A5386)�%-$

-
��,E.�0�%�$_1D%B " ���.�5/0aJxo($s)��-5� R,g&?)y*E5/,/0Sn=t7mP�u��,B&=&H!�0�8�,:&N&H53.s��)�&

.�5B&(����$� �!6#+�R$-%U&z�R)A*
%�F 1231cm105.1 −−⋅ s
^b,`$�.
,/$�!�8-�-0A,`.�5�&H��%-!� ".]&(%-%�$
�"$�130�5/,B&(59)��-5Y 4!-#
��$�%
&��R);*
l6*
,+FA,E13)A%�0j%-F7{'J
nqtwmS����,B&

0�53,E13��5/.}|f~;%B0(�:5D$�hu.�%BkP$�)A% 410− ^Pl-!-)�)�%�l653)A)�5/0s!�$-.�5D0a&�)",/$�.�)"�B5�!�$�5/h�8:5D1/)�5/.�0��>&H5�%�Fs8:,/0�)�%-$}.�53$'&(��)A�R5B&s,/)� �%-k�h'^P$�5/k
53h-8-5/0;��#
5D$-)C&UkO�")��+5/<�5/$�&H#+,E � �5D07h+,/0�5S$�5/53.-53.7J

Z=!-0;��$��_)A��5
 �,B&H)7F�53k�*`5/,/0a&=&H5D<�5`0(,` I$-5/ku R5/8B)A%�$
-
�B,/.�0�%�$_13%� � A�4.-5/0y86%U&d&(��l-�� ��R)A��5B&c��,E<�59l:535/$�8B0�%E8-%U&(5/.UJ�ic��5B&(5Y8:0(%-8�%U&(5D._1/%� A ���.-530a&

13%-#+59��$2)?kP%2<B,/0��"53)A��5B&NJ��Y$�5Y�>&�,`$253 "5/1/)�0�%�$2 ?�"$�53,E0j,`1D135E �5/0�,/)A%�0j1/%� � A�4.6�4$-�2k=�R)?�2,+860;%-)�%-$
%�0j��%�$20���$��2,/1/135E R5`0�,/)A%�0a^b)?��5@%�)?��5/0a^� ��4�65
n=t7mP��^P,/$}53 "5/13)A0;%-$}0���$��},/1/1/5/ �5/0;,E)�%-0s13%- � A��.���$��uk=��)���,���,E.�0�%�$}0;��$��fJ������A �5�1D%�$-<�5/$�)A�R%B$�,` 2 ���$�,E1T&�1/,/$}%�$- 4*�8-0�%�<-�R.B5�,
13%-#+8-,E0;,E)���<-53 "*_ 4%6k�,`<�5/0;,E��5+1/!-0�0;5/$�)C^T*��A5/ R.:�R$B�s R%:kP530S �!-#
�R$-%U&H��)A*_)��-,/$_1/%�#98:,/0�,3l- �590��4$-�

-
0��"$��_1/%- A ��4.6530a&N^T)��-5
$�%�<-5/ 7)"5/13��$-%- �%��6*

%�F=5D$�5/0;�-*
-
0(5`1D%B<�5/0�*� A�R$-,/1B&P#
������)S�4$-130�5D,g&?5�)A��52,`<�,/�� �,/l: �521/!�0�0(5/$�)�&H!�F�F���1/�"5/$�)A �*s)?%x#+,/�-5253$-530��-*

-
0�5/1/%�<�5/0z*� "��$�,E1

-
0���$��x1/%� A ���.-5303&

)A��5�F�,/<-%�0(5/.�)A531D�-$�%- 4%-��*sF�%�0P0�53,E13�-�R$B�x�������� "!�#
��$�%U&H��)A��5�&3J r %�#+5_)"5/13��$-%� �%��B�R1/,E w��&a&?!B5�&P,E0;521/%�#+#9%-$�)A%x,` R j8:0;%�8�%'&(5/.s �5/8-)?%�$
-��,E.�0�%�$+1/%� � ���.-5/0a&NJ�iw%9,`1D�-�45/<-5P)?��5=.�5T&>��0;5/.
 R!:#
�R$-%U&H�4)(*U^M)A��5O�"$�)A0;,

-
l:5D,`#�&H1D,`)�)A5/0(��$��+0�,/)A5B&U��,`<�5O)A%+l-5P1/%�#+8653$U&H,/)A5/.Yl�*+1/%�%� A��$��+%�F

)A��5_�����-�
-
5/$�5/0;�:*x��,E.�0;%-$�l-5/,/#�&dJ�eI%�0=�:�R�-�

-
53$�5/0��-*�8-0�%�)A%�$�l-5/,/#_&q)?�-�;&q�>&q�-5/ 486F;!- Sl-!-)S,/<B%���.�,/l- �5_kP�-5/$�,�#9%�.-5`0(,`)"5_ �%'&N&q%�F

 �!�#
��$�%f&?��)A*_�>&�,`1D1/538-)A53.'^�l:!�)7F�%�0S��%�$�l:53,E#�&w%�0S �%-k=5/0y5/$-5/0(�B*�8B0(%-)?%�$_l-5/,/#�&c��)f�>&�#+,E$�.�,E)�%-0;*UJ���%U&()j%�FS)A��598:0;%-8�%'&(5/.� �5/8-)?%�$
-��,E.�0�%�$+1/%� � ��R.:530a&U0;5/Q-!-�40�5P8-%- 4,E0��4�E53.95/ 45/1D)A0�%�$+%�0f8B%
&��")�0�%�$+,/$�.@86%� �,/0��R�`5D.Y8:0;%-)�%-$9%�0'.�53!-)�5/0;%-$Yl-5/,/#�&dJ�ij�B5PF;%- R �%-k=�R$B��&?��h+8-0�%D~>5D1/)V&

��,E<�5Sl:5D5/$@.��>&(1/!U&d&(5/.U[

ijn=tjmS���H&f,9 4��$�,`1
-
0���$��
1/%- A ?�R.-530j��$
)A��5Y)A0;,E.���)A�R%B$�,` 7&�5/$
&�5�^�kO�-5D0�5@5E R5/13)A0;%-$U&�1/%�!- 4.
l65=,/1/135E R5`0(,`)A53.
)A��0�%�!��-�
%�$-5=%�07l6%�)A�
,/0�#�&f%�F

ijt r L7�})�%_13%� � ��R.B59k=��)��25/�R)?�-5D0w860;%-)�%-$U&�%-0w�R%-$U&���$�)A��5Y5Dh��>&()A��$��2�'J4�M�-#u �%-$��2n=t7mS��)A!�$-$�5/ ;J�p=,/0��R%-!U&j1/%�#+l:�R$-,/)A�4%-$U&�%-Fw5D �5/13)A0(%:$
,/$-.�8-0�%�)A%�$�53$-5D0�����5T&G1/%�!6 4.�l-5�5/$�<-�;&�,/�-5D.�kP��)���1E53$-)�5/02%�F
#+,:&N&G5/$�5D0�����5B&9%-F
!�8�)?%��Dij5/p�J��q$�5Dh�,E#+8- �5��;&
,�&H*`#9#
5/)�0��A1
,/0�0�,/$��-53#95/$�)s%BF��M���-�Y53p�5D �531/)�0�%�$f&�%�$��M���-�@5Dp�8-0�%�)�%�$'&NJ ZY!�5})�%�)?��5�0;,E)?��530�&z#9,/ A _5/ A531/)A0;%-$u1/!-0�0;5/$�)�%-F�,E0;%-!�$-.¡�M�
#+�A130�%�,`#98B5/0(5B&N^M)��-5= R!B#
�R$-%U&z�R)A*+kP%-!B ".+l-5 1231cm106.1 −−⋅ s

Ja��&d&(!-#
��$��+)A��,/)6ijt r Lf���E,g&gl-5/53$Yl:!��� 4)
,/)6Z=t r�v ^M)��-53$9)?��5O1/%U&H)6%�F
l-!B�R �.-�R$B��iwnqt7mS�u��,:&cl-5/53$_0�%�!B���� �*_5B&()(�4#9,`)A5D._)A%_l-5��M¢-�B��tf!B0(%_kP��)A��%-!�)7 �,/l6%�0aJ�ij�B�;&cF�,/1/�A ���)(*_�;&c<-530z*_13%'&()75EF;F�5/1/)A�R<-5�&H��$�1E5
�4)
#+,E��5T&U%�8-)A��#+,/ -!U&(5q%�F
);kP%Y)?��5/$+53h6�H&H)��"$B�9F;,E13�A ���)A�R5B&dJSic��5S1/%�$U&H)A0;!-1D)?�R%-$Y)?�"#+5=k=%�!B ".@l-5P0;%-!����- �*_�P*E53,E0a&NJ

ij�B5Yt7 "531/)�0�%�$�o;%�$2XS%- 4 A��.�5E0O£Rtco?XP¤y�R$-�4)(��,/)A��<�59��$�)"�B5Y¥ r �}13%-<�5/0N&j,9$-!�#+l6530j%-Fw,/ ")?5D0�$�,E)���<�5B&NJ�ij��5Y�-�R�B��5/0w5D$:5D0��B*
<-5/0a&(�"%�$'^E13,� � �5/.
53mPn=oAXG^TkP%�!- 4._!'&(5Y)A��5
5DhB��&�)"��$��2mSn+oAX�,B&c)"�B5Y��,E.�0�%�$20z��$-��)�%21/%� A ���.�5
k=�4)A�28-%B R,E0;���E53._5/ "5/13)A0;%-$U&�FV0(%-#�5E��)��-5D0w,
 "��$-,`1Y%�0j,+0��"$��'J
e
%-0S53¦A8s13%- � ��>&H��%�$f&C^6)��-5
135/$�)A5D0S%:FS#+,B&d&�53$-5D0��B*skP%-!� �.sl-5��/�����Y5/p�J-ij�-5
 

inac-
0��R$B�s<�5E0K&H�R%-$�k=�A R 7)A,`��5
,/.-<�,E$�)�,/�-59%�FS)A��5
�-�4�-�

53 �5E13)A0(%B$913!-0�0�53$-)>&f)"�B,/)-l6531/%�#95O,E<�,E�4 �,/l6 45qk@�R)A�+,/$
5D$�5/0;�6*+0;5/1D%-<�5/0�*+ A��$�,/1BJ�ijkO%
5/$�5/0(�:*90;5/13%-<-530z*+ "�4$-,/1B&I��,`<�5Pl:5D5/$+l-!��� ")�&H%+F(,`0N^
%�$-5Y,/)7§N5/F;F�5D0a&(%-$�Lf,/l�,E$�.2)?��5@%-)A��5D0y,3)I§d�=t7mSoNJEiy��5@F�%�0�#+530j�-,B&�%Bl-)�,/�"$�5/.�5D$-530��-*
0V5D1/%�<�5/0�*2F�%�0y¨-#9��,/)7¨�����5/p�JGij��5+1D!�0�0�53$�)
,/$-.�)A��5Y53$-5D0���*
8:0(%B8-%U&H5D.�F�%�0c53mSn=o(X�,/0�5Y¢-�-{B#9��,/$-.��D�-�Y53p
J�iw��5@ "!�#+��$�%f&H��)(*�kP%�!- R.�)A��5/$2l-5@,E8�8-0�%Eh:�R#
,/)?5D A* 1233cm10 −− s

J
ij�B5S)"%B)",/ �1/%U&H):k=�")?��%�!-)f&H1D�?5D$-)���F���1= ",/l:%�0
k=%�!� �.+l-5P,/0�%�!�$-.��D�-���ª©-^D,/$-.Y)��-5S13%-$U&H)�0�!�1/)���%�$9)?�A#95OkP%-!B ".@l-5S,E0;%-!�$-.��P*�5/,/0a&CJ

ij�B5P0;�"$��
-
0���$��91/%- ? "��.�5/0I<B5/0a&?��%�$
�>&U#+%-0�5O1/%�$�<-53$-)���%�$-,/ VJP�����" ?5P�R$+)A��5Y ���$�,E1

-
0��"$��+<-530a&?��%-$+)��-5=5D ?5D1/)�0�%�$�&(8-��$91/,/$+l-5=#9,/$B�R8:!� �,/)A5S,/)

k=�A 4 V^6)A��5�0���$��
-
0V�R$-��<�5D0a&z�R%-$�0�5/Q-!���0�5�&+&H8-��$�0(%B)",`)�%-0N&P1/ �%U&?5_)A%�)A��5_o(m�)A%�8-0�%�<-�R.-5_ 4%-$��-�R)A!�.:�R$-,/ w86%� �,/0����/,/)A��%�$�,E)y)��-5253h-8-5/0;��#
5D$B)�J

ij%B��53)A�-530_kP��)���)A��5�)AkP%�8-0�%�)A%�$�l-53,/#«8B�R8-5B&G,`$�.�)A��5¬.�5/)�5/1D)A%�0a&d^PkP���A13��1/,/$�%�$- R*�13%-8-5�k=�")?��,�<B5D0�*� ?�"#
�4)A5/.�,E#+%�!-$�)
%�F
&H*`$�1/��0�%�)A0;%-$�0;,E.���,/)A�4%-$'^�)?���>&¬0(5/QB!���0�5T&],}QB!-�R)A5�&(%-8B���>&H)��A13,E)�5/.��4$-)�5/0(,`1D)?�"%�$­0(5/�B�"%�$'JYij��5} �!�#
��$�%U&H��)A*�kP,:&x1/%-#+8:!�)?5D.�)�%�l:5

1233cm105.1 −−⋅ s
Jwiy��5S860;%M~H5E13)A5D.@1/%
&�)6�>&g,/ >&H%��D�-�-�ª©�,/$-.@)"�B5S1D%-$U&H)�0�!�1/)A�4%-$Y)��A#+5PkP%B!- �.Yl-5S,E8�8:0(%�h-��#+,/)A53 A*��q*�53,/0a&dJ



����0�5D5/$
-
&(��)A5B^D "%BkY5D0

-
5/$-5/0;�-*+<�530a&z�R%-$+%�FItjoAX�k=��)��
,/l-%-!E)��D¢��Y5/p�135/$�)A530I%-F'#9,g&C&I5/$�5/0(�B*�£ $B,/#95/.+t � o(XS¤'�-,B&gl:5D5/$Y8B0�%�8B%'&(5/.Y,/ >&H%

��$_)��-59 ���$-,/1
-
0z�4$-�_,/$�._0���$��

-
0z�R$B��13%- � A��.�5D0S<�5/0a&H�4%-$U&dJ�o;$�)?�-59 ?�R$-,/1

-
0z��$���&?1/53$-,/0���%U^�)A��5
��%�$_0V�"$��_kP%B!- �.�lB59{��-¨-#­ R%B$��_,`$�._kO%-!� ".

8-0�%�<-�4.-5Y8-0�%�)A%�$'&f,/)'¨����@5/p
J
e
%-0j,/$25/$�5/0;�-*
0;5E13%-<�5D0V*2 A�4$6,/1Yk=��)A��¢��B{-#9��,/)
¨-�Y53p})A��5Y �!�#
��$�%'&(�");*2kO%�!6 4.2l:5 1233cm102 −−⋅ s
J

o;$¬)��-5�0���$��
-
0V�R$-� &?1/53$-,/0��4%7^I,��������-#� R%-$����:�Y53p 53 �5D1/)�0z%�$ 0��"$���kP%�!: R. l65s 4%-13,E)�5/.¬%�$¬)�%-8�%�FY, �/¢��@5Dp�8-0�%�)A%�$�0��"$�� ,/$-.¬,

 �!�#
��$�%f&?��)A*+%-F 1233cm10 −− s
1D%�!- �.
l-5O0�5D,`1D��5/.UJE��oAi

-
|S,E)�5B&I��,B&U8-0�%`86%U&(53.
,E$
�R$B�R)A��,/ 
m��
Z�8-�E,g&?5=%-Fw�Y*�5D,/0a&fkO�")?�
,Y)R%-)?,/ 61/%U&H):%�F

�D¨:��©-JEo;$2l-%-)���1/,B&H5�&j)A�-5Y13%�$'&()A0�!�1D)?�"%�$_1/%U&H)7kP%�!- 4.2l:5Y0(%:!��-�� �*��M���-�ª©9F(%-0w,91/%�$U&H)�0�!�1/)A�R%-$�8-530��"%�._%-Fj¨_*�5/,/0a&NJ��u.�5/)�5/1D)?%�0yF;%-0
)A��5Stjo;X¬F�,/13�A A�4)A�A5T&U�>&g5B&();��#9,/)A53.Y)A%+1/%U&()7�D�-�-�ª©-J

ij�B5
nqt7mS�u8-0�%`)A%�$s0���$���,/$-._)"�B5
nqt7mS�u8-0�5
-
,E131/5D �530�,/)A%�0P1/��,E�4$s1/,/$_l65
!`8-�-0;,E.�5/._)�%�,`1D1/53 �5/0�,/)A5
,/$-. &A)A%�0�5
8-%- 4,E0;�"�/53.s8-0�%�)A%�$'&N^

8-%B R,E0;���E53.
.-53!�)?5D0�%�$'&N^E,/$-.
 R�����-)
%�0j��5/,/<�*9��%�$'&NJbiw���>&f8:0(%/~;5/13)I�;&f%B1D1/,B&H�4%-$�,E � A*+1D,` � "5/.
n=t7mS�=5/¦��_JMiw�-5=1D5/$�)A5307%-F7#9,B&d&f5/$�530���*2F;%-0
electron-

8B0�%�)?%�$�1/%� � "�>&(��%�$'&��>&+�-���M�Y53p�J6���R)A��%-!�)y5/ R5/13)A0�%-$�1D%-%� ���$��'^g)��-528B%� �,/0����/5/.s8-0�%�)A%�$�%E8-)���%�$x�B,B&�l6535/$�5�&H)���#+,/)A5D.�)A%�1D%f&\)
,3l6%�!-)��D�-��tw!�0�%U^P,�8-%- 4,E0;���/5/.}.�5D!B)A5D0�%�$�%�8B)A��%�$ukO�A � 
l65�&(!-lf&?)�,`$�)?�R,E 4 �*}13�-5D,`8-530aJ eI%�0s��5/,/<-�45/0��R%-$U&d^P5/ �5/1/)"0�%�$u1/%�%� A��$��u�>&
#+,E$�.�,E)�%-0;*_,E$�.s,2$B5Dku�R%B$s ��"$�,`12kP%�!: �.�l:5
$�5/5D.B5D.UJxic���>&� �5/,/.'&�)�%s,`$s5T&H)��"#+,E)�5/.s13%U&H)j%-FS¨U�M��tj!�0�%sF;%-0S��%�$
&S�"$�n=t7mP��JTij�B5
8�,E0;)A%�$2 4!-#+�R$-%U&z�R);*913%-!- �.
)A��53$
l65=0�%�!��-�- A* 1231cm107 −−⋅ s

JMiy��5=1/%�$U&H)�0�!�1/)A�R%-$
8B5/0(��%�.2#
�����-)
l-5=,E0;%-!�$-.��Y*E5/,/0a&NJ�ij�B5q53h:�;&H)A�4$-�
53¦A8�,/1/135/ "530�,/)A%�0=#9,`��5B&q)"�B�;&q8:0(%M~H5/1D)O#9!�13��1/��5/,/8-5/0=)A��,E$s%-)?��530= �5/8-)A%�$

-
��,`.�0�%�$�1/%� � "��.�5/0K&D^g,`$�.�,/.�.���)A�4%-$�,/ " ?*x$�%�$�5Ek�.B5D)A531/)A%�0a&

kO%-!- �.Y$�5E53.Y)A%YlB5Sl6!��� R.'J

�=$�5E R5/13)A0;%-$�0;�"$�����$�)��-52L7n=Xu)A!�$�$-5/ c�>&q0�53Fz530�0(5/.�)�%�,:&P5DLwnqX�,E$�.�kP%-!- �.�1D%: � A��.�52,_�-�-�Y53p­5D �5E13)A0;%-$�l-5D,`# k=�R);��)"�B5��-ij5/p
8-0�%�)A%�$U&NJ iw�-5x 4!-#+�R$-%U&H�4)(*�kP%�!- 4.�l65 1232cm105.2 −−⋅ s

F;%-0+)��-5�&�5x13%- R ?��&��"%B$
&9k=�R)?���BJR�Dij5/p 1D53$-)A530+%�F+#
,B&d&Y5D$�5/0;�-*UJf� 13%'&()
5T&H)A�4#9,`)A5��-,B&2$-%�)Yl-5/53$�.�5/)A530�#9�4$-53.7Jc�=$�53 A531/)�0�%�$�0��R$B���R$�)A��5¬p=L7nYX l-%-%U&H)�5/02)?!�$�$-53 >^c1D,` " 45/.�538-p=Ljn=X

-
l'^c��,B&�,/ >&H%�l:5D5/$

8-0�%`86%U&H53.'J�ij��5_$�5/k�8:0(%-8B%'&\,/ S%�F=)A��5_pqLwnqXu.-%�5B&q$�%�)P0;5/Q-!���0�5�,��aiw5/p l-%�%'&()A530aJª|S!�)SF�%�0=)A��5_860;5/<��"%�!'&q 4,E*`%-!-)S,E$ª�D���Y5/p
53 �5E13)A0(%B$2%�$��Miy53p}8-0�%�)�%�$21/%� � A�R.-5/0y��$2)A��5YlB%-%U&H)�5/0j)A!�$-$�5D 713%�!- �.2��,/<-5+0(!-$�.�!-0(��$��_)A��5Y1/%�$'&()A0;!-1D);��%�$28-5/0;��%�.�%-Fy)A��59p=Ljn=X�#
,/��$
)A!�$�$-53 >J ij��5� "!B#9��$�%'&H��)A*�k=%�!� �.�lB5x,`0(%-!�$�. 1232 cm106.2 −−⋅ s

Jfe'%�095/8-p=L7nYX
-
l�)A��5�1/%
&()Y��,B&Yl6535/$�5�&H)���#+,/)A5/.¬)A%�0;%-!��-�- �*

�D�-���-�ª©-JKXS%B$
&�)"0�!�1/)A�4%-$Y)��A#+5B&gF;%60
)A��5B&(5P);kP%+ �,/0���5
-
&H13,E 45= A5/8-)A%�$

-
�E,`.�0�%�$Y1/%� A 4��.-5/0a&g��,E<�5S$-%�):*�53):l6535/$Y.�5/)�5/0�#9��$-5/.UJ

��%U&H)j%�FS)��-5
F;,E13�� "�4)(��5T&�.-�H&H1D!f&C&�5D.s)?,/�-5
,/.�<�,/$B)R,E��5
%-Fy53h6�H&?)?�R$-�s%�0y8- �,E$�$�5/.s�E,`.�0�%�$�&H)R%-0;,E��5
0��4$-�U&w,`$�.�,/0�5
)?��5/0;5/F;%-0(5�0�,/)A��5/0S1D%f&?)
53F�Fz�41E�R5/$�)VJDXO%�$U&H)�0�!�1/)A�4%-$Y13%-!- �.Yl-5/����$Y,/F�)�5/0I)A��5OF�%� ? "%Bkq��$��+m��
Z��>&d&(!�5B&
�-,/<�5Pl-535/$Y,/.-.�0�5T&d&(5/.
[

• High-
1/!�0z0;5/$�):5/$�5/0(�:*

-
0�5/13%-<�5/0�*+ "�4$-,/1B&NJ�iy��5�&�5P ��R$-,/1B&IkP%�!: �.9,/ >&(%Yl:5P<�5/0(*@�"$�)A5/0�5B&()A�4$-�+F�%�0'�-�R�B�

-ener
�6*@5D A5/13)A0;%-$+1D%-%� A�4$-�

,/$-.�F(%B0q ��4�-��)@&H%�!�0�1/5T&dJg�@$�5_�-53*���&N&H!�5_�>&q)��-5_ "%U&N&q0�,E)�5_)���,E)S#+!
&�)jl-5_�-538-)clB5/ R%-k 610− Jg|S5/,/# lB0�5D,`�
-
!`8¬�>&q,3$-%�)A��5D0

1D%-$�1/530�$UJ�XS%-0;$-53 A j��,:&S8-0�%E8:%U&?5/.�)A%_,E.�.-0;5B&C&P)���5B&?5��>&d&(!-5�&PkP��)A�B�"$�)��-52$�53h-)j¨�*E5/,/0a&Pl-*_l6!��� R.B�R$-��,��D�-�-#+��^7�M������5/p
e
$-530��-*=0z531/%�<-5/0�*+ R��$-,/1S8:0(%�)A%-)�*�8-5TJ

• High-
5/$-5/0;�-*�5/ �5/1D)A0�%�$ 1D%-%� A��$��'JIeI%�0Y�-�4�-�

-
5D$B5D0��-��5T&�)A��5s5/ 45E13)A0;%-$¬l-53,E#�&��`,E<�5s)A%�lB5�,`1D135/ �5D0�,/)?5D. �"$ ,x 4��$�,`1s,/$-.�,`0�5

)A��5/0(5/F;%-0;5xl-!B$�1/��5/.UJ ij% 0(5/,/1/� &(!-F(F���1/��5/$�)P5` "531/)�0�%�$���$�)A5/$'&(��)���5B&d^U)?��5�l653,E# 1/,/$¬lB5 &H)�%-0;5/.¬�R$ ,E$ ,/1/1D!�#+!6 4,E)A%�0a^I%-0Y,E$
energ

* 0�5/1/%�<�5/0�*� A��$�,/1x1/%�!- 4.�l:5s!'&(5/.UJfpY,/0��R%-!U&9m��
Z �;&d&�!�5T&9#9!f&?)=l:5x�4$-<�5B&()(�4�-,/)A53.'^f��$�1` R!-.B�"$���#+,/�-$�5/)"���/5/.�l-5/,/#
)A0(,`$U&?8B%�0�)B,:&gkO5/ " B,B&g5E 45E13)A0�%�$Yl-5/,/#�l:0(�����-)�$-5T&d&g,/$-.Y#+,/)A13�-�R$B�
J

• 
� %- R,`0(���E53.�5D A531/)A0;%-$�&H%�!-0;1/5T&DJ � %� �,E0;�"�/5/.�5/ �5/1/)�0�%�$���!-$U&�k=��)A��&�!�F�F;�A1`�R5/$�)A �*��:�R�-��,`<�5/0(,`��5 1/!�0�0(5/$�)V&2��,/<-5¬$�5/<�5D0_l:5D5/$
%�8:530�,/)A5D.@l-5DF�%�0�5S,`$�.@��,`<�5S)A%Yl:5S.�5/<�53 �%�8:53.'J

• High-
5/$-5/0;�-*2.�53!-)�5/0(%-$�,/$-.28B0�%�)?%�$
8B%- �,/0��R�E,3)A��%�$UJ�ij����&O&H!�lM~>5D1/)C^�kP���A1/�2�H&�l:5D��$��28:�R%B$�5/5/0�53.2,`)ImSn=o;X@^b�-,B&j)A%2lB5YF�!�0�)A��5D0

.�5/<�5/ 4%-8-5/.UJ�ij�-5S13!-0;0z53$-)-%-F
8B%- R,`0(���/5/.Y8-0�%�)A%�$Y,`$�.Y.-53!-)�5/0�%-$�&(%-!�0�1D5B&
��,g&g)A%YlB5S�"$B1/0(5/,B&H53.'J
• Integ

0;,E)���%�$�%-FO)"�B52.�5/)�5/1D)A%�0a&P,/$-.�1D%- 4 A��.�5D0a&3J]n=���-�
-
5D$-5/0;�:*s.�5/)"5/13)A%�0P0V5DQ:!���0(5/#
53$-)>&q�R#+86,/1/)y%�$x)?��5
,`1D1/53 �5D0�,/)?%�0O,E$�.so �

.�5B&(����$'J2e
%�0y53h6,/#+8- �5Y)A��5Y.-53)A531/)�%-0N&c$-535/.�5/._)"%]&H)A!�.�*�&>#
,/ � 
h_8:��*g&H��1�&j�-,/<�59)��-5�&?8:531/�",` 
0�5/Q-!-�40�5D#
5/$�)7%�Fc1/%�<�5/0���$-�_)"�B5
F�%�0VkP,/0�._.���0(5`1D)A��%�$'J-tf<�5/$_.�5/)�5E13)A%�0a&�k=�")��_{	� &(%- R��._,/$-�� �5
,/0�59l-5/�4$-�_.���&(1/!U&d&(5/.UJTij��5/��0S��#98: ���1D,`)"��%�$'&cF�%�0c)?��5
��$�)A530�,/1E)A�4%-$
0�5D����%-$+#9!U&H)-lB5S)A,E��53$9�4$-)�%Y,E131/%�!�$B)VJ

• 
ij�-5+.�5/)�5/13)A%�0a&ckq�? R 7%�$- A*2lB59,`l- �59)A%_��,/$-.� �59 �,/0���5+l6!�$�1/�_F(0�53Q6!�5/$�1/�R5B&S�RFS��,/.-0;%-$_l-5/,/#_&ck=��)A�_,
<�5/0�*�&H#+,/ A I,`#9%�!�$:)f%�F
out-of-

l-!�$-13�28B,/0�)"��13 �5B&w,/0�5+l-5/�4$-��&?)?%�0�53.'J�ij%_0�53,E13�_)A��5Y8-0;%-8-%'&(53.
�B$
&fl:!�$-13��&(8�,/1/��$���F�%�0�&H%�#95+%-Fy)��-59two(X�<-530a&?�?%�$f&C^
)A��5x%�!-)

-of-
l-!�$-13��8�,`0()A��13 �5x8-%B8-!� ",`)��"%�$���,:&9)A%�l:5�&(!�8�8-0;5�&d&�5D. &(����$:�RFV��1D,`$�)? "* l653 �%-k )��-5� 45/<-5/ =�R$�n=tjmS��^jkP�-5/0�5�)��-5

l-!-$�1/��5�&I,/0�5����6$U&6,/8-,E0;)VJ


