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Zf:�c{¾X?KVG<>�OTF:½?;J=V\Aa X�O:;e®¡X<MVGH]V]¥;AaTF F�vAa:�?K�OTF:=V] F8KJMAaWK¬®8K:½ UA�Y[8K?B_aTXV]?BAv©g¡F_aT`<MV]?;A£:>�axFJ>8A� FV]TU_DY[VG?BA[ X8b:=CFV]TÁe�AaCFJ>8K:>8KTq<MAaY!¶c]87 8;Y 8;:k<lAa F�o<MJ=V]CFHG8K<>� ¤
T1

§�8b¿c]97 8;Y
8K:=<MAa F�o:>VGT®d^OH]8S<M� ¤
S1

§S�ª��Y}¡FY[AvCFJ=V]Yb8;VGJMA�AaCFJ>�B¾®V]Y[AaW;La�£ADC�8KTUAa:��O:�cS¾®?;V <M�OTX:�:>VGTF^OH]8S<M��C��g F8KY} X8;?BADV]JJMAa XV]�`AD<>VG~DAaYb8;T`<M8tTF�bCFJ>�g?;8K:>:>�b F8u8;HG8K<>J>�OHG¡FY[VGTF8;:=?;�KTF?;V]A�µ %O¸j¹s�
4(e + h) → S1 + 3T1

¤ ¿®�G¼B¸`§
��8K:=<MA£m³�OJ>Y[AXeqCUAaJ>A£?BAa FA£cS¾®?;V <M�OT¢:>V]TX^OH]8S<M�v<>8;Yb�O:�YvcS¾®?;V <M�OTF:�<MJ=V]CFHG8K<M�X� 4 �OT`<M¡X F�FeC��g F8{d­:>8v<M8;Jtm³8;T XOYb8;TX�O:f F8r8KH]8K<>J>�OHG¡FYbV]TF8K:>?;�KTF?;V]A[?K�OY c{¾®?;VG<>�OTF:�<>J>VGCFH]8S<M�Fe.V]:k<M���g?;�OJ=J>8� X8Sd~gV] F�ZA@AaTFVG©g¡XV]H\ADWBLa��<MJ=V]CFHG8K<>�Dd <>J>V]CXH]8K<>�Fe"�Z©q¡F8¢C��g F8�AD¡FY[8KT`<lAaJvAZ8KRF?;V]�KTF?;V]A�8KY!<>�OJ>TX�@ F8¼�]97��

2(T1 + T1) → S1 + 3T1

¤ ¿®�G¼a¼ §
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��8K:=<MAbm³�OJ=Y¢A�C.�® X8;Yb�O:½ F8KRFTFV]J½J=8;:>¡XY[VG UAaYb8;T`<M8±©q¡F8[µ %®¼K¹ºP
20(e + h) → 5Sdir + 3Sind

¤ ¿®�G¼«¿O§
�OTF F8

Sdir

 F8KTF�a<MA��O:�cS¾®?;V <M�OTF:¨:>VGTF^OH]8S<M�t©g¡X8²:>8�J>8K?;�OY�xXV]TUAaY  XV]J>8S<lAaYb8;T`<>8 ¤ V]T`<M8KJMAaW;La��8KTq<>J>8cS¾®?;V <M�OTX:v:=V]TF^OHG8K<>�q§t8
Sind

:MLa���O:�cS¾®?;V <M�OTF:u:=V]TF^OHG8K<>��©q¡F8b:>8bJ>8K?;�OY£xFV]TUADY V]TX FV]J=8K<lADY[8KTq<>8¤ AaTXV]©q¡FV]H]AaWBLD�£<MJ=V]CFHG8K<M�jd <MJ=V]CFHG8K<>�q§S�
7tA�RU^a¡FJMAb¿®� 'rc�Yb�O:k<MJMAD F�r F8±m³�OJ>Y[A�8;:=©q¡F8;Y[¯D<MVG?BAr�O:�CFJ=�®?K8;:>:=�O:98;H]8KY[8KT`<lAaJ=8;:� F8J>8K?;�OY�xXV]TUAaW;La�� F8uC��aJ=<lAD F�OJ>8K:½ F8u?BAaJ=^`AXP

h e
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� C.�O:>:=EG~O8KHÁAj<MJMAB~ac;:� F�v FV\AD^OJMAaY[A±Y[�a:=<MJ>Aa F�vTUA�RU^a¡FJMAr¿g� 'Xeq F8S<M8KJ>YbV]TUAaJ� F89m³�OJ>Y[A8;YbCFE]J=V]?;AXeX8{¾XCXJ>8;:=:>¬g8;:tCUAaJMA�Aa:�8SRU?;VG�;TF?KV\Aa:½©q¡U_aT`<>V]?BA�V]T`<>8;J>TFA�8u8{¾®<>8;J=TUAX�
À 8SRU?;VG�;TF?KV\A±©q¡U_aT`<MVG?BA±V]T`<M8KJ>TUA

ηint

e`c½ X8KRUTFVG UA±?;�OYb�±�uT��FY[8KJ>�u F8�m³�a<>�OTF:|CFJ=�® X¡®d¥;VG F�O:± F8KTq<>J>�o F�� FVG:>C.�O:>V <MV ~O�� FV ~®VG FV] X�¢C.8;H]��T��FYb8;J=�o F8rC��aJ=<lAD F�OJ>8K:f F8r?;AaJ>^`A�VGTji=8K<MAa F�O:Ke
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:>8KTF F�¢ FAa UArC�8KH\Ar8S¾®CFJ=8;:=:MLa�FP
ηint = γηrφf

¤ ¿®�G¼9Y`§
ZfTF F8

γ
c¢¡FY�mnAD<>�OJv X8[xUADH\AaTFWK�Z F8[?BAaJ=^`AXe

ηr

c¢A�8SRU?;VG�;TF?KV\A� X8¢CFJ=�® F¡XWBLa�� F8¢c{¾X?KVG<>�OTF::>VGTF^OH]8S<M�r8
φf

c�A�8SRU?;VG�;TF?KV\Ar©q¡U_aT`<MVG?BA� F8 
U¡F�OJ=8;:=?;�;TX?;V\A®�
À 8SRU?;VG�;TF?KV\AZ©q¡U_aT`<>V]?BA 8{¾®<>8;J=TUA

ηext

c� X8KRUTFVG UA@?;�aY[�FP[A@JMAD¥BLa�@ X� T �XY[8KJ>�Q F8m³�a<M�aTF:|8;YbVG<>V] F�O:�CUAaJMAfm³�OJ>Af F�u FV]:=C��a:>VG<>VG~a�± FVG~gV] XV] F�fC.8;HG�uT �XY[8KJ>�u F8�C��aJ=<lAD F�OJ>8K:| F8�?BAaJ=^`AV]Tji=8S<lAa X�O:½ F8;T`<>J>�b F�[ XV]:>C.�O:=VG<MV ~O�Fe®8uc� FAa F��C�8KH\Ar:>8K^O¡FVGTq<>8u8S¾®CFJ>8K:>:>La�FP
ηext = ηintηc

¤ ¿®�G¼ aq§
�OTF F8

ηc

c�¡FY$mnAj<M�OJ¨©g¡X8½?;�OTF8K?K<MA�Af8SRU?;VG�;TF?KV\Af©q¡U_aT`<>V]?BAfVGT`<M8;J=TUAf?;�aY	Af8SRU?;VG�;TF?KV\Af©q¡U_aT`<MVG?BA8S¾g<M8KJ>TUA®e.©q¡F8u F8KC�8KTF F8� F�bE]TF FVG?;8f X8vJ=8�
U8{¾FLD�[ F��Yb8;VG�r8;YbV]:>:=VG~a�
n
eU8uc� FAa F��C��aJ;P

ηc =
1

2n2

¤ ¿®�G¼&]O§
�|Y  FV]:=C��a:>VG<>VG~a�O:�J>8BADV]:;e.c�C��O:=:>E ~O8;H� F8S<M8;J=Y[VGTUAaJ9 FVG~a8;J=:>�O:9<MV]C.�O:� F8v8KRU?KV]�;TX?;V\A�<lAaVG:?;�OYb�FP¨8KRU?KV]�;TX?;V\A� F89JMAa FV]_aTF?KV\AXe`8SRU?;VG�;TF?KV\AvJ>Aa FV]AaT`<M8aeq8SRU?;VG�;TF?KV\Av X8�C.�a<M�KTF?;V]AXeq8KRU?KV]�;TX?;V\A� F8H]¡FYbV]TF_aTF?;V]AXeg8KRU?KV]�;TX?;V\ArHG¡FY[VGTF�O:>AXe®8SRU?;VG�;TF?KV\A� F8uC��D<M�;TX?;V\A�HG¡FYbV]TF�O:>A�µ '&'j¹º�
7f¡UAaTX F�£8K:=<lADY[�O:�Yb8; FVGTF F�vA�8SRU?;VG�;TF?KV\Au F89¡FY0 FV]:=C��a:>VG<>VG~a�FeO<M8KY[�O:�©q¡F8tH]8K~DAaJ�8KY?;�OT`<MA[mnAD<M�aJ>8;:9?;�aY[�b�¢?K�OY[CXJ>V]Yb8;T`<>�[ F8v�OTF UAb F8£8KY[VG:>:>La�[ X�¢ FVG:>C.�O:>V <MVG~a�F�½��8K:=<MA¢m³�OJ>Y[A<M8KY[�O:9Ar:>8K^O¡FVGTq<>8uY[�g FVGRF?BAaW;La�r?;�OY J>8KH\AaW;La�bA�8{¾®CFJ>8K:>:MLD��¿®� ¼9aFP

ηext(λ) = ηint(λ)ηc(λ)
¤ ¿®� ¼«Ã`§

# 8;TX F��©g¡X8���mnAj<M�OJ
ηc(λ)

 F8KC�8KTF F8u UA�m³JMADWBLa�r F8±HG¡F¥f©q¡F8u:MADV  F�r FVG:>C.�O:>V <MVG~a��8;Y ¡FY[A� F8Sd<M8KJ>YbV]TUAa FA9 FVGJ>8KWBLa�t F8²8KY[VG:>:MLD�F���|:k<M8²mnAD<>�OJ� F8;C.8;TX F8� UAt<>8;TF:>La�fADCFH]VG?BAa UA�8² FAtH]�g?BADH]V]¥;AaWBLD� UAf¥;�aTUA� F8�8KY[VG:>:>La�F��Z±¡®<MJ>�uAD:>C.8;?K<>�±©q¡F8� F8S~O8½:>8KJª?;V <lAa X�fc½AfAaY£xFV]^O¡XV] UAa X8�TF��?B¯aHG?;¡FHG�� UA8KRU?KV]�KTF?;V]A�©g¡F_aT`<MV]?;A�V]T`<M8KJ>TUA�?K�OTXm³�OJ=Y[8�A�8;©q¡UAaW;La�[¿®� ¼«ÃXeg¡FY¢A£~a8;¥±©q¡F8DeU¡FY}m³�D<M�OT�8KY[V <MVG F� F8;T`<>J>�b UAb8K:=<>J>¡X<>¡FJMA�C��g F8±:=8;J9J>8Sd­AaxF:=�OJ=~gV] X�b8±?K�OTF:=8;©�$F8;T`<>8;Yb8;T`<M8�J=8Sd 8;YbVG<MVG F��µ ¼«¸O¸ ¹s�
k9Y´mnAD<M�aJ�©q¡F8uAaCFJ=8;:>8KT`<lA[^aJMAaTF X8±V]T�
U¡X�;TF?KV\A�TUAr�OxX<>8;TFW;La�� UAa:½Yb8; FVG UAa:� X8�8SRU?;V d�;TF?KV\Arc±��<MVGC��£ F8±m³�a<M�g F8K<>8;?S<M�OJ�¡®<MV]HGV]¥;Aa F�F�¨7�A�RU^O¡XJMA�¿®� ¼«¸rc±Y[�a:=<MJ>Aa UA�Ar?K¡FJ=~DA�<MEGCFV]?;A£ F8J>8K:>C.�OTF:>V ~gV] UAa X8� X8�¡XY´m³�a<M�g F8S<M8;?S<M�OJK�
4 �OYb�b?;VG<MAa F�bAaT`<M8KJ>VG�OJ>Yb8;T`<M8De Ar8KRU?KV]�;TX?;V\A�©q¡U_aT`<MVG?BA�8S¾g<M8KJ>TUAbcv FAa UArC�8KH\A�JMAa¥;La� F�9T �XY[8KJ>�� X8�m³�D<M�OTF:�8KY[V <MV] X�O:"C�8KH\A�m³�OT`<M8�H]¡XY[VGTF�O:MA� XVG~gV] FVG F�½C.8;H]��T��FYb8;J=�t F8�C.�OJ=<MAa F�OJ=8;: F8u?BAaJ=^`ArV]Tji=8S<lAa X�O:½TF�b FV]:=C��O:=VG<>VG~O�X� # 8;TX F�[ FAa UArC�8KH\Ar:>8K^O¡FVGTq<>8u8S¾®CFJ>8K:>:>La�FP

ηext =

∫

λIdet(λ)dλ

fIOLED

∫

ληdet(λ)dλ

¤ ¿®�G¼«¶O§
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E{F > ')� :)� Q #-HS# '=E{# ')# FG#-�1��2GF�E
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�OTF F8
Idet(λ)

cvA�?;�OJ=J>8;T`<>8£V]TX?;J>8KY[8KT`<lAaH�^O8KJMAa UA� F8KTq<>J>�� X�bm³�a<>�® X8K<M8K?K<>�OJ;e
IOLED

c£Ab?;�OJÂdJ>8KTq<>8t8KH]cS<MJ>VG?BAuAaCFHGV]?;Aa UAfTF�� FV]:=C��a:>VG<>VG~a�Fe
f
c��umnAj<M�OJ| F8tAa?K�OCFH\ADY[8KTq<>�Fe

λ
c���?;�OYbCFJ>VGY[8KT`<M� F8u�OTF UA�8

ηdet

c�Ar8KRU?KV]�;TX?;V\Ar©q¡U_aT`<>V]?BA�8S¾g<>8;J>TFAb F��m³�a<>�® F8S<M8K?K<M�aJ½©g¡X8�cu UAD UAbC.�OJKP
ηdet =

hcR(λ)

qλ

¤ ¿®�G¼ %`§
�OTF F8

h
c�AZ?;�OTX:=<lADTq<>8� F8��|H]AaTF?lz e

c
c�A�~O8KH]�g?;VG UAa F8[ UAZH]¡X¥ae

R(λ)
c�A�J>8;:=C��aTF:>V ~®VG UAa F8V]TF?KJ>8KY[8KTq<MAaH  F��m³�a<>�® F8S<M8K?K<M�aJ½¡X<MVGH]V]¥;Aa F��8

q
c�Ar?BADJ>^`A�8;HG8;Yb8;T`<lAaJ

4 �OYb�o�OxF:=8;J=~DAa X��TUA�RU^O¡XJMA�¿®�G¼B¸Xe"¦U¯o¡FY¢A� F8KC�8KTF F�KTF?;V]A�8;T`<>J>8���?K�OYbCFJ>VGY[8KTq<>� F8f�OTX UAv8±A�J>8K:>C.�OTF:>V ~gV] UAa X8� F�£m³�D<M�g F8K<>8;?K<>�OJ;eg©q¡F8f:=8fTULa�£m³�aJ�?K�OTF:>VG F8;J>Aa UAXe®C��g F89H]8S~aADJ²A8;J=J>�O:�TUA� F8K<>8;J=Y[VGTUAaWBLD�r UAr8KRU?KV]�;TX?;V\A®�
etA«~a8;TF X��¡FY¢Arm³�OT`<M8vH]¡FYbV]TX�O:MArAa?K�OCFH]Aa UAbA[¡FY�m³�a<>�® F8S<M8K?K<M�aJ;e.A[J=8;:>C.�OTF:=VG~gV] FAa F8V]TF?KJ>8KY[8KTq<MAaH 8KTq<>J>8��O:�?;�OYbCFJ=V]Yb8;T`<M�O:² F8u�OTF UA

λ
8

λ � dλ
cu UAD UArC��OJKP

R(λ) =
Idet(λ)

f(λ)POLED(λ)

¤ ¿®�G¼ '`§
�OTF F8

POLED

cQA»C��D<M�;TX?;V\A» FA�m³�aTq<>8 H]¡FYbV]TX�O:MA ¤ TF8K:=<M8Q?;Aa:>�&� Z±�����f§�©q¡F8 ?l¦X8;^`A Aa�m³�a<M�g F8S<M8;?S<M�OJ½8
f(λ)

cvA�m³J>AaWBLa�� F8uHG¡F¥uAa?;�aCFH\Aa FA� X8;T`<MJ=�[ F�rm³�a<>�® X8K<M8K?K<>�OJ;�
À 8KRF?;V]�KTF?;V]Ar©g¡F_aT`<MV]?;Ar F8uH]¡FYbV]TU_DTF?;V]AXe

ηL

eUc±Y�¡FVG<>� �X<MVGHÁCUADJMAr©q¡UAaT`<MV RU?BAaJ�:=8�¡XY
Z±����� C.�g F8�ADCFJ>8K:>8;T`<MAaJ½AaCFHGV]?;AaWBLa�u8KY} XV]:>CXH\A �g:;� À 8KRU?KV]�;TX?;V\A�©q¡U_aT`<MVG?BAv X8�H]¡XY[VGTU_aTF?KV\Afc
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8;©q¡FV ~aADH]8;T`<>8�A¢8SRU?;VG�;TF?KV\A¢©q¡U_aT`<>V]?BA[8S¾g<M8KJ>TUAXeÁ?;�OY A¢ FV m³8;J=8;TFW;A¢ F8£HG8K~DAaJt8;Y ?;�OTX:>V] X8;JMADWBLa�ArJ>8;:=C��a:=<lA�m³�a<M�aCX<MVG?BAX�
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�

´1 − Entrada de gas

4− Contra−eletrodo: Grafite

3− Eletrodo de trabalho: Au, FTO ou TO 

2− Eletrodo de referencia: Ag^
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§{e`JMAa¥;La�v8KT`<MJ>8�8K:=<lAD:�Y[Aa:>:>Aa:
Mw

Mn

e  F8;TX�OY[VGTUAa UA[C��OHGV] FVG:>C.8;J=:>VG~gVG UAa F8�8r��^OJMAD¡  F8rC��aH]V]Yb8;J=V]¥;AaWBLa�
n
�£�|:=<>8;:±~DAaH]�aJ>8;:tm³�Dd
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n

§ªc9 F8KRFTFV] UAu?;�aY[��AuY¢Aa:=:MAuY[�aH]8;?K¡FH\ADJ F8u<M�g UAa:tAa:t?;Aa F8KV\Aa:Ke. XVG~gV] FVG UArC�8KH]�bT��FY[8KJ>��<M�a<MAaH� F8�?BAa F8KV\Aa:Ke :>8;TX F�� F8SRUTFV] FAbY[AD<M8KY¢A d<MVG?BAaYb8;T`<M8±?K�OYb��µ·¶a¸ ¹sP
Mn =

∑

NiMi
∑

Ni
=

massa total do sistema polimerico

numero total de moleculas do sistema

¤ YX� ¼ §
�¨AaJMA���?B¯DH]?;¡XH]�� UA�Y[Aa:>:>A�Y[�aH]8;?K¡FH\ADJ�C.�OTF F8KJMAaHªYbc; XV\A ¤ f

w
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Mw =

∑

Ni(Mi)
2

∑

NiMi
=

∑

wiMi
∑

wi
=

∑

wiMi

w

¤ YX� ¿O§
�OTF F8

wi

cuA�Y¢Aa:=:MAr UA�m³JMADWBLa�
i
8

w
c�A�Y[Aa:=:MA�<M�a<MAaHs�
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Z0Y¢ADV]�OJ�CFJ=�OxFH]8KY¢AbTUA¢ F8S<M8KJ>YbV]TUAaW;La�¢ FA�8KRU?KV]�;TX?;V\A[ F�O:f FVG:>C.�O:>V <MV ~O�O:98;YbV]:=:>�OJ=8;: F8�H]¡X¥�?;�OTF:k<MJ=¡FE] F�a:rTF8;:k<M8�<MJ>AaxUAaHG¦F�@c�TULa� ?K�OTF:=8;^O¡FVGJ�mnAa¥;8KJ�Aa:�Yb8; FVG UAa:� X8�8KH]8S<MJ>�aH]¡FYbV dTF8;:=?;�KTF?;V]AXe�m³�a<>�®?K�OJ>J=8;T`<M8� UAom³�OT`<M8bH]¡FYbV]TF�a:MA ¤ �����±§±8
I × V

8KY�¡FY�Yb8;:>Yb��AaCUAaJ>AD<M�8S¾®C.8;J>VGY[8KT`<lAaHº�
À :£?;¡XJ=~DAa:� F8[8KH]8S<MJ>�aH]¡FYbV]TF8K:>?K�;TF?KV\A�:MLa��Y[8K FV] FAa:;e�?;�OYb��?;VG<MAa F��AaT`<M8KJ>VG�OJ>Yb8;T`<M8DeTF��8K:>C.8;?K<>J>� 
F¡F�OJ>EGY[8S<MJ=�Fe �OTF F8vcvm³8;V <lAbAb~DAaJ=J>8; X¡FJMA¢ FA[V]T`<>8;TF:=V] UAa X8£H]¡XY[VGTF�O:MAr©q¡F8v?l¦F8;^`AAa� m³�a<M�g F8S<M8;?S<M�OJ�8KY m³¡FTFW;La�h X�h?K�OY[CXJ>V]Yb8;T`<>�  F8o�OTF UA  UAQH]¡F¥�VGTF?;VG F8;T`<>8a� Z m³�OJ=Y¢AD<>� UA&?;¡FJk~aA ¤  XV]:=<>J>VGxF¡FV]W;La�»C.�OJ�?;�aY[CFJ=V]Yb8;T`<M�� X8I�aTF UA`§¢cQV]TX F8;C.8;TF X8;T`<M8I UA&©g¡FAaT`<MV] FAa F8 F8rm³�a<M�aTF:±©q¡F8r?l¦F8;^OA�Aa��m³�a<>�® X8K<M8K?K<>�OJ;e :=8;TF X��VG:=<M�o�OxX:>8;Jk~DAa F�oTUAa:±Yb8; FVG UAa:fm³8KVG<lAD:fTF8;:k<M8<MJ>AaxUAaHG¦F�F�
79�±AaCUAaJ>AD<M�t8S¾®C.8;J>VGY[8KT`<lAaHg�OTF F8²:MLa��m³8KVG<MAa:�AD:�?;¡XJ=~DAa:

I ×V
8
L× _£eDTULD�fc²C.�O:>:=E d~O8KHÁ FVG:>?;J=V]YbV]TUADJ|�O:�m³�a<>�OTF:�©q¡F8f?l¦F8K^`AaY}Aa�vm³�D<M�g F8K<>8;?K<>�OJ�8;Y°m³¡FTFWBLD�£ F8t:>8;¡�?K�OYbCFJ>VGY[8KTq<>� F8b�OTF UAXe��OxX<>8;TF X�Dd­:=8[8KTq<MLa�@A�m³�a<>�®?K�OJ>J=8;T`<M8 ¤ 8KY[V <MVG UA�C�8KH\A�m³�OT`<M8bH]¡XY[VGTF�O:MAO§t8;Y
m³¡FTXWBLa� UA�<M8KTF:MLa��ADCFH]VG?BAa UAvTF�r FV]:=C��a:>VG<>VG~a�FeXTULD�rC��g F8;TX F�r FV]:=?;J=V]YbV]TU¯jd H]�O:�8KY m³¡FTFW;La�r UAr8;TX8;J>^aV\A F�O:�m³�D<M�OTF:K� � TF8K?;8;:=:M¯aJ=V]��?KVG<MAaJt©q¡F8£�¢m³�a<M�g F8S<M8;?S<M�OJ�AaCFJ=8;:>8KT`<lA�A¢:=¡UA¢?;¡XJ=~DA¢ F8�J=8;:=C��O:k<lA¤ J=8;:>C.�OTF:=VG~gV] FAa F8«§� F8KC�8KTF F8KTq<>8v X�[?K�OY[CXJ>V]Yb8;T`<>�r F8u�OTF UAr UA�H]¡F¥±VGTF?;VG F8;T`<>8±:>�OxFJ=8v8KH]8D�

Z$�axgi=8K<>VG~O�bcu¡X<MVGH]VG¥BAaJ½A�m³�OJ=Y¢Ar UAr?K¡FJ=~DA[ X8�8KH]8S<MJ>�aH]¡FYbV]TF8K:>?K�;TF?KV\A��OTF X8�cum³8;V <lArA~DAaJ>J=8; F¡FJ>Ab8KY�?;�OYbCFJ=V]Yb8;T`<M�r F8��OTF FAb8�Aa:�?;¡XJ=~DAa:9 F8
L × _ CUAaJMA��OxX<>8;J9A�8KRU?KV]�;TX?;V\A� F8H]¡FYbV]TF_aTF?;V]A£ F�O:� FVG:>C.�O:>V <MV ~O�O: ¤ ?;  p À §S�

À ?;¡XJ=~DA� X8t8KH]8K<>J>�OHG¡FYbV]TF8K:>?;�KTF?;V]Af�OxX<>V] UA±C.8;H]� 
U¡X�OJ>EGY[8S<MJ>�fm³�aJ>TF8K?;89A�VGT`<M8;TX:>V] FAa F88;Y°¡FTFVG UAa F8K:²ADJ>xFV <MJM¯DJ>V\AD:|8;Y�m³¡FTFW;La�£ X�£?;�aY[CFJ=V]Yb8;T`<M�u F8t�OTF UA®�|�|J>V]Yb8;VGJMAaYb8;T`<>8�AD<MJ>A«~ac;: UAa:�?K¡FJ=~DAa:v F8�8KH]8K<>J>�OHG¡FYbV]TF8K:>?;�KTF?;V]AXe�c[m³8;V <lA�A�<MJ>AaTF:>?KJ>VGWBLa��8;Y!m³¡FTFWBLD�@ F��m³�D<M�g F8K<>8;?K<>�OJ¡X<MVGH]VG¥BAa F�£CUAaJMA�A��OxX<>8;TFW;La�� UAa:�Y[8K FV] FAa:½ F8uH]¡FYbV]TF_aTF?;V]AX�
À :>�OY[A� UA[VGTq<>8;TF:=V] UAD F8vYb8; XV] UAr UAb?;¡FJk~aAb F8�8;H]8S<MJ=�OH]¡FYbV]TX8;:>?K�;TF?KV\Ar8;Y�?K�OYbCFJ>V dY[8KT`<M�b F8u�OTF UAXe®m³�OJ>TF8K?;8�A�C��a<>�;TF?KV\A£<>�a<lAaHÁ8;YbVG<MVG UA�C.8;H]������� 8;Y�¡FTFVG UAa F8K:�AaJ>xXVG<MJ>¯aJ>V]Aa:;�

∫

I(λ)dλ = C
¤ YX� '`§

��V ~gV] FVGTF F�IAIVGT`<M8;TX:>V] FAa F8
I(λ)

C�8KH\AI¯aJ>8;A  UAI?K¡FJ=~DA ¤
C
§v<M8;Yb�O:bAQV]T`<M8KTF:>VG UAa F8

In(λ)
eUTX�OJ>Y[AaH]VG¥BAa FAv8;Y <M�g F�O:��O:½?;�aY[CFJ=V]Yb8;T`<M�a:½ F8u�OTF UAr F8u8;YbV]:=:MLa�X�

∫

In(λ)dλ = 1
¤ YX� ¼«¸`§
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��8K:=<MAum³�OJ=Y¢A±A±?K�OT`<MJ>VGxF¡FVGWBLa�f<>�a<lAaHX UA±?;¡FJk~aA±cu¼ � �q��8KC��OVG:| F8;:k<lA�AaTU¯aHGV]:=8�c�m³8;V <lAAt?K�OT`~O�OHG¡FWBLa�t UAtVGT`<M8;TX:>V] FAa F8�TF�OJ=Y¢AaHGV]¥;Aa UA
In(λ)

?;�OY A9J>8K:>C.�OTF:>V ~gV] UAa X8� F��m³�a<>�® F8S<M8K?K<M�aJ;eY[�a:=<MJ>Aa UArTUA�RU^O¡XJMA YX�G¼B¸X�

��V]^a¡FJMA Y®�G¼«¸®P 3,�G%S D#-7�%�E0V&E
'?>?')�g')# Q #-HA# '=E{# ')# :�H
E0"/E��&>?')#! �>=2R> #=L HS��2\> � ��F�E ��7IF�E
> ')#&%\'=E$%S D#-P
%�E0H�E0V=#&%S�

À VGT`<M8;^aJMAaH¨8;Y m³¡FTFWBLD�� UA�J>8K:>C.�OTF:>V ~gV] UAa X8£m³�OJ>TX8;?;8r¡XY¢A¢?K�OTF:k<lAaT`<M8 ¤
γ
§�©q¡F8r:=8;JM¯¡X<MVGH]VG¥BAa UA�CFAaJMAr?BADH]?;¡XH\AaJ�ArC.�a<M�KTF?;V]Ab8KY[V <MV] FA£C�8KH]�[Z±�����v��798;:k<lA[VGT`<M8;^aJMAaH cu?K�OTF:>VG F8;J>Aa UAAr?;�OT`<MJ=V]xF¡XV]WBLD�bC.�OT`<M�bArC.�OT`<M�b F�rm³�a<M�g F8K<>8;?S<M�OJ½8KY <M�g UArAbVGT`<M8;^aJMAaH

γ =

∫

R(λ) Indλ
¤ YX� ¼O¼ §

À ?K�OTF:=<MAaT`<M8
γ
c� UAa FA@8;Y ¡XTFV] UAD F8;:r F8¢?;�OJ=J>8;T`<>8hµ À ¹ºe�C.�g F8;TF X�I:=8;Jr¡X<>V]HGV]¥BAD UAAa^O�OJ>ArCUAaJMAr?;AaH]?K¡FH\AaJ² FV]J=8K<lADY[8KTq<>8uArC��a<>�;TF?KV\Ar F�1Z±�����£eU¡X:MAaTF X�¢Ar:>8K^O¡FVGTq<>8uJ>8;H]AaWBLD�FP

1 [W ]

POLED
=

γ [A]

iF [A]

¤ YX�G¼«¿O§
�OTF F8

iF
cuArm³�a<M�g?;�aJ>J>8KT`<M8±Yb8; FVG UArTUAa:�?;¡FJk~DAa:

L × V
�

À C.�a<>�;TF?KV\AZ8KY[V <MV] FA�C.8;HG� Z±����� 8KY m³¡FTXWBLa�@ FA@?;�OJ=J>8;T`<>8�TF�@m³�a<>�® F8S<M8K?K<M�aJ£ UARU^O¡FJ>A[Y®�G¼«¸®eFc± UAa UA�C.�OJ;P
POLED =

iF
γ

¤ YX�G¼9Y`§
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� TF8K?;8;:=:M¯aJ=V]��?KVG<MAaJt©q¡F8v8;:k<M8�CFJ=�®?K8; FVGY[8KT`<M�b F8£?;¯aH]?K¡FH]�bcv~D¯aHGV] F��©q¡UAaTF X�¢<M8KY�d :>8¡FY�Aa?K�OCFH]AaY[8KT`<M�rC.8;J=m³8KVG<>�FeF�O¡�:>8­i>AXe ArV]J>J>Aa FV]_aTF?;V]AvcuV]^a¡UAaH"Ar8S¾®?KVG<l_DTF?;V]AX�
��V ~gV] FVGTF F��A�8;©q¡UADWBLa� YX� ¼&Y�C.8;H\A¢¯aJ>8;A�AD<MV ~aA[ UAoAaY[�a:=<MJ>A¢C.�® F8{d­:=8r F8K<>8;J>YbV]TFAaJfAC��D<M�;TX?;V\Ar8KY[V <MV] FA£C�8KH\A�¯aJ=8BAr F8u8;YbV]:=:MLa�� F�b����� ¤ 8{¾®?;VG<M_aTF?KV\A�JMAD FV\AaT`<>8«§SP

ξ =
iF
γ A

¤ YX�G¼ aq§
À ¡FTXV] UAa X8� F8r8S¾®?KVG<l_DTF?;V]A¢JMAa XV\AaT`<M8£cr UAa UA�8KY � pDY

2
�v��AaJ>A�?BAaJ>Aa?K<>8;J=V]¥BADJfY[8{dH]¦F�aJ��O:± FVG:>C.�O:>V <MV ~O�O:t8;YbV]:>:=�OJ>8K:f F8rHG¡F¥£crTF8K?;8K:>:M¯DJ>V]��?K�OT`~O8KJ=<M8KJ�A�¡FTFV] FAa F8� F8r8{¾®?;VG<M_aTF?KV\AJMAa XV\AaT`<M8rCFAaJMA�¡FTFVG UAa F8� F8�HG¡FY[VGTU_aTF?KV\A ¤ ?; UpDY

2
§S� À ?;�OT`~a8;J>:>La�Z X8b¡XTFV] UAD F8;:ucrm³8;V <lA� UA:>8K^O¡FV]T`<>8�m³�aJ>Y[AXPfC.�OJ±8S¾®8;YbCFHG�Fe":>8�¡FY������}AaCFJ>8K:>8KTq<MA�8KY[VG:>:>La�o8;Y

λ �
]c]c]�TFY ¤ Y¢¯ d¾®V]Yb�� F8±J>8K:>C.�O:=<MA£m³�a<M�aCX<MVG?BA£ F�r�aH]¦F��¦q¡FY[AaTF�`§SeÁ¼ � 8K©g¡XVG~DAaH]8fArÃ %cY£HGY ?K�OY[�£Y[�O:k<MJ>Aa F�TUA�<lAax.8;H]A Y®�G¼&Y®�[798;:k<lA�<lAax.8;H]AXe <lAaY£x�cKY
:MLa��Yb�O:=<>JMAa F�a:±�O:±~aADH]�OJ=8;:u F8�?;�OT`~a8;J>:>La�@CUADJMA FVGm³8KJ>8KTq<>8;:9?;�OYbCFJ=V]Yb8;T`<M�O:² F8u�OTF UAr F8u8;YbV]:=:MLa�X�

À ¡FTFVG UAa F8u F8�H]¡FYbV]TF_aTF?;V]A�H]8S~aAr8KY ?K�OT`<lArmnAD<M�aJ>8;:9^O8K�OY[cS<MJ=V]?;�a:;eUV]:k<M��cae.A�m³�OJ>Y[A UA£ FVG:=<>J>V]xX¡FV]W;La�v FA£H]¡F¥t8;YbVG<>V] UAuC�8KH]�£�����£� 4 �OYb�£�� FVG:>C.�O:>V <MV ~O�£8KY[V <M89H]¡F¥98;Y}¡FY°:>8KY[V dCFH\ADTF�Feqc�?;�OTF:=V] F8KJMAa FAv©q¡F8tA�8KY[VG:>:MLD�vc9H\AaY£x�8KJ=<MV]AaTUA�µ(' 'XeU¼B¸X¼;¹ºeg?K�OYb�vYb�O:=<>JMAa X��TFAuRU^a¡FJMA
YX� ¼O¼O�

��VG^O¡FJMA Y®�G¼O¼aP � :� D��2 Q .{F�E{� 	�>=� L���2;H�E
>=7
>rµ ¼«¸X¼S¹



����� � ���D	 � ��	
����� � 	�� �
� ��� � �h�)� � ��� �p�
� ����� �
���	��� ��� � � �-�)� �l� � ��� ���

À 8;YbV]:=:MLa��H]AaY�x.8;J=<>V\AaTFAvcuJ>8K^OV] UArC.�OJ½¡FY[ArH]8;VÁ F8u?;�O:=:>8;TX�O:;e  UAa FAbC.�OJ;P
Eθ = E cos θ

¤ YX� ¼�]O§
�OTF F8

θ
cuY[8K FV] X��A�CFAaJ=<>V]J½ UArTF�OJ=Y¢ADH"Ar:>¡FC.8;Jkm³E]?;VG8± F�� FV]:=C��a:>VG<>VG~a�r8;YbV]:>:=�OJ½ F8uH]¡X¥a�
À ?K�OT`~O8KJ>:MLD�r F8fH]Y°CUADJMA£?K  eX?K�OTF:>VG F8;J>AaTF F��A£8;YbV]:=:MLa��H]AaY�x.8;Jk<MV\ADTUAXe`c� FAa UA�C.�OJ¼�H]Y

�
¼

π
?; �µ(' 'D¹º�t��8;:k<lA¢m³�OJ=Y¢AXe c�m³8;VG<MA[A[?;�OT`~O8KJ>:>La��CUAaJ>A�A[¡FTXV] UAa X8£ F8vH]¡FYbV]TU_DTF?;V]A¤ ?K  pDY

2
§S�
À CUAaJk<MVGJ  UA�H]¡FYbV]TU_DTF?;V]A�c�C��a:>:>E ~O8KHg?;AaH]?K¡FH\ADJ"A½8KRU?KV]�;TX?;V\A½©q¡U_aT`<>V]?BA� F8�H]¡XY[VGTU_aTF?KV\AXe?;�OYb��Y[�a:=<MJ>Aa UA�TF�b?BADCFEG<>¡FH]�b¿®eX©g¡X8vc± UAD UAbC.�OJKP

ηL =
AL

IOLED

¤ YX�G¼BÃ`§
ZfTF F8

A
c£A�¯aJ=8BA� F�[Zu�����£e

L
c�ArH]¡XY[VGTU_aTF?KV\A£8

IOLED

c�Ab?K�OJ>J=8;T`<M8u8KH]cK<>J>VG?BA�AaCFHGV]?BAD UATF�b FV]:=C��O:=VG<>VG~O�X�
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λ
� ��F�E ��7IF�E
> 46#-7DV=��23%
�)#

λ
� ��F�E ��7IF�E
> 46#-7DV=��23%
�)#

@`7D�!B 	y:)� E07I#&% > �y#-H �G 
H
E{F > @`7D�!B 	y:)� E07I#&% > ��#-H��G 
H
E{F >
��#-H �G 
H�E{F > "/����� �y#-H �G 
H�E{F > "/�����

Y %O¸ ¸Xe ¸a¸O¸O¸cY ' ¸Xe·¸`¿O¶ ]&%O¸ ¸Xe %`¶a¸O¸O¸a¸ ]&'baFe ¿g¼«¸
Y 'O¸ ¸Xe ¸a¸O¸X¼ ¿a¸ ¸Xe·¸ %`¿ ]&'O¸ ¸Xe ¶c]O¶a¸O¸a¸ ]®¼«¶®e ¸=YX¼
a`¸O¸ ¸Xe ¸a¸O¸cY 'OÃ ¸Xe ¿O¶a¸ ÃO¸O¸ ¸Xe·ÃcYX¼«¸O¸a¸ a?Ya¸Xe 'O¶=Y
aF¼«¸ ¸Xe ¸a¸X¼ ¿®¼«¸ ¸Xe %`¿aÃ ÃX¼«¸ ¸Xe^]a¸cYO¸O¸a¸ Y=acYXe�]-a '
aq¿a¸ ¸Xe ¸a¸=a`¸O¸O¸ ¿®e ¶=Y`¿ Ã`¿a¸ ¸XedY %X¼«¸O¸a¸ ¿aÃa¸Xe ¿a¿=Y
a?YO¸ ¸Xe ¸®¼O¼«ÃO¸O¸ ¶®e '`¿=Y ÃcYO¸ ¸Xe ¿aÃ?]a¸O¸a¸ ¼ %a¸Xe '&'?]
aca`¸ ¸Xe ¸O¿=YO¸O¸O¸ ¼�]ge ¶a¸&' Ã=a`¸ ¸Xe ¼ ¶c]a¸O¸a¸ ¼O¼ 'Xe�]a¿c]
a�]a¸ ¸Xe ¸=Y %O¸O¸O¸ ¿c]ge '?]-a Ã?]a¸ ¸Xe ¼«¸`¶a¸O¸a¸ ¶=Y®e ¸ %®¼
a`ÃO¸ ¸Xe ¸aÃO¸O¸O¸O¸ a`¸®e ' %a¸ ÃOÃO¸ ¸Xe·¸OÃX¼«¸O¸a¸ aF¼ae ÃOÃ=Y
aq¶a¸ ¸Xe ¸&'O¸ ' %O¸ Ã`¿geG¼&Y&' Ã`¶a¸ ¸Xe·¸cY`¿a¸O¸a¸ ¿®¼ae %?]DÃ
a %O¸ ¸XeG¼9Y 'O¸`¿a¸ '=aXe '?]g¼ Ã %O¸ ¸Xe·¸X¼ ¶a¸O¸a¸ ¼O¼ae ÃX¼a¼
a 'O¸ ¸Xe ¿D¸ %O¸`¿a¸ ¼9aq¿ge ¸`¶ % Ã 'O¸ ¸Xe·¸O¸ %`¿®¼B¸ ]ge ÃO¸O¶
]a¸O¸ ¸Xe^YO¿=YO¸O¸O¸ ¿O¿a¸®e ÃO¸&' ¶a¸O¸ ¸Xe·¸O¸=aF¼«¸O¿ ¿ge %O¸O¿
]®¼«¸ ¸Xe�]D¸cYO¸O¸O¸ Y=a?Y®e�]ba ' ¶®¼«¸ ¸Xe·¸O¸`¿a¸ '®¼ ¼aedaq¿ %
]O¿a¸ ¸Xe ¶g¼«¸O¸O¸O¸ a %=aXe 'cYa¸ ¶O¿a¸ ¸Xe·¸O¸X¼«¸=a`¶ ¸®e ¶®¼&]
]=YO¸ ¸Xe %aÃ`¿a¸O¸O¸ ]&% %®e ¶baOÃ ¶=YO¸ ¸Xe·¸O¸O¸?]O¿D¸ ¸®e^Y?]=]
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A F8;C.8;TX F�;TF?KV\A£HGV]TF8;AaJª8KTq<>J>8�A�8KTF8;J=^OV\Au F�£CXJ>V]Yb8;VGJ>�±CFVG?;�� F8tAaxF:>�aJ>WBLD�v89�vVGT`~O8;J=:>�v F�v<MAaY¢A dTF¦F�o UA�?;Aa F8;V]AX�jkt:MADTF F���O:f UAa X�O:± F8��

pico

~g:�¼ pDT  F��J=8Km³8;J=V] F��<>JMAaxFAaH]¦F�XeÁ�OxX<>8K~a8Sd­:=8[¡XY^OJMAD¡� X8�C.�OHGV]Yb8;J>VG¥BAaW;La�
n ≈ ¿D¸�µ

Epico �
YXe·ÃOÃ

eV
¹º�

��V]^a¡FJMA\aF��]gP6� %S D�GF�H�23# ')�g>?L�%&#-2 ���)# � � PSV&E$% � �G%S D�GF�H
2G# ')� Q #-HS#-"/:)� E07I�G%&F���7IF�E
> ')# � "/�1�\')�* * * ��"$��H
23# ')�S D#&%�E0H`>?')# %&#=L 23� � � � �R��F�E0H`>?')# FG#-� "/:�� ���
λ �

� � � 7D� µ ¼B¸cYj¹º�
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Z ~DAaH]�OJv UA@J>8K^OV\LD�@ F8�8;TX8;J>^aV\A@CFJ=�OV]xFVG UAXe�m³�OV² F8S<M8KJ>YbV]TUAa X�@C�8KH]� CFJ=�®?K8; FVGY[8KT`<M� F8;:=?;J=VG<M�ZC��OJ f��OJ=VG<MA ��H�>=" WNµ ¿a¶j¹sP�AaTUAaHGV]:MADTF F��A�x.�OJ> UA� F8�ADxF:>�OJ=WBLa��8�Aa:=:>¡FYbV]TX F�Z¡FY[A<MJ>AaTF:>VGWBLa�[ FV]J=8K<MAb F� e�ZgfhZ	CUAaJ>A[�¢��k!fhZ�8£¡X<>V]HGV]¥BADTF F���¢^OJ>¯DRU?K� ¤
hν × Abs

§
2
~g:

hν¤ �OTX F8
A
cv��?;�g8KRF?;V]8KT`<M8� F8£AaxF:=�OJ>W;La�Fe

h
c�A[?;�aTF:=<MAaT`<M8r F8£��H]AaTF?lz�8

ν
c£A[m³J>8K©�$X�;TF?KV\A`§?;�OYb��Y[�a:=<MJ>Aa F�rTUArRU^O¡XJMA aF�·ÃXeF F8S<M8;J=Y[VGTF�O¡®d :>8±CUADJMA��[�����¨e �

g �
¿®e %�8`_£�

��V]^a¡FJMATaF�·ÃXP�4t:)2;V->[#=L H�E
'?> >� �>=2;H�E02!')#&%T�G%S D�GF�H
2G# ')��>?L�%&#-2 ���)# FG#-� > � : >="�')��HS��2;� E07I#-:�P{%&�
# V->="$#-2\'?> ��7I��2�<=E
> '?>[23�{<=E �)#� 
23#-E
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'?>rµ ¼«¸=YD¹s�
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�¨AaJM_aYb8K<>J>�O:�?K�OY[� C.�a<>8;TF?KV\AaH� X8�VG�OTFV]¥;AaWBLD� ¤
Ip
§Se�ADRUTFVG UAa F8�8KH]8K<>J XOTXV]?BA ¤

χ
§£8�A8;TF8KJ>^OV]Av UAvJ>8;^aV\La��CFJ>�aV]xFVG UA ¤

Eg

§�:MLa�£V]YbC��OJk<lAaT`<>8;:�CUAaJ>A£�£8KTq<>8;TF XV]Yb8;T`<M�� FAa:²CFJ=�OCFJ=V]8; FAjd F8;:9�OCX<>V]?;Aa:½8u8;H]cS<MJ=V]?BAD:� F�O:�Y[AD<M8KJ>V\ADV]:�8± FVG:>C.�O:>V <MV ~O�O:½?K�OY 8;HG8;:�?;�aTF:=<>J>¡FEG F�O:uµ ¼O¼ %D¹º�
À  F8K<>8;J=Y[VGTUAaWBLD�v F�vC��D<M8;TX?;V\ADHU F8tVG�OTFVG¥BAaW;La�u U¯vVGTF FE]?KV]�O:| X8t©q¡UAaT`<>�£¡FY° F�OCFAaT`<M8<MVGC��Dd C@c�?;AaCUAa¥r F8rVG�OTFVG¥BAaJtA�?BAa X8;V\A�C.�OHGV]Ybc;J>VG?BAXe

χ
c�V]YbC.�OJ=<MAaT`<M8£CFAaJMA���8KTq<>8;TF XV]Yb8;T`<M� UA@ F�OCFAa^O8;Y!<MVGC��jd­T eª:=8;TF X� ©g¡X8�8;:=<>8;:�CUAaJ>_aYb8K<MJ=�O:�A«i=¡F UAaY�A@?;�OTX:=<MJ=¡FV]Jv¡FY  XV\Aa^OJ>AaY[A F8�8;TF8KJ>^OV]Aa:�AaCFJ=�«¾®VGY¢Aa X� CUAaJMAQ�QY¢Aj<M8;J=V\AaHº�NZf:� FV\Aa^aJMAaY[Aa:�:>La�NADCFJ>�B¾®V]Y[Aa F�O:Ke�C��OVG:r�O:C��aH]E]Yb8;J=�O:�:MLa�£Y¢AD<>8;J=V\AaVG:�?K�OY}V]YbC�8KJ=m³8;VGW;¬g8;: ¤ ©q¡F8KxFJMA� F8�?;�OTji=¡X^`AaWBLD�Fe® X�OCUAa^O8KY ©q¡FEGY[VG?BAXe8K<>?«§±8b X8;:=<MA�m³�OJ=Y¢A®e"TULa�oC��a:>:>¡X8;Y

Ip

8
χ
x�8KY
 F8KRFTFV] F�a:;���|:k<lAo F8;:=�OJ> F8KY!V]YbCFH]VG?BA¢8KY¡FY[A�H]AaJ>^`Au FVG:=<MJ=V]xF¡XV]WBLD�± F8�8KTF8;J=^OV\AX� À :� FV]:k<MJ>VGxF¡FVGW;¬g8;:� F898;TF8KJ>^OV]AvC.�® F8KY0:>8KJ��OxX:>8;Jk~DAa UAa: F8±m³�OJ>Y[A�Y[AaV]:�?KH\AaJ>ArTUA�RU^O¡FJ>A aF� ¶®�

Densidade 

de Estados

Carga acumulada

( + ou −)

BV

Energia
BCBC

Oxidaçao

Reduçao~    

~

��V]^a¡FJMA aF� ¶®P 3,��" >����)#���7DH�23�[>��1� '=E
'?>h��"$��H�23#
� :).0� E{F >h')#&%! D#-HS��7IF�E
>=E$% ')� H�2R>=7�%�E����)#&J�� ′

ox

J
� ′

red

J �
p
JU�T�

g
J� �>=2 > :�� > �G%�H
2;:�H
:�2R> ')� LG>=7
'?> %�E0�! 
"/E ��F >?'?>[')�g:)�  D#-"/.0�1��2G#£µ ¼O¼ %XeÁ¼O¼ 'D¹º�

7tA�RU^O¡XJMA aF� %�<M8KY�d :>8��o~O�OH <lAaYb�O^OJ>AaY¢A[?;E]?KH]VG?;�� F�Z������e�8KY�©q¡F8[:=8¢�OxX:>8;Jk~DA��CFJ>�g?;8K:>:=�� F8��«¾®VG UAaWBLD�[ F�bC.�OH]EGY[8KJ>�F��798;:=<>8£CFJ=�®?K8;:=:>�¢�a:t8KH]cK<>J>�OTX:tTULD�[:>La�[J=8;Yb�«~®VG F�O:� F�Y¢Aj<M8;J=V\AaH�C��OHGV]Ybc;J=V]?;�Xe"AD<Mcb©q¡F8¢��C.�a<M8KTF?;V]AaH�AaH]?;AaTF?K8[�o~DAaH]�OJu F8�<MJ>AaTF:=V]WBLD� ¤ ¸Xe�] _ ± ¸®eG¼
_u§{eU©g¡X8�?K�OJ>J=8;:=C��OTX F8£AD�O:�8;:=<MAa F�O:�Y[AaV]:�AaHG<>�r�®?K¡FCUAa F�a: ¤ e�ZgfhZu§� F��C��aH]E]Yb8;J=�F�

�¨AaJMA �OxX<>8;Jr�QC.�a<M8KTF?;V]AaH² F8oVG�OTFV]¥;AaWBLD�@c�TF8;?K8;:=:M¯aJ=V]�IJ>8;H]Aa?;VG�OTUAaJv� C��D<M8;TX?;V\ADH� F8�B¾XVG UAaW;La� ¤ � ′

ox

§{e �OxX<>V] F�oA�CUADJ=<MVGJf F8�~a�OHG<MAaY[8S<MJ=V\A¢?KE]?;HGV]?;AXeÁ?K�OY ��8KH]8K<>J>�g F�� F8rJ=8Km³8;J=�;TF?KV\A
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¡X<MVGH]VG¥BAa F�Xe¨©q¡F8[ UAaJM¯ZAZ?;�OJ=J>8KWBLa�@CFAaJMA��@TFEG~a8;H� F8¢~D¯a?K¡F�F�@�¨AaJMA��Z8;HG8K<>J>�g F�Z F8 À ^qp À ^
+8;:k<M8u~aADH]�OJ�cgaFeoa

eV
�

Ip = (0, 5 ± 0, 1) + 4, 4 ≈ 4, 9 ± 0, 1 eV
¤ aF�G¼«§

��V]^a¡FJMAwaX� %XP � #-"/H{>=�1# <=2 >=� > F�.{F�"/E{FG# ')#w* * * J!%&#=L 23�[%�:�L�%�H
2 >=HS# ')� �!:?J ��� %&#-"/: ���)# �&J��
�1#-" W 	

−1
	yEA4t" �

4

��� >)FG��HS#-7DE0H�2;E0" >-J6>[:)� >1V=��"$#&F�E
'?>?')�\')�\V->=2;23� '=:)2 >1')� � � � � % −1
µ ¼«¸cYj¹º�

� C.�O:=:>EG~a8;H| F8S<M8KJ>YbV]TUAaJ��O:±C��D<M8;TX?;V\ADV]:f F8��B¾®V] UADWBLa��8rJ=8; F¡FW;La��?;�OY
¡XY Yb8;:>Yb�8;HG8K<MJ=�OH]V <M�FeX��©q¡F8vm³�OJ=TF8;?K8£ FVGJ>8S<lAaYb8;T`<M8��[~DAaHG�OJ� UA¢H]Aa?;¡FTFAb F8v8;TF8KJ>^OV]A[CFJ=�OV]xXV] UA�µ ¼«¿a¸j¹º��ZCFJ>�axFH]8KY¢Aoc¢©q¡F8[CUAaJMA� F8K<>8;J=Y[VGTUAaJu�ZC.�a<M8KTF?;V]AaH� F8¢J=8; F¡XWBLa�@c[TF8;?K8;:=:M¯aJ=V]�@¡FY!ADY�xFV]8KT`<M8V]TF8KJ=<>8�8±:=8;Y ArCFJ=8;:>8KTFWBAb F8�¯a^O¡UA®eF�[©q¡F8uTULD��m³�aV"C��O:=:>E ~O8;H"TX�bCXJ>8;:=8;T`<M8�<MJ>AaxUAaHG¦F�F�
À CUAaJ=<>V]J� F� ~a�OHG<MAaYb�O^OJMADY¢A�?;EG?;HGV]?;�&m³�OV�AaC.8;TUAD:ZC.�O:>:=EG~O8KH£ F8S<M8KJ>YbV]TUAaJo��TXEG~O8KH

e�ZgfhZ�eU:>8KTF F�b�[TXEG~O8KH��lk�fhZ  F8K<>8;J>YbV]TFAa F�bArCUAaJ=<>V]J½ UAr:=8;^O¡FVGT`<M8u8S¾®CFJ=8;:>:>La�FP
χ = Ip − Eg = 4, 9 eV − 2, 8 eV = 2, 1 eV

¤ aF� ¿O§
�OTF F8u:=8v¡X<>V]HGV]¥;�a¡�A��

g
 F8K<>8;J=Y[VGTUAa UA�C.8;H]ArRF^O¡FJMA aF�·ÃX�



�l���$� �)� �y	�� ���l�
� � � ���2� �y�9�����)� � �

�|:=<MAZ8S¾®CFJ=8;:=:MLa� cb¡X<MVGH]VG¥BAa UA®e�Aa:>:=¡FY[VGTF F��A�~DAaHGV] UAa X8b X��<M8K�OJ>8KY¢Ao F8 � �g�OCFY[AaTµ ¶bYD¹sea�O¡�:>8­i>AXe`©q¡F8��fC.�a<>8;TF?KV\AaHg F8�VG�OTFV]¥;AaWBLD��c�At:>�OY[A� F�O:¨~aADH]�OJ=8;:� FAfADRUTFVG UAa F8�8;HG8K<MJRXOTFVG?BA8u UAbJ=8;^OV]La�r F8u8;TX8;J>^aV\ArCFJ>�aV]xFVG UAX�
��8K:=<MA[m³�OJ>Y[AXeUcvC��O:=:>E ~O8;H�?K�OTF:=<>J>¡FVGJt¡XY  XV\Aa^OJ>AaY[A� F8£xUADTF UAa:tAaCFJ=�«¾®VGY¢Aa X�[CUADJMAA£?;�aTXRU^O¡FJ>AaWBLD�� F8f FVG:>C.�O:>V <MV ~O�O:�Y[8S<lAaH\pDC.�OH]EGY[8KJ>�qpDYb8K<MAaHneD?K�OY°�O:�©q¡UAaVG:�m³�OJ>AaY0�OxX<>V] UAa:²Aa:?BAaJ>Aa?K<>8;J=E]:=<>V]?;Aa:½8;HGcK<MJ=V]?;Aa:½ F�b������e CUAaJMAr8K:=<lA�?;�aTXRU^O¡FJ>AaWBLD�[ F8u8KH]8K<>J>�g F�O:K�

nivel de vacuo ´ ´

χ= 2,1 eV

E  = 2,8 eVg
φ

TO
= 4, 3 eV φ

Ag
= 4, 3 eV

I  = 4,9 eVp

��V]^a¡FJMA aF� 'XP 5TE
>&<=2 >=� > ')�[LG>=7
'?>-%� 
2G#G D#&%�HS#  �>=2R> #[* * * JTFG#-� #&% ��"$��H�23# ')#&% � : � Q #-2R>=�
:�H
E0"/E��&>?')#&%g7
> FG#-7�%�H
2;: ���)#[')#&% '=E$%S D#&%�E0H
E0V=#&% � � �D* * * � �6<a�
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7tAoRU^a¡FJMA aF� ¼«¸�crY[�a:=<MJ>Aa UAoA�?;¡FJk~DA
ln(I/V ) × V 1/2

CUADJMA� FV]:=C��a:>VG<>VG~a�O: ��Z´p����� p À ^X�[�|:k<lAo F8;C.8;TF X�;TF?KV\A� X8K~O8[:>8KJ�HGV]TF8;AaJ;e"CFAaJMA�©q¡F8ae�A�?;¡FJk~aAoC.�O:>:>A�:>8KJu F8;:=?;J>V <lAC�8KH]�bJ>8K^OV]Yb8± F8£VGTji=8;W;La��<M8;J=Y[�aV$XOTFVG?BAXe®?;�OYb�bY[�O:k<MJ>Aa F�bTUAb8K©q¡UAaWBLD�o¿®� 'X�UfZAD:fAaVGTF UArTULa�:>8�C��g F8uADRFJ>Y[AaJ�©q¡F8��bCXJ>�g?;8;:=:>�[c± F8uV]Tji=8KWBLa�r<M8KJ>Yb�OV$XaTFV]?;AX�

��V]^a¡FJMA aF� ¼«¸XPg4t:)2;V-> �b@ � B F >=2R>)F�HS��2�.$%�H
E{F >g �>=2R>[:)� '=E$%S D#&%�E0H�E0V=# � � �D* * * � � < FG#-� �G%S D�G%�P
%�:�2R> '?> F >=� >?'?>[>=H�E0V-> ')������� 7D�´µ ¼«¸cYD¹I_

�
_

TO

d _
Ag

�
�¨AaJMAuC��g F8KJ�?K�OTF?KH]¡FVGJ|©g¡X8t�uCFJ=�®?K8;:>:=�£ F89V]T i=8;WBLD�� X89C.�OJk<lAa F�aJ>8;:�c½<M8KJ>Yb�OV$XaTFV]?K�FeOcTF8;?K8;:=:M¯aJ=V]�¢�axF:>8KJ=~DAaJtAb F8KC�8KTF F�KTF?;V]A[ UAb?;�OJ=J>8;T`<>8v8KH]cK<>J>VG?BAr?;�OY Ar<M8KY[C.8;J>AD<M¡XJMAX� # 8;TX F�¢�CFJ>�g?;8K:>:=��<>8;J=Y[VG?BAaYb8;T`<M8�AD<MV ~DAa F�£8fA� F8;C.8;TF X�;TF?KV\A� F�r^OJ>¯DRU?K�

ln I × T−1
eXHGV]TF8;AaJ;egC.�® F8{d:>8�ADRUJ=Y¢AaJr©q¡F8�AQV]Tji=8KWBLa�Qc�<M8KJ>Yb�OV$XOTXV]?BA®�&��:k<lAQ?BAaJ>Aa?K<>8;J=E]:=<>V]?;AIco�OxF:=8;Jk~aAD UAITFAQRU^a¡FJMA

aF� ¼O¼Oe¨A�CUAaJk<MVGJ� X8;:=<>8¢^OJ>¯DRU?K�Zc¢C.�O:=:>EG~a8;H� F8K<>8;J=Y[VGTUAaJ�A�ADHG<M¡XJMAo UA�xUADJ>J>8KV]J>A� F8[C��D<M8;TX?;V\ADHTUA�V]T`<>8;J=mnAD?;8���Z p£�����¨� À ~DAaJ=V\AaW;La�£ X�
ln(I)

?;�OY}J>8KH\AaW;La�rA
T−1

cf UAa FA�C�8KH\A£:=8;^O¡FVGT`<M88S¾®CFJ=8;:>:>La�FP

[
∂ ln I

∂T−1
] =

βd1/2V 1/2 − ϕ

k

¤ aF�dY`§
À CFAaJ=<>V]J² FA£8S¾®CFJ=8;:>:>La� aF�^Y®eX:>8KTF F�

β
 UAa F�£C�8KH\A£8{¾XCXJ>8;:=:MLa�[¿®�·ÃXe®8f?;�OTX¦F8;?K8;TF F�

V
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��V]^a¡FJMATaF� ¼O¼OP!4t:�2;V-> �b@ � BU �>=2R> :�� '=E$%S D#&%�E0H�E0V=# � � �D* * * � �6<[FG#-� �G%S D�G%G%�:)2 > '?>[F >=� >?'?>
>=H�E0V-> ')� � � �-7D� ��� � �

�&J�� � µ ¼«¸=Yj¹�_
�
_

TO

d _
Ag

�

8
T
e®m³�OV C.�O:>:=EG~O8KH" F8K<>8;J=Y[VGTUAaJ½A�AaH <M¡FJ>A� UArxUAaJ>J=8;VGJMA� F8uC.�a<M8KTF?;V]AaH TUArV]T`<>8;J=mnAD?;8 ��Zupa�����¨e©q¡F8vc

ϕ ≈ ¸Xe ¼
eV
�

À xUAaJ=J>8KV]JMAr F8�C.�a<M8KTF?;V]AaH  F8S<M8;J=Y[VGTUAa UA�AD<>JMAB~OcK:t FAa:�Y[8K FV] UAD:98KH]cS<MJ>VG?BAa: ¤
ϕ ≈ ¸®eG¼8`_u§{e"crx�8KY
Y[8KTF�OJf X��©q¡F8bA��OxF:=8;Jk~aAD UA�C.8;HG�� FV]^aJMAaY[A¢ F8r8KTF8;J=^OV\A ¤

ϕ ≈ ¸Xe·Ã�8`_u§Se"CFAaJMAxF¡FJ>Aa?;�O:Ke�TUA�VGTq<>8;JkmnAa?;8 ��Z�p&�����¨� À  XV]YbV]Tq¡FV]W;La�N FA&xFAaJ>J=8;V]J>A» F8 C.�a<M8KTF?;V]AaH�Yb8; FVG UA:>¡F^a8;J>8�¡FY[A�AaHG<MA�?;�OT`<MJ=V]xF¡XV]WBLD�r UAbC.�OH]AaJ>VG¥BAaW;La�� UArV]T`<>8;J=mnAD?;8aeU�a¡�¡XY¢ArH\ADJ>^`A� FVG:=<>J>V]xX¡FV]W;La� F�O:�TFE ~O8;VG:�e�ZgfhZ�eUAa:=:>�g?;V\AD UA�AbADHG<lAr F8K:>�OJ= F8;Y�8KTF8;J=^OcK<>V]?;AX�
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DOBPV DSBPV BHPPV BHBPV

φ
FTO,Al

=4.3 eV

φ
Ni, Au

=5,1 eV

χ=2,1 eV

χ=1,6 eV χ=2,0 eV χ = 1,8 eV

I =5,0 eVp
I =4,9 eVp

pI =4,5 eV
I =4,7 eVp

φAl=4,3 eV

Nivel de vacuo
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φCa

I =5,3 eVp
I =5,2 eVp
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FTO

=4,3 eV

PEDOT:PSS PDO14FV
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Nivel de Vacuo
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��À+_
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� �"!$#0(
!%� t 6+2�!$�"50672
8:2+!$#05%(+=C2;! � =CB.!%&F/-#0B.=C2;!D2+!J5%�F!%/C1R#V(+=C2+!D2;W-#%B3=C2+! *>(750(~=CB.2^=-2;!
�"8AB3!$!%2;5$�"!�=C��13/CN'&F2;HC!$#%5%/C,.=C2;! �"8��F!$#%5%/-#%/C50(:��m lFE9gjifkJl'm'X`gfoCoGE9gjk'l4�)_T�p�HE9{D13x

3EJI@(KE4{D1\�
� (�ECr;/C50(MLK�.�y}98A2;!$#%50(+=>(�(
&F/C5$�7(

J × V
ZON�}9=C�FHC!%B.=>(+=C�y=C�9&F2;5%5$�"HT#0�)c'*C(+50(

2;! =CB3!$*U2;!$B.#%B.�;2+!���m lFEygfijk'lJm'X`gfoCo Z ∼ �)À;À9HC8
cPEygjk'l4�)_T�p�¼Z ∼ Q OAHC8~cPE4{D13x 3

Z ∼_T�MHC8~cREAI@(GE�{ 1z��ij!<#V(�&F/C5$�7(�#%�"8´&)(+5%�7#0�F5 5$�F#0BRE>&)(7Hd#%�+]v2�xd/C�~}~/C8:(�&"(+50(+&e#0�F5%,3!<#0B.&)(
=C�'/C8 =CB32K=C2C�vl'/^#050(�2;WC!%�F5$�7( t 6+2yB38A*U2;5<#V(+HT#%� }'(4�-B3!$#%�"5$�"!%�'2+WC!%�F5$�7(+=>(4H>(4&F/C5$�7(4�FHd#%5%�'2
(+/C8A�"HT#02'�?2J=C�"&F5%}F!%&"B.8:2'=C(D#0�"H-!06+2'HC2'*-5%B38A�"B.5%2 xd/>(+=C5%(+HT#0��ZS#%�"HC!%6+2'=CB.5%�F#0(Tce�w{ �CB.!$#%�"5%�F!%�
!%/Cr+�"5%��xd/C��2:8:(7#%�"5%B3(+1U(+*C5%�F!%�FHd#0(~(+5$8~(7=CB31.�>(+!?=-��&"(+5%r;(-�

��B3r+/C50(KL^�.�+XTSVU-WYX>ZA[\Z]W7Z-[_^a`_WYbdc_^�eO[\Z�f-`hg × ikj Z]W7Zlf]edc j�m c_e�^
e�X m c6nporqts=uwvwxyqho?z{ur|�|}s
uwxyqP~���n i s����{� 3 s�SwZRsl���{� i��Ki FTO � i Ca

�To2Z��CZTf-`RX>Z]W_W%`\f]U-W7ZM�0��� i s�c

� (�!%�Fxd¿CG"HC&FBI( !%6+2 8A2;!<#050(7=>(+!L(+!L&F/C5$�7(+!L=C�D1./C8AB3H��+H-&"BI(J� �FEC&"B3GFHC&"B3(�xd/��+HT#%B3&)(�=C�
13/C8AB3H+�+HC&"B3( *>(+5%(92A8A�"!$8:2y=CB.!%*�2;!%BR#0BR�;2C�
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I?2;8A2 &FB.#0(+=C2�HC2 &"(+*C,.#%/C132�O-]d} HC�"&F�"!%!%�+5%B.24xd/>(+HT#0BRE>&)(75?(�B3HT#0�FHC!%B.=>(+=C� =C� �"8AB3!%!%6+2
=C�4/C8��¢ifk�]¸�"8 /CHCB.=>(+=C�F!J=C�41./C8:B.H��+HC&FBI(�Zh&F=2E78

2
ce�'{@#%50()�;}F!'=C�"!<#V(�8:�F=CB3=C(:}4*�2;!%!$,.�+�"1

xd/>(+HT#0BRE>&)(+5�(�xK/C(+HT#0B3=C(+=C�A=C�:1./CNA�"8AB.#0B.=>(
*�2;5�/C8~(�QS2;HT#0�A�"8�QS/-H t 6+2�=>(�#0�"H-!06+2�xK/-�~}
(+*C1.B3&)(7=>(4!%2;W-5%���"13(-�

� (�E>r+/C50(lL^� Q }y8A2;!$#%50(+=>(�(�&"/C5<�7(�=C�A13/-8:B.H��+HC&FBI(�� × �4]	2;HC=-�:2;W-!%�"5<�7(sa[!$�A2
13B.8:B3(+5?=C���"8AB3!$!06+2A=C��13/CN��"8 �9�4�Ul�8:�sb^B38A29=C� 1./C8:B.H��+HC&FBI(4(713&)(7H t (+=-2:HC�F!$#0(~&"/C5<�7(:}
=C�y���9&"=2Es8

2
�j� (9&"/C5<�+(�� × � #V(+84W�}"8 }'2;WC!$�"5$�7(+=C(:(9H>6+2y�F8:B.!%!06729=C��13/CN'�F8¼#0�FHC!06+2

5%�e�;�"5$!0(-]vxd/C�A�7(+Bj=C�~�FHC&"2;HT#%5%2Y(+2�2;WC!$�"5<�+(7=C2�H>(�&"/C5<�+(�� × �4]¢=C�F�KB.=C2	��W>(+BRb-(�B3Hs¾$� t 6+2
=C�M*�2;5<#V(+=C2+5%�"!A=C��&)(+5$rT(-]L5%�"13(+&"B.2;H>(+=C(
�7!~W>(+5$5%�FB350(7!A=-��*�2+#0�FHC&"B3(+1�H>(�B3HT#0�F5$Qh(+&F��{ 13x

3

E
gjk'l4�)_T�p� ]w2�xd/C�A!%�"5%��8A2;!$#%50(+=-2�*�2;!<#0�"5$B32;5$8:�FHT#0�yHC2�=CBI(+r+50(+8:(
=C�y�"HC�F5%r;B3(+!�*C5%2+*U2;!<#02
*>(+5%(y�F!$#%��=CB.!%*�2;!%BR#0BR�;2C�

��B3r+/C50(ML^� Q X�SVU-W_X>ZG[\Z]W\Z-[_^a`_WYbdc_^�eO[\Z�f-`�� × i j Z]W7ZAf]edc j�m c_e�^
e�X m chnporq s<urvwxyqho?z{ur|�|�s
uwxyqP~���n i s����{� 3 s�SwZRsl���{� i��Ki FTO � i Ca

�To2Z��CZTf-`RX>Z]W_W%`\f]U-W7ZM�0��� i s�c
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� (�E>r;/-50( L^� O�} 8A2;!<#050(7=>(�(�&"/-5$�7(�=C� �FEC&"B3GFHC&"B3(�=-� 1./C8:B.H��+HC&FBI(yZ
ηL)× N-]d!%�FHC=C2C]

ηL

=C�eE>HCB3=-2:*��"13(A�|b-*-5%�"!$!06+2
O-�.���-�?� �"!<#V(:&F/C5$�7(A}�2;W-!%�"5<�7(+=C2A2~8:�sb^B38A29=C���eE>&"B.G"HC&FBI(y=C�
À-]`À;O;�~&F=2E7{�(
/C8:(~=C�FHC!%B.=>(+=C�9=C� &"2;5$5%�"HT#%�9=C�yÀ-]`À Q {pEs&"8 2

]�B3!<#02�&F2;5%5$�"!%*�2;HC=-� �~#0�"H-!06+2
=C� ∼ �+� � H>(�&F/C5$�7( N × � � ��13/C8AB3H��7HC&"B3(J=C� ∼ ��&"=2E78

2
�q{ =CB38AB3Hd/CB t 6+2�=C� �FE>&FB3GFHC&"B3(-]

H>('&"/C5<�7(�=-� =-�"&"5$}"!$&"B38A2�=>('&"2;5$5%�FHd#%�+]d�"!<#V�'5%�F1I(+&FB32;HC(+=>(J(+2�xd/C��}�2;WC!$�"5<�+(7=C2�H>(+!j8:�F=CB3=C(+!
� × � � � × � ]>2;/�!%�[¾%(-]C&F2;8¼2y(+/-8:�FHd#%2y=>(4&"2;5$5%�FHd#%��=C�'B3Hs¾$� t 6+24(y5%(+N)6729=>(413/C8AB3H+�+HC&"B3(
�y&"2;5$5%�"HT#%�:=CB.8:B.Hd/CBz]�2�xd/C�y�+(7Bq=C�A�"HC&F2;HT#05%2�(+2�2;WC!$�"5$�7(+=-2�H>(�&"/-5$�7(�8A2;!<#050(7=>(�(+W>(+B b-2-]
B3HC=-B3&)(7HC=C2D#0(+84W�}"8�xd/C��(J�F8:B.!%!%6+2'2^&F2;5%5$�@*C5$�"=C2;8AB3HC(+HT#0�"8A�"HT#%�@xd/>(+HC=C2�!%6+2�*C5%�F�"HC&V�CB.=>(+!
(+! (+5%8:(+=CB.13�>(7!?=C��&)(75%rT(-�

��B3r+/C50(TL^�`O-XJSVU:WYX>ZMf�Zl`�� [_e���� [_e
ZMf-`y[ m WYW%`���^a` × f-`���c_e
f�Z�f-`hf-`y[ m WYW%`���^a` j Z]W7ZMf]edc j�m c_e�^�e �X m cJnporq s�uwvwxyqho?z{ur|�|As uwxyqP~���n i s ���{�
3

s SwZTs ���{� iV�Ki FTO � i Ca

� o2Z��CZ!f-`
X>Z]WYW `\f]U-W7Z��0��� i s�c��
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� ( E>r;/C5%( L^�`_ }M8:2;!<#05%(+=>( ( &F/C5$�7( =C�Y�F13�F#%5%2;1./C8AB3HC�F!%&"GFHC&"B3(P=C2+!
=CB3!$*U2+!%B.#%B.�+2;!
&)(+5%(+&F#%�"5$B3N)(7=C2;!�(+HT#0�F5%B.2;5%8A�"HT#0�7��� 2;WC!%�F5$�7(+=C2�2�8:�sb^B38A2
�"8

λ ���]Q À�HC8�]¸*C5��)b^B38A2�(+28~��b-B.8:2'=-� �F13�F#%5%2;1./C8AB3HC�F!%&"GFHC&"B3(J=C2�{D13x
3

]d8A2;!$#%50(+=-2�H>('E>r;/-50( L^� � �qiv!$#0(�8A�"=CB.=>('!%/Cr;�F5%�xd/C� (J&)(+8:(+=>(J=C��gjk'l4�)_;�p�n(+*��"H>(7!j(+r;�@&F2;8:2'&"(+8:(+=>(JWC1.2^xd/C�"(+=C2;5%(D=C���"1.}F#%5%2;HC!F]T&"2;8A2
!%�F50�y�eb^*C13B.&)(+=-2A*�2;!<#0�"5$B32;5$8:�FHT#0�+�jk �"!$#0(yQS2+5%8:(-]>(9&)(+8:(+=>(4=-��{ 13x

3

&"2;HT#05$2;1I(y(9�"8AB3!$!06+2-�

��B3r+/C50(�L^�`_-X!SVU:WYX>Zkf-`l`_�d`_^
W m � U
	 e � ` c0[ ��� [_e
Z j Z]W7Z!f]edc j�m c_e�^�e�X m cJnporq s�uwvrxJqho?z{u |�|As
uwxyqP~���n i s����{� 3 s�SwZRsl���{�
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�pB3r;/C5%(JL^� � X6SVU:WYX>Z ��U�` 	 m c_^
W\Z}Zye ��^ `���c_e
f�Z�f-`�`_�d`_^
W m � U
	 e � ` c0[ `���^a`Rf m ���{� 3
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χ=3,0 eV

I =5,3 eVp

φ
Ca

=2,9 eV
χ=2,5 eV

pI =5,9 eV

I =5,2 eVp

Alq
3

φ
FTO

=4,3 eV

PEDOT:PSS

Nivel de Vacuo

PDO14FV

��B3r+/C50(hL^� �^Xrx6e
Z��]W7Z 	yZJf-`h`�� `_W��]e
Z>c j W m j�m c_^ m j Z]W7Z m cpf]edc j�m c_e�^�e�X m c nporq<s�uwvwxyqho?z{ur|�|
sGuwxyqP~���n i sl���{� 3 s SwZ6s����{�

{@#%50()�;}F! =C2y=CB3(+r;5%(+8~(�=C�'�"H-�"5%r+BI(+!�8A2;!$#%50(+=-29H>( E>r;/C5%(yL^� �4*�2K=C�"89a[!$�J!%�F5�QS�FB.#0(+!
(+!�!%�Fr;/CB3HT#%�"!�&"2;H-!%B3=-�"50( t"u �"!"X'HC6+2��>��W>(+5%5$�"B.50(+!'=C�9B.Hs¾$� t 6+2�=C�9*�2;5$#0(+=C2;5$�"!�=C�9&)(75%rT(�*�27a
!%BR#0B.�+2;!'�yHC�"r;(7#0BR�;2;!F]¢(�*C(+5$#%B35J=C2+!��F13�e#05%2K=C2;!F���[!$#%2�=-�F�;�|a[!$�~(+2�gjijk'lJm'X gfoCo (+*C5$�"!%�FHT#V(+5
r;50(7HC=C��*U2+1I(+5$B3N)( t 6+292;/¸]>r;50(+H-=C��&)(+*>(7&"B3=C(+=C�'=C��=C�"!$132K&)(+8A�"HT#%2A=-��&"(+5%r;(+!"]>&F2;HC=C/CNFB3HC=-2��
�"xd/>(+1.B3N"( t 6+2:=C2;! HC,.�+�"B3! =C� �FHC�"5$r;BI(:� �"1.B38AB3H>( t 6+29=>(:W>(+5%5$�"B.50(:=-� *�2+#0�FHC&"B3(+1¢H>(~B3HT#%�"5$Qh(7&"�
&"2;8 2 �+H-2^=C2��R� Q ���\�jijHT#%5%��(+!L&)(+8:(+=>(+!?2;5%r��7HCB3&"(+!L�C�4/C8 WC(+5%5$�"B35%(�=C�J(+*C5%2)b^B38:(+=>(78:�FHd#%�
À-] � ����*>(+5%(A�F13}F#%5%2;H-! H>(yB3HT#%�"5$Qh(7&"��{D13x

3

E+gjk'l4�)_T�p����À-] �:��� *>(+5%(AWC/-50(+&F2;!DH>(y8A�"!%8:(
B3HT#0�F5$Qh(+&F�+�v� (JB3HT#0�F5$Qh(+&F���"HT#05$��2;!v=C2;B.!q8~(s#0�"5$BI(+B.!��>�J/-8 (+&"½-84/C132D=C��*U2;5<#V(+=-2;5%�F!q=C��&)(+5$rT(
*U2+!%B.#%B.�+2;!j� HC�FrT(7#%B.�;2+!"]^(+/C8A�"HT#V(+H-=C2 (7!%!%B.8�(�#0(sb-(�=C� 5%�F&"2;8 WCB3H>( t 6+2�50(7=CB32T(s#0B.�7(J=C� *>(+5$�"!
�"1.}F#05$2;H^a�WC/C50(7&"2C�LlJ/-#05$2A(+!%*��"&e#02~}�xd/C��2y{D13x

3

(+*C5$�"!%�FHT#V(AQS2+5%8:( t 6+29=-��1.B3rT(+HT#%�"!"]-xK/C(+HC=C2
=>(�B.HC!%�F5 t 6+2 =C� WC/C5%(+&"2+!?�"8�!$�"/
B.Hd#%�"5$B32;5F]T�"!$#%�"!L13B3r;(+HT#0�"!f(+r+�"8 &"2+8:2�&"�"HT#%5%2;!L=C� �|bK#0B3H t 6+2
=C��13/C8AB3HC�F!%&FG"HC&FBI(��`�-���z� o^�"HC=-2 ( (71.#0/-50(Y=C��W>(+5%5$�"B.50(�H>( B.HT#0�"5<Qh(+&"��gjk'l4�)_T�p� EY{D13x

3r;50(7HC=C�+]>HC6+2y!06+2AB3Hs¾$�e#V(+=-2;!�*U2+5$#V(7=C2;5%�F!�=C��&)(+5$rT(9*U2+!%B.#%B.�+2;!�=C�"HT#%5%2A=>(A&"(+8:(+=>(4=C��{D1.x
3

�
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¡¢�e¥F�e¦�§�¨�©�� § �Y��¥e�"§�¨��F¥e�F¨�§ �w¤�¥e±7��¨�§�©�§
¶?��· � ¶?§�· §�©�§ ¡	µ�§�¨��	�Y��µw¡w§�©���µ�§ ©�¯º¹�¤
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� �"!$#0( !%� t 6+2P!%�F506+2P8:2;!<#05%(+=C2;!A2;!A5%�"!$/C1.#0(+=C2;!A2;W-#%B3=C2+!A*C(+50(�=CB3!$*U2+!%B.#%B.�+2;!y/-#0B.13BRa
N)(+H-=C2~(Ao-g�{J� &"2+8:2y&)(78~(+=C(9#%50(+H-!%*�2;5$#0(+=C2;5%(4=C��WC/C50(7&"2;!F�

{ r;5%(+HC=C�4�7(+HT#0(+r;�"8 H>(
/-#%B313B.N)( t 6+2
=>(�o^gU{J� }y(
Qh(+&FB31.B3=>(+=-��=C�9=-�"*�2;!%B t 6+2�*�2;5
8:}e#02K=C2;!J�F13�e#05%2Kxd/C,38AB3&F2~�y(
B.8:*�2;!%!$B3WCB.13B.=>(+=C��=C�9!$�"r;5$�"rT( t 6+2�=C�9Qh(+!$�+]	xd/C�9*�2^=C� 2^&F2;5%5$�"5
xd/>(+HC=C2A!%��#05%(+W>(+1.�>(4&"2+8�!%B.!$#0�F8~(7!�WCB3H>�75%B32+!"�

� (�E>r+/C50( L^� L�}j8A2;!$#%50(+=>(�(�&"/C5<�7( =C� N × � *>(750(�2 =CB.!%*�2;!%BR#0BR�;2���m ltE o-g�{J� Z ∼_TÀ�HC8~c�E�gjk'l4�)_;�p� Z ∼ Q O�HC8~c'E�{D1.x 3

Z ∼ _T��HC8
c�EPI@( E@{D1z]�2;H-=C�v#V(+84W�}"8 }j2;WC!%�F5$�7(+=C2&)(+5%�7#0�F5�5$�F#0BRE>&)(7Hd#%�?!$�"8A�"13�C(+HT#0�@(72J2;WC!$�"5$�7(+=-2J*>(+5%(D=CB3!$*U2+!%B.#%B.�+2;!p&F2;8 gjifkJl'm'X`gfoCo4&"2;8A2
&)(+8:(+=>(4#%50(+HC!$*U2+5$#V(7=C2;50(9=C��WC/-50(+&F2;!"�

��B3r+/C50(hL^� LKX6SVU:WYX>Z}[\Z]W7Z-[_^a`_WYbdc_^�eO[\Z�g × ilj Z]W7ZKf]edc j�m c_e�^
e�X m c n#orq sA|+u���� slurxJqP~���n is����{�
3

s�SwZRs����{� i��Ki FTO � i Ca

�To2Z��CZ f-`pX>Z]W_W%`\f]U-W7Z��0��� i s�c��
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� (�E>r;/-50(lL^� ��}A8:2;!<#05%(+=>(�(�&F/C5$�7(�=-�:1./C8:B.H��+HC&FBI(~*C(+50(�2�=CB.!%*�2;!%BR#0BR�;2���m l E
o-gU{D� Zh_TÀ
H-8
c#E�gjk'l4�)_T�w� Z Q O
H-8
c#E~{ 13x 3

Zh_T�
H-8
c#E}I@(�E~{ 1z��{ �"8AB3!%!%6+2
=C�y1./CN
&"2;8A� t (��"8 L~���92�8~��b-B.8:2~=C�913/C8AB3H+�+HC&"B3(~(+1.&)(+H t (+=C2�*C(+50(��"!<#0�y=CB.!%*�2;!%BR#0B.�+2�}9=C�AO;O
&"=2Es8

2
]>!$�"HC=-2:�F!$#0���7(+132+5@}�8~(+B.2;5?=-2:xd/C��*>(+5%(9=CB3!$*U2;!$B.#%B.�;2+!�&"2;8�gjijk'lJm'X`gLo-oU�

��B3r+/C50(�L^� �^X<SVU-WYX>Z [\Z]W7Z-[_^a`_W_bdc_^
eO[\Zkf-` � U 	 e � � � [_e
Z × ^ `���c�� myj Z]W7Z=f]edc j�m c_e�^
e�X m cJnporq s
|+u�� � sGuwxyqP~���n i sl���{� 3 s SwZ6s����{� iV�Ki FTO � i Ca

�To�Z��CZKf-`RX>Z]WYW%`\f]U:W7ZM�0��� i s�c
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� ( E>r;/-50( L^� ��}j8:2+!$#05%(+=>( ( &F/C5$�7(
ηL×

N-]�2;HC=C�L( �eE>&"B.G"HC&FBI(�8~��b-B.8~(@}L(+1.&)(+H t (+=>(
�"8 À-]`À � &"=�E7{ (
À^] À Q {pE7&F8 2

]Uxd/C�4�"xd/CBR�7(+13� (:#0�FHC!06+2~=C� ∼ �;��� HC(~&"/C5<�7(}N × � ]¸�4(
/C8:(~13/C8AB3H+�+HC&"B3(9=C� ∼ � � &"=2Es8 2

H>(:&"/C5<�+(
=-� � × �4�Ugp2+5$#V(7Hd#%2C]	(~�eE>&"B.G"HC&FBI(
8:�sb^B38:(
=C2;!�=CB.!%*�2;!%BR#0B.�+2;!
&F2;8 o-g�{J��}�8~(+B.2;5~=-2 xd/C�P( =C��=CB3!$*U2+!%B.#%B.�+2;!
&"2+8 gjifkJl'm'X`gfoCoU�
m�(784WU}F8�}J2;WC!$�"5$�7(+=-24/C8:( =CB38AB3Hd/CB t 6+2�H>(�13/C8AB3H��7HC&"B3(�HC(�Qh(+BRb-(�=C�D#0�FHC!06724=C�"&F5%�F!%&"�FHT#0�+�
{�*��"5$QS2+5%8:(+HC&"�~=C2;!9=CB.!%*�2;!%BR#0B.�+2;! &F2;8ºgfijk'lJm'X`gfoCo ��o^gU{J��}~84/CB.#%2�!%B.8:B.1I(+5�(+*��"!%(+5
=C�"!<#V(+!�&)(+8:(+=>(+!w#0�F5%�"8 �"!$*U�F!%!$/C50(+!v8 /CB.#%2D=CBRQS�"5%�FHT#0�"!F�jl gjifkJl'm'X`gfoCoU];xd/>(7HC=C2'/-#%B313B.N)(+=-2
&"2;8A2~&"(+8:(+=>(:B.HT#0�"5$8:�F=CBI�75%BI(y�"HT#%5%�42K�+HC2K=C2
� 2~*U2;1.,38A�"5$2A�F13�e#05%2+13/C8AB3HC�F!%&F�"HT#0�7]U�F13B38AB3HC(
(~W>(+5$5%�FB350(:�FQS�F#%B.�7(~�FHd#%5%�42
gfijk'lJm'X`gfoCo�� 2}�+HC2K=C2C]U*U�F5%8:(+HC�"&F�"HC=-2�(+*U�FH>(+!'(:W>(+5%5$�"B.50(
=C�~*�2+#%�"HC&FBI(+1j�"HT#%5%�~2MgjifkJl'm'X`gfoCo �~2�*U2;1.,38A�"5$2��F13�e#05%2+13/C8AB3HC�F!%&F�"HT#0� � � Q � �\��{�o-g�{J�
(+*C5$�"!%�FHT#V( (�8A�"!%8:(Y&)(+5%(+&F#%�"5$,3!$#%B3&"( � � _ �z]fQS2;5%8:(+HC=C2Y&F2;HT#V(7#%2��+�C8:B.&"2Y&F2;8 8A�F#V(7B3!9&"2+8
QS/CH tFu �F! #%50(+W>(713�C29=CBRQS�"5$�"HT#0�F!"�

��B3r+/C50(�L^� �^X�SVU-WYX>Zhf�Z `�� [_e���� [_e
ZRf-`�[ m WYW%`���^a` × f-`���c_e
f�Z�f-` f-`�[ m WYW%`���^ ` j Z]W7Z f]edc j�m c_e�^�e�X m cnporq<s�|+u���� s�uwxyqP~���n i s ���{� 3 s SwZ�s ����� iV�Ki FTO � i Ca

�yo�Z��CZ f-` X>Z]W_W%`\f]U-W7Z �0���
i s�c

l Qh(7#%24=C2;!L=CB3!$*U2;!$B.#%B.�;2+!?(+*-5%�"!$�"HT#V(75%�"8 5%�F!%*�2;!$#0(+!�!%B.8:B.1I(+5$�"!v!%/-r;�"5$�Jxd/C��(9o-g�{J�
(+*C5$�"!%�FHT#V( /C8:(�8:(+B.2;5v*U2+1I(+5$B3N)( t 6+2'2;/¸]^8:(+B32+5v&)(+*>(7&"B3=C(+=C� =C� =-�"!%1.2^&"(+8A�"HT#02�=C�D&"(+5%rT(�=C2
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xd/C�y2�gjijk'lJm'X`gLo-oU]p2�xd/C�y&"2+HC=C/CNA(��"xd/>(+1.B3N"( t 6+2�=-2;!�HC,.�+�"B3!'=-�9�"HC�F5%r;B3(��9�F13B.8:B.H>( t 672
=>(+!�W>(+5$5%�FB350(7!�=C��*U2+#%�"HC&FBI(+1¸H>(9B3HT#0�F5$Qh(+&F��&F2;8�2y�+HC2K=C2C�

� (�E>r+/C50(lL^�R��À�}:8A2;!$#%50(+=C(�(�&F/C5$�7(�=-�A�F13�e#05%2+13/C8AB3HC�F!%&FG"HC&FBI(
=>(�o-gU{D� ]�#0(+89a
WU}F8�B3HC=-B3&)(7HC=C2A(9�"8AB3!%!%6+2A=C��13/CN�*��"132y{ 13x

3

] !%�FHC=C2~�F!$#0(A&F/C5$�7(y!%B38AB313(+5 �y2;WC!$�"5<�+(7=>(:�F8
=CB3!$*U2+!%B.#%B.�+2;!�&"2;8�gfijk'lJm'X`gfoCoU]>#0�FHC=C2C]C#0(+84W�}"8�2y8:�sb^B38A24�"8

λ ∼ � Q À9HC8��{ ! *C5$2;*C5$B3�"=C(+=C�"! =C���"8AB3!$!06+2A=C2A=CB3!$*U2;!$B.#%B.�;2y!%6+2~&F2;HT#05%2+1I(+=>(7! *��"1.2y{D13x
3

] !$�"HC=C2
xd/C��(y&"(+8:(+=>(4=C��gjk'l4�)_T�w�4]C&F2;8��"!<#V(9&"2+H-E>r;/C5%( t 672A=-�'�"!%*��"!$!%/C5%(-]�(+r;�'&F2;8:29&"(+8:(+=>(
WC132Kxd/C�)(7=C2;50('=C���F13}F#%5%2;H-!"]T&"2+H-E>H>(+H-=C2�2+!f*C(+5%�F!f�F13}e#05%2+H^a[WC/-50(+&F2'H>(�B.HT#0�"5<Qh(+&"��&F2;8 2�{D1.x

3

]
2y8:�F!%8A2Axd/C��QS2;B�2+WC!%�F5$�7(+=C2:(+HT#0�F5%B32+5%8A�"HT#0�'*>(750(9=CB3!$*U2+!%B.#%B.�+2;!@&"2+8�gjifkJl'm'X`gfoCoU�

��B3r+/C50( L^�R��À-X SVU-WYX>Z f-`F`_�d`_^
W m � U
	 e � ` c0[ ��� [_e
Z j Z]W7Z f]edc j�m c_e�^
e�X m c nporq s |+u�� � s
uwxyqP~���n i s����{� 3 s�SwZRsl���{�
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I =5,3 eVp

φ
FTO

=4,3 eV

φ
Ca

=2,9 eV
χ=2,5 eV

pI =5,9 eV

χ=3,0 eV

pI =5,6 eV

Alq 3SPAN PDO14FV

Nivel de Vacuo

��B3r+/C50(=L^�R�;�;XGx6e
Z��]W7Z 	yZ f-`G`�� `_W��]e
Z>c j W m j�m c_^ m}j Z]W7Z m c�f]edc j�m c_e�^
e�X m c nporq s |+u�� � s
uwxyqP~���n i s����{� 3 s�SwZRsl���{�

{�*>(+5<#0B.5'=C2�=-BI(+r;5%(+8:(
*C5%2;*�2;!<#02�2;WC!%�F5$�7(sa�!%�A(�=-B38AB3Hd/CB t 6+2
=>(�W>(+5$5%�FB350(�=C�A*�27a
#0�FHC&"B3(+1pHC(
B3HT#0�F5$Qh(+&F�9o-g�{J� E~gjk'l4�)_T�w�4�U�D(
B3HT#%�"5$Qh(7&"�4gjk'l4�)_;�p� E:{ 13x

3

]�(s#050()�+}"!'=C2
=CBI(7r;50(+8:( }'8A2;!$#%50(+=-2Axd/C�'#0(+84W�}"8 �>�A/-8~(45$�"r;B36+29=C�'&"2+H-E>H>(+8A�"HT#%2:=C�'*C(+5%�F! �F13}e#05%2+H^a
WC/C5%(+&"2C]¸2�xK/-�9*>(+50(:�"!$#%�9&)(+!$2C]�!$�"8A�"13�C(+HT#0�"8A�"HT#%�9(+2�gjijk'lJm'X gfoCoU]¢(�¾$/C=>(�(
(+/-8:�FHd#0(+5
(�#V(sb-(Y=C��5%�F&"2;8 WCB3H>( t 6+2Y5%(+=CB32;(7#0BR�+(�=C�"!<#0�F!:*>(75%�"!F� l gjk'l4�)_;�p��#V(784WU}F8 (+*-5%�"!$�"HT#V(
HC�"!<#V(y&"2;H^E>r;/C5%( t 6+2:(9&)(+5%(+&F#%�"5$,3!$#%B3&"(y=-��!$�"5�/C8�W-132KxK/-�)(+=C2+5�=C���"13}e#05$2;HC!"�

� �<« ���F�	�Y� �	�|¡¢�e£ � � ¤�¡¢�e¥e�F¦�§�¨�©�� � �Y��¥e�^ª
p
®C±s¯�¨��F¥e¯�¨��A² ¶?��· �

¶@§�· §�©�§ ¡	µq§�¨��	�Y��µw¡w§�©���µq§ ©�¯º¹�¤
µq§�¶?���?�

� �"!$#0( !%� t 6+2P!%�F506+2P8:2;!<#05%(+=C2;!A2;!A5%�"!$/C1.#0(+=C2;!A2;W-#%B3=C2+!A*C(+50(�=CB3!$*U2+!%B.#%B.�+2;!y/-#0B.13BRa
N)(+H-=C2:2Agjgjg &"2;8A298:(7#0�F5%BI(71U#05%(+HC!$*U2;5<#V(+=-2;5�=C��WC/C5%(+&"2;!F�

� (AE>r;/-50( LK�.� Q }�8A2;!<#050(7=>(:(A&"/C5<�7( N × ��*>(+50(A=CB3!$*U2+!%B.#%B.�+2;! ��m l E:gjgjg Z ∼_ �~HC8 c7E~gjk'l4�)_T�p�9Z ∼ Q �:H-8�c7EA{D1.x
3

Z ∼ �;À:HC8 c7E I@(}E:{ 1z� {D!D&F/C5$�7(+!J(+*C5%�F!%�FHd#0(+8
(+!?8A�"!$8~(7!L&"(+50(+&e#0�F5%,3!<#0B.&)(+!f=>(+!L&"/C5<�+(7!@2;W-#%B3=>(+!f&"2+8 gjijk'lJmn�'o-g�{J��]-(�=CB38AB3Hd/CB t 6+2�H>(
=C�"H-!%B3=C(+=C��=C�'&"2+5%5%�FHT#0��*>(+5%(y�F!$#%�"!�=CB3!$*U2+!%B.#%B.�+2;!@�"!<#V�95%�F1I(+&FB32;HC(+=>(4(+24Qh(s#02y=C�'2Agjgfg H>6+2
QS2;5%8:(+5�&"2;HT#V(s#02 �;�C8AB3&F2�&"2;8 2�&"2;HT#0(7#02�#%50(+HC!$*>(+5$�"HT#0��=C����m l4]p=C�"!<#V(�QS2;5%8:(��>��/C8:(
W>(+5$5%�"B.50(�=C�y*�2+#0�FHC&"B3(+1��eQS�F#0BR�7(�HC(�B.Hd#%�"5<Qh(+&"�y��m l E�gjgjgp]	2�xd/C�AH>6+2�}y2;WC!$�"5$�7(+=-2�*>(750(
2Mgjijk'lJm'X`gLo-o �~(�o-gU{D���plJ/-#05$2M(7!%*��"&F#%2�(�!%�F5�5$�)(+1 t (+=C2�}Axd/C�:2Mgjgfg»}A=C�F=C2;*>(+=-2C]
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(+13}F8�=C� (+*C5$�"!$�"HT#V(+5jW>(7BRb-('8:2;W-B313B.=>(+=C�L=C��*U2+5$#V(7=C2;5%�F!j=C��&)(+5$rT('*U2;!$B.#%B.�;2+!vHC2�!$�"/:B3HT#0�F5%B32+5
Zh&F2;8:2y8A2;!$#%50(+=-29HC2:&"(+*C,R#0/C1.29_dce�

��B3r+/C50(hL^�.� Q X#SVU-WYX>ZJg × i�j Z]W7Zyf]edc j�m c_e�^�e�X m cPnporq s�uruwu sluwxyqP~���n i sM���{� 3 s SwZ#s
��� � iV�Ki FTO � i Ca

�To�Z��CZKf-`RX>Z]WYW%`\f]U:W7ZM�0��� i s�c��
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� (A&F/C5$�7(9=C��13/C8AB3H+�+HC&"B3( L^�R��O9}'2;WC!$�"5$�7(+=-2:xd/C���"!<#0�"! =CB.!%*�2;!%BR#0B.�+2;!?#0(+84W�}"8�&F27a
8:� t (+8 ( �"8AB.#0B.5	13/CNj�F8 /-8~(�#0�"H-!06+2J=-�?���4]s*C5��)b^B38A2D(72;!w�7(+1.2;5%�F!p2+W-#0B.=C2;!w*>(+50( (+!w2;/-#05%(+!
&"2;H^E>r;/C5%( t"u �"!L=C�D=CB.!%*�2;!%BR#0BR�;2C��ijHT#%5%�F#0(+HT#02C]-(+*C5$�"!%�FHT#V( /C8:(�8A�"H-2;5j13/C8AB3H��7HC&"B3(J8~�sb^B.8~(-]
�"8´#02;5$HC2M=-�M��OM&F=2E78

2
��{¼=CB.8:B.HK/-B t 672�=C(M13/C8AB3H+�+HC&"B3(
�"!<#V��5%�F1I(+&FB32;HC(+=>(�=CB35$�F#V(78:�FHd#%�

( HC6+2 QS2+5%8:( t 6+2Y=-��&F2;HT#V(7#%2��+�C8:B.&"2��"HT#%5%��2P�pm l ��2 gjgjgp]j2 xK/-��1.B38AB.#V(�( B.Hs¾$� t 6+2
=C�4*�2;5$#0(+=C2;5$�"! *>(+50(:=C�"HT#05$2�=C2
=CB.!%*�2;!%BR#0BR�;2C]��4&"2+HC!%�FxK¿-�"HT#0�F8:�FHd#%�+]w(~xd/>(+HT#%B3=>(+=-�4=C�41./CN
�"8AB.#%B3=>( *��"1.2y8:�F!%8A2C�

��B3r+/C50(hL^�.�)O-XpSVU-W_X>Zyf�Z}`�� [_e���� [_e
ZJf-` [ m W_W%`���^a` × f-`���c_e
f�Z�f-`6f-`R[ m WYW `���^a` j Z]W7Zyf]edc j�m c_e�^�e �X m cpnporq�sGuwuwu sGuwxyqP~���n i s����{� 3 s SwZRs���� � i��Ki FTO � i Ca

�Ko2Z��CZ f-`6X>Z]WYW%`\f]U-W\Z
�0��� i s�c��
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� (�E>r;/C5%( L^�R�)_ } 2;W-#%B3=>(�/C8~(��FE>&FB3GFHC&"B3( 8~��b-B.8~('=C�JÀ-] À � � &F=2E7{»( À-] À � {pEs&"8 2
]

�"xd/CBR�+(713�"H-=C2 ( /C8:( #%�"HC!%6+2 =C� ≈ � Q ] � ��H>( &"/-5$�7( N × ���Y( /C8:(P1./C8AB3H��+H-&"BI(�=C�
�Y&"=2E78

2
H>(�&"/-5$�7( � × � �q{D!$!%B.8 (Y�FE>&FB3GFHC&"B3(�=C��&"2;5$5%�"HT#%��8~�sb^B.8~(M}�8:(+B.2;5�=-2 xd/C�

*>(+5%(:=CB.!%*�2;!%BR#0B.�+2;!�&"2+8 gfijk'lJm X�gfoCo�� o-g�{J����{ 8~(+B.2;5@�eE>&"B.G"HC&FBI(y=C2
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I =5,3 eVp

φ
Ca

=2,9 eV
χ=2,5 eV

χ=3,0 eV

χ=2,1 eV

pI =4,9 eV

φ
FTO

=4,3 eV

pI =5,9 eV

Alq 3PDO14FVPPP

Nivel de Vacuo
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