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O estudante, assim como o usuário, 

de espectroscopia de absorção no 

infravermelho ou espectroscopia 

Raman tem à sua disposição vasta 

literatura incluindo conceitos básicos 

em livros-texto de físico-química e 

refinamentos sobre a atribuição de 

espectros e cálculos em publicações 

especializadas de espectroscopia 

molecular. Ele assimila a estrutura 

conceitual da espectroscopia 

molecular apropriada para o gás  

ideal de moléculas poliatômicas, 

mas os experimentos são, em geral, 

realizados com sistemas em fase 

condensada, tratando-se de sólidos, 

líquidos ou soluções.

No caso de líquidos, atribuem-se às 

interações moleculares eventuais 

diferenças entre as frequências 

vibracionais experimentais e as 

calculadas para a molécula isolada. 

Então, o estudante é levado a uma 

bibliografia ampla sobre forças 

intermoleculares, teorias de líquidos e 

espectroscopia de fases condensadas, 

numa estrutura teórica que vai além 

da suficiente para a espectroscopia 

vibracional da molécula isolada.

Esta obra é uma contribuição 

para construir uma ponte entre 

livros-texto sobre os fundamentos 

da espectroscopia vibracional da 

molécula isolada e obras avançadas 

sobre a teoria geral apropriada 

para a espectroscopia vibracional 

de líquidos. As teorias são aqui 

apresentadas com detalhes suficientes 

para torná-las compreensíveis, a fim 

de oferecer ao leitor uma perspectiva 

das potencialidades e limitações das 

diferentes abordagens.

O objetivo deste livro é, portanto, 

facilitar o caminho de quem tem 

familiaridade com os conceitos 

geralmente apresentados em cursos de 

graduação sobre química quântica e 

espectroscopia, mas precisa avançar no 

estudo da fundamentação dos efeitos 

que a fase líquida acarreta no espectro 

vibracional.
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��� 0TDJMBEPS )BSN´OJDP "NPSUFDJEP � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3PUB§£P EF .PM©DVMB *TPMBEB F OB 'BTF -RVJEB � � � � � � � � � � ��

�� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .PNFOUPT EF VN $POUPSOP EF #BOEB� � � � � � � � � � � � � � � � � � � � � ��
��� "OBSNPOJDJEBEF FN .PM©DVMB *TPMBEB� � � � � � � � � � � � � � � � � � � � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM EP 0TDJMBEPS

"OBSN´OJDP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5FPSJB 2V¢OUJDB EP %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM EF .PM©DVMB

1PMJBU´NJDB � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM F 1SPQSJFEBEFT
%JFM©USJDBT EP -RVJEP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 1PMBSJ[BCJMJEBEF F �OEJDF EF 3FGSB§£P � � � � � � � � � � � � � � � � � � � � � ��



�� r 'VOEBNFOUPT EB &TQFDUSPTDPQJB 7JCSBDJPOBM EF -ÎRVJEPT

��� �OEJDF EF 3FGSB§£P F $POTUBOUF %JFM©USJDB � � � � � � � � � � � � � � � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM F 1SPQSJFEBEFT

%JFM©USJDBT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� *OUFOTJEBEF EF "CTPS§£P OP *OGSBWFSNFMIP F

1SPQSJFEBEFT %JFM©USJDBT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 'PS§BT *OUFSNPMFDVMBSFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &YQBOT£P FN .VMUJQPMPT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 5FPSJB EF 1FSUVSCB§£P F 'PS§BT *OUFSNPMFDVMBSFT � � � � � � � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM F *OUFSB§µFT /£P

&TQFDƗDBT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM F *OUFSB§µFT

&TQFDƗDBT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� -JHB§£P EF )JESPHªOJP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� &TUSVUVSB EF -RVJEPT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 'VOEBNFOUPT EF .FD¢OJDB &TUBUTUJDB $M¡TTJDB� � � � � � � � � � � � ��
��� 'VO§µFT EF %JTUSJCVJ§£P F &TUSVUVSB EF -RVJEPT� � � � � � � � � ��
��� %FTWJP EF 'SFRVªODJB 7JCSBDJPOBM F &TUSVUVSB EF

-RVJEPT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 4JNVMB§£P $PNQVUBDJPOBM EF -RVJEPT � � � � � � � � � � � � � � � � � � � � ���

�� 'PSNBMJTNP EP 5FNQP EB &TQFDUSPTDPQJB � � � � � � � � � � � � � � � � � � � � � � � ���
��� 3FHSB EF 0VSP EF 'FSNJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'PSNBMJTNP EP 5FNQP� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'VO§£P EF $PSSFMB§£P OP 5FNQP� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� $¡MDVMP EF 'VO§µFT EF $PSSFMB§£P OP 5FNQP QPS

4JNVMB§£P EF %JO¢NJDB .PMFDVMBS � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'VO§µFT EF $PSSFMB§£P OP 5FNQP F &TQFDUSPTDPQJB

7JCSBDJPOBM � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 3FMBYB§£P 3FPSJFOUBDJPOBM F 7JCSBDJPOBM � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 3FMBYB§£P 3FPSJFOUBDJPOBM � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 3FMBYB§£P EB 'BTF 7JCSBDJPOBM � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 3FQSFTFOUB§µFT FN .FD¢OJDB 2V¢OUJDB � � � � � � � � � � � � � � � � � � � ���
��� -JNJUB§µFT EB "O¡MJTF EF 'PSNB EF #BOEB F

&TQFDUSPTDPQJB 7JCSBDJPOBM DPN 3FTPMV§£P 5FNQPSBM � � � ���



4VNÃSJP r ��

�� &GFJUPT *OEV[JEPT QPS *OUFSB§µFT .PMFDVMBSFT � � � � � � � � � � � � � � � � � � ���

�� &GFJUP EF /£P $PJODJEªODJB 3BNBO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

��� $POTJEFSB§µFT 'JOBJT� .PEPT /PSNBJT EF 7JCSB§£P
FN -RVJEPT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

3FGFSªODJBT #JCMJPHS¡ƗDBT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
4PCSF P "VUPS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����





"13&4&/5"��0

5©DOJDBT EF FTQFDUSPTDPQJB WJCSBDJPOBM TFKB FTQFDUSPTDPQJB EF
BCTPS§£P OP JOGSBWFSNFMIP TFKB FTQFDUSPTDPQJB 3BNBO BMJBEBT   FT�
QFDUSPTDPQJB EF SFTTPO¢ODJB NBHO©UJDB OVDMFBS 	ũŤť
 F N©UPEPT EF
RVNJDB RV¢OUJDB DPNQVUBDJPOBM FTU£P FOUSF BT NFUPEPMPHJBT GVOEB�
NFOUBJT F NBJT SPUJOFJSBT QBSB DBSBDUFSJ[B§£P EF FTUSVUVSBT NPMFDVMB�
SFT� 0 FTUVEBOUF PV QFTRVJTBEPS UFN   TVB EJTQPTJ§£P WBTUB MJUFSBUVSB
TPCSF FTQFDUSPTDPQJB WJCSBDJPOBM� &TUB JODMVJ DPODFJUPT C¡TJDPT FN MJ�
WSPT�UFYUP EF GTJDP�RVNJDB 	"ULJOT F %F 1BVMB ����� .D2VBSSJF F
4JNPO ����� #FSSZ 3JDF F 3PTT ����� #BMM ����
 BQSPGVOEBNFOUP EB
UFPSJB FN MJWSPT EF FTQFDUSPTDPQJB NPMFDVMBS 	-FWJOF ����� .D)BMF
����� )PMMBT ����� -POH ����� /BLBNPUP ����� )FS[CFSH ����

EFUBMIFT TPCSF P N©UPEP DM¡TTJDP EF BO¡MJTF EF DPPSEFOBEBT OPSNBJT
	)FS[CFSH ����� 8JMTPO +S� %FDJVT F $SPTT ����� 4BMB ����
 F N©�
UPEPT RV¢OUJDPT QBSB D¡MDVMPT EB FTUSVUVSB FMFUS´OJDB F GSFRVªODJBT
WJCSBDJPOBJT 	4JNPOT ����� 7JBOOB $BOVUP F 'B[[JP ����� +FOTFO
����� #BLFS ����� ,JUBNVSB FU BM � ����
�

1BSUF DPOTJEFS¡WFM EFTTB MJUFSBUVSB DPOUVEP FYQSFTTB UBOUP BT
FOFSHJBT SPUBDJPOBM WJCSBDJPOBM F FMFUS´OJDB DPNP BT DPSSF§µFT SFTVM�
UBOUFT EF BDPQMBNFOUPT FOUSF FTTFT HSBVT EF MJCFSEBEF TPC B TVQPTJ�



�� r 'VOEBNFOUPT EB &TQFDUSPTDPQJB 7JCSBDJPOBM EF -ÎRVJEPT

§£P EF RVF P TJTUFNB TFKB VNB NPM©DVMB JTPMBEB� &N PVUSBT QBMBWSBT P
FTUVEBOUF QSPOUBNFOUF BTTJNJMB B FTUSVUVSB DPODFJUVBM EB FTQFDUSPT�
DPQJB NPMFDVMBS BQSPQSJBEB QBSB P H¡T JEFBM EF NPM©DVMBT QPMJBU´�
NJDBT� 1PS PVUSP MBEP NVJUBT WF[FT PT FYQFSJNFOUPT EF FTQFDUSPT�
DPQJB WJCSBDJPOBM T£P SFBMJ[BEPT DPN TJTUFNBT FN GBTFT DPOEFOTBEBT
USBUBOEP�TF EF T³MJEP MRVJEP PV TPMV§£P� /P DBTP EF T³MJEPT P FTUV�
EBOUF EF FTQFDUSPTDPQJB WJCSBDJPOBM OBUVSBMNFOUF USBOTJUB QBSB B MJUF�
SBUVSB EF GTJDB EP FTUBEP T³MJEP QBSB B EFTDSJ§£P EPT NPEPT EF SFEF
	4IFSXPPE ����� #PSO F)VBOH ����� "TIDSPGU F.FSNJO ����
 QPJT
UFN P DSJTUBM QFSGFJUP DPNP P TJTUFNB JEFBM� /P DBTP EF MRVJEPT QVSPT
NJTUVSBT MRVJEBT PV FTQ©DJFT FN TPMV§£P F TF B QS³QSJB OBUVSF[B EBT
GPS§BT JOUFSNPMFDVMBSFT O£P © P BTTVOUP FN RVFTU£P BUSJCVJ�TF  T JO�
UFSB§µFT FWFOUVBJT EJGFSFO§BT FOUSF BT GSFRVªODJBT WJCSBDJPOBJT DBMDV�
MBEBT QBSB B NPM©DVMB JTPMBEB F PT WBMPSFT FYQFSJNFOUBJT FGFUJWBNFOUF
PCUJEPT�

/P FOUBOUP VNB EBT BQMJDB§µFT NBJT JNQPSUBOUFT EB FTQFDUSPT�
DPQJB WJCSBDJPOBM © KVTUBNFOUF SFWFMBS B OBUVSF[B EBT GPS§BT JOUFSNP�
MFDVMBSFT F PT BSSBOKPT MPDBJT EBT NPM©DVMBT FN MRVJEPT PV TPMV§µFT
QPS NFJP EPT FGFJUPT PCTFSWBEPT OP FTQFDUSP� /FTTF TFOUJEP BRVFMF
RVF FTU¡ VTBOEP B FTQFDUSPTDPQJB WJCSBDJPOBM QBSB PCUFS BMHVNB JOGF�
SªODJB TPCSF JOUFSB§µFT NPMFDVMBSFT TF EFCSV§B TPCSF HSBOEF OºNFSP
EF BSUJHPT DJFOUƗDPT NBT QPEF TFOUJS EJƗDVMEBEF FN FTUBCFMFDFS DP�
OFYµFT TJNJMBSJEBEFT F EJGFSFO§BT FOUSF BT W¡SJBT BCPSEBHFOT TPCSF P
FGFJUP EB GBTF MRVJEB OP FTQFDUSP WJCSBDJPOBM� 0 VTV¡SJP EB FTQFDUSPT�
DPQJB WJCSBDJPOBM © FOU£P SFNFUJEP B PVUSB BNQMB HBNB EF MJWSPT TP�
CSF GPS§BT JOUFSNPMFDVMBSFT 	.BSHFOBV F ,FTUOFS ����� 4UPOF �����
*TSBFMBDIWJMJ ����
 UFPSJBT EF MRVJEPT 	)BOTFO F .D%POBME �����
&HFMTUBGG ����� (SBZ F (VCCJOT ����� #BMVDBOJ F ;PQQJ ����� .BSDI
F 5PTJ ����� #PPO F :JQ ����
 TJNVMB§£P DPNQVUBDJPOBM EF MRVJEPT
	"MMFO F 5JMEFTMFZ ����� 'SFOLFM F 4NJU ����� )BJMF ����� .PSHPO
F $PVUJOIP ����� 3JOP F $PTUB ����� 3BQBQPSU ����
 F FTQFDUSPT�
DPQJB EF GBTFT DPOEFOTBEBT 	#SBUPT F 1JDL ����� 3PUITDIJME �����
#FSOF F 1FDPSB ����� 8BOH ����� ,FMMFZ ����
� /FTTFT MJWSPT P FTUV�
EBOUF © MFWBEP B VNB FTUSVUVSB UF³SJDB RVF QPEF FTUBS NVJUP BM©N EB�
RVFMB   RVBM FTUBWB BDPTUVNBEP OB FTQFDUSPTDPQJB WJCSBDJPOBM EB NP�
M©DVMB JTPMBEB JODMVJOEP B NBUFN¡UJDB SFMBUJWBNFOUF NBJT BWBO§BEB
F PT DPODFJUPT EF NFD¢OJDB FTUBUTUJDB EF O£P FRVJMCSJP 	.D2VBSSJF
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����� %BUUBHVQUB ����� &WBOT F .PSSJTT ����� #BHDIJ ����
 F EJO¢�
NJDB FNNFD¢OJDB RV¢OUJDB 	4BLVSBJ F /BQPMJUBOP ����� .FS[CBDIFS
����� 4DIBU[ F 3BUOFS ����
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)¡ QPSUBOUP VNB MBDVOB FOUSF MJWSPT�UFYUP TPCSF PT GVOEBNFO�
UPT EF FTQFDUSPTDPQJB WJCSBDJPOBM W¡MJEPT QBSB B NPM©DVMB JTPMBEB F
MJWSPT BWBO§BEPT TPCSF B UFPSJB HFSBM BQSPQSJBEB QBSB B FTQFDUSPTDP�
QJB WJCSBDJPOBM EF MRVJEPT� " QSFTFOUF PCSB © VNB DPOUSJCVJ§£P QBSB
DPOTUSVJS VNB QPOUF FOUSF FTTFT FYUSFNPT� 4FV PCKFUJWP © GBDJMJUBS
P DBNJOIP EF RVFN FTU¡ GBNJMJBSJ[BEP DPN PT DPODFJUPT HFSBMNFOUF
BQSFTFOUBEPT FN DVSTPT EF HSBEVB§£P TPCSF RVNJDB RV¢OUJDB F FT�
QFDUSPTDPQJB NBT QSFDJTB BWBO§BS OP TFOUJEP EF VN BQSPGVOEBNFOUP
OB GVOEBNFOUB§£P EPT FGFJUPT RVF B GBTF MRVJEB BDBSSFUB BP FTQFDUSP
WJCSBDJPOBM EF EFUFSNJOBEB NPM©DVMB DPOTJEFSBEB DPNP TPOEB EBT
JOUFSB§µFT NPMFDVMBSFT�

/PT ºMUJNPT BOPT W¡SJBT U©DOJDBT EF FTQFDUSPTDPQJB WJCSBDJPOBM
O£P MJOFBS UªN QPTTJCJMJUBEP B DPNQSFFOT£P EFUBMIBEB EB EJO¢NJDB
NPMFDVMBS EF MRVJEPT� -JWSPT GVOEBNFOUBJT TPCSF UFPSJB F QS¡UJDB EF
FTQFDUSPTDPQJB WJCSBDJPOBM DPN SFTPMV§£P UFNQPSBM FTU£P EJTQPOWFJT
	.VLBNFM ����� %FNUSPEFS ����� 'BZFS ���� F ����
� 7BMF EFTUBDBS
RVF U©DOJDBT EF FTQFDUSPTDPQJB WJCSBDJPOBM O£P MJOFBS FTU£P GPSB EP
FTDPQP EFTUB PCSB� &MBT T£P NFODJPOBEBT BQFOBT QBSB FYQMJDBS DPNP
FTQFDUSPTDPQJBT O£P MJOFBSFT TVQFSBN MJNJUB§µFT EB JOWFTUJHB§£P EB
EJO¢NJDB EF MRVJEPT QPS FTQFDUSPTDPQJB WJCSBDJPOBM MJOFBS DPOWFODJP�
OBM� &TQFSB�TF RVF FTUF MJWSP TFKB UBNC©N VN GBDJMJUBEPS QBSB P MFJUPS
BWBO§BS OP GPSNBMJTNP EP UFNQP JOEJTQFOT¡WFM  T U©DOJDBT EF FTQFD�
USPTDPQJB O£P MJOFBS� %F GBUP B FTQFDUSPTDPQJB WJCSBDJPOBM © BQSFTFO�
UBEB EP QPOUP EF WJTUB EP GPSNBMJTNP EP UFNQP P RVBM © OFDFTT¡SJP
UBNC©N QBSB B FTQFDUSPTDPQJB WJCSBDJPOBM MJOFBS QPJT QSPQJDJB B SFMB�
§£P FOUSF B GPSNB EB CBOEB F B EJO¢NJDB EP MRVJEP� "TTJN FTUB PCSB
© EJSFDJPOBEB B FTUVEBOUFT QFTRVJTBEPSFT PV VTV¡SJPT EF FTQFDUSPT�
DPQJB EF BCTPS§£P OP JOGSBWFSNFMIP F FTQFDUSPTDPQJB 3BNBO DPN PT
FRVJQBNFOUPT DPOWFODJPOBJT RVF IPKF T£P EF VTP SPUJOFJSP OPT MBCP�
SBU³SJPT�

0T EPJT GBUPT FYQFSJNFOUBJT NBJT FWJEFOUFT EB EJGFSFO§B FOUSF PT
FTQFDUSPT WJCSBDJPOBJT EF VNB FTQ©DJF OBT GBTFT MRVJEB F HBTPTB T£P�
P EFTWJP EF GSFRVªODJB WJCSBDJPOBM F B NVEBO§B OB MBSHVSB EF CBOEB�
0 FYBNF EFTTFT FGFJUPT FOWPMWF W¡SJPT DBQUVMPT EP MJWSP� P EFTWJP EF



�� r 'VOEBNFOUPT EB &TQFDUSPTDPQJB 7JCSBDJPOBM EF -ÎRVJEPT

GSFRVªODJB WJCSBDJPOBM © BCPSEBEP EP QSJNFJSP BP RVJOUP DBQUVMP F
BT GPSNBT EF CBOEBT OPT DBQUVMPT � F �� " EJTDVTT£P FWPMVJ EF NPEP
DPOUOVP F TFRVFODJBM BP MPOHP MJWSP RVF BTTJN EFWF TFS MJEP QPJT B
MFJUVSB EF VN DBQUVMP JTPMBEBNFOUF EFNBOEBS¡ FRVB§µFT EJTDVUJEBT
FN DBQUVMPT BOUFSJPSFT� 1PS FYFNQMP B MFJUVSB EPT DBQUVMPT � BP ��
FYJHF DPODFJUPT F�PV FRVB§µFT EJTUSJCVEPT QSBUJDBNFOUF QPS UPEB B
PCSB� *OUFSQSFUB§µFT EPT FGFJUPT EP TPMWFOUF TPCSF P FTQFDUSP WJCSBDJP�
OBM BCBSDBN UFPSJBT EJWFSTBT SFQSFTFOUBOEP P MRVJEP DPNP VN NFJP
EJFM©USJDP DPOTJEFSBOEP FYQMJDJUBNFOUF BT JOUFSB§µFT FOUSF TPMVUP F
TPMWFOUF BQMJDBOEP SFTVMUBEPT BOBMUJDPT EB NFD¢OJDB FTUBUTUJDB QBSB
NPEFMPT EP FTUBEP MRVJEP PV VUJMJ[BOEP TJNVMB§µFT DPNQVUBDJPOBJT
QPSN©UPEPT DPNP.POUF$BSMP PV EJO¢NJDBNPMFDVMBS� %F GBUP DBEB
VNEFTTFT U³QJDPT © QPS TJ T³ UFNB EF MJWSPT DPOTBHSBEPT OB SFTQFDUJWB
¡SFB� /FTUB PCSB BT UFPSJBT T£P BQSFTFOUBEBT DPN EFUBMIFT TVƗDJFOUFT
QBSB PGFSFDFS BP MFJUPS VNB QFSTQFDUJWB EBT QPUFODJBMJEBEFT F MJNJUB�
§µFT EBT EJGFSFOUFT BCPSEBHFOT� 0 MJWSP UFN QPSUBOUP VN DBS¡UFS
UVUPSJBM QBSB HVJBS P MFJUPS FN TFV QFSDVSTP QFMB WBTUB MJUFSBUVSB EJT�
QPOWFM DPN B RVBM QPEFS¡ BQSPGVOEBS�TF OP GPSNBMJTNP NBUFN¡UJDP
DPOGPSNF TFV JOUFSFTTF FN FTQFDUSPTDPQJB WJCSBDJPOBM EF MRVJEPT�

1PS ƗN HPTUBSJB EF FYQSFTTBS PT NFVT TJODFSPT BHSBEFDJNFOUPT
BPT DPMFHBT QSPGFTTPSFT FTUVEBOUFT EF Q³T�HSBEVB§£P F EF HSBEVB§£P
Q³T�EPVUPSFT F GVODJPO¡SJPT DPN PT RVBJT DPNQBSUJMIP P -BCPSBU³�
SJP EF &TQFDUSPTDPQJB .PMFDVMBS EP *OTUJUVUP EF 2VNJDB EB 6OJWFS�
TJEBEF EF 4£P 1BVMP 	ţŜŤ�ŠŨ�ŬŪŧ
 F BP QSPGFTTPS 7BMEJS #JOEJMBUUJ
	*OTUJUVUP EF 'TJDB EB 6OJWFSTJEBEF EF 4£P 1BVMP × *GVTQ
 QFMB MFJ�
UVSB DVJEBEPTB F SFWJT£P EP UFYUP� "HSBEF§P UBNC©N P BQPJP   NJOIB
DBSSFJSB DJFOUƗDB DPN CPMTBT RVF SFDFCJ EB 'VOEB§£P EF "NQBSP  
1FTRVJTB EP &TUBEP EF 4£P 1BVMP 	'BQFTQ
 FN QBSUJDVMBS B QBSUJS EP
EPVUPSBEP 	������������
 JODMVJOEP Q³T�EPVUPSBEP 	������������

F FTU¡HJPT OP FYUFSJPS 	������������ ������������
 F BP $POTFMIP
/BDJPOBM EF %FTFOWPMWJNFOUP $JFOUƗDP F 5FDOPM³HJDP 	ŚťŧR
 QFMBT
CPMTBT EF QSPEVUJWJEBEF DJFOUƗDB� "QSPWFJUP FOƗN QBSB BHSBEFDFS
P TVQPSUF ƗOBODFJSP RVF B 'BQFTQ F P ŚťŧR UªN EBEP BP ţŜŤ�ŠŨ�
�ŬŪŧ BP MPOHP EBT ºMUJNBT E©DBEBT FN QBSUJDVMBS PT FRVJQBNFOUPT
EJTQPOWFJT OP MBCPSBU³SJP DPN PT RVBJT GPSBN PCUJEPT PT FTQFDUSPT F
SFTVMUBEPT EF TJNVMB§£P EF EJO¢NJDBNPMFDVMBS NPTUSBEPT OBT ƗHVSBT
EFTUF MJWSP�
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