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Programa de Química Inorgànica Avançada!
1. Dades (1)!

Nom: ! Química Inorgànica Avançada!
Caràcter:! Troncal!
Titulació:! Llicenciatura en Química!
Curs / cicle:! 4t curs / 2n cicle!
Departament:! Química Inorgànica!
Professor: ! Francisco M. Romero!
A/e: ! fmrm@uv.es!

Adreça: !
Despatx 2.9.2!
Segon pis, edifici de!
lʼInstitut de Ciència Molecular (ICMol)!
Parc Científic, 46980 Paterna!

Telèfon: ! 963544405!
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Programa de Química Inorgànica Avançada!
1. Dades (2)!



!"  #$%&'()*+,-$+)$.,/%,$+.*0/1/$+',+-)+$(2,%*()3+4*&.$+.&5%&)-$+(+%)&-,$+',+
/)*0/%,*$"+

6"  #$%&'()*+ )27+ ',%)--+ -8,5--)9:+ -8,$%*&/%&*)+ ,-,/%*;5(/)+ (+ 2<-,/&-)*+ ',-$+
/<2.<$%<$+',+/<<*'(5)/(=+',-$+2,%)--$+',+%*)5$(/(="+

>"  #$%&'()*+ -,$+ %?/5(@&,$+ A$(@&,$+ (+ @&B2(@&,$+ 2C$+ (2.<*%)5%$+ .,*+ )+ -)+
/)*)/%,*(%D)/(=+',-$+/<2.<$%<$+',+/<<*'(5)/(="++

E"+ +#$%&'()*+-)+*,)/1F(%)%+',-$+/<2.<$%<$+',+/<<*'(5)/(=+',$+',-+.&5%+',+
F($%)+$(5%?1/:+%,*2<'(502(/+(+/(5?1/"+

G"  #$%&'()*+ )27+ ',%)--+ ,-$+ )$.,/%,$+ 2C$+ (2.<*%)5%$+ ',+ -)+ @&B2(/)+ ',+
-8,$%)%+$;-('+H,5--)9+(+,$%*&/%&*)+,-,/%*;5(/)I"+

J"  #$%&'()*+-,$+*,)//(<5$+',-$+$;-('$+(5<*405(/$"+
K"  #$%&'()*+)-4&5$+$;-('$+(5<*405(/$+'8(5%,*?$+)/%&)-"+
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Programa de Química Inorgànica Avançada!
2. Objectius generals!



!"  L<2.<$%<$+',+/<<*'(5)/(=+',-$+2,%)--$+',+%*)5$(/(="+

6"  #$%*&/%&*)+,-,/%*;5(/)+',-$+/<2.<$%<$+',+/<<*'(5)/(="+

>"  L<5/,.%,$+',+$(2,%*()"+

E"  M.-(/)/(<5$+',+-)+$(2,%*()"+

G"  N)%&*)+',+-8,5--)9+,5+,-$+/<2.<$%<$+',+/<<*'(5)/(="+

J"  O?/5(@&,$+A$(@&,$+,5+-)+/)*)/%,*(%D)/(=+',-$+/<2.-,P<$+',+2,%)--$+',+
%*)5$(/(="+

K"  #$%*&/%&*)+2<-,/&-)*+',-$+/<2.<$%<$+',+/<<*'(5)/(="+

Q"  R,)//(<5$+',-$+/<2.-,P<$+2,%0-S-(/$+T+U3+*,)//(<5$+',+$&7$1%&/(=:+*,'<P+
(+',-$+--(4)5'$+/<<*'(5)%$"+

V"  R,)//(<5$+',-$+/<2.-,P<$+2,%0-S-(/$+T+UU3+$B5%,$(+(+/)%0-($("+

!W"  U5%*<'&//(=+)+-)+@&B2(/)+',+-8,$%)%+$;-('"+

!!" #5--)9+@&B2(/+(+,$%*&/%&*)+,-,/%*;5(/)+',-$+$;-('$"+

!6" R,)//(<5$+',-$+$;-('$+(5<*405(/$"+
!>" #$%&'(+'8)-4&5$+$;-('$+(5<*405(/$+'8(5%,*?$+)/%&)-"+
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Programa de Química Inorgànica Avançada!
3. Continguts!
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!"#$% &'()(*+,%

-%

&'#.'/,'/%0"% 1''203($134%0"5/%#",$55/%0"% ,2$(/3134"+ U5%*<'&//(=+)+ -)+@&B2(/)+',+
/<<*'(5)/(="+#F<-&/(=+',-+/<5/,.%,+',+!"#$"%&'()'!""*(+,-!+.'H/<2.-,P+2,%0-S-(/I"+
O*,%$+4,5,*)-$"+#$%)%+'8<P(')/(="+X5',P+(+4,<2,%*()+',+/<<*'(5)/(="+R,4-)+',-$+!J+(+!Q+
,-,/%*<5$"+O(.&$+',+--(4)5'$3+/-)$$(Y/)/(="+

6%

7/,2+1,+2$% "5"1,28(31$% 0"5/% 1'#.'/,'/% 0"% 1''203($134"+ Z,*$.,/1F)+ [($%;*(/)"+
#$%*&/%&*)+ ,-,/%*;5(/)+ '80%<2$+ .<-(,-,/%*;5(/$"+ M/<7-)2,5%+ R&$$,--T\)&5',*$"+
L<5Y4&*)/(<5$:+ %,*2,$:+5(F,--$+'8,5,*4()+ (+2(/*<,$%)%$+ H2?%<',+',+ -)+ ])/%<*(%D)/(=+
'8,$.B5I"+M/<7-)2,5%+R&$$,--T\)&5',*$+,5+,-,2,5%$+.,$)5%$+H//I"+

9%

&'(1".,"/%0"%/3#",23$"%#-,2,5%$+ (+<.,*)/(<5$+',+$(2,%*()"+^,%,*2(5)/(=+',+4*&.$+
.&5%&)-$"+ R,.*,$,5%)/(<5$+ *,'&/17-,$+ (+ (**,'&/17-,$"+ ^,$/<2.<$(/(=+ ',+
*,.*,$,5%)/(<5$+*,'&/17-,$"+_?%<',+',+-8<.,*)'<*+.*<`,//(="+O)&-,$+',+/)*0/%,*$"+

:%
;.531$13'(/% 0"% 5$% /3#",23$"% M.-(/)/(<5$+ ',+ -,$+ %)&-,$+ ',+ /)*0/%,*$3+ '()4*)2,$+
'8<*7(%)-$+2<-,/&-)*$:+',%,*2(5)/(=+',-$+2<',$+F(7*)/(<5)-$"+

Programa de Química Inorgànica Avançada!
4. Temari (1)!
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!"#$% &'()(*+,%

<%

=$,+2$%0"% 5>"(55$?%"(%"5/%1'#.'/,'/%0"%1''203($134"+O,<*()+',+ -8<*7(%)-+2<-,/&-)*"+
^()4*)2)+ '8<*7(%)-$+ 2<-,/&-)*$+ (+ /<5Y4&*)/(=+ ,-,/%*;5(/)+ ',-$+ /<2.-,P<$+
</%)?'*(/$:+%,%*)?'*(/$+ (+.-)5<@&)'*)%$"+#5--)9+!+ (+,5--)9+""+L<2.-,P<$+'8,$.B5+)-%+ (+
,$.B5+ 7)(P"+ #$%)%$+ ,P/(%)%$3+ 1.&$+ ',+ %*)5$(/(<5$+ ,-,/%*;5(@&,$"+ _<',-+ ',-+
$<-).)2,5%+ )54&-)*"+ ^()4*)2,$+ ',+ ',$'<7-)2,5%+ ,5,*4?1/+ ',-$+ <*7(%)-$+ (' ,5+
/<2.-,P<$+',+$(2,%*(,$+'(],*,5%$"+O,<*()+',-+/)2.+/*($%)-S-B"+M.*<P(2)/(<5$+',+/)2.+
]<*%+(+/)2.+],7-,"+^()4*)2,$+',+5(F,--$+'8,5,*4()3+'()4*)2,$+'8a*4,-:+'()4*)2,$+',+
O)5)7,T\&4)5<"+

@%

!A1(3B+"/% C/3B+"/% "(% 5$% 1$2$1,"23,D$134% 0"5/% 1'#.5"E'/% 0"%#",$55/% 0"% ,2$(/3134"++
#$.,/%*,$+ ,-,/%*;5(/$"+ M50-($(+ ',+ -8,$.,/%*,+ F($(7-,3+ 5<27*,:+ .<$(/(=:+ )2.-0*()+ (+
(5%,5$(%)%+ ',+ -,$+ 7)5',$+ '8)7$<*/(="+ #$%&'(+ ',+ -,$+ .*<.(,%)%$+ 2)45?1@&,$"+
\&$/,.17(-(%)%+ 2)45?1/)+ (+ 2<2,5%+ 2)45?1/"+ L<5%*(7&/(<5$+ <*7(%)-+ (+ '8,$.B5+ )-+
2<2,5%+ 2)45?1/"+ Z*<.(,%)%$+ 2)45?1@&,$+ (+ 5)%&*)+ ',+ -8,$%)%+ ,-,/%*;5(/+
]<5)2,5%)-"+R,$$<505/()+'8,$.B5+,-,/%*;5(/"+

F%

7/,2+1,+2$% #'5"1+5$2% 0"5/% 1'#.'/,'/% 0"% 1''203($134"% b)/%<*$+ @&,+ ',%,*2(5,5+
-8,$%*&/%&*)+2<-,/&-)*+ '8&5+ /<2.-,P+2,%0-S-(/"+ Z*,'(//(=+ ',+ -8,$%*&/%&*)+2<-,/&-)*+
2(%`)59)5%+,-+2<',-+',+$<-).)2,5%+)54&-)*+(+,-+2<',-+c\#ZR"+#$%,*,<@&B2(/)+',-$+
/<2.<$%<$+ <*4)5<2,%0-S-(/$"+ #$%&'(+ ',-$+ '(],*,5%$+ B5',P$+ ',+ /<<*'(5)/(=+ (+
4,<2,%*(,$+',+/<<*'(5)/(=+',-$+/<2.-,P<$+2,%0-S-(/$"+

Programa de Química Inorgànica Avançada!
4. Temari (2)!
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!"#$% &'()(*+,%

G%

H"$113'(/%0"5/%1'#.5"E'/%#",I5J531/%K%LM%2"$113'(/%0"%/+N/),+134O%2"0'E%3%0"5/%553*$(0/%

1''203($,/"+R,)//(<5$+',-$+/<2.-,P<$+2,%0-S-(/$3+/-)$$(Y/)/(="+R,)//(<5$+',+$&7$1%&/(=+
',+--(4)5'$"+U<5$+2,%0-S-(/$+,5+$<-&/(=+)@&<$)d+*,)//(<5$+',+7,$/)5F(+'8)(4&)3+(<5$+-07(-$+
(+ (5,*%$"+ #@&(-(7*($+ ',+ ]<*2)/(=+ ',+ /<2.-,P<$+ 2,%0-S-(/$+ ,5+ '($$<-&/(="+ L<5$%)5%$+
'8,$%)7(-(%)%"+b)/%<*$+@&,+',%,*2(5,5+-8,$%)7(-(%)%+',-$+/<2.<$%<$+',+/<<*'(5)/(="+U<5$+
'&*$+ (+ %<&$"+ \?*(,+ '8U*F(54Te(--()2$"+ #],/%,+ @&,-)%"+ L(5?1/)+ (+ 2,/)5($2,+ ',+ -,$+
*,)//(<5$+',+$&7$1%&/(=+',+--(4)5'$3+/<2.-,P<$+.-)5<@&)'*)%$+(+</%)?'*(/$"+R,)//(<5$+
*,'<P"+ R,)//(<5$+ ',+ %*)5$],*?5/()+ ,-,/%*;5(/)"+ #$.<5%)5,f%)%+ ',+ -,$+ *,)//(<5$+ *,'<P"+
_,/)5($2,+ ',+ -,$+ *,)//(<5$+ *,'<P"+ R,)//(<5$+ '8)''(/(=+ <P(')5%"+ M''(/(=+ <P(')5%+
'8[('*<4,5:+ <P(4,5:+ [)-;4,5$:+ [)-&*$+ '8[('*<4,5+ (+ [)-&*$+ '8)-@&(-"+ R,)//(<5$+
'8,-(2(5)/(=+ *,'&/%<*)"+ R,)//(<5$+ ',-$+ --(4)5'$+ /<<*'(5)%$"+ #],/%,+ ',+ -)+ /<<*'(5)/(=+
$<7*,+ -)+ *,)/1F(%)%+ ',-$+ --(4)5'$"+g('*;-($("+ #],/%,+ ,22<%--)'<*+ <+ .-)51--)"+ R,)//(<5$+
'8(5$,*/(="+R,)//(<5$+'8(5$,*/(=+',+La+(+<-,Y5,$+,5+,5--)9<$+_hL+(+_hg"+R,)//(<5$+',+
',$(5$,*/(="+_,/)5($2,"++

Programa de Química Inorgànica Avançada!
4. Temari (3)!
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!"#$% &'()(*+,%

P%

H"$113'(/% 0"5/% 1'#.5"E'/% #",I5J531/% K% LLM% /Q(,"/3% 3% 1$,I53/3"+ \B5%,$(+ ',+ /<2.-,P<$+
2,%0-S-(/$"+ R,)//(<5$+ ',+ $&7$1%&/(=+ ',+ --(4)5':+ *,)//(<5$+ *,'<P"+ L<5%*<-+ /(5?1/+ ',-+
.*<'&/%,+',+-)+*,)//(=3+$B5%,$(+',+/<2.-,P<$+',+.-)i+HUUI"+_?%<',$+,$.,/BY/$+',+$B5%,$(+
',+ /<2.<$%<$+ <*4)5<2,%0-S-(/$"+ R,)//(<5$+ ',+ $B5%,$(+ '(*,/%)"+ R,)//(<5$+ ',+ 7,$/)5F(+
2,%)--T[)-<4,5+ (+ 2,%)--T[('*<4,5"+ #$%)7(-(%)%+ ',-$+ /<2.<$%<$+ <*4)5<2,%0-S-(/$"+
L<5$(',*)/(<5$+ %,*2<'(502(@&,$"+ #5,*4(,$+ '8,5--)9"+ L<5$(',*)/(<5$+ /(5?1@&,$"+
_,/)5($2,$+',+',$/<2.<$(/(="+M.-(/)/(<5$+',-$+/<2.<$%<$+',+/<<*'(5)/(=+,5+/)%0-($(+
[<2<4?5()+ (+ [,%,*<4?5()"+ #-$+ /<2.-,P<$+2,%0-S-(/$+ /<2+)+ /)%)-(%D)'<*$"+ M/1F)/(=+ ',+
g6:+ a6+ (+ N6"+ R,)//(<5$+ '8[('*<4,5)/(=+ '8)-@&,5$3+ /)%)-(%D)'<*+ ',+ e(-j(5$<5"+
L)*7<5(-)/(=+',-+2,%)5<-+H.*</C$+_<5$)5%<I"+R,)//(<5$+'8[('*<]<*2(-)/(="+

Programa de Química Inorgànica Avançada!
4. Temari (4)!
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!"#$% &'()(*+,%

-R%

L(,2'0+1134% $% 5$% B+Q#31$% 0"% 5>"/,$,% /8530"+ L-)$$(Y/)/(=+ ,$%*&/%&*)-+ ',-$+ $;-('$"+
^,$/*(./(=+ ',+ -8,$%*&/%&*)+ /*($%)-S-(5)"+ L-)$$(Y/)/(=+ ',-$+ $;-('$+ $,4<5$+ -)+ 5)%&*)+ ',+
-8,5--)9+@&B2(/3+F)-(',$)+(+-(2(%)/(<5$"+

--%

7(55$?% B+Q#31% 3% "/,2+1,+2$% "5"1,28(31$% 0"5/% /8530/"+ a*7(%)-$+ /*($%)-S-(5$"+ k<5,$+ ',+
l*(--<&(5"+l)5',$+',+5(F,--$+'8,5,*4()"+#$%*&/%&*)+',+7)5',$"+N(F,--+',+b,*2("+L<*7,$+
',+',5$(%)%+'8,$%)%$+ H^a\I"+L<*7,$+LaaZ"+l)5',$+',+5(F,--$+'8,5,*4()+,5+'(],*,5%$+
1.&$+ ',+ $;-('$+ (5<*405(/$"+ #$%&'(+ ,P.,*(2,5%)-+ ',+ -8,$%*&/%&*)+ ,-,/%*;5(/)+ ',-$+
$;-('$"+ L<2.<$%<$+ 5<+ ,$%,@&(<2?%*(/$"+^,],/%,$+ .&5%&)-$"+ ^,],/%,$+ .&5%&)-$+ (+ 5<+
,$%,@&(<2,%*()"+N<+,$%,@&(<2,%*()+,5+,-$+;P('$+',-$+2,%)--$+',+%*)5$(/(="+M4*,4)/(=+
',+ ',],/%,$"+ a*',5)/(=+ ',+ ',],/%,$3+ $&.,*,$%*&/%&*,$"+ #-(2(5)/(=+ ',+ ',],/%,$3+
.-)5$+/*($%)-S-<4*0Y/$+',+--($/)2,5%"+

-6%

H"$113'(/% 0"5/% /8530/% 3('2*I(31/"+ _?%<',$+ ',+ $B5%,$("+ O(.&$+ ',+ *,)//(<5$3+
/-)$$(Y/)/(="+#@&(-(7*(+@&B2(/+(+'()4*)2,$+',+])$,$"+R,)/1F(%)%3+',],/%,$+/*($%)-S-(5$:+
%*)5$.<*%+',+2)%?*()+(+F,-</(%)%+',+*,)//(="+_?%<',$+',+$B5%,$(+',+$;-('$+(5<*405(/$"+

-9%
7/,+03% 0>$5*+(/% /8530/% 3('2*I(31/% 0>3(,"2A/% $1,+$5"+ L<5'&/%<*$+ $&.,*(;5(/$"+
L<2.<$%<$+'8(5%,*/)-)/(="+\&.,*/<5'&/%<*$+'8)-%)+%,2.,*)%&*)"+

Programa de Química Inorgànica Avançada!
4. Temari (5)!
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Programa de Química Inorgànica Avançada!
5. Bibliografia!

ST%UT%;T%V"W5"3+012%+!-3'

4,"*5-,+!'61)#+%&*27'8'

6""*(+,-9",'61)#+%&*2'

8$$*"-!17'aP]<*'+

m5(F,*$(%n+Z*,$$:+6WWW"+

XT%7T%H'0*"2/3%:;<#+!-'

4,"*5=,+!->'4,&*"(;!!+.,'-'3-'

?;<#+!-'()'!""*(+,-!+.,@'()3'

)%&-("'%.3+("'2'()%!*+$9A-"+#'"+

_/o*)pTg(--:+!VVG"+

YT%Z'+*5$/O%ZT%[1Z$(3"5%3%\T%

;5"E$(0"23+6",!)$&%'-,('

#"()3%'"B'+,"*5-,+!'!1)#+%&*2"+

q<[5+e(--,n+)5'+\<5$:+!VV>"+

XT%]T%[3"//5"2%3%ZT%;T%!$223%

4,"*5-,+!'61)#+%&*27'

Z*,51/,+g)--+U5%,*5)1<5)-:+

!VVV"+

LT%ST%Y+,5"2O%%\T%UT%^$22'03+

:;<#+!-'+,"*5=,+!->'

$*+,!+$+"%'2'-$3+!-!+",)%7'

#'"+M''($<5Te,$-,n:+!VVE"+



!  7E$#"(% .$213$5% H'(`<&$+ 6@_R-_6R--:% )+ -,$+ WQ">W+ [I+ @&,+ (5/-<&*0+ -)+
2)%?*()+ (2.)*1')+Y5$+)@&,(P+2<2,5%+ (+@&,+.,*2,%*0+,-(2(5)*T-)+',+
-8,P)2,5+Y5)-+H@&)5+-)+5<%)+$(4)+$&.,*(<*+<+(4&)-+)+EI"+

!  7E$#"(% `($5% H'(F,5'*,$+ -<_R@_6R--:% )+ -,$+ WQ">W+ [I+ @&,+ (5/-<&*0+ -)+
$,4<5)+ .)*%+ ',+ -8)$$(45)%&*)+ H.,*+ )+ %<%[<2I+ 2C$+ -)+ 2)%?*()+
/<**,$.<5,5%+)+-8,P)2,5+.)*/()-+.,*+)-$+@&,+5<+[)4,5+$&.,*)%+-)+5<%)+
',+E"+

!  r)+5<%)+Y5)-+$,*0+-)+2(%`)5)+',-$+'<$+,P02,5$"+r)+/"*'($%1'(a'1$,823$%
H'(2,/*,$+--_RF_6R--:%)+-,$+!G"WWI+(5/-<&*0+%<%)+-)+2)%?*()+.,*+)+%<%$+
,-$+)-&25,$+$&$.,$<$+,5+.*(2,*)+/<5F</)%;*()"+
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Programa de Química Inorgànica Avançada!
6. Avaluació!



Tema 1. Compostos de coordinació dels metalls de transició!

1.  Introducció a la química de 
coordinació. Evolució del concepte 
de compost de coordinació. 
Definicions generals!

2.  Regla dels 16 i 18 electrons!
3.  Tipus de lligands: classificació!
4.  Repàs a la nomenclatura i 

formulació dels compostos de 
coordinació!



2!

!"# $%&'()"# *+# ),,-*(.")(/# 0123# +456# 7"4"*"# +.# *,4# 8-".4# "9".:,4# $%+# 9".#

,)/--+-#*+#'".+-"#(.*+;+.*+.5<#

!"# !"#$%&' ("' )&' *##$(%+&*%,# *=!"#$%&'(%$)%$# 0>1?@A@B3C# D"4"*"# +.# +45%*(4#

4(45+'6E)4#-+"F(5G"54#"'7#),';F+H,4#*+#'+5"FF4#*+#5-".4()(/C#

IF#),.)+;5+#(-%)""*+'&*,-!*+#.%/012'30&/045'('.*)67-0$#0>1?@ABJ3C#2,.)+;5+#

$%+# 4="K%45"9"# '(FF,-# "F4# +F+'+.54# *+F# 8-%;4# -+;-+4+.5"E%4# "# )"%4"# *+# F+4#

(*++4# $%+# L(# L"9("# 4,7-+# F"# 8-".# +45"7(F(5"5# *+# F"# ),.M8%-")(/# *+# 8"4# .,7F+#

0-+8F"#*+#F=,)5+53C#N$%+45"#-+8F"#5+.("#%.#8-".#.,'7-+#*=+H)+;)(,.4#+.#F"#12#

*+F4#'+5"FF4#*+#5-".4()(/#0OP3C#

QC#>C#!+R(4#
0@STU?@AVW3#

>C#XC#Y(*R()Z#
0@STB?@AUJ3#

[C#!".8'%(-#
0@SS@?@AUT3#

NC#\+-.+-#
0@SWW?@A@A3#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (1)!



3!

IF#5+-'+#487981:'&%'488$&0)*40;!*+-(9"#*+#F="+))&.'("'*##$(%+&*%,',#"+))&.'*#/&)"+!'(&01'

0+.FF":#),9"F+.5#*+#*,4#)+.5-+4#(#*,4#+F+)5-,.4#$%+#;-,9+.+.#*+F#'"5+(H#)+.5-+3C#!=&((1*!"'

+.5-+#+F#D]B#(#+F#>^B#.=_4#%.#+H+';F+C#],-'"F'+.5`#F=+.FF":#+4#a,-'"#;+-#*,.")(/#*=%.#;"-+FF#

*=+F+)5-,.4#*+#F=65,'#*+#.(5-,8+.#"#F=65,'#*+#7,-#0*#23)"4'*,."*,-?"))+;5,-3C#b(-+'#$%+#+F#

*,."*,-#*=+F+)5-,.4#+456#*##$(%+&!'"#F="))+;5,-C#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (2)!

IF4#8-%;4#),,-*(."54#0(,.4#,#',Fc)%F+43#4=".,'+.+.#))%5&+(6C#IH<#]d#+.#eD]Vfd#

7#23)"4'("'*##$(%+&*%,'82"!9):)%*;<#65,'#,#(/#0'+56FgF()3#)+.5-"F#%.(5#"#%."#4c-(+#*+#FF(8".*4C#

h,*+.#4+-#),';,45,4#.+%5-+4#,#%#+6'*#23)"4#6C#

h,*+'#*+4)-(%-+#+F4#),';F+H,4#*+#),,-*(.")(/#),'#"#"**%)5+4#6)(*?7"4+C#

<&6"'("'=">%6<'65,'#,#),.K%.5#*=65,'4#)";":,4#*+#)+*(-#*+.4(5"5#+F+)5-i.()"C#

?*%('("'=">%6<'65,'#,#),.K%.5#*=65,'4#)";":,4#*="))+;5"-#*+.4(5"5#+F+)5-i.()"C#

"#!$#%!&'(#)*)+!,'-.,)*/0%1!'2-!*3453-.3-!&'!*33,&)#%*)+!-+#!'2-!6$'!*3#.'#'#!%24'#7-!$#!

*3452'8!&'!*33,&)#%*)+9!
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@#)A"($"' 83#)A5#+;' ("' *##$(%+&*%,<#

;,F&+*-+# ,# ;,F&8,.#*+M.(5# ;+F4# 65,'4#

*+F4# FF(8".*4# $%+# +45".# %.(54#

*(-+)5"'+.5#"#F=65,'#)+.5-"FC#

e2,0>^B3U2FfJj
#

e]+02JkV3BfB?
#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (3)!

B6C"$&'("'*##$(%+&*%,'8%+!"$+&;<#),.K%.5#*+#FF(8".*4#%.(54#*(-+)5"'+.5#"F#'+5"FFC#

B6C"$&'("'*##$(%+&*%,'"4!"$+&<#"44,)(")(/#*=%.#),';F+H#08+.+-"F'+.5#)"--+8"53#

"'7# "F5-+4# (,.4# 0*+# )6--+8"# ,;,4"*"3# ,# ',Fc)%F+4# 04,F9+.53# 4+.4+# $%+# +4#

;-,*%l4)"#4%74E5%)(/#*+#FF(8".*4C#

D#2E$"' 8A+("4;'("' *##$(%+&*%,<# .,'7-+#*+# FF(8".*4#+.# F=+4a+-"#*+# ),,-*(.")(/#

0(.5+-."3C'

B6!&!'8+#2E$"'(-#4%(&*%,;<#)6--+8"#$%+#E.*-("#F=65,'#)+.5-"F#4(#4=+F('(."-+.#5,54#

+F4# FF(8".*4# "'7# +F4# +F+)5-,.4# $%+# ),';"-5+(H+.# "'7# "$%+45C# >,# (.*()"#

.+)+446-("'+.5#F"#*(45-(7%)(/#+F+)5-i.()"#*+F#),';F+HC#
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NF# ;-(.)(;(# *+F# 4+8F+# mm`# +F4# "9".:,4# +.# F"# 5+,-("# *+# F=+.FF":# 0),';,45,4#

,-86.()4`# ),.)+;5+# *+# 0%2:#*)%3# .,# +-+.# ;-,%# ;+-# +H;F()"-# .,'7-,4+4##

-+"))(,.4#*+F4#'+5"FF4#*+#5-".4()(/C#

\+-.+-# 9"# ',45-"-# $%+# F=,H(*")(/# *+# 7#7)F' +.# ;-+4c.)("# *+# DGH' *,."9"#

*(a+-+.5#),';,45,4#*+#a/-'%F"<#7#7)H8DGH;+0.#n#@?W3C#2C#\C#DF,'45-".*#
0@SJW?@SAV3#

YC#OC#op-8+.4+.#
0@SBT?@A@V3#

I7#8DGH;H7)HJ'

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (4)!

!"#8-".#(.c-)("#$%&'()"#*="$%+454#),';,45,4#(';F()"9"#$%+#F+4#',Fc)%F+4#*+#

>^B#L"9(+.#*+#;"-E)(;"-#5"'7_#+.#F=+.FF":`#+.#),.5-"#*+#F+4#(*++4#+45"7F+-5+4#

04(#F"#9"Fc.)("#*+F#2,#+-"#B`#FF"9,-4#+F#2,#.,'_4#L"%-("#*=+45"-#%.(5#"#B#65,'43C#

DF,'45-".*#+F#@SWA#(#op-8+.4+.#+F#@SSV#;-,;,4+.#$%+#+F4#65,'4#*+#>#;,*+.#

a,-'"-# )"*+.+4# ;+-# "44,F(-# %."# 9"Fc.)("# *+# U# 05+,-("# *+# F"# ),.)"5+.")(/3C#

b="$%+45"#'".+-"`#+F#.,'7-+#*=65,'4#%.(54#"F#2,0[[[3#_4#(8%"F#"#BC#
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h,45%F+.#$%+#+F4#65,'4#*+#2F#%.(54#"F#2,0[[[3#.,#4/.#(,.(5G"7F+4`#'+.5-+#$%+#+F4#%.(54#"F#>^B#4&#

$%+#L,#4/.C#

!"#$%&'(%$)%$`#+F#@SAB`#(.)F,%#5"'7_#F"#;,44(7F+#+H(45c.)("#*+#*,4#E;%4#*+#2F`#;+-i#;-,;,4"#

$%+#+F#2,0[[[3#;,5#FF(8"-?4+#+.#5,5"F#"#W#65,'4#+.#+F#$%+#+FF#*+.,'(."#F"#<*"=)40*'1%4-)&>$0*!

0*"9".5#F"#9"Fc.)("#;-('6-("#,#+45"5#*=,H(*")(/`#$%+#_4#(8%"F#"#B3C#

^,'#;,5# a,-'%F"-#+F4#*(4E.54# ),';,45,4#*+F# 4(45+'"#2,2FB0>^B3.#*="),-*#"'7# F"# 5"%F"#@C@#

$%+# -+)%FF# F+4# a/-'%F+4# ;-,;,4"*+4# ;+-# (%$)%$' (# ?"871:$*)&@AB$6%)1%)# 0D?o3# ;+-# "F4#

)F,-,),';F+H,4# "',.(")"F4# *+# ),7"F5`# "(H&# ),'# +F# .,'7-+# *=(,.4# +.# 4,F%)(/# ;-+9(45# ;+-# "#

)"*"#a,-'%F")(/C#

[Co(NH3)3Cl3]!

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (5)!
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K,$21)&'("'

L"$+"$ 
D$"M'
(-%#+6 

K,$21)&'("''

<)#26!$&+(NOP$5"+6"+ 
D$"M'
(-%#+6 

e2,0>^B3Wf2FB V V 

e2,0>^B3U2Ff2FJ B B 

e2,0>^B3V2FJf2F J J 

e2,0>^B3B2FBf q J 

e2,0>^B3WfBj
#

e2,0>^B3U2FfJj
# *)-?e2,0>^B3V2FJfj

#

e2,0>^B3B2FBf#

.,%#-?e2,0>^B3V2FJfj
#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (6)!

P"%F"#@C@#!
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!+4# '+4%-+4# *+# ),.*%)E9(5"5# (i.()"# 4+'7F+.# (.*()"-# $%+# +F# *"--+-#

),';,45#*+# F"# 5"%F"#.,# a,-'"9"# (,.4`#;+-i# F"#'".)"#*+#;%-+4"#+.# F+4#

',45-+4# a+("# $%+# .,# a/-"# ;,44(7F+# *+5+-'(."-# 4+.4+# "'7(8r(5"5# $%(."#

.=+-"#F"#a,-'%F")(/#0(#;+-#5".5`#F"#5+,-("3#),--+)5"C#

!=&';+5%# "'7# $%c# AB$6%)1%)# *+a+.4"9"# F"# 4+%"# 5+,-("# 9"# a+-# $%+#

(%$)%$#4(.5+E5G"-"#.,%4#),';,45,4#;+-#),';-,9"-#F+4#4+%+4#(*++4C#X"#

;-,;,4"-# $%+# +F4# W# 65,'4# FF(8"54# "F# 2,0[[[3# L"9(+.# *+# 5-,7"-?4+# +.# %.#

+.5,-.#,)5"c*-()#(`#;+-#5".5`#+F#),';,45#e2,0+.3J2FJf2F#;,*-("#;-+4+.5"-#

*,4# (4i'+-4<#*)-# (#.,%#-`#4+8,.4#F"#;,4()(/#*+F4#*,4#65,'4#*+#2F#%.(54#"F#

2,0[[[3C#

(%$)%$#9"#"lFF"-#"'7*/4#(4i'+-4`#;+-i#?"871:$*)&'('AB$6%)1%)#9".#4+-#

)";":,4#*+#;-,;,4"-?.+#+45-%)5%-+4#"F5+-."E9+4#4+8%(.5# F"# 5+,-("#*+# F"#

),.)"5+.")(/C#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (7)!

.,%#-?e2,0+.3J2FJfj
#

*)-?e2,0+.3J2FJfj
#



!=")E9(5"5# i;E)"# +4# 9"# "44,)("-# "# F"# ;-+4c.)("# *+F4# FF(8".*4#

,-86.()4#0+4#;+.4"9"#$%+#F"#$%(-"F(5"5#.,'_4#;,*("#;-,9+.(-#*+F#

)"-7,.(# 5+5-"9"F+.53`# (# \+-.+-# 9"# L"9+-# *=";,-5"-?.+# F"# ;-,9"#

*+M.(E9"<#F"#4&.5+4(#(#-+4,F%)(/#i;E)"#*+F#),';F+H#e2,s2,0>^B3V
0k^3JtBfD-W`# +.# $%c# +F# ),';F+H# e2,0>^B3V0k^3Jfj# ")5%"# ),'# "#

FF(8".*#7(*+.5"5#"'7#+F4#*,4#65,'4#*u,H(8+.#*+F4#8-%;4#0k^3?C#

9!

cis-[Co(en)2Cl2]+!

e2,s2,0>^B3V0k^3JtBfWj#

C%D8"'

](."F'+.5`#+F#@AqT#(%$)%$#9"#"lFF"-#+F4#(4i'+-4#*)-# (#.,%#-#

*+F#),';F+H#e2,0>^B3V2FJfj`#F=+H(45c.)("#*+F4#$%"F4#.,#;,*("#

4+-#+H;F()"*"#;+-#F"#5+,-("#*+#?"871:$*)&#(#AB$6%)1%)C#

>,#,745".5#"(Hi`#F"#5+,-("#.,#9"#4+-#5,5"F'+.5#"))+;5"*"#.(#5".#

4,F4#$%".#(%$)%$#9"#;-+*(-#(#9"#),.M-'"-#F=+H(45c.)("#*=")E9(5"5#

i;E)"#+.#+F4#),';F+H,4#e2,0+.3J0>^B32FfJj#(#e2,0+.3BfBjC#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (8)!

.,%#-?e2,0>^B3V2FJfj
# *)-?e2,0>^B3V2FJfj

#
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2"F#*+45")"-#F"#),.M".:"#*+#(%$)%$#+.#F"#4+%"#5+,-("`#M.4#

"F# ;%.5# $%+# 9"# ),.4(*+-"-# $%+# F=+H(45c.)("# *+# .,'_4# *,4#

(4i'+-4# *+F# ),';F+H# e2,0>^B3V2FJf2F# (.*()"9"# $%+# F"#

8+,'+5-("# L"9("# *+# 4+-# ,)5"c*-()"# 0K"# $%+# F+4# "F5-+4#

;,44(7F+4#8+,'+5-(+4#*,."-(+.#5-+4#(4i'+-43C#

h+-#*+4),';5"5`#.(.8v#.,#;,*("#+H)F,%-+#+.#"$%+FF"#c;,)"#

F"#;,44(7(F(5"5#$%+#.=L(#L"8%+-"#%.#5+-)+-C#

N.6F,8"'+.5`# F=+H(45c.)("# *+# *,4# (4i'+-4# +.# +F# ),';F+H#

eh52FJ0>^B3Jf# 9"# (.*%(-# (%$)%$' "# "M-'"-# $%+# "$%+45#

),';F+H#5+.("#%."#8+,'+5-("#;F".,$%"*-"*"#0$%+#;-+4+.5"#

+F4# (4i'+-4# *)-! (# .,%#-3# *"9".5# F"# 5+5-"c*-()"# 0$%+# .,# +.#

;-+4+.5"#)";3C#

IF#@A@B#!"#$%&'(%$)%$'9"#-+7-+#+F#;-+'(#>,7+F#*+#1%&'()"C#

*)-?eh52FJ0>^B3Jf#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (9)!

.,%#-?e2,0>^B3V2FJfj
#

*)-?e2,0>^B3V2FJfj
# .,%#-?eh52FJ0>^B3Jf#
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!+4#L(;i5+4(4#+45-%)5%-"F4#*+#\+-.+-#4/.#+.)"-"#96F(*+4#

%.#4+8F+#*+4;-_4#0;#3,<9!=>'4C`#Vq`#FQQR`#@qWU3C#

Tema 1. Compostos de coordinació dels metalls de transició!
Introducció a la química de coordinació (10)!
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E87981:81'&%"1'%"%7%):1'$%9$%1%):*,-1<#V#,-7(5"F4#0@#s#j#B#p3C#S#+F+)5-,.4C#

SBT=U'VB'=-W7XBXC#IH)+;)(,.4<#w"';F(")(/#*+#F=,)5+5xC#

E87981:81'&%'488$&0)*40;<#A#,-7(5"F4#0@#s#j#B#p#j#U#d3C#@S#+F+)5-,.4C#

>,#4+8%+(H+.#F"#5+,-("#4(';F+#*+#!+R(4C#30&/045#9"#,74+-9"-#+F#@AJT#$%+#L(#L"#%."#

5+.*c.)("#"#'_4#+45"7(F(5"5#5+-',*(.6'()"#+.#+F4#),';F+H,4#'+56FgF()4#$%+#5+.+.#

@S#+F+)5-,.4C#SBT=U'VB=Y'RZ'"[C#

h+-#)"F)%F"-#+F#.,'7-+#*=+F+)5-,.4#L+'#*+#),.4(*+-"-#+F4#$%+#;+-5".y+.#"#F=65,'#

)+.5-"F#05+.(.5#+.#),';5+#F=+45"5#*=,H(*")(/3#(#+F4#;"-+FF4#";,-5"54#;+F4#FF(8".*4C##

2-02k3W<#W#+d#0*+F#2-q3#j#@J#+d#0*+F4#W#2k3#n#@S#+d#

0!U?2U^U3]+02k3J2F<#W#+d#0*+F#]+[[3#j#W#+d#0*+F#!U?2U^U3#j#V#+d#0*+F4#J#2k3#j#J#+d#0*+F#

2Fd3#n#@S#+d#

IF4# +.FF":,4# '+5"FF?'+5"FF# ";,-5+.# "# )"*"# 65,'# %.# .,'7-+# *=+F+)5-,.4# (8%"F# "#

F=,-*-+#*+#F=+.FF":C#IHC<#O.J02k3@q#

02k3UO.dO.02k3U<#T#+d#0*+F#O.q3#j#@q#j#@##+d#0*+#F=+.FF":#O.dO.3#n#@S#+d#;+-#O.C#

Tema 1. Compostos de coordinació dels metalls de transició!
Regla dels 16 i 18 electrons (1)!
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Tema 1. Compostos de coordinació dels metalls de transició!
Regla dels 16 i 18 electrons (2)!

N$%+45"# -+8F"# 5_# .,'7-,4+4# +H)+;)(,.4C# I4# ),';F+(H# ;-(.)(;"F'+.5# +.# +F4#

),';,45,4# ,-8".,'+56FgF()4# "'7# FF(8".*4# z?"))+;5,-4# (# +.# "F8%.4# ),';F+H,4#

'+56FgF()4#)F644()4#*+#)"';#a,-5C!
2-02k3W!

IF4#+F+)5-,.4#"#*+F#2k#
4=+45"7(F(5G+.#(.5+-"))(,.".5#
"'7#+F#'+5"FF#(#a".#$%+#+F4#
,-7(5"F4#'<#4(8%+.#
".E+.FF":".54C#

IF#)"-6)5+-#z?"))+;5,-#7"(H"#
F=+.+-8("#*+F4#,-7(5"F4#.?<C#
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I.#+F4#),';F+H,4#;F".,$%"*-"54#0bVL3#"'7#),.M8%-")(/#+F+)5-i.()"#d8#4=,74+-9"#

%."#'"K,-#+45"7(F(5"5#5+-',*(.6'()"#$%".#+F#.,'7-+#*=+F+)5-,.4#_4#@WC#

I.#"$%+454#),';F+H,4`# F=,-7(5"F#dx2-y2 

_4# a,-5"'+.5# ".E+.FF":".5C# >,'_4#

4=,';F(.# +F4# "F5-+4# V# ,-7(5"F4`# *+#

'".+-"# $%+# +F# .,'7-+# 5,5"F#

*=+F+)5-,.4# 4+-6# V# H# J# 0FF(8".*43# j# S#

0"5C#)+.5-"F3#n#@WC#

Tema 1. Compostos de coordinació dels metalls de transició!
Regla dels 16 i 18 electrons (3)!

e>(02>3VfJd#
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I.)"-"#$%+#+.#;-(.)(;(#.,#L(#L"#%."#)F"44(M)")(/#*+M.(E9"#(#+H)F,+.5#;+-#"F4#

FF(8".*4`#;,*+'#%EF(5G"-#;-(.)(;"F'+.5#*,4#)-(5+-(4<#"6!$1*!1$&)'%'")"*!$\+%*C#

b+4#*+F#;%.5#*+#9(45"#+45-%)5%-"F`#+F4#FF(8".*4#;,*+.#)F"44(M)"-?4+#6"5#+6'")'

+#2E$"'(-9!#26'(#+&(#$6'$%+#),,-*(.+.#"F#)+.5-+#'+56FgF()<#

d# @W=]VBDXUXY# 07(`# 5-(`# 5+5-"{3<# "$%+FF4# $%+#

),,-*(.+.# "F#'+5"FF# "'7#*,4#,#'_4# 65,'4#"?

*,."*,-4# .,# "*K")+.54# 0"8+.54# $%+F".543C#

],-'+.# ),';F+H,4# ".,'+."54# $%+F"54# 08-C#

*>'2'<# ;(.:"3`# +.# $%c# +F# FF(8".*# K%.5# "'7# +F#

'+5"FF# *+M.+(H+.# %.# ".+FF# ".,'+."5# %#'22!

6$'2%.C#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (1)!

e>(02>3VfJd#

d# ^WDWVBDXUXY<# "$%+FF4# $%+# ),,-*(.+.#

"'7# %.# 65,'# *,."*,-C# @3&'#! .'#),A#'! 4B-!

&C$#1!5',D!#34B-!#C$/2).E'#!$#!'#!2C'#22%F9!

e]+0,H3BfBd#
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|.#".+FF#$%+F"5#+4#)"-")5+-(5G"#;+F4#;"-6'+5-+4#4+8r+.54<#

d#!"#2#66"5&(&<#*(456.)("#'&.('"#0*3#+.5-+#+F4#*,4#65,'4#*,."*,-4#*+#F=".+FFC#

d'=-&+5)"'("'2#66"5&(&'0G).'!%#<2'!n##3<#F=".8F+#*+M.(5#;+F4#*,4#65,'4#*,."*,-4#

(#+F#)+.5-+#'+56FgF()#04(5%"5#+.#+F#9c-5+H#*+#F=".8F+3C#

d# !"#2#66"5&(&' +#$2&)%!_&(&' 0G).'! 5%,%4'.',!n# *}-3`# $%+# +4# *+M.+(H# ),'# +F#

$%,)(+.5# +.5-+# F"#*(456.)("#$%+# 4+;"-"#+F4# 65,'4#*,."*,-4# (# F"#*(456.)("#

'+5"FF?FF(8".*C#

N$%+454#;"-6'+5-+4#*+5+-'(.+.#$%+#+F#FF(8".*#L(#")5%+#

),'#"#$%+F"5#,#),'#"#FF(8".*#;,.5C#

#$

*#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (2)!
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I.5-+#+F4#))%5&+(6'3#)%("+!&!6`';,*+'#*+45")"-?.+<#

WE"$!6<#F=+45-%)5%-"#*+F4#$%"F4#_4#%."#)"*+."#,7+-5"#0+.3C#

WE"$!6'3#)%3#(&)6<#+.#$%c#5,54#+F4#65,'4#*,."*,-4#+45".#%.(54#0'(5K".:".5#

%."#)"*+."3#"#%.#v.()#65,'#0>`#2`#D3#,#"#%."#',Fc)%F"#06)(*#('(.,5-(")cE)#

>02^J2kk^3B`#IbPN{3C#

X&+*&!6'82&*$#*%*)"6;<#+.#$%c#+F4#65,'4#*,."*,-4#+4#5-,7+.#4(5%"54#+.#%.#

".+FF# 5".)"5C# Y(# +F4# 65,'4# *,."*,-4# 4/.# *u,H(8+.`# 4/.# ".,'+."54# c5+-4#

),-,."C#Y(#4/.#*+#.(5-,8+.`#L,'#+F4#".,'+."#;,F("G"'")-,)()F+4C#P"'7_#L(#

L"#'")-,)()F+4#"'7#*(a+-+.54#65,'4#*,."*,-4C#

7$%3!&+(6<# 4/.# FF(8".*4# '%FE*+.5"54# (# ;,F()&)F()4# $%+# ),.5+.+.# *(9+-4,4#

".+FF4#(.5+-),..+)5"54#0"'7#"F'+.y4#*,4#65,'4#+.#),'v3C##

+.#

>02^J2kk^3B#

e02^J2^J3kfV#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (3)!

)-(;5"5!JCJCJ?)-(;5".*!

@J?),-,."?V!
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IF4#FF(8".*4#+4#)F"44(M$%+.#5"'7_#4+8,.4#+F#*&$9*!"$'+1*)"&+!#+.<#

d#^WDWD`7=BUDXY<# a,-'+.# ),';F+H,4# ',.,.%)F+"-4`# "'7# %.# 4,F# 65,'#

'+56FgF()#0]d`#;ỳ #^Jk`#>^B{3C#

d# @W=]D`7=BUDXY# 0*(`# 5-(`# 5+5-"CCC3<# ',45-+.# %."# 8-".# 5+.*c.)("# "# a,-'"-#

),';F+H,4# ;,F(.%)F+"-4# 0"'7# '_4# *=%.# 65,'# '+56FgF()3C# N$%+45"# )";")(5"5#

,7++(H#"#*(4E.5+4#-",.4`#*+#'".+-"#$%+#"$%+454#FF(8".*4#;,*+.#)F"44(M)"-?4+#

+.#5-+4#E;%4#;-(.)(;"F4<#

=)%5&+(6'3#+!'6"+_%))<#4/.#FF(8".*4#4(';F+4#$%+#L(#;,*+.#")5%"-#*+#;,.5#02>d#̀

>B
d`#Y2>d{3C'

=)%5&+(6'3#+!'3#)%("+!&!6<#4/.#FF(8".*4#;,F(*+.5"54#$%+#L(#")5%+.#),'#"#;,.5#̀

;+-$%c#F"#4(5%")(/#*+F4#65,'4#*,."*,-4#08+.+-"F'+.5#+.#;,4()(,.4#,;,4"*+4#(#

4+;"-"*+4# ;+-# +45-%)5%-+4# -&8(*+4# ,#',F5# )%-5+43# (';+*+(H# $%+# 5,54# ;%8%+.#

),,-*(."-#%.#v.()#(/#'+56FgF()#02JkV
Jd`#7;y'{3C#

=)%5&+(6'3#+!'*#23&$02"+!&)6<#FF(8".*4#*(0;,F(3.%)F+".54#$%+#),.5+.+.#*%+4#

)"9(5"54#*+#),,-*(.")(/#"*K")+.54C#h,*+.#4+-#'")-,)&)F()4#,#")&)F()4# 0'#&A3H# (#

-)&'A3H3C#

7;y'#

;y#

>B
d#

2>d#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (4)!
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^(#L"#5"'7_#%."#4c-(+#*+#FF(8".*4#".,'+."54#FGH3IJK.3#02kB
Jd`#2JkV

Jd`#>kJ
d

{3# $%+# L(# ;,*+.# ")5%"-# "'7# %.# 8-".# .,'7-+# *+# *(a+-+.54# ',*+4# *+#

),,-*(.")(/C# N(H&`# ;+-# +H+';F+`# +F4# FF(8".*4# )"-7,."5# 02kB
Jd3# (# .(5-(5# 0>kJ

d3#

4/.#)";":,4#*=")5%"-#*+#@J#(#@@#'".+-+4#*(4E.5+4`#-+4;+)E9"'+.5C#

](."F'+.5`#L(#L"#FF(8".*4#+4;+)("F4#),'#+F4#a%FgF+-+.4#02Wq3#(#+F4#)"F(H"-+.4C#

2JkV
Jd#

b+4#*+F#31+!'("'/%6!&'")"*!$\+%*`#+F4# FF(8".*4#;,*+.#)F"44(M)"-?4+#+.#0),.4(*+-+'#$%+#5,54#

4/.#*,."*,-4#"3<#

VWDUVWSY'%<#"$%+FF4#$%+#)+*+(H+.#*+.4(5"5#+F+)5-i.()"#"F#'+5"FF#;+-#9("#%`#"#'_4#*+#F"#9("#

"C#]".#$%+#+F#)"';#*+#FF(8".*4#*+F#),';F+H#'+56FgF()#*(4'(.%l4)"C#IHC<#[dC'

U77B@XWSY'%<'"$%+FF4#$%+#"))+;5+.#*+.4(5"5#+F+)5-i.()"#*+F#'+5"FF#;+-#9("#%C#]".#$%+#+F#

)"';#*+#FF(8".*4#*+F#),';F+H#'+56FgF()#"%8'+.5+C#IHC<#2>d`#2kC#

>kJ
d#

2kB
Jd#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (5)!
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>kJ
d# 2kB

Jd#

Tema 1. Compostos de coordinació dels metalls de transició!
Tipus de lligands i classificació (6)!
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Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (1)!

!+4#"+0!&!6'("'*##$(%+&*%,';,*+.#4+-#.+%5-+4`#)"Ei.($%+4#,#".(i.($%+4<#

DB`XSBYa'e2,2FB0k^J3Bf`#e2%D-J0>^B3JfC'

7UX]bD]c`BYa'e2,2F0>^B3UfJj`#e]+D-J0k^J3Vfj # #YIOh~I#I>P~I#ef$#

UD]bD]c`BYa'e2,2FV0>^B3Jfd`#e>(D-J2FJfJd#

Y=+4)-(%# "# F=+4$%+--"# +F# 4&'7,F# *+# F=65,'# )+.5-"F# (`# "# ),.E.%")(/`# +F4# FF(8".*4# 3"$' )-#$($"'

&)C&Ed0*' (")' 6A2E#)' ("' )-9!#2' (#+&(#$' 8*##$(%+&+!;C# >,# (';,-5"# 4(# +F4# FF(8".*4# 5+.+.#

)6--+8"#,#.,C#h+F#$%+#a"#"#F"#a/-'%F"#*+F#FF(8".*`#F"#[|hN2#-+),'"."#;,4"-#F=65,'#),,-*(.".5#

4+';-+#"#F=+4$%+--"C#N(H&`#+4)-(%-+'#k^J#(#.,#;"4#^JkC#

IF4#),';,45,4#*+#),,-*(.")(/#a,-'"54#;+-#+.E5"54#*+#),,-*(.")(/#)"Ei.($%+4#,#".(i.($%+4#

4/.#4"F4#$%+#+4#a,-'%F+.#(8%"F#$%+#$%"F4+9,F#4"F#0")'*&0,'&')-"6e1"$$&'%')-&+%,'&')&'($"!&3C#IHC<#

eO.2F0k^J3Uf>kB#

�Jeh52FVf#

e2,0>^B3Wfe]+]Wf`#e]+0>^B3WfJe]+]Wf`#e]+0>^B3WfBe]+]WfJ#
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2>d#

k2>d# >2Yd#

>^J
–!

>^Jd#

>kJ
d#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (2)!

I.# F"#.,9"#.,'+.)F"5%-"#*+# F"# [|hN2#0JqqU3`#+F4#

FF(8".*4#".(i.()4#4+#)(5+.#),'#"#".(,.4#"a+8(.5?F,4#

F"# 5+-'(.")(/# ?,<# .(5-(5,# 0>kJ
d3`# .(5-"5,# 0>kB

d3#̀

)("."5,#0?k2>3`#E,)("."5,##0?Y2>3`#(4,E,)("."5,#0?

>2Y3{`# (.)F,+.5?L(# +F4# ".(,.4# 4+.G(FF4# $%+# 5+.(+.#

%.#.,'#)%-5#+.#F"#.,'+.)F"5%-"#".5+-(,-̀ #$%+#_4#

F"# $%+# +.)"-"# 4=+';-"# +.# +F4# "-E)F+4# (# F+4# 7"4+4#

*+#*"*+4#),'#=>'4)*%2!IG-.,%*.-!02N3C#

."06*)&' L87'E!' L87'KMN!E'

^d# L(*-,# L(*-%-,#

]d# Ä%,-,# Ä%,-%-,#

2Fd# )F,-,# )F,-%-,#

D-d# 7-,',# 7-,'%-,#

[d# (,*,# (,*%-,#

d2>d# )(".,# )(".%-,#

k^d# L(*-,H(,# L(*-,H(*,#

>^J
d# "'(*,# "'(*%-,#

>^Jd# ('(*,# ('(*%-,#

kJd# ,H,# ,H(*,#

kJ
Jd# ;+-,H,# ;+-,H(*,#

YJd# E,H,# 4%Fa%-,#

^Yd# '+-)";5,# L(*-,8+.,4%Fa%-,#
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Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (3)!

IF4# FF(8".*4# .+%5-+4# (# )"Ei.()4# 4=".,'+.+.# 4+8,.4# +F# 4+%# .,'#

),--+.5# +H)+;5+#DGH0&22%+&3# (#GFW' 0&e1&3C#7W' (#DW' 4=".,'+.+.#

*&$E#+%)'(#+%!$#6%)`#-+4;+)E9"'+.5C#

."06*)&' L87'

kJ# *(,H(8+.#

>J# *(.(5-,8+.#

>^B# "''(."#

^Jk# "$%"#

2k# )"-7,.(F#

>k# .(5-,4(F#

^Jk#

>^B# 2k# >k#

h+-#".,'+."-#%.#),';F+H#,#%."#+.E5"5#*+#),,-*(.")(/<#

@-3#Y-"62"+!"+'")6'))%5&+(6'3"$')-#$($"'&)C&Ed0*'(")'6"1'+#2'0.,#*+F#4+%#4&'7,F3`#,79(".5#

+F4#;-+MH,4#'%FE;F()"E%4C#

J.3#Y-"62"+!&f'6"+6"'("%4&$Ng%'"63&%f'")'+#2'("')-9!#2'*"+!$&)C#

Y(#+F#),';F+H#_4#%."#',Fc)%F"#+"1!$&',#*&0\+%*&`'.,#4=L(#"a+8+(H#*&3'!"$2%+&*%,C#h,5#

"a+8(-?4=L(#F=+45"5#*=,H(*")(/#,#F"#)6--+8"#8F,7"F`#;+-#")F"-(-C#

Y(#+F#),';F+H#_4#%.#&+%,`#6-g%'&C"5"%4')&'!"$2%+&*%,'[&!'%'6-g%'%+(%*&')-"6!&!'(-#4%(&*%,'

("')-9!#2'*"+!$&)'#')&'*9$$"5&'5)#E&)C#

kJ# >J#



Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (4)!

e2,2FB0k^J3Bf#5-("$%"5-()F,-,),7"F5#02N3#
5-("$%"5-()F,-%-,),7"F50[[[3#,#
5-("$%"5-()F,-%-,),7"F5#0[|hN23#

e2%D-J0>^B3Jf##*("''(."*(7-,',),%-+#02N3#
*("''(."*(7-,'%-,),%-+0[[3#,#
*("''(."*(7-,'%-,),%-+#0[|hN23!

e2,2F0>^B3UfJj###;+.5""''(.")F,-,),7"F50Jj3#02N3#
;+.5""''(.")F,-%-,),7"F50[[[3#,#
;+.5""''(.")F,-%-,),7"F50Jj3#0[|hN23#

e]+D-J0k^J3Vfj###5+5-""$%"*(7-,',a+--,0@j3#02N3#
5+5-""$%"*(7-,'%-,a+--,0[[[3#,#
5+5-""$%"*(7-,'%-,a+--,0@j3#0[|hN23#

e2,2FV0>^B3Jfd###*("''(."5+5-")F,-,),7"F5"50@d3#02N3#
*("''(."5+5-")F,-%-,),7"F5"50[[[3#,#
*("''(."5+5-")F,-%-,),7"F5"50@d3#0[|hN23#

e>(D-J2FJfJd###*(7-,',*()F,-,.($%+F"50Jd3#02N3#
*(7-,'%-,*()F,-%-,.($%+F"50[[3#,#
*(7-,'%-,*()F,-%-,.($%+F"50Jd3#0[|hN23#

24!
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Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (5)!

25!

I.#+F4#'+5"FF4#)F644()4#+4#'".5_#+F#.,'#FF"Å<#J',,%.`#*$5,%.`#%$,%.`#%,<'#.%.{#

IF4# ),';,45,4# *+# ),,-*(.")(/# a,-'"54# ;+-# +.E5"54# *+# ),,-*(.")(/# )"Ei.($%+4# ,#

".(i.($%+4#4=".,'+.+.#4+8%(.5#+F#;-,)+*('+.5#;+-#"#F"#-+45"#*+#4"F4<#+#2'("'')-&+%,'h'("'h'

+#2'(")'*&0,C#IHC<#

eN802>3Jfd#*()(".%-,"-8+.5"50[3# eN%02>3Vfd#5+5-")(".%-,"%-"50[[[3#

e]+02>3WfVd#L+H")(".%-,a+--"50[[3# e]+02>3U0>k3fBd#;+.5")(".%-,.(5-,4(Fa+--"50[[3#

eO.2F0k^J3Uf>kB##.(5-"5#*+#;+.5""$%")F,-,'".8".c40@j3#02N3#
.(5-"5#*+#;+.5""$%")F,-%-,'".8".c40[[3#,#
',.,.(5-"5#*+#;+.5""$%")F,-%-,'".8".c4#0[|hN23#

�Jeh52FVf##5+5-")F,-,;F"E."50Jd3#*+#;,5"44(#02N3#
5+5-")F,-%-,;F"E."50[[3#*+#;,5"44(#,#
5+5-")F,-%-,;F"E."5#*+#*(;,5"44(#0[|hN23#

e]+0>^B3WfBe]+]WfJ#L+H"Ä%,-,a+--"50Bd3#*+#L+H""''(."a+--,0Jj3#02N3#
L+H"Ä%,-%-,a+--"50[[[3#*+#L+H""''(."a+--,0[[3#,#
7(40L+H"Ä%,-%-,a+--"53#*+#5-(40L+H""''(."a+--,3#0[|hN23#
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IF#.,'7-+#*+#FF(8".*4#4=(.*()"#"'7#+F4#;-+MH,4#&)A`#.,)A`#.'.,%A`#5'#.%A`#>'8%A{#4(#

+F#FF(8".*#_4#4(';F+C##

I.#+F#)"4#*+F4#FF(8".*4#'_4#),';F()"54`#+F#.,'#";"-+(H#+.5-+#;"-c.5+4(4#*+4;-_4#

*+F#;-+MH#G)-A`#.,)-A`#.'.,%6$)-A`#5'#.%6$)-A`!>'8%6$)-A{#

I.# +F4# ),';,45,4# ;,F(.%)F+"-4`# +F# .,'7-+# *+# 9+8"*+4# $%+# ";"-+(H# %.# '+5"FF#

4=(.*()"#5"'7_#"'7#+F4#;-+MH,4#&)A`#.,)A`#.'.,%A{#

P,54#"$%+454#;-+MH,4#.,#',*(M$%+.#F=,-*-+#"Fa"7cE)#*+F4#FF(8".*4C#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (6)!

L$%O' ."06*)&1'

1079"%1'

."06*)&1'

4879"04*:1'

P%:*""1'

J# *(# 7(4# *(#

B# 5-(# 5-(4# 5-(#

V# 5+5-"# 5+5-"$%(4# 5+5-"#

U# ;+.5"# ;+.5"$%(4# ;+.5"#

W# L+H"# L+H"$%(4# L+H"#
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IF4# FF(8".*4# "'7(*+.5"54# 0$%+# ;,*+.# ),,-*(."-# *+# *%+4# '".+-+4# *(4E.5+43#

4=".,'+."9+.# 5-"*()(,."F'+.5# "'7# %.# .,'# ;-,;(# ;+-# "# )"*"# ',*+# *+#

),,-*(.")(/#,#".5+;,4".5#"F#.,'#),'v#*+F#FF(8".*#+F#4&'7,F#*+#F=65,'#*,."*,-C#

I.# F=")5%"F(5"5`# F"# [|hN2#L"# "*,;5"5# +F# *#+/"+%'&# 0K%55%3C# h+-# *(4E.8(-# +F4# *,4#

),';,45,4# 0(4i'+-43# 4=L"#*="a+8(-# "F# M."F# *+F# .,'#*+F# FF(8".*# F"# FF+5-"# 8-+8"#&#

0Z";;"3#4+8%(*"#*+F#4&'7,F#*+#F=65,'#*,."*,-#+.#)%-4(9"C#!"#FF+5-"#&#;,5#*%-#%.#

4%;+-&.*+H#0&.3#;+-#5"F#*=(.*()"-#+F#.,'7-+#*=65,'4#*,."*,-4#*=%.#'"5+(H#E;%4C#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (7)!

."06*)&' L87' !@L87' L87@!@!'

dY2>d# E,)("."5,# L?E,)("."5,# E,)("."5,?&L!

d>2Yd# (4,E,)("."5,# M?E,)("."5,# E,)("."5,?&M!

dk2>d# )("."5,# N?)("."5,# )("."5,?&N!

d>2kd# (4,)("."5,# M?)("."5,# )("."5,?&M!

dk>k# .(5-(5,# N?.(5-(5,# .(5-(5,?&N!

d>kJ# .(5-,# M?.(5-(5,# .(5-(5,?&M!
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!"#a,-'%F")(/}.,'+.)F"5%-"#*+F4#FF(8".*4#;,.5#+4#a"#".5+;,4".5#F"#FF+5-"#8-+8"#

µ?#0'%3#"F#4&'7,F}.,'#*+F#FF(8".*#+.#$r+4E/C#I.#.,'+.)F"5%-"`#+F#FF(8".*#;,.5#

4="44+.y"F"# +.5-+# F"# -+45"# *+# FF(8".*4# '(5K".:".5# 8%(,.+54C# IHC<# "''(."?Ç?

)F,-%-,?)F,-%-,C#

Y(# +F# FF(8".*# ;,.5# ";"-+(H# '_4# *=%."# 9+8"*"`# 4=L".# *=+';-"-# +F4# ;-+MH,4#

'%FE;F()"*,-4C# IHC<# 5-(?Ç?)F,-%-,?)F,-%-,C# IF4# FF(8".*4# ;,.5# 4=".,'+.+.#

-+4;+)5".5# F=,-*-+# "Fa"7cE)C# |.# FF(8".*# ;,.5# 4=".,'+."# "7".4# $%+# +F#

),--+4;,.+.5#FF(8".*#5+-'(."FC#I.#)".9(`#+.#F"#a/-'%F"`#+F#FF(8".*#;,.5#";"-+(H#

*+4;-_4#*+F#FF(8".*#5+-'(."F#),--+4;,.+.5C#IHC<#

e2-JkW0Ç?k3fJd #Ç?,H(*,?L+H",H(*,*()-,'"50Jd3#

1%".#+F#FF(8".*#;,.5#),..+)5"#'_4#*+#*,4#'+5"FF4`#+F#.,'7-+#*+#'+5"FF4#%.(54#

4=L"#*=(.*()"-#"'7#%.#4%7&.*+HC#IHC<#ÇB?,H(*,?*(?Ç?,H(*,?5-(,H(*,C#Y=".,'+.+.#

+.#,-*-+#*+#),';F+H(5"5#*+)-+(H+.5C#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (8)!

Ç.#
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Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (9)!

IF# ),.9+.(# &# 4=%EF(5G"# K%.5# "'7# F"# FF+5-"# Ç# $%".# _4# .+)+44"-(# +4;+)(M)"-?L(#

$%(.4#65,'4#)+.5-"F4#+45".#),..+)5"54#(#"#5-"9_4#*+#$%(.4#FF(8".*4C#IHC<#

ekBY0Ç?kJ3YkBfJd# #Ç?;+-,H(*,?@&N`2&NC?L+H",H(*,*(4%Fa"50Jd3#

*,*+)""''(."?@&VM`J&VM1B&VM?L+H"?Ç?L(*-,H(*,?@<V&VN?J<V&Vk?B<V&Vk?5+5-"),7"F50Wj3#

2,s0Ç?k^3J2,0>^B3VtBfWj!
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I.# +F# )"4# ;"-E)%F"-# *+# ),';F+H,4# )+.5-,4('c5-()4`# +4# ;,5# ".,'+."-# .,'_4#

%."#'+(5"5#(#".5+;,4"-#+F#;-+MH#G)-A#"F#.,'C#IHC<#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (10)!

esO.0>^B3VtJ0Ç?k3JfJj!

*(?Ç?,H(*,?7(405+5-""''(.+'".8".c430Jj3#
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IF4#-"*()"F4#*+-(9"54#*+F4#L(*-,)"-7%-4#+4#),.4(*+-+.#.+8"E%4#+.#+F#)6F)%F#*+F#

.,'7-+#*=,H(*")(/C#I4#;,*+.#".,'+."-̀ #;+-i`#4+.4+#F"#5+-'(.")(/#?3C#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (11)!

I.#+F4#),';F+H,4#,-8".,'+56FgF()4#F=g&30*%!&!'0*+F#8-+)#>%5.3!n#"8"--"-3#_4#
+F#.,'7-+#*=65,'4#),.E8%4#*=%.#FF(8".*#),..+)5"54#"F#'+5"FFC#Y=(.*()"#"'7#
%.#4%;+-&.*+H#4,7-+#F"#FF+5-"#8-+8"#'.%`#!.C#IHC<#
*(?Ç?)F,-%-,?7(40!B?"FgF(F3;"FgF"*(!
7(40!W?7+.Gc3)-,'!
0!U?)()F,;+.5"*(+.(F3)F,-,7(405-(a+.(Fa,4a63-%5+.(#
7(40!S?)()F,,)5"5+5-"c3%-".(#
5-()"-7,.(F0!V?)()F,7%5"*(+.(F3a+--,0@j3!

a+.(F#

+EF#
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B4"23)"6a'

e2,2FJ0>^B3Vf2F#n#)F,-%-#*+#5+5-""''(."*()F,-%-,),7"F50[[[3#

0>^V3Jeh50>2Y3Wf#n#L+H"0E,)("."5,?&>3;F"E."50[X3#*="',.(#

e2%0+.3JfYkV#n#4%Fa"5#*+#7(40+EF+.*("'(."3),%-+0[[3#

eN802^B>^J3JfeO.02JkV3J0^Jk3Jf#n##*("$%"7(40,H"F"5,3'".8"."50[[[3#*+#7(4

0'+EF"'(."3"-8+.50[3#

e0>^B3V2,?0k^3B?2,0>^B3Vf0>kB3B#n#.(5-"5#*+#5-(4?0Ç?L(*-,H(*,3?7(4

05+5-""''(."),7"F530Bj3#

e2,0")")30^Jk3Vf2F#n )F,-%-#*+#0")+EF")+5,."5,35+5-""$%"),7"F50[[3##

eh52F>kJ02J^V30>^B3BfB0hkV3J#n a,4a"5#*+#5-("''(.")F,-%-,+EFc.(5-(5,?&>?

;F"Å0[X3#

e2,2FJ0>^B3Vfj#

e0>^B3V2,0k^3B2,0>^B3VfBj#

eh50>2Y3WfJ?#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (12)!
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e0>^B3V2-?k^?]+0+.3Jf0YkV3J#n#4%Fa"5#*+#5+5-""''(.")-,'0[[[3?µ?L(*-,H(*,?7(4

0+EF+.*("'(."3a+--,0[[3#

4%Fa"5#*+#5+5-""''(."?@&VM?7(40+EF+.*("'(."?J&JM`MC3?µ?L(*-,H(*,?a+--,0[[3##

>"Be]+02>3Wf#n#L+H")(".%-,a+--"50[[[3#*+#4,*(#0a+--()(".%-#*+#4,*(3#

>"Ve]+02>3Wf#n#L+H")(".%-,a+--"50[[3#*+#4,*(#0a+--,)(".%-#*+#4,*(3#

!(Jeh52FWf#n#L+H")F,-%-,;F"E."50[X3#*+#F(E#

�Be2-02JkV3Bf#n#5-(40,H"F"5,3)-,'"50[[[3#*+#;,5"44(#

eO.0")")3Bf#n#5-(40")+EF")+5,."5,3'".8".c40[[[3#

eXk0")")3Jf#n#7(40")+EF")+5,."5,39"."*(F#n#7(40")+EF")+5,."5,3,H(*,9"."*(

0[X3#

e2;]+02k3?02k3J?]+02k32;f#n#*(?Ç?)"-7,.(F?7(4e)"-7,.(F?0!U?)()F,;+.5"*(+.(F3

a+--,f#

e]+02>3Wf.?#

e2-02JkV3BfB?#

eO.0")")3Bf#

Tema 1. Compostos de coordinació dels metalls de transició!
Nomenclatura i formulació dels compostos de coordinació (13)!





Tema 2. Estructura electrònica dels àtoms polielectrònics!

1.  Repàs de conceptes bàsics!
2.  Acoblament Russell-Saunders. 

Acoblament JJ!
3.  Configuracions, termes, nivells dʼenergia 

i microestats!
4.  Mètode de la factorització dʼespín!
5.  Regles de Hund!
6.  Paràmetres de repulsió interelectrònica!
7.  Acoblament en elements pesants (JJ)!



2!

!"#!"#$%&'(!)*+,-,!.'/#)!(#$%&'#()*+'#,*&-%&%.)/01-.'#.*1'-')%-2#%1#&3%14+%/".-5#

*/$%1"$"# $%&'# */6-)"&'# *.4,")'# -# '%+-*.4,")'7# -# &"# -1$-.".-5# $%&# 1*+6/%#

$3%&%.)/*1'8#

!3*/$/%#$3*+,&-+%1)#%')(#6"'")#%1#&3%1%/9-"#$%&'#*/6-)"&'8#:&'#*/6-)"&'#'3*+,&-1#$%#

+%1*/#"#+";*/#%1%/9-"#<0')#!)0)+1,+!"#2.'&!!)*+"+!"#!"=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Conceptes bàsics (1)!

>*1'-$%/"/%+# %&'# */6-)"&'# ?-$/*9%1*-$%'7# @'# "# $-/7# %&'# *6A194)'# "# ,"/A/# $%# &"#

'*&4.-5#$%#&3%B4".-5#$%#C.?/D$-19%/#,%/#&3()*+#$3?-$/*9%18#

:1# %&# ."'# $%&'# ()*+'# ,*&-%&%.)/01-.'7# ?%+# $3-1)/*$4-/E?-# 41"# 'F/-%#

$3",/*2-+".-*1'#B4%#A194%1#%1#.*+,)%#B4%#&3()*+#,*''%%-2#"&)/%'#%&%.)/*1'#B4%#

-1)%/"..-*1"/"1#"+6#&3%&%.)/5#.*1'-$%/")#<&3%1%/9-"#$%&#B4"&#G*&%+#."&.4&"/=8#

HB4%')%'# ",/*2-+".-*1'# +*$-IB4%1# &%'# %1%/9-%'# $%&'# */6-)"&'# ?-$/*9%1*-$%'#

*/-9-1"&'8#
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!%'#-1)%/"..-*1'#.4&*+6-"1%'#-1)%/%&%.)/01-B4%'#'51#$%#."/(.)%/#/%,4&'-4#-#J"/"1#B4%#

&3%1%/9-"#$%#&3%&%.)/5#<-7#,%/#)"1)7#$%#&3*/6-)"&#*1#"B4%')#%'#)/*6%=#"49+%1)%8#

K%/#)"&#$%#B4"1AI."/#&%'#/%,4&'-*1'#-1)%/%&%.)/01-B4%'#'3?"#-1)/*$4L)#&3",/*2-+".-5#$%#

&3","1)"&&"+%1)7#@'#"#$-/7#%'#.*1'-$%/"#B4%#&"#.(//%9"#14.&%"/#%J%.AG"#?"#$-'+-14L)#%1#

41#G"&*/#B4%#@'#41"#J41.-5#$%&#1*+6/%#-#A,4'#$3%&%.)/*1'#'-)4")'#%1#1-G%&&'#,%/#$"G"&&#

$%#&3%&%.)/5#.*1'-$%/")8#

H#+@'7#?%+#$%#)%1-/#%1#.*+,)%#B4%#,%/#"#41"#$%)%/+-1"$"#.*1I94/".-5#%&%.)/01-."#

?-#?"#$-J%/%1)'#+"1%/%'#$%#$-')/-64-/#%&'#%&%.)/*1'#%1#%&'#*/6-)"&'#'%+-*.4,")'8#

HB4%')%'#J*/+%'#$%#$-')/-64-/#%&'#%&%.)/*1'#,*$%1#)%1-/#$-J%/%1)'#%1%/9-%'#"#."4'"#$%#

&%'#-1)%/"..-*1'#.4&*+6-"1%'#-#$%#&"#.*//%&".-5#$3%',M18#

H-2M7#'-#G*&%+#$-')/-64-/#$*'#%&%.)/*1'#%1#)/%'#*/6-)"&'#!#$%9%1%/")'#<!"7#!## -#!$=7#?%+#

$%# .*1'-$%/"/# B4%# &%'# /%,4&'-*1'# .4&*+6-"1%'# '51# +";*/'# '-# "+6$5'# %&%.)/*1'#

*.4,%1#%&#+")%-2#*/6-)"&8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Conceptes bàsics (2)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Conceptes bàsics (3)!

:.#,*'-AG"#

:%#1%9"AG"#

N"1+")%-27# '-# "+6$5'# %&%.)/*1'# '%# '-)4%1# "+6# %&'# %',-1'# ,"/"&O&%&'7# A1$/%+# 41"#

.*1I94/".-5#$%#+%1*/#%1%/9-"#B4%#'-#"+6$5'#%',-1'#'51#"1A,"/"&O&%&'#<,%/#&3%1%/9-"#$%#

.*//%&".-5#$3%',M1#*#%1%/9-"#$%#6%'."1G-=8#

!"#.*1.&4'-5#@'#B4%#1*#)*)%'# &%'#+"1%/%'#B4%#?-#?"#$%#$-')/-64-/#$*'#%&%.)/*1'#%1#)/%'#

*/6-)"&'#!#$%9%1%/")'#)%1%1#&"#+")%-2"#%1%/9-"8#

H# ."$"# %1%/9-"# $-J%/%1)# &"# $%1*+-1"/%+# $%&'%( !$)'*+8# >"$"# )%/+%# ")0+-.# ,*)# %')"/#

J*/+")#,%/#41"#*#$-G%/'%'#J*/+%'#$%#$-')/-64-/#%&'#%&%.)/*1'8#

H#."$"#J*/+"#$%#$-')/-64.-5#$%&'#%&%.)/*1'#&"#$%1*+-1"/%+#'*+&,%-$!$8#



5!

3"1,-+4,!."')(-+1,+-56."7+

HB4%')#+*$%&#"''4+%-2#B4%#&3%1%/9-"#$%#."$"#+-./*%')")#%')(#$%)%/+-1"$"#,%/#&"#

'4+"# $%&'# +*+%1)'# "194&"/'# $%&'# %&%.)/*1'# B4%# %'# $-')/-64%-2%1# %1# "B4%')#

+-./*%')")8#

>"$"# %&%.)/5# ,*''%%-2# $*'# +*+%1)'# "194&"/'# <"+6$4%'# '51# +"91-)4$'#

G%.)*/-"&'=P#

Q=#:&#+*+%1)#"194&"/#*/6-)"&##

R=#:&#+*+%1)#"194&"/#$3%',M1#

!3%1%/9-"# )*)"&# $%# &3()*+# '3*6)@# ,%/# ".*6&"+%1)# <'4+"=# $%&'# $*'# +*+%1)'#

"194&"/'#$%#)*)'#%&'#%&%.)/*1'8#

!3".*6&"+%1)# $%&'# $*'# +*+%1)'# "194&"/'#

<*/6-)"&#-#$3%',M1=#$*1"/(#&&*.#"#41#+*+%1)#

"194&"/#)*)"&P#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Conceptes bàsics (4)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Conceptes bàsics (5)!

:&'#+*+%1)'#"194&"/'#*/6-)"&#<l=#-#$3%',M1#<s%&$%#."$"#%&%.)/5#%')"1#B4"1A)S")'P#

+0$4&P# # #T#

$-/%..-5#<.*+,*1%1)#$=P# #T#

ml#U#Vl7#lWQ7X7Y7X7WlT##msU#Vs7#sWQ7X7Y7X7Ws!

'()*+,-&.P#l#U#YT#ml#U#YT#

'()*+,-&!P#l#U#QT#ml#U#VQ7#Y7#WQT#

'()*+,-&/P#l#U#RT#ml#U#VR7#VQ7#Y7#WQ7#WRT&

  

! 

l(l +1)!   

! 

s(s+1)!

  

! 

ml!   

! 

ms!

$!
ml&U#VQ!

0-&U#Y!

ml&U#WQ!

$!

ml U#VQ!
ml&U#Y!

ml U#WQ!
ml U#WR!

ml U#VR!

l! ./'0,1( 2l34(
Y# .& Q#

Q# !& Z#

R# /& [#

Z# 1& \#

$!
ms&U#VQ]R!
ms&U#WQ]R!

s! 2s34(
Y# Q#

Q]R# R#

Q# Z#

Z]R# ^#

R# [#

[]R# _#

Z# \#

\]R# `#

8(&-,2+1,+7&-90-)!).(.+



a8#H8#C"41$%/'#

<Q`\[EQb_Z=#

7!

:!";-(7,#.+1,-2+7"7,#.2+(#%&-('2+

c-#?"#$4%'#'-)4".-*1'#&M+-)#%1#%&#.(&.4&#$%&#+*+%1)#"194&"/#)*)"&#$341#()*+P+

5+,01!'%6$(7.(89"--%11:.!"6;%&-<<+%&'#+*+%1)'#"194&"/'#<*/6-)"&#-#$3%',M1=#$%#

."$"#%&%.)/5#'3".*6&%1#,%/#'%,"/")#,%/#$*1"/#41#+*+%1)#"194&"/#)*)"&8#

N-1$/%+# 41# +*+%1)# "194&"/# */6-)"&# $%# &3()*+# <# # =7# B4%# '%/(# &"# '4+"# $%&'#

+*+%1)'#"194&"/'#*/6-)"&'#$%#."$"#%&%.)/5#<# #=7# -#41#+*+%1)#"194&"/#$3%',M1#

)*)"&#<##=7#B4%#'%/(#&"#'4+"#$%&'#+*+%1)'#"194&"/'#$3%',M1#$%#."$"#%&%.)/5#<###=P#

a-1"&+%1)7#%&'#+*+%1)'#"194&"/'#)*)"&'#*/6-)"&#<# #=#-#$3%',M1#<# #=#'3".*6&%1#,%/#

$*1"/#%&#+*+%1)#"194&"/#)*)"&#$%#&3()*+#<##=P#

HB4%')# A,4'# $3".*6&"+%1)# '3"1*+%1"# d4''%&&EC"41$%/'# *# 23& -# @'# %&# B4%#
,/%'%1)%1#%&'#()*+'#&&%49%/'#<I1'#"&#e/=8#

c8#f8#d4''%&&#

<Q`\\EQb[\=#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament Russell-Saunders!



8!

5+,01!'%6$(==>+%&'#+*+%1)'#"194&"/'#*/6-)"&# <# # =# -#$3%',M1# <# # # =#$%#."$"#%&%.)/5#

'3".*6&%1#,%/#$*1"/#41#+*+%1)#"194&"/#)*)"&#-1$-G-$4"&#$%#."$"#%&%.)/5#<###=P#

H# .*1A14".-57# %&'# +*+%1)'# "194&"/'# )*)"&'# -1$-G-$4"&'# $%# ."$"# %&%.)/5# <# # # =#

'3".*6&%1#,%/#$*1"/#%&#+*+%1)#"194&"/#)*)"&#$%#&3()*+<##=P#

HB4%')# A,4'# $3".*6&"+%1)# '3"1*+%1"#,4')-,056+# 77# -# @'# %&# B4%# ,/%'%1)%1# %&'#

()*+'#,%'"1)'# <"#,"/A/#$%&#e/=8# :&# )/".)"+%1)#$3"B4%')# ".*6&"+%1)#%'# G%4/(#"&#

I1"&#$3"B4%')#.",M)*&8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ!
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>*+# B4%# %&'# +*+%1)'# "194&"/'# */6-)"&# -# $3%',M1# $%# ."$"# %W# %')"1# B4"1A)S")'7# %&'#

+*+%1)'#"194&"/'#)*)"&'#)"+6@#?*#%')"/"1P#

2#U#!#<li=#"+6#82#U#!#<ml=#U#27#2WQ7888Y78887W2 #<+4&A,&-.-)")#U#R#2#V#Q=#

3#U#!#<si=#"+6#83#U#!#<ms=#U#37#3WQ7888Y78887W3## #<+4&A,&-.-)")#U#R#3#V#Q=#

7#U#2#V#3#"+6#7#U#"2#V#3"888"2#W#3"#-##87#U#77#7WQ78887W7##<+4&A,&-.-)")#U#R#7#V#Q=#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Moment angular total!

-9!

$!
-:!

2!
-;!

0-9!

0-;!
0-:!

82!
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g1#.,'7,+,-,!.'/#)!+%'#/%,/%'%1)"#-1$-."1)#%&'#'%4'#G"&*/'#$%#!#-#$%#C8#c*+#

"''-91"#41"#&&%)/"#"#."$"#G"&*/#$%#!7#'%9*1'#&"#)"4&"#Q8#

a-1'#"#2# U#Z#%&'# )%/+%'#%'# /%,/%'%1)%1#"+6# &%'#+")%-2%'# &&%)/%'# <,%/0#%1#

+";h'.4&%'=#B4%#&%'#$%&'#*/6-)"&'#")0+-.'#<.7#!7#/#-#1=8#

H#,"/A/#$%#2#U#^#'3%+,/%1#&%'#&&%)/%'#$%#&3"&J"6%)#"#,"/A/#$%#&"#<#<&"#&&%)/"#7#
1*#'34A&-)S"#,%/#%G-)"/#.*1J4'-*1'=8#

:&#G"&*/#$%#3#%'#/%,/%'%1)"#+-);"1i"1)#41#'4,%/M1$%2#B4%#'3"1)%,*'"#"# &"#

&&%)/"#$%&#)%/+%8#:&#'4,%/M1$%2#/%,/%'%1)"#&"#+4&A,&-.-)")#$3%',M1P#<R3#V#Q=8#

>"$"#)%/+%#%'#/%,/%'%1)"#.*+#"P#R3VQ2#-#&"#'%4"#+4&A,&-.-)")#)*)"&7#@'#"#$-/7#

%&#1*+6/%#$%#7)!'",2.(.2+B4%#%&#.*+,*1%1#'%/(#<R3#V#Q=O<R2#V#Q=8#

a-1"&+%1)7#&3".*6&"+%1)#23&%1'#$%'$*6&"/(#%&'#)%/+%'#%1##)4,--2+15,#,'%)(8+

>"$"# 1-G%&&# $3%1%/9-"# ,*''%%-2# 41# G"&*/# $%# 77# B4%# ,*)# ,/%1$/%# %&'# G"&*/'#
.*+,/%'*'#%1)/%#"2&V&3&"888#"2#W#3&"8#

N"4&"#Q#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (1)!

7( ./'0,1(

Y# 3&

Q# =&

R# >&

Z# <&

^# ?&

[# @&

_# A&

R3VQ27&
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K%/#."&.4&"/#%&'# )%/+%'# -#1-G%&&'#$3%1%/9-"#$341#()*+#,*&-%&%.)/01-.#?"4/M%+#$%#

G%4/%# )*)%'# &%'#+"1%/%'#,*''-6&%'#$%#$-')/-64-/# )*)'#%&'#%&%.)/*1'#$%# &3()*+#%1#

)*)'#%&'#*/6-)"&'#B4%#A19"#$-',*1-6&%'8#K*)#'%/#41#)/%6"&&#+*&)# &&"/9#B4"1#)%1-+#

()*+'# "+6# +*&)'# %&%.)/*1'7# ;"# B4%# %&# 1*+6/%# $%# ,*''-6-&-)")'# <@'# "# $-/7# $%#

+-./*%')")'=#'%/-"#+*&)#9/"18#

K%/#'*/)7#%&'#%&%.)/*1'#$341"#.","#B4%#%')(# )*)"&+%1)#*.4,"$"7#$*1%1#41#h1-.#

)%/+%#"+6#2#U#Y#-#3#U#Y7#@'#"#$-/7#41#)%/+%#Q37#-#,%/#)"1)#'3%2.&*4%1#$%&#.(&.4&8#

:1#41#()*+#,*&-%&%.)/01-.#1*+@'#?%+#$%#."&.4&"/#%&'#)%/+%'#-#1-G%&&'#/%'4&)"1)'#

$%#&3*.4,".-5#,"/.-"&#$%&'#*/6-)"&'#'-)4")'#%1#&"#.","#$%#G"&F1.-"8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (2)!

ml!

1.&

Y#

1!&

VQ# Y# WQ#

1/&

VR# VQ# Y# WQ# WR#

l#U#Y& l#U#Q& l#U#R&

82#U#j#ml#U#Y&

83#U#j#ms#U#Y&

%1#%&'#)/%'#."'*'P#
2#U#Y&

3#U#Y&
<R2#V#Q=O<R3#V#Q=#U#Q#+-./*%')")&

Q3&
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:&#1*+6/%#$%#+-./*%')")'#%'#$%I1%-2#.*+#%&#1*+6/%#$%#,*''-6&%'#$-')/-64.-*1'#

$%&'# %&%.)/*1'# %1# %&'# */6-)"&'# $-',*1-6&%'# </%',%.)"1)# %&# ,/-1.-,-# $3%2.&4'-5# $%#

K"4&-7# @'# "# $-/7# 1*# ,*$%1# ?"G%/E?-# $*'# %&%.)/*1'# "+6# %&'# +")%-2*'# 1*+6/%'#

B4(1A.'=8#

C-#1*+@'#)%1-+#41#%&%.)/5#%1#&"#.","#$%#G"&F1.-"7#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (3)!

0-&

1.&

Y#

-#U#Y&
<R2#V#Q=O<R3#V#Q=#U#R#+-./*%')")'&

0-&

1.&

Y#

-#U#Y&

82#U#Y&

83#U#VQ]R&

82#U#Y&

83#U#WQ]R&

2#U#Y&

3#U#Q]R&

R3&

1!&

VQ# Y# WQ#

1!&

VQ# Y# WQ#

1!&

VQ# Y# WQ#

1!&

VQ# Y# WQ#

1!&

VQ# Y# WQ#

1!&

VQ# Y# WQ#
82#U#VQ#

83#U#VQ]R&

82#U#Y#

83#U#VQ]R&

82#U#WQ#

83#U#VQ]R&

82#U#VQ#

83#U#WQ]R&

82#U#Y#

83#U#WQ]R&

82#U#WQ#

83#U#WQ]R&

<R2#V#Q=O<R3#V#Q=#U##
_#+-./*%')")'&

2#U#Q&

3#U#Q]R&

R=&

.Q&

!Q&



13!

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (4)!

k%# &"# +")%-2"# +"1%/"7# %'# ,*)# .*+,/*G"/# B4%# ,%/# "# 41"# .*1I94/".-5#

%&%.)/01-."#/Q#A1$/%+#41#)%/+%#R>7#%).8#<)"4&"#R=8#

C-#)%1-+#$*'#%&%.)/*1'#1*#%B4-G"&%1)'#<'-)4")'#%1#$-J%/%1)'#.",%'=7#

?,6@A(
%1%+$A(

./'0,1(
$%&'%(

.Q# R3&

!Q# R=&

/Q# R>&

1Q# R<&

N"4&"#R#

.Q!Q&
Y# VQ# Y# WQ#

VQ# Y# WQ#

VQ# Y# WQ#

82#U#VQ#

83#U#VQ&

82#U#Y#

83#U#VQ&

82#U#WQ#

83#U#VQ&

Y#

Y#

Y#

Y#

Y#

VQ# Y# WQ#

VQ# Y# WQ#

VQ# Y# WQ#
82#U#VQ#

83#U#Y&

82#U#Y#

83#U#Y&

82#U#WQ#

83#U#Y&

VQ# Y# WQ#

VQ# Y# WQ#

VQ# Y# WQ#

82#U#VQ#

83#U#Y&

82#U#Y#

83#U#Y&

82#U#WQ#

83#U#Y&

Y
#

Y#

Y#

VQ# Y# WQ#

VQ# Y# WQ#

VQ# Y# WQ#
82#U#VQ#

83#U#WQ&

82#U#Y#

83#U#WQ&

82#U#WQ#

83#U#WQ&

Y#

Y
#

Y#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (5)!

K%/#."&.4&"/#%&'#$-J%/%1)'#)%/+%'#%1%/9FA.'7#"9/4,%+#&%'#$-J%/%1)'#.*+6-1".-*1'#%1#41"#

)"4&"#$%#+-./*%')")'8#

VQ# Y# WQ#

VQ# Q# R# Q#

##Y# Q# R# Q#

WQ# Q# R# Q#

82#

83#&

VQ# Y# WQ#

VQ# Q# Q# Q#

##Y# Q# Q# Q#

WQ# Q# Q# Q#

83#&

VQ# Y# WQ#

VQ# Q#

##Y# Q#

WQ# Q#

83#&

U# V#

Z=& Q=&
!"#.*1I94/".-5#%&%.)/01-."#.Q!Q#$51"#%&'#)%/+%'#Z=# -#Q=8#:&#1*+6/%#$%#+-./*%')")'#)*)"&#

'3%2,/%''"#.*+#'%94%-2P#

# # #j<R2#V#Q=O<R3#V#Q=#U#ZOZ#V#ZOQ#U#QR#+-./*%')")'#

C-#%&'#%&%.)/*1'#1*#'51#%B4-G"&%1)'7#%&#1*+6/%#$%#+-./*%')")'#@'#%&#,/*$4.)%#$%&#1*+6/%#

$%#+-./*%')")'#$%#."$"#%&%.)/5#,%/#'%,"/")P#RO_#UQR8#

U# V#R3& R=&×!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (6)!

C-# )%1-+# $*'# %&%.)/*1'# %B4-G"&%1)'#

<'-)4")'# %1# &"#+")%-2"# '46.","=7# "&941'#

+-./*%')")'# 1*# '%/"1# ,*''-6&%'# ,%&#

,/-1.-,-#$3%2.&4'-5#$%#K"4&-8#:28P#()*+#$%#

>#<.*1J8#%&%.)8#Q.R#R.R#R!R=#

!R&
VQ# Y# WQ# 82& 83&

VQ# VQ#

##Y# VQ#

WQ# VQ#

VQ# WQ#

##Y# WQ#

WQ# WQ#

VR# ##Y#

VQ# ##Y#

##Y# ##Y#

VQ# ##Y#

##Y# ##Y#

WQ# ##Y#

##Y# ##Y#

WQ# ##Y#

WR# ##Y#

VQ# Y# WQ#

VR# Q#

VQ# Q# R# Q#

##Y# Q# Z# Q#

WQ# Q# R# Q#

WR# Q#

82#

83#&

NlNH!P#Q[#mn>dl:CNHNC#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (7)!

<82=+"2
#U#VR#Wo#2#U#RT#<83=+"2

#U###Y#Wo#3#U#Y#

VQ# Y# WQ#

VR# Q#

VQ# Q# R# Q#

##Y# Q# Z# Q#

WQ# Q# R# Q#

WR# Q#

82#

83#&

U# V#

Q>&

!R&
VQ# Y# WQ#

VR# Q#

VQ# Q#

##Y# Q#

WQ# Q#

WR# Q#

82#

83#&

VQ# Y# WQ#

VR#

VQ# Q# Q# Q#

##Y# Q# R# Q#

WQ# Q# Q# Q#

WR#

82#

83#&

<82=+"2#U#VQ#Wo#2#U#QT#<83=+"2#U#VQ#Wo#3#U#Q#

VQ# Y# WQ#

VR#

VQ# Q# Q# Q#

##Y# Q# R# Q#

WQ# Q# Q# Q#

WR#

82#

83#&

U# V#

VQ# Y# WQ#

VR#

VQ# Q# Q# Q#

##Y# Q# Q# Q#

WQ# Q# Q# Q#

WR#

82#

83#&

VQ# Y# WQ#

VR#

VQ#

##Y# Q#

WQ#

WR#

82#

83#&

Z=& Q3&
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (8)!

:&'#)%/+%'#$%/-G")'#$%#&"#.*1I94/".-5#%&%.)/01-."#!R#'%/"17#,%/#)"1)7#Q>#V#Z=#VQ38#K*$%+#

G%/-I."/E1%#%&#/%'4&)")#."&.4&"1)#&"#+4&A,&-.-)")#)*)"&P#

j<R2#V#Q=O<R3#V#Q=#U#[OQ#V#ZOZ#V#QOQ#U#Q[#+-./*%')")'#

:1#9%1%/"&7#@'#,*''-6&%#."&.4&"/#%&#1*+6/%#$%#+-./*%')")'#.*+#%&#1*+6/%#$%#,*''-6&%'#

+"1%/%'# $%# $-')/-64-/# n# %&%.)/*1'# %1# 0# 64-)'# <%1# B4F# m# U# R# p# 1*+6/%# $3*/6-)"&'#

$%9%1%/")'7# ;"# B4%# %1# ."$"# */6-)"&# &3%&%.)/5# ,*)# %1)/"/# %1# $4%'# ,*'-.-*1'P# "+6# &3%',M1#

VQ]R#*#WQ]R=8#!"#.*+6-1")0/-"#%1'#$-4#B4%#"B4%')#1*+6/%#@'#%&#.*%I.-%1)#6-1*+-"&P##

K%/#"#&%'#.*1I94/".-*1'#%&%.)/01-B4%'#!R#-#!Z7#&%'#.*+6-1".-*1'#'51P#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics (9)!

=1,#9.(.+1,+2)7,.')(+

K*$%+#$%+*')/"/#J(.-&+%1)#B4%#

-7# ,%/# )"1)7# &%'# .*1I94/".-*1'# !^# -# ![# '51# %B4-G"&%1)'# "# &%'# .*1I94/".-*1'# !R# -# !Q7#

/%',%.AG"+%1)#<J*/+"&-'+%#$%&'#64-)'=8#

K%/#&"#.*1I94/".-5#%&%.)/01-."#/R#)%1-+#^[#+-./*%')")'P#

:&#1*+6/%#$%#+-./*%')")'#,*)#'%/#,/*4#9/"1#<)"4&"#Z=8#

f%.%''-)%+#41#+F)*$%#,%/#."&.4&"/#$341"#+"1%/"#+@'#/(,-$"#

%&'# $-J%/%1)'# )%/+%'# %1%/9FA.'8# HB4%')# +F)*$%# '3"1*+%1"#

1,4+'(*+$,4*B&/C5.!D67&,%/B4F#$-G-$%-2#%&'#+-./*%')")'#%1#9/4,'#

<'46.*1I94/".-*1'# $3%',M1=# B4%# )%1%1# %&#+")%-2# G"&*/# $%#837#

@'#"#$-/7#%&#+")%-2#1*+6/%#$3%&%.)/*1'#$%'","/%&&")'8#

?,6@A(
%1%+$A(

B*+&,%-$!$-(

!Q7#![# _#

!R7#!^# Q[#

!Z# RY#

/Q7#/b# QY#

/R7#/`# ^[#

/Z7#/\# QRY#

/^7#/_# RQY#

/[# R[R#

N"4&"#Z#
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:&'# ,"''*'# B4%# ."&# '%94-/# ,%/# $%)%/+-1"/# %&'# )%/+%'# -# 1-G%&&'# $3%1%/9-"# ,%&#

+F)*$%#$%#J".)*/-)S".-5#$3%',M1#'51#%&'#'%9q%1)'P#

Q8# :'# $-G-$%-2%1# %&'#+-./*%')")'# %1# '46.*1I94/".-*1'# "+6# %&#+")%-2# G"&*/# $%#

838# :1# %&# ."'# $%# R# %&%.)/*1'# %1# Z# */6-)"&'# !# $%9%1%/")'7# &%'# ,*''-6&%'#

'46.*1I94/".-*1'#$3%',M1#'%/-%1P##

:&'#$*'#%&%.)/*1'#"+6#&3%',M1#VQ]R#<!#R=#

:&'#$*'#%&%.)/*1'#"+6#&3%',M1#WQ]R#<!$R=#

g1#VQ]R#-#&3"&)/%#WQ]R#<!#!$=#

:&'#G"&*/'#$%#83#<U#!#ms=#,%/#"#."$"#'46.*1I94/".-5#'%/"17#,%/#)"1)P#83#U#Q7#EQ#-#

Y7#/%',%.AG"+%1)8#

R8# :'# ."&.4&"# %&# 1*+6/%# $%# +-./*%')")'# $%# ."$"# '46.*1I94/".-5# $3%',M1# <,%/#

$%'.*+,)")7#&"#'4+"#$%&#1*+6/%#$%#+-./*%')")'#$%#)*)%'#&%'#'46.*1I94/".-*1'#

?"#$%#'%/#-94"&#"&#1*+6/%#)*)"&#$%#+-./*%')")'=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (1)!
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K%/#&"#.*1I94/".-5#!R#<R#%&%.)/*1'#-#_#64-)'T#Q[#+-./*%')")'=#A1$/%+P#

1*+6/%#$%#+-./*%')")'#$%#&%'#'46.*1I94/".-*1'#!#R#-#!$RP###

,%/B4F# )%1-+# R# %&%.)/*1'# -# )/%'# ,*''-6&%'# 64-)'# ,%/# *.4,"/# </%.*/$%+# B4%# %1#

"B4%')%'# '46.*1I94/".-*1'#%&'#%&%.)/*1'# )%1%1#I2")#%&# '%4#%',M1#VQ]R#*#WQ]R7#

/%',%.AG"+%1)=8#

a-1"&+%1)7#%1#&"#'46.*1I94/".-5#!#!$#A1$/%+P#

K*$%+#.*+,/*G"/#J(.-&+%1)#B4%#%&#1*+6/%#$%#+-./*%')")'#)*)"&#<Q[=#@'#-94"&#"#

&"#'4+"#$%#+-./*%')")'#$%#."$"#'46.*1I94/".-5#<Z#V#Z#V#b#U#Q[=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (2)!



Z8# :'# $%)%/+-1%1# )*)'# %&'# G"&*/'# ,*''-6&%'# $%#82# ,%/# "# ."$"# '46.*1I94/".-5#

$3%',M18#C-#%&'#"9/4,%+7#*6A1$/%+#%&'#G"&*/'#$%#28#

r'#1%.%''"/-#.*1')/4-/#)*)%'#&%'#,*''-6&%'#$-')/-64.-*1'#$%#."$"#'46.*1I94/".-5#-#

."&.4&"/E1%#%&#G"&*/#$%#82#,%/#"#."$"'.41"#$3"B4%')%'#<82#U#!#ml=8#

H-2M7#,%/#"#&"#'46.*1I94/".-5#!#R#?-#?"#Z#J*/+%'#<Z#+-./*%')")'=#$%#$-')/-64-/#%&'#

R#%&%.)/*1'#<'%+,/%#"+6#&3%',M1#VQ]R=8#

HB4%')'#+-./*%')")'#,*''%%-2%1#41#G"&*/#$%#82&$%P#Q7#Y#-#WQ8#HB4%')'#)/%'#G"&*/'#

$%#82& -+,&-B4%1# &3%2-')F1.-"#$341# )%/+%#,"/.-"&# "+6#2# U# Q# <@'# "#$-/7# 41# )%/+%#

,"/.-"&#==7#;"#B4%#82#U#278887Y7X28#

!"#'46.*1I94/".-5#!$R#@'#"1(&*9"#"#&"#!#R7#;"#B4%#%&'#G"&*/'#$%#ml#$%#."$"#%&%.)/5#

1*#$%,%1%1#$%&#'%4#%',M1#-7#,%/#)"1)7#%&'#G"&*/'#$%#82#B4%#*6A1$/%+#'%/"1#%&'#

+")%-2*'#-#%&#)%/+%#,"/.-"&#'%/(#=#-94"&+%1)8#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (3)!

VQ# Y# WQ# 82& 83&

VQ# VQ#

##Y# VQ#

WQ# VQ#

VQ# WQ#

##Y# WQ#

WQ
#

WQ
#

VQ# Y# WQ# 82& 83&



a-1"&+%1)7# %1."/"# B4%# &"# '46.*1I94/".-5# !#!$# ,&"1)%;"# 41# +";*/# 1*+6/%# $%#

,*''-6-&-)")'#<b#%1#)*)"&=#,*$%+#."&.4&"/E&%'#'-+,&%+%1)#+4&A,&-."1)#%&'#)%/+%'#

,"/.-"&'#$341"#'46.*1I94/".-5#<!#=#,%&'#$%#&3"&)/"#<!$=8#

H+6$4%'# '46.*1I94/".-*1'# <!## -# !$=# )%1%1# )/%'# +-./*%')")'# ."$"'.41"# "+6#

G"&*/'#$%#82#-94"&#"#Q7#Y#-#WQ7#@'#"#$-/7#"+6$4%'#)%1%1#2#U#Q8#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (4)!

VQ# Y# WQ# VQ# Y# WQ#

C-#+4&A,&-B4%+#41#)%/+%#,"/.-"&#"+6#2#U#Q#,%/#41#"&)/%#"+6#23#U#Q7#*6A1$/%+#

%&'#)%/+%'#"+6#G"&*/'#$%#2#.*+,/%'*'#%1)/%#"#2#V#23#"888#"#2#W#23#"8#:1#%&#."'#B4%#

%1'#*.4,"7#2#U#R7#Q#-#Y7#B4%#.*//%',*1#"&'#)%/+%'#>7#=#-#37#/%',%.AG"+%1)8#
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g1"# G%9"$"# ."&.4&")'# %&'# G"&*/'# $%#83# -# 2# ,%/# "# ."$"# '46.*1I94/".-5# $3%',M17#
.*1')/4L+#&"#)"4&"#^P#

:1# "B4%')"# )"4&"# ,*$%+# G%4/%# B4%# ?-# ?"# )/%'# )%/+%'#

,"/.-"&'#=#"+6#G"&*/'#$%#83#U#Q7#Y#-#WQ7#@'#"#$-/7#"+6#G"&*/'#

$%#83# .*+,/%'*'# %1)/%# 3# -# W3# <%1# B4F# 3# U# Q=8# HB4%')'#
)%/+%'#,"/.-"&'#'3"9/4,%17#,%/#)"1)7#%1#41#)%/+%#Z=8#

:&'# )%/+%'#,"/.-"&'#># -#3#1*+@'#?-#","/%-2%1#"+6#%&#G"&*/#

$%# 83# U# Y# -7# ,%/# )"1)7# '51# )%/+%'# "+6# 3# U# Y# -# %'#
/%,/%'%1)"/"1#.*+#"#Q>#-#Q37#/%',%.AG"+%1)8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (5)!

."0+,6CD"&!+*E(
8'*+&,%-$!$-<(

B.( 7(

!#R#<Z=# Q# =&

!#!$#<b=# #Y# >E&=E&3&

!$R#<Z=# WQ# =&

N"4&"#^#

K%/#",&-."/#%&#+F)*$%#$%# &"# J".)*/-)S".-5#$3%',M1#$341"#+"1%/"#9%1%/"&#,*$%+#

.*1')/4-/# 41"# )"4&"# B4%# %1'# $*1%# %&'# )%/+%'# ,"/.-"&'# /%'4&)"1)'# $%# &3*.4,".-5#

$%&'#$-J%/%1)'#*/6-)"&'#,%/#41"#'F/-%#$3%',M1#'%1S-&&#<5#1#*#5$1=8#

6( F( 4( 2( G( H( I( J( K(

*/6-)"&#.& 3& 3&

*/6-)"&#!& 3& =& =& 3&

*/6-)"&#/& 3& >& =<& =<& >& 3&

*/6-)"&#1& 3& <& =<@& 3><?A& 3><?A& =<@& <& 3&

N"4&"#[#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Mètode de la factorització dʼespín (6)!

K"''%+#"/"#"#."&.4&"/#%&'#)%/+%'#$%#&"#.*1I94/".-5#%&%.)/01-."#/R#<^[#+-./*%')")'=P#

1*+6/%#$%#+-./*%')")'#$%#&%'#'46.*1I94/".-*1'#/#R#-#/$RP###

1*+6/%#$%#+-./*%')")'#$%#&"#'46.*1I94/".-5#/#/$P#

)%/+%'#,"/.-"&'#$%/-G")'#$%#&%'#'46.*1I94/".-*1'#/#R#-#/$R#<)"4&"#[=P#=7#<###

)%/+%'#,"/.-"&'#$%/-G")'#$%#&"#'46.*1I94/".-5#/#/$#<)"4&"#[=P#>#p#>#U##37#=7#>7#<7#?#

K%/#)"1)7#&"#.*1J8#%&%.)8#/R#$51"#%&'#)%/+%'#Z=#V#Z<#V#Q3#V#Q>#V#Q?8#
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K%/# $%)%/+-1"/# %&# .,'7,+ ,#,'%>9!+ 1,+7?2+ ;()@(+ ,#,'%)(+ AB"#(7,#.(-C+ '3?"1#

%')"6&%/)#)/%'#/%9&%'P#

Q= #:&#)%/+%#$%#+%1*/#%1%/9-"#@'#%&#B4%#,*''%%-2#&"#+(2-+"#+4&A,&-.-)")#$3%',M1#

<G"&*/# +(2-+# $%# R3# V# Q7# B4%# .*//%',*1# "# 41# G"&*/# +(2-+# $%# 37# @'# "# $-/7# 41#

1*+6/%#+(2-+#$3%&%.)/*1'#$%'","/%&&")'=8#

R= # C-# $*'# )%/+%'# )%1%1#%&#+")%-2# G"&*/#$%#37# %&# $%#+%1*/#%1%/9-"# '%/(#%&# B4%#

A19"#41#G"&*/#+(2-+#$%#28#

Z= # s4"1# '3-1)/*$4%-2# &3".*6&"+%1)# 237# %&# 1-G%&&# $%#+%1*/# %1%/9-"# '%/(# %&# B4%#

A19"# %&# G"&*/# +(2-+# <+M1-+=# $%# 7& B4"1# %&# 1*+6/%# $3%&%.)/*1'# '-9"# +";*/#

<+%1*/=#B4%#%&'#$%#&"#.*1I94/".-5#$%#.","#'%+-,&%1"8#

# :1# %&# ."'# $341"# .","# '%+-,&%1"# %&# G"&*/# $%# 2# @'# '%+,/%# Y# ,%/# "&#

#)%/+%#J*1"+%1)"&#-7#,%/#)"1)7#1*#%2-')%-2#".*6&"+%1)#23&<@'#14&#B4"1#2#

#*#3&'51#14&'=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (1)!



26!

d%)*/1%+#"&#."'#!R#,%/#",&-."/#&3".*6&"+%1)#23&"#."$"#)%/+%#-#."&.4&"/#%&'#1-G%&&'#

$3%1%/9-"#%1#B4F#%'#$%'$*6&%18#

>*+#;"#G"+#%'+%1)"/7#&3".*6&"+%1)#23#/%'4&)"/(#%1#41#+*+%1)#"194&"/#)*)"&#$%#

&3()*+7#<7=7#%&'#G"&*/'#$%&#B4"&#%')"/"1#.*+,/%'*'#%1)/%#"2#V#3"888"2#E#3"8#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (2)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (3)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (4)!

"+6#/%,4&'-*1'#

-1)%/%&%.)/01-B4%'#

1*#%'JF/-B4%'#



29!

!"#.*1I94/".-5#R/R#A1$/(#^[#+-./*%')")'#$%9%1%/")'#B4%#%'#$-G-$%-2%1#%1#.-1.#

)%/+%'# %1%/9FA.'# <Z=# V# Z<# V# Q3# V# Q># V# Q?=# %1# ",&-."/# &%'# /%,4&'-*1'#

-1)%/%&%.)/01-B4%'8#

k%#1*47#%&#)%/+%#Z=#<3#U#Q#-#2#U#Q=#%'#$%'$*6&"/(#%1#%&'#1-G%&&'#Z=
R
#Z=

Q
&-#Z=

Y
8#

:&#)%/+%#Z<#<3#U#Q#-#2#U#Z=#%'#$%'$*6&"/(#%1#%&'#1-G%&&'#Z<
^
#Z<

Z
&-#Z<

R
8#

:&#1*+6/%#$%#+-./*%')")'#$%#."$"#1-G%&&#$3"B4%')#)%/+%#'%/(#<R7VQ=7#@'#"#$-/7#b7#\#

-#[7# /%',%.AG"+%1)8#C3?"#$%#G%/-I."/#B4%# &"#'4+"#$%# &%'#+4&A,&-.-)")'#$%#."$"#

1-G%&&#@'#-94"&#"&#1*+6/%#$%#+-./*%')")'#$%&#)%/+%P#b#V#\#V#[#U#\#p#Z#U#RQ8#

:&'#)%/+%'#Q3#7#Q>#-#Q?&1*#%'#$%'$*6&%17#,%/B4F#%1#%&'#)/%'#."'*'#3#U#Y8#

C%9*1'# &%'# /%9&%'# $%# c41$7# %&# )%/+%# J*1"+%1)"&# '%/(# %&# Z<# <%&# $%# +";*/#

+4&A,&-.-)")# $3%',M1# -# */6-)"&=8# :&# 1-G%&&# J*1"+%1)"&# '%/(# %&# Z<R# <,%/# '%/# %&# $%#

+%1*/#7#;"#B4%#&"#.*1I94/".-5#R/R#1*#"//-6"#"#'%/#$%#.","#'%+-,&%1"=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (5)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Regles de Hund (6)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Termes i nivells energètics!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Paràmetres de repulsió interelectrònica (1)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Paràmetres de repulsió interelectrònica (2)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Paràmetres de repulsió interelectrònica (3)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (1)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (2)!
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (3)!
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+@'# ,%A)# <+4&A,&%)# 1*/+"&=7# +%1)/%# B4%# 41# G"&*/# $%# # # # 1%9"A4# <.","# +@'# B4%#

'%+-,&%1"=#%')"6-&-)S"#%&#1-G%&&#%&%.)/01-.#"+6#J#+@'#9/"1#<+4&A,&%)#-1G%/A)=8#
! 

E(Jmax ) = E(L +S) =
1
2
" (L +S)(L +S +1)# L(L +1) – S(S +1)[ ]

E(Jmax ) =
1
2
" LS + L(L +1)+SL +S(S +1)# L(L +1)# S(S +1)[ ]

E(Jmax ) = "LS$ E(Jmax ) =
1
2
%L

! 

"E = E(J ) – E(J –1) =
1
2
# J(J +1)$ (J –1)J[ ] =

1
2
#J 2[ ]%"E = #J % "E =

&
2S

J

! 

"

! 

"
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Q><[=#

Z=<b=#

Q3<Q=#

Z=R<[=#

Z=Q<Z=#
Z=Y<Q=#

F&

a-94/"#^#

)%/+%'#

1-G%&&'#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (4)!

!R& Z=&

! 

L = 1
S = 1

" 
# 
$ 

J = 2,1,0

! 

E(Jmax ) = "LS# EJ=2 = " $1$1= "

! 

E(J )" E(J "1) = #J $ E(J "1) = E(J )" #J
EJ=1 = EJ=2 " # %2 = # " 2# = "#

EJ=0 = EJ=1" # %1= "# " # = "2#

! 

" ! 

"

! 

–"

! 

–2"
! 

2"

G%/-IB4%+# &"# /%9&"# $%&# .%1)/%# $%#

9/"G%)")#</%9&"#$%#&"#,"&"1."=P#

! 

(2J +1) "E(J ) = 0
J
#

1"(–2$)+3(–$)+5 "$ = 0
^Z#

Q_#

Y#

! 

E(cm"1)

RY_^b#

QYQb[#
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F&

a-94/"#[#

)%/+%'#

1-G%&&'#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (5)!

Z=<b=#

Z<<RQ=#

Q3<Q=#

Z<
^
<b=#

Z<Z<\=#

Z<R<[=#

Q><[=#

Q?<b=#

Z=R<[=#
Z=Q<Z=#
Z=Y<Q=#

Z<&

! 

L = 3
S = 1

" 
# 
$ 

J = 4,3,2

! 

E(Jmax ) = "LS# EJ=4 = " $3 $1= 3"

! 

EJ=3 = EJ=4 " # $4 = 3# " 4# = "#

EJ=2 = EJ=3 " # $3 = "# " 3# = "4#

G%/-IB4%+# &"# /%9&"# $%&# .%1)/%# $%#

9/"G%)")#</%9&"#$%#&"#,"&"1."=P#

! 

(2J +1) "E(J ) = 0
J
#

5 "(–4$)+7(–$)+9 "3$ = 0

! 

3"

! 

–"

! 

–4"

/R&
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F&

a-94/"#_#

)%/+%'#

1-G%&&'#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament espín-òrbita (6)!

Z=<b=#

Z<<RQ=#

Q3<Q=#

Z<
^
<b=#

Z<Z<\=#

Z<R<[=#

Q><[=#

Q?<b=#

Z=R<[=#
Z=Q<Z=#
Z=Y<Q=#

! 

3"

! 

–"

! 

–4"

/R& /`&
)%/+%'#

Z=<b=#

Z<<RQ=#

Q3<Q=#

Q><[=#

Q?<b=#
1-G%&&'#

Z<
R
<[=#

Z<Z<\=#

Z<^<b=#

! 

"4#

! 

–"

! 

3"
! 

4"

! 

3" ! 

3"

! 

4"
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:!";-(7,#.+,#+,-,7,#.2+0,2(#.2+A==C#

Q=  # >"&.4&%+# %&# 1*+6/%# $%# +-./*%')")'# $%# &"# .*1I94/".-58# :28P# .*1I94/".-5#

%&%.)/01-."#!R#U#Q[#+-./*%')")'8#

R= #>"&.4&%+#%&'#G"&*/'#,*''-6&%'#$%#ji <,%/#"#."$"#%&%.)/5=8#>*1'-$%/%+#B4%P#

:1#%&#."'#$341"#.*1I94/".-5#!R7#%&'#G"&*/'#$%#l -#s#,%/#"+6$5'#%&%.)/*1'#'51#l#U#Q#
<,%/#%')"/#%1#41#*/6-)"&#!=#-#s#U#Q]R8#K%/#)"1)7#%&'#G"&*/'#$%#ji#'%/"1#Z]R#-#Q]R8#

Z=#H/"#'4+%+#%&'#G"&*/'#$%#ji#,%/#."&.4&"/#J8#N-1$/%+#B4")/%#.*+6-1".-*1'P#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (1)!

!R&

! 

ji = li + si

! 

ji = li + si ,..., li " si

j1! j2! Combinació!
Q]R# Q]R# x<!Q]R=Ry#

Q]R# Z]R# x<!
Q]R
=<!

Z]R
=y#

Z]R# Q]R# EEE#

Z]R# Z]R# x<!Z]R=Ry#

!"# '%9*1"# .*+6-1".-5# -# &"# )%/.%/"# '51#

%B4-G"&%1)'#<%&%.)/*1'#-1$-'A19-6&%'=8#

!3%2,*1%1)# $%1*)"# %&# 1*+6/%#$3%&%.)/*1'# "+6#

%&#+")%-2#G"&*/#$%#ji8#
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^=#K%/#"#."$"#.*+6-1".-5#."&.4&%+#%&'#G"&*/'#,*''-6&%'#$%#MJ8#

MJ#U#!#<mj=i#

C-+,&%+%1)7#'4+%+#%&'#G"&*/'#$%#mj#,%/#"#."$"#.*+6-1".-5#</%.*/$%+#B4%#mj#

,/%1#)*)'#%&'#G"&*/'##mj#U#j7#jWQ78887Wj=8#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (2)!

VQ]R# WQ]R#

VQ]R# Q# Y#

##WQ]R# Y# WQ#

mj1!

mj2!
x<!Q]R=Ry! s4"1# %&'# $*'# G"&*/'# $%# j# '-94%1# -94"&'7# 1*#

.*1'-$%/"/%+# &"# $-"9*1"&7# ;"# B4%# 1*# ,*$%1#

?"G%/E?-#$*'#%&%.)/*1'#"+6#%&#+")%-2#G"&*/#$%#j#
-#mj#<,/-1.-,-#$3%2.&4'-5#$%#K"4&-=8#

H# +@'7# %&'# %')")'# <mj17# mj2=# -# <mj27# mj1=# '51#

-$F1A.'# -7# ,%/# )"1)7# 1*+@'#?%+#$%# .*1'-$%/"/#

&"#+%-)")#$%#&"#+")/-4#'-+F)/-."8#

!"#.*+6-1".-5#x<!Q]R=Ry#$51"#MJ#U#Y#-7#,%/#)"1)7#J#U#Y8#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (3)!

VZ]R# VQ]R# WQ]R# WZ]R#

VQ]R# R# Q# Y# WQ#

##WQ]R# Q# Y# WQ# WR#

mj1!

mj2!
x<!Q]R=<!Z]R=y!

:1#&"#.*+6-1".-5#x<!Q]R=<!Z]R=y#%&'#%&%.)/*1'#1*#
'51# %B4-G"&%1)'# -# %')"/"1# ,%/+%'*'# )*)'# %&'#

'4+")*/-'8#

N%1-+P#MJ#U#R7#Q7#Y#7WQ7#WR#<J#U#R=8#
MJ#U#Q7#Y#7WQ#<J#U#Q=8#

VZ]R# VQ]R# WQ]R# WZ]R#

VZ]R# Z# R# Q# Y#

##VQ]R# R# Q# Y# WQ#

#WQ]R# Q# Y# WQ# WR#

#WZ]R# Y# WQ# WR# WZ#

mj1!

mj2!
x<!Z]R=Ry!

K%/#&"#.*+6-1".-5#x<!
Z]R
=Ry7#A1$/%+P#

MJ#U#R7#Q7#Y#7WQ7#WR#<J#U#R=8#
MJ#U#Y#<J#U#Y=8#
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k%#+"1%/"#9%1%/"&#,*$%+#$-/#B4%#O"!6(%1-(P!1,&-(;%(j(-*D"%6(*D"!1-E#*6A1$/%+#

<1EQ=#V#<1ER=#V#888#V#Q#G"&*/'#,*''-6&%'#$%#MJ#<%1#B4F#1#U#Rj#V#Q=#'-#'3".*6&"#."$"#
G"&*/#$%#mj1#"+6#)*)'#%&'#G"&*/'#$%#mj2#B4%#'-94%1#-1J%/-*/'8#

]"!6(%1-(P!1,&-(;%( j( -*D"%6(;*-N6$-E+*6A1$/%+#1
Q
#p#1

R
#G"&*/'#,*''-6&%'#$%#MJ#

<%1#B4F#1
Q
#U#Rj1#V#QT#1R#U#Rj2#V#Q=#'-#'3".*6&"#."$"#G"&*/#$% mj1#"+6#)*)'#%&'#G"&*/'#

$%#mj28#

g1"#G%9"$"#*6A194)'#%&'#G"&*/'#$%#J7#%&'# -1$-."/%+#%1#J*/+"#$%#'46M1$%2#"# &"#

$/%)"# $%# &"# .*+6-1".-5# x<j1=<j2=y8# K%/# &"# .*1I94/".-5# %&%.)/01-."#!R7# A1$/%+# &"#

)"4&"#'%9q%1)P#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (4)!

Combinació! J! Nivell!
x<Q]R=Ry# Y# x<!Q]R=RyY#

x<Q]R=<Z]R=y# R#

Q#

x<!Q]R=<!Z]R=yR#
x<!

Q]R
=<!

Z]R
=y
Q
#

x<Z]R=Ry# R#

Y#

x<!Z]R=RyR#
x<!Z]R=RyY#

:1# &"# I94/"# '%9q%1)# %'# +*')/"# %&#

$-"9/"+"#$%#1-G%&&'#$%#&"#.*1I94/".-5#

%&%.)/01-."# !R# *6A194)# ,%/#

".*6&"+%1)# 777# "-2M# .*+# &"# .*//%&".-5#

B4%# ?-# ?"# %1)/%# "+6$5'# %'B4%+%'#

$3".*6&"+%1)8# f*)%4# B4%# %&# 1*+6/%#

$%# 1-G%&&'# @'# .*1')"1)# -# -1$%,%1$%1)#

$%&#A,4'#$3".*6&"+%1)8#
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Q><[=#

Z=<b=#

Q3<Q=#

Z=R<[=#

Z=Q<Z=#
Z=Y<Q=#

F&

a-94/"#\#

23&

1-G%&&'#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (5)!

R!R&

! 

"

! 

2"

!R<Q[=# !R<Q[=#

x<!Q]R=Ry#

x<!Z]R=Ry#

! 

3
2
"

! 

3
2
"

x<!
Q]R
=<!

Z]R
=y##

_!R&

x<!Q]R=RyY#

x<!Z]R=RyR#

x<!Q]R=<!Z]R=R#

x<!Q]R=<!Z]R=Q#

x<!Z]R=RyY#

)%/+%'#

)%/+%'#77&*6+5(05/*&
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f*+6/%#$%#+-./*%')")'#$%#&"#.*1I94/".-5#%&%.)/01-."#/R#U#Q[#+-./*%')")'8#

K%/#&"#.*1I94/".-5#/R7#%&'#G"&*/'#$%#l  -#s#,%/#"#"+6$5'#%&%.)/*1'#'51#l#U#R#<,%/#
%')"/#%1#41#*/6-)"&#/=#-#s#U#Q]R8#K%/#)"1)7#%&'#G"&*/'#$%#ji#'%/"1#[]R#-#Z]R8#

H/"#'4+%+#%&'#G"&*/'#$%#ji#,%/#."&.4&"/#J8#N-1$/%+#B4")/%#.*+6-1".-*1'P#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (6)!

/R&

j1! j2! Combinació!
Z]R# Z]R# x</Z]R=Ry#

Z]R# []R# x</Z]R=</[]R=y#

[]R# Z]R# EEE#

[]R# []R# x</[]R=Ry#

v"#?%+#."&.4&")#B4%#,%/#&"#.*+6-1".-5#x</Z]R=Ry#
#%&'#G"&*/'#$%#J#%/%1#R#-#Y8#

V[]R# VZ]R# VQ]R# WQ]R# WZ]R# W[]R#

VZ]R# ^# Z# R# Q# Y# WQ#

##VQ]R# Z# R# Q# Y# WQ# WR#

#WQ]R# R# Q# Y# WQ# WR# WZ#

#WZ]R# Q# Y# WQ# WR# WZ# W^#

mj1!

mj2!
x</Z]R=</[]R=y#

!"#.*+6-1".-5#x</
Z]R
=</

[]R
=y#$51"P#

J#U#^7#Z7#R7#Q8#
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (7)!

V[]R# VZ]R# VQ]R# WQ]R# WZ]R# W[]R#

V[]R# [# ^# Z# R# Q# Y#

##VZ]R# ^# Z# R# Q# Y# WQ#

#VQ]R# Z# R# Q# Y# WQ# WR#

#WQ]R# R# Q# Y# WQ# WR# WZ#

WZ]R# Q# Y# WQ# WR# WZ# W^#

W[]R# Y# WQ# WR# WZ# W^# W[#

mj1!

mj2!
x</[]R=Ry#

K%/#&"#.*+6-1".-5#x</[]R=Ry7#A1$/%+P#

J#U#^#
J#U#R#
J#U#Y#

K*$%+# ."&.4&"/# %&# 1*+6/%# $%#

+-./*%')")'# ,%/# "# ."$"# .*+6-1".-5#

"+6#&"#J5/+4&"#

x</Z]R=Ry#.*1)@#RORVQ#V#ROYVQ#U#_#+-./*%')")'#U#Z#V#R#V#Q#

x</
Z]R
=</

[]R
=y#.*1)@##RO^VQ#V#ROZVQ#V#RORVQ#V#ROQVQ#U#R^#+-./*%')")'#U#^O_#

x</[]R=Ry#.*1)@#RO^VQ#V#RORVQ#V#ROYVQ#U#Q[#+-./*%')")'#U#[#V#^#V#Z#VR#VQ#

NlNH!P#^[#mn>dl:CNHNC!

! 

(2J +1)
J
"
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Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (8)!

Combinació! J! Nivell!
x</Z]R=Ry# R#

Y#

x</Z]R=RyR#
x</Z]R=RyY#

x</Z]R=</[]R=y# ^#

Z#

R#

Q#

x</Z]R=</[]R=y^#
x</Z]R=</[]R=yZ#
x</Z]R=</[]R=yR#
x</Z]R=</[]R=yQ#

x</[]R=Ry# ^#

R#

Y#

x</[]R=Ry^#
x</[]R=RyR#
x</[]R=RyY#

!"# )"4&"# '%9q%1)#+*')/"# %&'# $-J%/%1)'#

1-G%&&'#B4%#/%'4&)%1#$%#&"#.*1I94/".-5#

%&%.)/01-."#/RP#

s4"1#/%,/%'%1)%+#%&#$-"9/"+"#$%#.*//%&".-5#%1)/%#%&'#$*'#%'B4%+%'#$3".*6&"+%1)#

<23&-#77=#?%+#$%#)%1-/#%1#.*+,)%#B4%#%&'#1-G%&&'#%1%/9FA.'#1*#'3?"1#$3%1./%4"/8#

k-1'#$%&#)%/+%#J*1"+%1)"&7#%&#1-G%&&#$%#+@'#6"-2"#%1%/9-"#@'#%&#$%#+";*/#G"&*/#$%#J8#
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F&

a-94/"#`#

)%/+%'# 1-G%&&'#

Tema 2. Estructura electrònica dels àtoms polielectrònics!
Acoblament JJ (9)!

Z=<b=#

Z<<RQ=#

Q3<Q=#

Z<^<b=#

Z<Z<\=#

Z<R<[=#

Q><[=#

Q?<b=#

Z=R<[=#
Z=Q<Z=#

Z=Y<Q=#

/R&

! 

4"

! 

3"

/R<^[=# /R<^[=#

x</Z]R=Ry#

x</[]R=Ry#

! 

5
2
"

! 

5
2
"

x</Z]R=</[]R=y#

x</Z]R=RyY#

x</[]R=RyR#

x</Z]R=</[]R=^#

x</
Z]R
=</

[]R
=
Z#

x</[]R=RyY#

x</[]R=Ry^#

x</Z]R=</[]R=Q#

x</Z]R=</[]R=R#

x</Z]R=RyR#

)%/+%'#77&



Tema 3. Conceptes de simetria!

1.  Elements i operacions de simetria!
2.  Determinació de grups puntuals!
3.  Representacions reductibles i irreductibles!
4.  Taules de caràcters!
5.  Reducció de representacions reductibles!



2!

!"#$%&'()%"#*$#+,#-',.&',#/)'$',(#',#'0#&1,#,"(+)"02#3,#0"#,"(+)"#4%#4"#

&.0($#.56'7('$#8+'#/)'$',(',#9%-')',($#:/+$#9'#$%&'()%";#7.&#'0$#<.7$#9'#

,'+;# 8+'# /)'$',(',# =',')"0&',(# +,"# $%&'()%"# 4'>"=.,"0;# %# +,# =)",#

,.&5)'#9'#<.)$#%#9?'$/@7%'$#A'='("0$2#

30$# 7.,7'/('$# 9'# $%&'()%"# $1,# 9?+,"# =)",# +:0%("(# ',# 8+B&%7"2# !?C$# 9'# 0"#

$%&'()%"#"7+)("#7.,$%9')"50'&',(#'0#()'5"00#,'7'$$")%#/')#)'"0%(D")#7E07+0$#

$.5)'# 0?'$()+7(+)"# '0'7()F,%7"# 9'# 0'$#&.0@7+0'$2# G'+)'&#8+'# 0"# $%&'()%"#

',$# "6+9"# "# /)'9%)# &.0('$# 9'# 0'$# /)./%'("($# H$%7.8+B&%8+'$;# 7.&# '0$#

'$/'7()'$#IJ;#'0#:/+$#9?',00"K;#0?"7:A%("(#F/:7";#'0$#'$/'7()'$#'0'7()F,%7$L#

M.9'&# 9'H,%)# 0"# !"#$%&"'# 7.&# 0"# %,A")%"5%0%("(# 9?+,# .56'7('# 9"A",(# +,"#

()",$-.)&"7%12# N,"# ()",$-.)&"7%1# 8+'# 9'%>"# %,A")%"50'# 0?.56'7('# )'/# '0#

,.&#9?()$&'*"+,-$,!"#$%&"'2#

!'$# &.0@7+0'$# '$# 70"$$%H8+',# $'=.,$# '0# ,.&5)'# %# 0"# ,"(+)"# 9'# 0'$#

./')"7%.,$#9'#$%&'()%"#8+'#"7(+',#$.5)'#"8+'$('$2##

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (1)!
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30$# $.$#$/%!, -$, !"#$%&"', $1,# 7.,$()+77%.,$# ='.&@()%8+'$# O/0",$;# 0B,%'$# .#

/+,($P#8+'#/')&'(',#0"#=',')"7%1#9?./')"7%.,$#9'#$%&'()%"2#

30$# '0'&',($# 9'# $%&'()%"# /.9',# 70"$$%H7")Q$'# ',# ()'$# :/+$R# '%>.$;# /0",$# %#

7',()'$2# !'$# ./')"7%.,$# 9'# $%&'()%"# 8+'# "8+'$($# '0'&',($# =',')',#

$?",.&',',;# )'$/'7:A"&',(;# &(%'*"(/!# O,?4%# 4"# 9'# 9.$# :/+$R# $%&/0'$# %#

).("7%.,$Q)'<'>%.,$S#.;#("&5*;#/)F/%'$#%#%&/)F/%'$P;#)'<'>%.,$#%#%,A')$%.,$2#

T%#4"#+,"#./')"7%1#"99%7%.,"0#%#*$#0?",.&',"9"#"-$/0%'%#O/(,1$&23",&$!,-$"4',

"/5'&"'6.$,.',#(.7*8.'P2#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (2)!

!"#$#%&'(#')*$#&+*,' -.#+,/*0'(#')*$#&+*,' 12$34"'

M0"# J'<'>%1#',#'0#/0"# !"
U',()'#9'#$%&'()%"#
.#7',()'#9?%,A')$%1#

I,A')$%1#9'#(.($#'0$#E(.&$#"#()"A*$#9'0#7',()'# i"

3%>#9'#).("7%1#.#'%>#/)./%# N,"#.#&*$#).("7%.,$#"0#A.0(",(#9'#0?'%># C"

3%>#9'#).("7%1Q)'<'>%1#
.#'%>#%&/)./%#

N,"#.#&*$#)'/':7%.,$#9'#0"#$'8V@,7%"R#
WP  J.("7%1#
XP  J'<'>%1#',#+,#/0"#/')/',9%7+0")#"#0?'%>#9'#).("7%1#

S"



4!

!"#$%&"'()

N,# .56'7('# /.$$''%># $%&'()%"# ">%"0# 8+",# *$# %,A")%",(# "# +,"# ).("7%1# 9?+,#

$+5&C0:/0'# 9'# YZ[\# O.# X]# )"9%",$P2# ^%)'&# 8+'# 0?.56'7('# (*# +,# '%># 9'#

$%&'()%"#/Q")%#O5%,")%;#('),")%;#8+"('),")%LP#.#+,#'%>#9'#).("7%1#9?.)9)'#/,$%#

*$#%,A")%",(#"#+,"#).("7%1#9'#X]_/2#

N,#'%>#/Q")%# %# 0?./')"7%1#8+'#',# )'$+0("#9?"/0%7")Q0.#'$# )'/)'$',(',#"&5#'0#

$B&5.0#Cn# O9'#*9*."*P2#M')#7.,A',%;# 0"#).("7%1#$?'-'7(+"#$'&/)'#',#'0#$',:(#

7.,()")%#"#0'$#"=+00'$#9'0#)'00.(='2#

`%>B;#+,"#&.0@7+0"#(*#+,#'%>#9?.)9)'#X#$%#*$#%,A")%",(#"#0"#).("7%1#9'#YZ[_X#a#

Wb[\#"0#A.0(",(#9?"8+'$(#'%>2#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (3)!



5!

T%#4"#'%>.$#9?.)9)'#Y;#c;#d;#Z;#e;#b222;#',7")"#8+'#'0$#&*$#4"5%(+"0$#',#8+B&%7"#

$1,#'0$#'%>.$#9?.)9)'#*+),+)-)%#.2#

!?./')"7%1#7.,$%$(',(#',#+,"#).("7%1#9'#OYZ[_/P\#"0#A.0(",(#9?+,#'%>#9?.)9)'#/#

$?",.&',"#Cn
12#f%#'$#/).9+'%>#+,"#$'=.,"#).("7%1;#0?",.&','&#Cn

2.!

3,# =',')"0;# 0'$# ).("7%.,$# $+77'$$%A'$# "0# A.0(",(# 9?+,# '%># 9?.)9)'# /# '$#

)'/)'$',(',#7.&#"#Cn
m Om g nP2#

M.9'&#7"07+0")#-E7%0&',(#0"#)'0"7%1#',()'#0'$#7..)9',"9'$#%,%7%"0$#9?+,#&.:+#

%#0'$#)'$+0(",($#9'$/)*$#9?"/0%7")Q4%#0?./')"7%1#9'#).("7%1#/QE)%"2#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (4)!

! 

xi = " cos#

! 

yi = " sin#

! 

x f = " cos(# +$) = " cos# cos$% " sin# sin$

! 

yf = " sin(# +$) = " sin# cos$ +" cos# sin$

M')#(",(;!

! 

x f = xi cos"# yi sin"
yf = yi cos" + xi sin"

$ 
% 
& 

x f
y f

' 

( 
) 

* 

+ 
, =

cos" #sin"
sin" cos"
' 

( 
) 

* 

+ 
, -

xi
yi

' 

( 
) 

* 

+ 
, 

.#',#Y^R!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

cos( )sin( 0
sin( cos( 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
*

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

/01!23)45)

1!06789!/0:2;)

!!

"!

Y!

X!

(xi, yi, zi)!
#!

(xf, yf, zf)!
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G')%H8+'&#8+'#',#'0#7"$#9?+,"#).("7%1#5%,E)%"#O"#a#Wb[\S#7.$#"#a#hWS#$%,#"#a#[PR#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (5)!

! 

x f = "xi

',#8+@ E *$#0"#&"()%+#245612101)O9'#0?"0'&",i;#$"/3$"%P2#3,#=',')"0;#/.9'&#9'&.$()")#8+'R"

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

(1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

yf = "yi

! 

zf = zi

f%#4%#"/0%8+'&#0"#).("7%1#9+'$#A'="9'$;#:,9)'&R##

! 

C2
2 = E

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

(1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

(1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

=

1 0 0
0 1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = xi

! 

yf = yi

! 

zf = zi

! 

C2

! 

C2

! 

E

! 

Cn
n = E

C2"

!!

"!

Y!

X!

Wb[\#

(xi, yi, zi)!

(–xi, –yi, zi)!
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M')#0"#).("7%1#"0#A.0(",(#9?+,#'%>#('),")%R#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (6)!

! 

x f = " 1
2 xi " 3

2 yi

M.9'&#A')%H7")#',#=',')"0#8+'#Om g#nPR"

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

( 1
2 ( 3

2 0
3
2 ( 1

2 0
0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

zf = zi

f%#4%#"/0%8+'&#0"#).("7%1#9+'$#A'="9'$;#:,9)'&R##

! 

C3
2 = C3

"1

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

( 1
2 ( 3

2 0
3
2 ( 1

2 0
0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 
)

( 1
2 ( 3

2 0
3
2 ( 1

2 0
0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

=

( 1
2

3
2 0

( 3
2 ( 1

2 0
0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

C3

! 

C3

! 

C3
2

! 

Cn
n = E"Cn

n #Cn
m$n = Cn

m$n "Cn
m = Cn

m$n

C3"

! 

" = 120°

sin" = 3
2

cos" = # 1
2

! 

yf = 3
2 xi " 1

2 yi

! 

Cn
m = Cn

m"n
!!

"!

Y!

X!

:;<=#

(xi, yi, zi)!
(xf, yf, zf)!
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M')#0"#).("7%1#"0#A.0(",(#9?+,#'%>#8+"('),")%R#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (7)!

! 

x f = "yi

f%#m %#n#$1,#&C0:/0'$#9?+,#&"('%>#,.&5)'#',(')#pR"

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

0 (1 0
1 0 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

zf = zi

f%#4%#"/0%8+'&#0"#).("7%1#9+'$#A'="9'$;#(',%&#0?'8+%A"0',(#9?+,"#).("7%1#5%,E)%"R##

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

0 (1 0
1 0 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

0 (1 0
1 0 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

=

(1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

C4

! 

C4

! 

C4
2 = C2

C4"

! 

" = 90°

sin" = 1
cos" = 0

! 

yf = xi

! 

Cn
m = Cn / p

m / p

!!

"!

Y!

X!

j[\#

(–yi, xi, zi)! (xi, yi, zi)!

(–xi, –yi, zi)!
(yi, –xi, zi)!

k'lc"

! 

C4
3 = C4

"1

! 

C4
4 = E
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`5.)9'&#")"#0"#).("7%1#"0#A.0(",(#9?+,#'%>#9?.)9)'#ZR#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (8)!

! 

x f = 1
2 xi " 3

2 yi

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

1
2 ( 3

2 0
3
2

1
2 0

0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

zf = zi

C6"

! 

" = 60°

sin" = 3
2

cos" = 1
2

! 

C6 ! 

yf = 3
2 xi + 1

2 yi

! 

C6
2 = C3

! 

C6
3 = C2

! 

C6
4 = C3

2 = C3
"1

! 

C6
5 = C6

"1

! 

C6
6 = E

N,#'%>#9'#).("7%1#9?.)9)'#/#=',')"#/#./')"7%.,$#9'#

$%&'()%"#O).("7%.,$#/)F/%'$P;#%,70.',(Q4%#0"#%9',:("(2"

!!

"!

Y!

X!

Z[\#

(xf, yf, zf)!

(xi, yi, zi)!



10!

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (9)!

!<=<>&"'()

!'$# &$>$4"(/!# $1,# ./')"7%.,$# 9'# $%&'()%"# =',')"9'$# /'0$# /0",$# 9'# $%&'()%"2#

U.,$%$('%># ',# 0"# ()",$0"7%1# 9'# (.($# '0$# /+,($# 9?+,#&.:+# "# +,# 00.7# '8+%9%$(",(# "#

0?"0()"#5",9"#9'0#/0"#9'#$%&'()%"#$'=+%,(#+,"#()"6'7(F)%"#/')/',9%7+0")#"#"8+'$(2#

N,#/0"#9'#$%&'()%"#"7(+"#'>"7("&',(#7.&#+,#'$/%00#/0"2#

N,"#&.0@7+0"# 8+'# :,="# +,# /0"# 9'# $%&'()%"# $')E# %,A")%",(# )'$/'7('# "# 0"# )'<'>%1#

$.5)'#"8+'$(#/0"2#

m",(#0?./')"7%1#7.&#0?'0'&',(#'$#)'/)'$',(',#"&5#0"#00'()"#=)'="#$#O$%=&"P2#

T%#4"#9%-')',($#:/+$#9'#/0",$2#30$#8+'#%,70.+',#0?'%>#

9'#).("7%1#9'#&"6.)#.)9)'#O.#'%>#/)%,7%/"0#8+';#/')#

7.,A',%;# '$# -"# 7.%,7%9%)# "&5# 0"# 9%)'77%1# ?P#

$?",.&',',#).'/!, 5$&0*'.!, O$vP2# 3>2R# '0$# 9.$# /0",$#

9'#$%&'()%"#$O4?P#%#$O9?P#9'#0"#&.0@7+0"#9'#TXn2"
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (10)!

T.&#/.(#9'9+%)Q,'#-E7%0&',(#0'$#&"()%+$#9'#()",$-.)&"7%1#7.))'$/.,',($2#

!!

"!

Y!

X!

(xi, –yi, zi)!

(xi, yi, zi)!

!!

"!

Y!

X!

(–xi, yi, zi)! (xi, yi, zi)!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

(1 0 0
0 1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = "xi

! 

yf = yi

! 

zf = zi

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = xi

! 

yf = "yi

! 

zf = zi

! 

" yz

! 

" xz
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (11)!

M)./%'("(#9'0$#/0",$#9'#$%&'()%"#A'):7"0$R#

f%#+,#/0"#9'#$%&'()%"#7.,(*#+,#'%>#9'#$%&'()%"#9?.)9)'#/;#"8+'$(#=',')")E#/#/0",$#

9'#$%&'()%"#"0#$'+#A.0(",(2#

M')#0"#)'/':7%1#7.,$'7+:A"#9'#n#)'<'>%.,$#$.5)'#8+"0$'A.0#/0"#9'#$%&'()%"#$?4"#9'#

7.&/0%)#8+'R#

! 

" n = EOn#/")'00P#

! 

" n = "On#%&/")'00P#
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (12)!

3,# 0'$# &.0@7+0'$# ',# 8+@# 7.'>%$('%>',# 9.$# /0",$# A'):7"0$# ,.#

'8+%A"0',($# O*$#"#9%);#8+'#,.#/.9',#$')#=',')"($# 0?+,#"#/"):)#9'#

0?"0()'#/')#+,"#).("7%1#"0#A.0(",(#9'#0?'%>#/)%,7%/"0P;# %,().9+%)'&#'0#

7.,7'/('#9'#).',-@$-&$, ($d  .  $”)  /')#",.&',")#'0$#/0",$#8+'#

5%$'8+',# 0?",=0'# -.)&"(# /'0$# /0",$# A'):7"0$# ($v  .  $’)  8+'#
7.,(',',#+,#&"6.)#,.&5)'#9?E(.&$2##

!"#,.("7%1#$xy ; $xz ;#$yz *$#&*$#/)'7%$"2#

30$#/0",$#9'#$%&'()%"#4.)%(D.,("0$#$1,#'0$#/')/',9%7+0")$#"#0?'%>#9'#).("7%1#/)%,7%/"02#

o.&*$#/.(#4"A')Q4%#+,#/0"#4.)%(D.,("0#/')#&.0@7+0"2#3$#)'/)'$',("#/'0#$B&5.0#$h.#

(xi, yi, –zi)!!!

"!

Y!

X!

(xi, yi, zi)!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

1 0 0
0 1 0
0 0 (1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = xi

! 

yf = yi

! 

zf = "zi
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (13)!

2'?<@(&"'()

!"# "/5$&!"+# *$# =',')"9"# /')# +,# '0'&',(# 9'# $%&'()%"# 8+'# *$# +,# /+,(# %# 8+'#

$?",.&',"# *$/%&$, -A"/5$&!"+,.# *$/%&$, -$, !"#$%&"'2# U.,$%$('%># ',# 0"# ()",$0"7%1# 9'#

(.($#'0$#/+,($#9?+,#&.:+#$'=+%,(#+,"#()"6'7(F)%"#8+'#/"$$"#/'0#7',()'#9?%,A')$%1#%#

8+'#"))%5"#"#+,#00.7#'8+%9%$(",(#%#./.$"(#',#0?'$/"%#)'$/'7('#9?"8+'$(#7',()'2#

N,"#&.0@7+0"#8+'#:,="#+,#7',()'#9'#$%&'()%"#$')E#%,A")%",(#)'$/'7('#"#0"#%,A')$%1##

$.5)'#"8+'$(#7',()'2#

m",(#0?./')"7%1#7.&#0?'0'&',(#'$#)'/)'$',(',#"&5#0"#00'()"#i2#

30#7',()'#9?%,A')$%1#7.%,7%9'%>#"&5#'0#7',()'#9'#0"#&.0@7+0"#O.)%=',#9'0#$%$('&"#9'#

7..)9',"9'$P2"

(–xi, –yi, –zi)!

!!

"!

Y!

X!

(xi, yi, zi)!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

(1 0 0
0 (1 0
0 0 (1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = "xi

! 

yf = "yi

! 

zf = "zi

! 

i

! 

in = EOn#/")'00P#

! 

in = iOn#%&/")'00P#
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (14)!

!"#$%&"'(A@<=<>&"'()

!'$# &(%'*"(/!2&$>$4"(/!# O.# &(%'*"(/!, "#)&B)"$!P# $1,# 0'$# ./')"7%.,$# 9'# $%&'()%"#

=',')"9'$#/'0$#'%>.$#9'#).("7%1Q)'<'>%1#.#'%>.$#9'#).("7%1#%&/)F/%"2#U.,$%$('%>',#',#

+,"#).("7%1#$'=+%9"#9?+,"#)'<'>%1#$.5)'#+,#/0"#/')/',9%7+0")#"#0?'%>#9'#).("7%12#

N,"# &.0@7+0"# 8+'# :,="# +,# '%># 9'# ).("7%1# %&/)F/%"# $')E# %,A")%",(# )'$/'7('# "# 0"#

).("7%1Q)'<'>%12#

!'$# ).("7%.,$# %&/)F/%'$# '$# )'/)'$',(',# "&5# 0"# 00'()"# S# O9'# 0?"0'&",i# !)"$C$.;#

p'$/%00qP2#U.&#',#'0#7"$#9'#0'$#).("7%.,$#/)F/%'$;#4%#"-'=%&#+,#$+5B,9'>#/')#9'$%=,")#

0?.)9)'#9'# ).("7%1# %#+,# $+/')B,9'>#8+'# %,9%7"#'0#,.&5)'#9?./')"7%.,$# 7.,$'7+:A'$R#

Sn
m.##!"#).("7%1#%&/)F/%"#&*$#$%&/0'#*$#S2

1 a#i.#

(–xi, –yi, –zi)!

!!

"!

Y!

X!

(xi, yi, zi)!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

(1 0 0
0 (1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

1 0 0
0 1 0
0 0 (1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

=

(1 0 0
0 (1 0
0 0 (1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

S2
1 = i

! 

" h

! 

C2
1

! 

S2
2 = E
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!"#&"()%+#9'#()",$-.)&"7%1#"$$.7%"9"#"#+,"#).("7%1#%&/)F/%"#*$R#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (15)!

M.9'&#A')%H7")#',#=',')"0#8+'#On#%&/")'00PR#

m"&5*#8+'#'0#7.,6+,(#9'#).("7%.,$#%&/)F/%'$#Sn
m On#%&/")'00;#m /")'00P#=',')"#0'$#).("7%.,$#

'8+%A"0',($#"#Cn
m2!

!'$#./')"7%.,$#Cn %#$h $1,#7.&&+(":A'$R##

! 

S3
2 = C3

2

! 

Cn

! 

S3
1

S3"

! 

Sn
n = " h

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

cos( )sin( 0
sin( cos( 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
*

1 0 0
0 1 0
0 0 )1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
*

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

=

cos( )sin( 0
sin( cos( 0
0 0 )1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
*

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

" h

! 

Sn

! 

Sn = Cn "# h = # h "Cn

3,#'0#7"$#9?+,#'%>#S3#7.&/).A'&#8+'#'0$#'0'&',($#=',')"9.)$#C3#%#$h ("&5*#4%#$1,#/)'$',($2#

!!

"!

Y!

X!

:;<=#
1!

2!

3!
4!

5!

6!

! 

S3
3 = " h

! 

S3
4 = C3

1

! 

S3
5

! 

S3
6 = E

BC<>&(#D'%&$)ECF')<&>)E<)@"#$%&G)&HI@JI&$)&HI$@<KK)Sn)&HIK&%$)K$)I@<(D'%&$)E<)Cn)&)$h &+)I<@)
#$'#+)E<)2n "I<@$%&"'()E<)(&H<#@&$L!

! 

Sn
m "Cn

m



17!

!'$#&.0@7+0'$#/0",'$#()%",=+0")$#(',',#+,#'%>#S3R#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (16)!

!"#&"6.)%"#9'0$#7.&/.$(.$#9'#7..)9%,"7%1#"&5#,.&5)'#9'#

7..)9%,"7%1#Z#(',',#+,"#='.&'()%"#.7("@9)%7"2#`0=+,$#7.&/.$(.$#

.)=",.&'(E0r0%7$;#/')F;#/)'$',(',#+,"#='.&'()%"#9'#:/+$#/)%$&"#

()%=.,"0#"&5#'0$#'0'&',($#9'#$%&'()%"#C3 %#$h O%;#/')#(",(;#S3P2 #

S3"

!!

"!

Y!

X!

:;<=#
1!

2!

3!
4!

5!

6!

sOUTYPZ#

m"&5*#/)'$',(',#+,#'%>#S3 '0$#7.&/.$(.$#9'#:/+$#/)%$&"#()%=.,"0#

()%"/+,("(;#+,"#='.&'()%"#&.0(#-)'8V',(#',#'0$#7.&/0'>.$#9?%.,$#

0",(",.%9'$_"7:,.%9'$#"&5#,.&5)'#9'#7..)9%,"7%1#j2#

3>2R#tM+OTXnPjuYv#
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (17)!

M.9'&#A')%H7")#',#=',')"0#8+'#On#/")'00PR#

M')#(",(;#+,#'%>#9'#).("7%1#%&/)F/%"#Sn On#/")'00P#,.&*$#=',')"#n ./')"7%.,$#9'#$%&'()%"2#

!?'>%$(@,7%"#9?+,#'%>#9'#).("7%1#%&/)F/%"#On#/")'00P#$B#8+'#%&/0%7"#0"#/)'$@,7%"#9?+,#'%>#

7.0r0%,'"0#9?.)9)'#n_X2!

!"#&"()%+#9'#()",$-.)&"7%1#"$$.7%"9"#"#0?./')"7%1#####R##

! 

S4
2 = C4

2 = C2

! 

S4
1

S4"

! 

Sn
n = E

! 

S4
1

3,#'0#7"$#9?+,#'%>#S4;#'0$#'0'&',($#=',')"9.)$#C4#%#$h ,.#4%#
$1,#/)'$',($2#

! 

S4
3 = S4

"1

! 

S4
4 = E

3,#7",A%;#KC<>&(#D'%&$)ECF')<&>)E<)@"#$%&G)&HI@JI&$)I$@<KK)Sn)

'")&HIK&%$)'<%<((M@&$H<'#)K$)I@<(D'%&$)E<)Cn)&)$hL!

! 

Sn "Cn /2

!!

"!

Y!

X!

j[\#

(–yi, xi, –zi) 1! 4 (xi, yi, zi)!

(–xi, –yi, zi) 2! 3 (yi, –xi, –zi)!

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

0 (1 0
1 0 0
0 0 –1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

x f = "yi

! 

zf = zi

! 

yf = xi
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Tema 3. Conceptes de simetria!
Elements i operacions de simetria (18)!

S4" !'$#&.0@7+0'$#('()"@9)%8+'$#/)'$',(',#+,#'%>#

S42#o.#(',',#,%#C4 ,%#$h2#

3>2R#UTc#;##',#8+@#0?'%>#S4 5%$'7("#0?",=0'#ThUhT2#

!!

"!

Y!

X!

j[\#

(–yi, xi, –zi) 1! 4 (xi, yi, zi)!

(–xi, –yi, zi) 2! 3 (yi, –xi, –zi)!

! 

S4
1

! 

S4
1

! 

S4
1

! 

S4
1

! 

S4
2 = C2

! 

S4
4 = E
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`5.)9'&#")"#0"#).("7%1#%&/)F/%"#9?.)9)'#Z2#^'#,.+;#n#*$#
/")'00#%#'0$#'0'&',($#=',')"9.)$#C6#%#$h ,.#4%#$1,#/)'$',($2#

Tema 3. Conceptes de simetria!
Elements i operacions de simetria (19)!

S6"

! 

S6
1

! 

S6
2 = C3

1

! 

S6
3

! 

S6
4 = C3

2

! 

S6
5 = S6

"1

! 

S6
6 = E

!'$#&.0@7+0'$#.7("@9)%8+'$#(',',#8+"()'#'%>.$#%&/)./%$#S6#/')/',9%7+0")$#"#0'$#

7")'$# ()%",=+0")$2# 3A%9',(&',(;# ',# "8+'$('$# /.$%7%.,$# ("&5*# '$# ().5',# '0$#

8+"()'# '%>.$# C32# `0=+,$# 00%=",9$;# 7.&# '0# ()%:"7%70.,.,E;# $1,# 7"/"K.$# 9'#

7..)9%,")#0'$#()'$#/.$%7%.,$#9?+,"#7")"#()%",=+0")#%#9'%>")Q4%#+,#C,%7#'%>#S62"

!!

"!

Y!

X!

Z[\#

6 (xi, yi, zi)!

1!

3!

5!

2!

4!

U)OUnPZ# tU+OUZTWXfYPXuXv#
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1<"@&$)E<)N@FI()

3,#E0='5)";#+,#C&8)#*$#+,#7.,6+,(#9?'0'&',($#A#$.5)'#'0$#8+"0$#'$#9'H,'%>#+,"#./')"7%1#
5%,E)%"#O8+'#"-'7("#9.$#'0'&',($P#####8+'#4"#9'#$":$-')#+,"#$@)%'#9'#/)./%'("($R#

W2#9I<@$%&G)&'#<@'$R#'0#/).9+7('#9'#9.$#'0'&',($#9'0#=)+/#7.,9+'%>#$'&/)'#"#+,#"0()'#

'0'&',(#9'0#=)+/2#

X2#5K<H<'#)'<F#@<R#/')#"#(.(#'0'&',(#x#9'0#7.,6+,(#A#4%#4"#+,#C,%7#'0'&',(#E#8+'#9'%>"#
%,A")%",(#x#',#"/0%7")Q4%#0?./')"7%12#

Y2#O@"I&<#$#)$(("%&$P?$R#'0#/).9+7('#9'#n#'0'&',($#9'0#=)+/#91,"#$'&/)'#'0#&"('%>#

)'$+0("(;#%,9'/',9',(&',(#9'#0?.)9)'#',#8+@#$?./')',#0'$#/")'00'$#9?'0'&',($;#$'&/)'#

8+'#$?4%#&",:,="#0?.)9)'#9'0$#'0'&',($2#

c2#5K<H<'#)(&HD#@&%R#/')#"#(.(#'0'&',(#x#9'0#7.,6+,(#A#4%#4"#+,#'0'&',(# ###8+';#
7.&5%,"(#"&5#"8+'00;#91,"#0?'0'&',(#,'+()'2##

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (1)!

  

! 

"x,y # A : x ! y # A

  

! 

!

  

! 

"x # A :$!E : x !E = E ! x = x

  

! 

"x,y,z # A : x ! (y ! z) = (x ! y)! z

  

! 

"x # A :$x # A : x ! x = x ! x = E
! 

x
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`#&*$;# $%# '$# 7.&/0'%># 0"# /)./%'("(# 7.&&+(":A";# 4.&#9%)E# 8+'# '0# =)+/# *$# +,#

=)+/#*(##8%'08#.#'6$."D2#

5K) %"'QF'#) EC"I<@$%&"'() E<) (&H<#@&$) <') RF$K(<?"K) H"KD%FK$) %"'(P#F<&>) F')

N@FI+)<'%$@$)RF<)'")(&N$)'<%<((M@&$H<'#)%"HHF#$PF)")$S<K&MT)

`8+'$($# =)+/$# $?",.&',',#5+6.)' .6%&6,");) 6"# 8+'# $'&/)'# 4%# 4"# "0&',i$# +,#

/+,(# 9'# 0"# &.0@7+0"# O8+'# ,.# 4"# 9'# $')# -.)K.$"&',(# +,# E(.&P# 8+'# ,.# '$#

9'$/0"K"2#^'#-'(;#$%#(.($#'0$#/+,($#9'#0"#&.0@7+0"#'$#9'$/0"K")',;#0"#7.,H=+)"7%1#

H,"0#,.#/.9)%"#$')#'8+%A"0',(#"#0"#%,%7%"02#

UF$') <') F'$) H"KD%FK$) V&) V$Q$) M#"H() W'&%() XECF') ("K) <K<H<'#Y+) #"#() <K()

<K<H<'#()E<)(&H<#@&$)V$')E<)%"'#<'&@)$RF<(#()M#"H(L)

3,# '0$# 7)%$("00$;# "#&*$# 9'0$# =)+/$# /+,(+"0$;# 4.&# 7.,$%9')"# ("&5*# 0"# $%&'()%"#

()",$0"7%.,"02# 30$# =)+/$# 8+'# 7.,(',',# (.($# '0$# '0'&',($# 9'# $%&'()%"# /+,(+"0#

&*$# 0'$# ()",$0"7%.,$# $?",.&',',# 5+6.)' #).,/*,")' %# ,.# $')",# ()"7("($# ',# '0#

/)'$',(#7+)$2#

o2#T2#`5'0#
OWb[XQWbXjP#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (2)!



23!

0((&N'$%&G)E<)(&H<#@&$)<')K<()H"KD%FK<()

M.9'&# 70"$$%H7")# 0'$# &.0@7+0'$# ',# =)+/$# /+,(+"0$# (',%,(# ',# 7.&/('# '0$#

$'+$#'0'&',($#9'#$%&'()%"2#

`8+'$("# 70"$$%H7"7%1# *$# 9'# =)",# %&/.)(E,7%";# 6"# 8+'# ',$# /')&'()E#

RF$'PZ%$@) K$) (&H<#@&$# 8+'# /.$$''%># +,"# &.0@7+0"# /')# /.$(')%.)&',(#

/.9')# 9'(')&%,")Q,'# '0$# &.9'$# 9'# A%5)"7%1;# '0# 9%"=)"&"# 9?.)5%("0$#

&.0'7+0")$;#0"#)'"7:A%("(L#

30$# =)+/$# /+,(+"0$# "7B# 9'$7)%($# $'=+'%>',# 0?",.&',"9"# /(%'*"+, -$,

E*3F/>"$$;#8+'#*$#+,"#9'#0'$#9+'$#7.,A',7%.,$#&*$#+$+"0$2#

M')# )'"0%(D")# "8+'$("# 70"$$%H7"7%1# 4'&# 9'# $'=+%)# +,# "0=.)%(&'2# M)%&');#

()"7(")'&#9?'$5)%,")#$%#0"#&.0@7+0"#/')(",i#"#+,#=)+/#9?"0("#$%&'()%"#O0%,'"0#

.#7C5%7"PR#

`2#w2#f74x,<%'$#
OWbdYQWjXbP#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (3)!
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/"KD%FK$)

!%,'"0y#

iy#

^.$#.#
&*$#Cn,
OnzXPy##

D#h" C#v" Ih" Oh" Td"

f{#

f{# on#
iy#

C5y#

on# f{#

f{#

f{#

on#

on#
ME=%,"#$'=V',(#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (4)!

[@FI()K&'<$K() [@FI()I"K&DE@&%()

[!3O7)4C0B10)72/51!20)
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Cny#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
nC2 #/')/2#"#Cny#

$y#

Dnh" Dnd" Cs"

C1!

Ci"

f{#

f{# on#

iy#
on#

f{#f{#

on# on#

on#

ME=%,"#",(')%.)#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (5)!

[!3O7)45)\02]0)72/51!20)

$hy#

n$dy#

f{#

Dn"

on#

$hy#

n$vy#

S2ny#

Cnh" Cnv" Cn"

f{#

f{#

on#

on#

S2n"

f{# on#



26!

W2##!'$#&.0@7+0'$#0%,'"0$#(',',#+,#'%>#9?.)9)'#|;#8+'#7.,(*#(.("#0"#&.0@7+0"2#

}+"0$'A.0#).("7%1#"0#A.0(",(#9?"8+'$(#'%>#9.,")E#+,"#7.,H=+)"7%1#%,9%$:,=%50'#

9'#0?.)%=%,"02#

#f%#0"#&.0@7+0"#*$#K&'<$K;#,.&*$#4"+)'&#9'#5+$7")#0?'>%$(@,7%"#9?+,#7',()'#

9?%,A')$%1#OiP#.#9?+,#/0"#/')/',9%7+0")#O$hP#"#0?'%>#9'#0"#&.0@7+0"#O0"#/)'$@,7%"#

9?+,#9?"8+'$($#'0'&',($#%&/0%7"#0"#9'#0?"0()'P2#

#f%#0"#&.0@7+0"#^()%<'#@"(&HD#@&%$)O(*#+,#7',()'#9?%,A')$%1P;#/')(",i#"0#=)+/#

D#h2#f%#'")^()%<'#@"(&HD#@&%$;)/')(",i#"0#=)+/#C#v2#

TX#

Un#

TU0#

UXTX#

UnX#
TUo#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (6)!

D#h" C#v"
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X2##f%#0"#&.0@7+0"#'")^()K&'<$K#%#(*#&*$#9'#X#'%>.$#Cn#On#z#XP;#"0'$4.)'$#/')(",i#"#+,#
9'0$#N@FI()EC$K#$)(&H<#@&$;#7.&#Oh;#Td,.#Ih2!

#f%#'")^()%<'#@"(&HD#@&%$;#/')(",i#"0#=)+/#Td2!

#f%#^()%<'#@"(&HD#@&%$)&)'")#^)F')<&>)C5;#00"A.)$#/')(",i#"0#=)+/#Oh2!

#f%#^()%<'#@"(&HD#@&%$)&)#^)F')<&>)C5;#/')(",i#"0#=)+/#Ih2!

UZ[#`kZ#`kc#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (7)!

Ih"Oh"Td"



28!

`#&*$#9?"8+'$($#=)+/$#,?4%#4"#"0()'$;#7.&#")"#T;#Th#;#O %#I;#8+'#9')%A',#9'0$#",(')%.)$#/')#
0?'0%&%,"7%1#9?"0=+,$#'0'&',($#9'#$%&'()%"2#

T%#4"#()'$#=)+/$#/)%,7%/"0$#9?"0("#$%&'()%"R#

30##<#@$DE@&%;)Td#;#8+'#/)'$',("#c#'%>.$#C3;#Y#'%>.$#C2;#Y#'%>.$#S4#%#Z#

/0",$#$d2#

!?"%#$DE@&%;)Oh#;#8+'#/)'$',("#c#'%>.$#C3;#Y#'%>.$#C4#%#O&B,%&P#+,#

7',()'#9?%,A')$%12#

!?&%"($DE@&%;)Ih#;#8+'#/)'$',("#WX[#./')"7%.,$#9'#$%&'()%";#%#8+'#*$#

-E7%0&',(#)'7.,'=+(#/')#0?'>%$(@,7%"#9'#Z#'%>.$#C52#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (8)!

('()E'9)'#

9.9'7"'9)'#%7.$"'9)'#7+5#.7("'9)'#



29!

Y2##f%#0"#&.0@7+0"#,.#*$#0%,'"0#,%#9?"0("#$%&'()%"#%#,.#/.$$''%>#7"/#'%>#Cn#On#~#XP;#
"0'$4.)'$#0"#&.0@7+0"#/')(",i#"#+,#N@FI)E<)S$&>$)(&H<#@&$2)

#30$#=)+/$#9'#5"%>"#$%&'()%"#/.9',#/)'$',(");#"#&*$#9'#0?./')"7%1#%9',:("(#OEPR#

#:$I)$K#@<)<K<H<'#)E<)(&H<#@&$)OC1P2#

#6"H^()F')IK$)E<)(&H<#@&$)OCsP2#

#6"H^()F')%<'#@<)EC&'?<@(&G)OCiP2#

UTlU0�)#

U0Xfn#

T�)n#

UTU0�)hUTU0�)#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (9)!

Cs"C1! Ci"



30!

c2##f%#0"#&.0@7+0"#'")^()K&'<$K)'&)I<@#$'_)$)F')N@FI)EC$K#$`S$&>$)(&H<#@&$;#'0#

$'=V',(#/"$#*$#9'(')&%,")Q,'#0?<&>)E<)@"#$%&G)EC"@E@<)H^()N@$';)Cn2)

MnU0Y#

C3!

TXn#�OnTPY#

w`c�X#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (10)!

C3!
C2"

C4"



31!

d2##^'(')&%,'+#$%#V&)V$)n#<&>"()C2’#O'%>.$#C2#/')/',9%7+0")$#"#0?'%>#/)%,7%/"0#CnP2#

3,#7"$#9?"H)&":A";#0"#&.0@7+0"#/')(",i#"#+,#N@FI)D2#3,#7"$#9'#,'=":A";#

/')(",i#"#+,#N@FI)C)")S2#

X!

C!

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (11)!

MnU0Y#

C3!

TXn#

�OnTPY#

w`c�X#

C3!

C2"

C4"

C2
’!

X!C2
’!

X!C2
’!

C2
’!

C!

C!

D!



$h"

$h"

32!

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (12)!

Z2##^'(')&%,'+#$%#V&)V$)F')IK$)E<)(&H<#@&$)I<@I<'E&%FK$@)$)Cn#O$hP2#3,#7"$#9?"H)&":A";#

0"#&.0@7+0"#/')(",i#$K)N@FI)Cnh)")$K)N@FI)Dnh2#3,#7"$#9'#,'=":A";#7.,:,+'&#

0?"0=.)%(&'L#

X!

C!

MnU0Y#

C3!

TXn#

�OnTPY#

w`c�X#

C3!

C2"

C4"

X!

$h"

C!

D4h"

$h"
C3h"
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$v"

MnU0Y#

C3!

TXn#

C2"

$v"
C3v" C2v"

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (13)!

e2##^'(')&%,'+#$%#V&)V$)%)IK$'()E<)(&H<#@&$)?<@P%$K()O$vP2#3,#7"$#9?"H)&":A";#0"#

&.0@7+0"#/')(",i#$K)N@FI)Cnv)")$K)N@FI)Dnd2#3,#7"$#9'#,'=":A";#0'$#&.0@7+0'$#9'0#

=)+/#^#/')(",i',#$K)N@FI)Dn2#M')#"#0"#)'$(";#7.,:,+'&#0?"0=.)%(&'L#



34!

MM4Y#

TXnX#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (14)!

b2##^'(')&%,'+#$%#V&)V$)F')<&>#S2n#7.0r0%,'"0#"&5#0?'%>#Cn2#3,#7"$#9?"H)&":A";#0"#

&.0@7+0"#/')(",i#$K)N@FI)S2n2#3,#7"$#9'#,'=":A";#'$#()"7("#9'0#N@FI)Cn2#

tU+OUZTWXfYPXuXv#

C3"

C2"

S6"
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Tema 3. Conceptes de simetria!
Determinació de grups puntuals (15)!

!%,'"0# D#h"

m)%",=+0")#/0","# `,=+0")#

m'()"@9)%7"# M%)E&%9'#()%=.,"0#

�%/%)E&%9'#()%=.,"0# Äf'00"Å# -.)&"#9'#ÄmÅ# !%,'"0#

n7("@9)%7"#

M0",.8+"9)"9"#

M%)E&%9'#9'#5"$'#8+"9)"9"#

D3h" C2v"

Td" C3v"

D3h" C2v" C2v" D#h"

Oh"

C4v"

D4h"
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w"('&E:7"&',(;#4%#4"#Wc#:/+$#9'#=)+/$#/+,(+"0$R#e#$@)%'$#%,H,%('$#9'#=)+/$#"&5#

O&E>%&P# +,# '%># 9'# ).("7%1# 9?.)9)'# $+/')%.)# "# X# O=)+/$# ">%"0$P# v# e# =)+/$# 9?"0("#

$%&'()%"#.#=)+/$#/.0%@9)%7$#O"&5#&*$#9?+,#'%>#9?.)9)'#$+/')%.)#"#YP2#

Ç)+/$#">%"0$R#Cn, Cnv, Cnh, S2n, Dn, Dnh, Dnd"
Ç)+/$#/.0%@9)%7$R#T, Th, Td, O, Oh, I, Ih!

3,#0"#-"&B0%"#9'#=)+/$#">%"0$#$?4%#%,70.+',#'0$#=)+/$#0%,'"0$#OC#v,  D#hP#%#'0$#=)+/$#9'#
5"%>"#$%&'()%" C1, Ci = S2, Cs = C1v = C1h2#

30$#=)+/$#C  %  S  $1,#9'#$%&'()%"#7B70%7"#/')8+@#(',',#$%&'()%"#).("7%.,"0#"0#A.0(",(#

9?+,#$.0#'%>2#30#$B&5.0#Cn#%,9%7"#8+'#'0#=)+/#,.&*$#(*#$%&'()%"#).("7%.,"0#9?.)9)'#n#
O=)+/# 7B70%7P2# f1,;# /')# (",(;# =)+/$# G8"&'.!2# m.('$# 0'$# ./')"7%.,$# 9?+,# =)+/# Cn#

7.&&+(',#',()'#$%2#f%;#"#&*$;#4%#4"#+,#/0"#4.)%(D.,("0#O/')/',9%7+0")#"#0?'%>P#'0#=)+/#

$?",.&',"#Cnh2#M')#7.,()";#$%#4%#4"#/#/0",$#A'):7"0$;#'$#()"7("#9'0#=)+/#Cnv2#`8+'$($#

$1,#'0$#=)+/$#9'#0'$#/%)E&%9'$#)'=+0")$#O=)+/$#/%)"&%9"0$P2#30#$B&5.0#S2n#9',.("#+,#

=)+/#8+'#,.&*$#(*#+,#'%>#9'#).("7%1Q)'<'>%1#9?.)9)'#Xn2#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (16)!
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30$#=)+/$#D $1,#9'#!"#$%&"',-"7-&"*',O9%'9)'#a#9+'$#7")'$P2#f1,#

'0$# =)+/$# 9'# $%&'()%"# 9'0$# /.0B=.,$# )'=+0")$2# m',',# +,# '%># 9'#

).("7%1# 9?.)9)'# n# %# n# '%>.$# 5%,")%$# /')/',9%7+0")$# "# 0?'%>#
/)%,7%/"02# 30$# =)+/$# Dn# $1,# G8"&'.!# O,.# /.$$''%>',# /0",$# ,%#

7',()'$#9'#$%&'()%"P#%#$?",.&',',#C&8)!,-"7-&"*!2#30$#Dnh (',',#
+,# /0"# 9'# $%&'()%"# 4.)%(D.,("02# f1,# '0$# =)+/$# 9'0$# /)%$&'$# %#

5%/%)E&%9'$#)'=+0")$#O=)+/$#/)%$&E:7$P2#30$#Dnd (',',#/0",$#9'#
$%&'()%"# A'):7"0$# ',()'# '0$# '%>.$# 5%,")%$# 4.)%(D.,("0$2# f1,# '0$#

=)+/$#9'0$#",:/)%$&'$#)'=+0")$#O=)+/$#",:/)%$&E:7$P2#

30$#=)+/$#$'=V',($#9'#$%&'()%"#7B70%7"#(',',#7',()'#9?%,A')$%1R#

n#/")'00R#Cnh, DnhS#n#%&/")'00R#S2n, Dnd.#

!?.)9)'#9?+,#=)+/# OhP# '$#9'H,'%># 7.&#'0#,.&5)'#9'#/.$%7%.,$#

'8+%A"0',($#=',')"9'$#/')#(.($#'0$#$'+$#'0'&',($#9'#$%&'()%"2#

É$#%=+"0#"0#,.&5)'#(.("0#9?./')"7%.,$#9'#$%&'()%"#9'0#=)+/2#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (17)!
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30$# e# =)+/$# )'$(",($# $1,# 9'# $%&'()%"# /.0%@9)%7"2# 3$# /.9',# 70"$$%H7")# ',#

=)+/$# %7.$"@9)%7$# %# =)+/$# 7C5%7$# $'=.,$#/)'$',(',#.#,.#'%>.$#9'# ).("7%1#

/)F/%"#9?.)9)'#d2#

30$#=)+/$#7C5%7$#/.9',#$')#9'#9.$#:/+$R#('()"@9)%7$#OTP#%#.7("@9)%7$#OOP2#

30# ('()"'9)'#/')(",i#"0#=)+/#Td2#É$# 0"#&E>%&"#$%&'()%"#/.$$%50'#O$%&'()%"#

7.&/0'("P#/')#"#+,#=)+/#('()"@9)%7#O.)9)'#a#XcP2#U.,$("#9'#cC3; YC2; YS4#% 
Z$d."

f%#'0%&%,'&#0'$#)'<'>%.,$#%#).("7%.,$Q)'<'>%.,$;#$?.5(*#'0#=)+/#T#O$%&'()%"#

('()"@9)%7"# 8+%)"0P2# 30# =)+/#Th# 7.,(*# 0"# $%&'()%"# /)F/%"# O).("7%.,"0P# 9'#T#
&*$#Y#/0",$#/')/',9%7+0")$#"0$#'%>.$#YC22#3,#)'$+0(',#c#'%>.$#YS6#%#'0#=)+/#

*$#7',().$%&@()%72#

!?.7("'9)'#%#'0#7+5#/')(",i',#"0#=)+/#9'#$%&'()%"#7.&/0'("#Oh2#É$#+,#=)+/#

7',().$%&@()%7#8+'#7.,$("#9'#ZC2;  cC3;  YC4;  YS4;  cS6;  Z$d;  Y$h# %  i2#f%#
'0%&%,'&#0'$#)'<'>%.,$;#$?.5(*#'0#=)+/#O#O$%&'()%"#.7("@9)%7"#8+%)"0P2#

!?%7.$"'9)'#%#'0#9.9'7"'9)'#/')(",i',#"0#=)+/#9'#$%&'()%"#7.&/0'("#Ih2#É$#

+,#=)+/#7',().$%&@()%7#8+'#7.,$("#9'#WdC2; W[C3; ZC5; W[S6; ZS10; Wd$ % i2#
m"&5*#4%#4"#+,"#$%&'()%"#%7.$"@9)%7"#8+%)"02!

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (18)!
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Tema 3. Conceptes de simetria!
Determinació de grups puntuals (19)!

7*.6)' 8+6.' !"#$#%&)'(#')*$#&+*,' -+(+#' !9#$."#'

�"%>"#
$%&'()%"#

C1! E" W# UT�)U0l#

Ci" E, i" X# UXTX�)XU0X#

Cs" E, $% X# UTX�)U0;#UXTX�)U0#

UB70%7"#

Cn" E, Cn
" n" MM4Y#

Cnv" E, Cn, n$v
" Xn" oTY#;#�)ld#

Cnh" E, Cn, $h, i (n parell)" Xn" tU+OoYPcuXh#

S2n" E, S2n, i (n imparell)! n" tU+OUZTWXfYPXuXv#

^%@9)%7"#

Dn" E, Cn, nC2
’" Xn" tU.O',PYuYv;#tl'O.>PYuYv#

Dnh" E, Cn, $h, nC2
’, i (n parell)" cn" tJ'XU0buXh;#tM(U0cuXh#

Dnd" E, Cn, $d, nC2
’, i (n imparell)" cn" tsOUoPbuXh#

M.0%@9)%7"#

T" E, 3C2, 4C3
" WX# tU"OmTlPZuXv#

Th" E, 3C2, 4C3, 4S6, 3$h, i" Xc# tl'O/iPZuXv#

Td" E, 3C2, 4C3, 3S4, 6$d
" Xc# UTc#

O" E, 6C2, 4C3, 3C4, 3S4, 4S6
" Xc# UWXTXcob#

Oh" E, 6C2, 4C3, 3C4, 3S4, 4S6, 6$d, 3$h, i" cb# U)OUnPZ#

I" E, 15C2, 10C3, 6C5
" Z[#

Ih" E, 15C2, 10C3, 6C5, 10S6, 6S10, 15$" WX[# UZ[#



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (20)!

G'='&Q,'#"0=+,$#'>'&/0'$R#

flXnX#

on#

Cny#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
2C2 #/')/2#"#C2y#

f{#

2$vy#

on#

C2v"

f{#

on#
$hy#

C2!



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (21)!

k'nlc#

on#

Cny#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
4C2 #/')/2#"#C4y#

f{#

4$vy#

on#

C4v"

f{#

on#
$hy#

C4!



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (22)!

tU.O',PYuYv#

on#

Cny#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
3C2 #/')/2#"#C3y#

f{#

C2’!

C2’! C2’!

f{#

$hy# on#

3$dy#

D3!

on#



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (23)!

�XTZ
#

on#

Cny#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
2C2 #/')/2#"#C2y#

f{#

f{#

$hy#

C2’!

C2!

D2h"

f{#



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (24)!

tJ+OUdTdPXu#

f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
5C2 #/')/2#"#C5y#

on#

Cny#

f{#

D5h"

f{#

C5!

f{#

$hy#

$h"



!%,'"0y#

^.$#.#
&*$#Cn,
OnzXPy##

on#

Tema 3. Conceptes de simetria!
Determinació de grups puntuals (24)!

tl'OUdTdPXu# f'0'77%.,"#0?'%>#Cn#
9?.)9)'#&*$#=)",S#
5C2 #/')/2#"#C5y#

on#

Cny#
f{#

f{#

$hy#

C5!

on#

5$dy#

D5d"

f{#
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T'&#A%$(#8+'#0'$#./')"7%.,$#9'#$%&'()%"#9?+,#=)+/#/+,(+"0#4",#9?.5'%)#"#+,"#

$@)%'#9'#/)./%'("($2#f?4"#9'#A')%H7")#$'&/)'#0"#00'%#9'#7.&/.$%7%1#%,('),"#O'0#

/).9+7('# 9'# 9+'$# ./')"7%.,$# 9?+,# =)+/# 91,"# +,"# ./')"7%1# 9'0# =)+/P2#

`8+'$("#/)./%'("(#/')&'(# 0?C$#9'# ("+0'$#9'#&+0:/0%7"7%1#',#8+@#"/")'%>',#

(.($#'0$#/).9+7('$#5%,")%$#',()'#(.('$#0'$#./')"7%.,$2#3>2R#

Tema 3. Conceptes de simetria!
Taules de multiplicació dels grups!

C3) E) C3) C3
2)

E) E# C3# C3
2#

C3) C3# C3
2# E#

C3
2) C3

2# E# C3#

C2v) E) C2) "v! "’v!
E) E# C2# !v" !’v"
C2) C2# E# !’v" !v"
"v! !v" !’v" E# C2#

"’v! !’v" !v" C2# E#

C2h) E) C2) "h! i!
E) E# C2# !h" i"
C2) C2# E# i" !h"
"h! !h" i" E# C2#

i! i" !h" C2# E#

3,# 7"9"# H0"# .# 7.0+&,"# 9'# 0'$# ("+0'$# 9'# &+0:/0%7"7%1# "/")'%>',# (.('$# 0'$#

./')"7%.,$#9'#$%&'()%"#+,"#$.0"#A'="9"2#30$#=)+/$#C2v#%#C2h#$1,#%$.&.)-$#O4%#4"#

+,"#7.))'$/.,9@,7%"#+,BA.7"#',()'#'0$#'0'&',($#9?+,#=)+/#%#'0$#9'#0?"0()'P2#!"#

("+0"#9'#&+0:/0%7"7%1#("&5*#&.$()"#0?'>%$(@,7%"#9'#$+5=)+/$#9?.)9)'#%,-')%.)#g#
Oh_g#a#,.&5)'#',(')P2#
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f%=+',# A# %# B# 9.$# '0'&',($# 9?+,# =)+/;# 4.&# 9%+# 8+'# A# %# B# $1,# '0'&',($#

7.,6+="($# $%# 4%# 4"# +,# (')7')# '0'&',(# X# 9'0# =)+/# ("0# 8+'# X–1AX# a# B2# !"#
()",$-.)&"7%1#X–1AX# a#B# )'/#'0#,.&#9'# %&'/!1(&#'*"+,-$, !"#"."%8-2#^%)'&;#

/')#(",(;#8+'#B#*$#'0#()",$-.)&"(#/')#$%&%0%(+9#9'#A2#30$#'0'&',($#7.,6+="($#

(',',#+,"#$@)%'#9'#/)./%'("($R#

WP  m.(#'0'&',(#*$#7.,6+="(#9'#$%#&"('%>2#OA a#E–1AEP#

XP  f%#A#*$#7.,6+="(#9'#B;#"0'$4.)'$#B#*$#7.,6+="(#9'#A2#

YP  f%#A#*$#7.,6+="(#9'#B#%#B#*$#7.,6+="(#9'#C;#"0'$4.)'$#A#*$#7.,6+="(#9'#C2#

Tema 3. Conceptes de simetria!
Transformació de similitud (1)!

! 

X "1AX = B# A = XBX "1

! 

X "1AX = B;

! 

Y "1BY = C#Y "1X "1AXY = C = Z "1AZ
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`# /"):)# 9'# 0"# ("+0"# 9'# &+0:/0%7"7%1# 9?+,# =)+/# *$# /.$$%50'# 7"07+0")Q,'# 0'$#

()",$-.)&"7%.,$#9'#$%&%0%(+9#/')#A'+)'#'0$#'0'&',($#8+'#4%#'$(",#7.,6+="($2#

Tema 3. Conceptes de simetria!
Transformació de similitud (2)!

C3) E) C3) C3
2)

E) E# C3# C3
2#

C3) C3# C3
2# E#

C3
2) C3

2# E# C3#

! 

E"1 = E
C3

"1 = C3
2

C3
2( )

"1
= C3

A"

X"

H'8.$!,-$,#8.0)."*'*"+,AX"

C3) E) C3) C3
2)

E) E# E# E#
C3) C3# C3# C3#

C3
2) C3

2# C3
2# C3

2#

A"

X"

H'8.$!,-$,*(/I8C'*"+,AB"

C2v) E) C2) "v! "’v!
E) E# C2# !v" !’v"
C2) C2# E# !’v" !v"
"v! !v" !’v" E# C2#

"’v! !’v" !v" C2# E#

! 

E"1 = E
C2

"1 = C2

# v
"1 = # v

# 'v
"1= # 'v

C2v) E) C2) "v! "’v!
E) E# E# E" E"
C2) C2# C2# C2# C2#

"v! !v" !v" !v" !v"
"’v! !’v" !’v" !’v" !’v"

A" A"

X" X"
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Tema 3. Conceptes de simetria!
Classes dʼelements conjugats (1)!

N,"# 70"$$'# 9?'8+%A"0@,7%"# .# 70"$$'# 9?'0'&',($# 7.,6+="($# *$# +,# 7.,6+,(#

7.&/0'(#9?'0'&',($#9?+,#=)+/#7.,6+="($#'0$#+,$#"&5#'0$#"0()'$2# !'$#70"$$'$#

(',',#0'$#/)./%'("($#$'=V',($R#

WP  !?'0'&',(#,'+()'#-.)&"#$'&/)'#+,"#70"$$'#',#$.0%(")%2#

XP  30#=)+/#*$#"5'0%E#$%;#%#,.&*$#$%;#4%#4"#(",('$#70"$$'$#7.&#'0'&',($2#

YP  m.($#'0$#'0'&',($#9?+,"#&"('%>"#70"$$'#$1,#9'0#&"('%>#.)9)'2#

cP  !?.)9)'#9'#0"#70"$$'#c#*$#("0#8+'#h_c#a#,.&5)'#',(')2#

3,#'0$#=)+/$#C3 %#C2v  4%#4"#8+"()'#70"$$'$#%#8+"()'#./')"7%.,$#9'#$%&'()%";#6"#

8+'#'$#()"7("#9'#=)+/$#"5'0%",$2#

! 

A = X "1EX = E

! 

B = X "1AX = A

! 

B = X "1AX# Bn = X "1AnX
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Tema 3. Conceptes de simetria!
Classes dʼelements conjugats (2)!

`,"0%(D'&#")"#'0#=)+/#C3v2#

l'&# $')A%)# 0"# /).6'77%1#

'$(')'.=)EH7"2#

C3v) E) C3) C3
2) "v! "’v! "”v!

E) E# C3# C3
2# !v" !’v" !”v"

C3) C3# C3
2# E# !”v" !v" !’v"

C3
2) C3

2# E# C3# !’v" !”v" !v"
"v! !v" !’v" !”v" E# C3# C3

2#

"’v! !’v" !”v" !v" C3
2# E# C3#

"”v! !”v" !v" !’v" C3# C3
2# E#

A!

X!

H'8.',-$,#8.0)."*'*"+,AX! H'8.',-$,*(/I8C'*"+,X–1AX"

C3v) E) C3) C3
2) "v! "’v! "”v!

E) E# E# E# E" E" E"
C3) C3# C3# C3# C3

2# C3
2# C3

2#

C3
2) C3

2# C3
2# C3

2# C3# C3# C3#

"v! !v" !”v" !’v" !v" !”v" !’v"
"’v! !’v" !v" !”v" !”v" !’v" !v"
"”v! !”v" !’v" !v" !’v" !v" !”v"

A"

X"

30#=)+/#C3v#(*#Y#70"$$'$#9'#7.,6+="7%1R#{E},  {C3,  C3
2} %  {!v,  !’v,  !”v}2#^%,$#9'#

7"9"#70"$$';#0'$#./')"7%.,$#9'#$%&'()%"#$1,#'8+%A"0',($2#o.('+#8+'#C3  %  C3
2  ,.#

/')(",i%',#"#0"#&"('%>"#70"$$'#',#'0#=)+/#C32#!"#/)'$@,7%"#9'0$#/0",$#9'#$%&'()%"#

-",#8+'#")"#,.#%&/.)('#'0#$',:(#9'#).("7%12!

!v"!”v"

!’v"

E) C3
2) C3) "v! "’v! "”v! X–1!
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l%,$# ")"# 4'&# A%$(# 8+'# *$# /.$$%50'# )'/)'$',(")# "&5# &"()%+$# 0'$# 9%$:,('$#

./')"7%.,$#9'#$%&'()%"#9?+,#=)+/#/+,(+"02#

`8+'$("# '8+%A"0@,7%"# $+/.$"# 9'$# 9'0# /+,(# 9'# A%$("# &"('&E:7# +,"# =)",#

$%&/0%H7"7%1;# 6"# 8+'# $@$) I"E<H) %"HS&'$@) "I<@$%&"'() E<) (&H<#@&$) %"H) $)

(&HIK<()HFKPIK&%$%&"'() E<)H$#@&F() %# .5(',%)Q,'# 0?./')"7%1# )'$+0(",(# $',$'#

,'7'$$%("(# 9'# )'"0%(D")# 9%"=)"&'$# 9'# 0'$# &.0@7+0'$# O)'7.)9'+# 8+'# (.("#

7.&5%,"7%1#9?./')"7%.,$#9'#$%&'()%"#91,"#7.&#"#)'$+0("(#+,"#"0()"#./')"7%1#

9'#$%&'()%";#$'=.,$#0"#00'%#9'#7.&/.$%7%1#%,('),"P2#

`8+'$("#'8+%A"0@,7%"#',()'#&"()%+$#%#./')"7%.,$#9'#$%&'()%"#%&/0%7"#8+'#F')

N@FI)IF'#F$K)I"#)(<@)@<I@<(<'#$#)I<@)F')%"'QF'#)E<)H$#@&F(2#

Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (1)!

C2v"

! 

" xz

! 

" yz

! 

C2

! 

E
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N,"# 9'# 0'$# "/0%7"7%.,$# 9'# 0'$# ()",$-.)&"7%.,$# 9'# $%&%0%(+9# *$# 0"#

9%"=.,"0%(D"7%1#9'#&"()%+$2#f%=+',#A;#B#%#C = AB#0'$#&"()%+$#8+'#)'/)'$',(',#

0'$# ./')"7%.,$# 9'# $%&'()%"# 9?+,# =)+/# /+,(+"0;# $'&/)'# 4%# 4"+)E# +,"#

()",$-.)&"7%1#9'#$%&%0%(+9#

("0#8+'# 0'$#&"()%+$# )'$+0(",($#A’;#B’# %#C’# $%=+',#9%"=.,"0$#',#50.7$2#É$# -E7%0#
A')%H7")#8+'#A’;#B’#%#C’#.5''%>',#"#0"#&"('%>"#("+0"#9'#&+0:/0%7"7%1#8+'#A;#B#
%#C2#30#,.+#7.,6+,(#9'#&"()%+$#("&5*#$')E#+,"#)'/)'$',("7%1#9'0#=)+/2#

`)"# 5*;# $%# 0'$# &"()%+$# $1,# 9%"=.,"0$# ',# 50.7$;# 7"9"# 7.,6+,(# 9'# 50.7$# /')#

$'/")"(#$')E#("&5*#+,"#)'/)'$',("7%1#O9'#9%&',$%1#&*$#)'9+Ñ9"P#9'0#=)+/;#

6"#8+'#$%#A’rB’#a#C’;#"0'$4.)'$#A1rB1#a#C1#S#A2rB2#a#C2#S#A3rB3#a#C32##

Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (2)!

! 

A'=Q"1AQ;

! 

B'=Q"1BQ;

! 

C'=Q"1CQ

A’! B’! C’!
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f%#4%#"/0%8+'&#$+77'$$%A"&',(#0'$#()",$-.)&"7%.,$#9'#$%&%0%(+9;#$')E#/.$$%50'#

0?.5(',7%1# 9?+,# 7.,6+,(# 9'# &"()%+$# 9'# 0"# 9%&',$%1# &*$# /':("# /.$$%50'2#

`8+'$(#7.,6+,(#$?",.&',")E#&$)&$!$/%'*"+, "&&$-8*06.$,9'0#=)+/2#30#,.&5)'#

9'# )'/)'$',("7%.,$# %))'9+7:50'$# 9?+,# =)+/# *$# H,%(# %# *$# %=+"0# "0# ,.&5)'# 9'#

70"$$'$#9'#7.,6+="7%12#

T%# 4"# %,H,%($# 7.,6+,($# 9'# -+,7%.,$# 8+'# /.9',# $')# 7.,$%9')"($# 7.&# "#

)'/)'$',("7%.,$# 9?+,# =)+/# /+,(+"02# 30# &*$# 4"5%(+"0# *$# +:0%(D")# 7.&# "#

7")E7(')$#9'#0'$#)'/)'$',("7%.,$#9?+,#=)+/#/+,(+"0#0'$#()"7'$#9'#0'$#&"()%+$#

"$$.7%"9'$#"#0'$#9%-')',($#./')"7%.,$#9'#$%&'()%"2#`#7.,:,+"7%1#'$#9'&.$()"#

8+'#$%#A;#B#%#C = AB,#/')(",i',#"#+,#=)+/;#Tr(C) = Tr(AB) = Tr(BA)2#

Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (3)!
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Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (4)!

  

! 

a11 a12 ! a1n
a21 a22 ! a2n
" " " "
an1 an2 ! ann

" 

# 

$ 
$ 
$ 
$ 

% 

& 

' 
' 
' 
' 

(

b11 b12 ! b1n
b21 b22 ! b2n
" " " "
bn1 bn2 ! bnn

" 

# 

$ 
$ 
$ 
$ 

% 

& 

' 
' 
' 
' 

=

c11 c12 ! c1n
c21 c22 ! c2n
" " " "
cn1 cn2 ! cnn

" 

# 

$ 
$ 
$ 
$ 

% 

& 

' 
' 
' 
' 

  

! 

c11 = a11b11+a12b21+!+a1nbn1
c12 = a11b12 +a12b22 +!+a1nbn2
c21 = a21b11+a22b21+!+a2nbn1
c22 = a21b12 +a22b22 +!+a2nbn2

" 

# 
$ $ 

% 
$ 
$ 

& cij = aikbkj
k=1

n
'

! 

Tr(AB) = Tr(C) = cii = aikbki
k=1

n
" = bikaki

k=1

n
" =

i=1

n
"

i=1

n
"

i=1

n
" Tr(BA)

J'7.)9'&# 8+'# 0"# ()"K"# 9?+,"# &"()%+# 8+"9)"9"# *$# 0"# $+&"# 9'0$# $'+$# '0'&',($#

9%"=.,"0$2#

!"#7.&&+(":A%("(#9'#0"#()"K"#-"#8+'#$%="#%,A")%",(#)'$/'7('#"#0"#()",$-.)&"7%1#9'#

$%&%0%(+92#`%>F#*$#'0#8+'#-"#/.$$%50'#8+'#0"#()"K"#$%="#7")E7(')#9'#0"#)'/)'$',("7%12#

m.('$#0'$#./')"7%.,$#9?+,"#&"('%>"#70"$$'#:,9)",#'0#&"('%>#7")E7(')2#

! 

Tr(X "1AX ) = Tr(X "1(AX ))= Tr((AX )X "1) = Tr(A(XX "1)) = Tr(A)
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M')# '>'&/0';# '0# =)+/# /+,(+"0#C2v# :,9)E# +,"# )'/)'$',("7%1### "&5# '0$# 7")E7(')$#

$'=V',($R#

Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (5)!

C2v) E) C2) "xz! "yz!

## Y# hW# W# W#

`8+'$("# )'/)'$',("7%1# /.(# $')# )'9+Ñ9"# "# +,"# 7.&5%,"7%1# 0%,'"0# 9'#

)'/)'$',("7%.,$# %))'9+7:50'$2# M')# '>'&/0';# 0'$#&"()%+$# 9'# ()",$-.)&"7%1# 9'# 0'$#

9%-')',($#./')"7%.,$#9'#$%&'()%"#9'0#=)+/#C2v#/.9',#9%A%9%)Q$'#',#50.7$#'0%&%,",(#

'0$#'0'&',($#,+0$2#U.&#8+'#0'$#&"()%+$#$1,#9%"=.,"0$;#7"9"$7+,"#9'#0'$#&"()%+$#Y#

Ö#Y#/.(#9%A%9%)Q$'#',# ()'$#&"()%+$#W#>#W2#`8+'$("#9%A%$%1#'8+%A"0#"# 7.,$%9')")# 0'$#

7..)9',"9'$#x;#y;#z#/')#$'/")"(2#

! 

1 0 0
0 "1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

"1 0 0
0 1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

" xz

! 

" yz

! 

"1 0 0
0 "1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

1 0 0
0 1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

C2v"

! 

C2

! 

E
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m',%&;#/')#(",(;#Y#7.,6+,($#9'#&"()%+$#7.))'$/.,',($#"#0'$#8+"()'#./')"7%.,$#

9'#$%&'()%"2#U"9"$7+,#9?"8+'$($#7.,6+,($#-.)&"#+,"#)'/)'$',("7%1#9'0#=)+/R##

Tema 3. Conceptes de simetria!
Representacions reductibles i irreductibles (6)!

C2v) E) C2) "xz! "yz! coordenada!
#1

# W# hW# W# hW# x"
#2

# W# hW# hW# W# y"
#3

# W# W# W# W# z"

`8+'$('$# ()'$# )'/)'$',("7%.,$# $1,# )'/)'$',("7%.,$# %))'9+7:50'$2#o.('&#8+'#

0"# $+&"# 9'# 0'$# ()'$# )'/)'$',("7%.,$##W# v##2# v##Y# a### %;# /')# (",(;### *$# +,"#

)'/)'$',("7%1# )'9+7:50'2# N,"# )'/)'$',("7%1# )'9+7:50'# /.(# $')# $'&/)'#

)'9+Ñ9"# "# +,"# 7.&5%,"7%1# 0%,'"0# 9'# )'/)'$',("7%.,$# %))'9+7:50'$2# T.&# 9%+#

8+'#x;#y;#z  '$#()",$-.)&',;#)'$/'7:A"&',(;#$'=.,$##1;  #2#%##32#m"&5*#/.9'&#

9%)#8+'#x;#y;#z $1,#-+,7%.,$#9'#5"$';#)'$/'7:A"&',(;#9'##1#; #2#%##32!

! 

1 0 0
0 "1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

"1 0 0
0 1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

" xz

! 

" yz

! 

"1 0 0
0 "1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

1 0 0
0 1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

C2v"

! 

C2

! 

E
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U"9"# =)+/# /+,(+"0# /.$$''%># +,# ,.&5)'# 0%&%("(# 9'# )'/)'$',("7%.,$#

%))'9+7:50'$#8+'#'$#().5',#("5+0"9'$#',#0'$##$FK<()E<)%$@M%#<@(2#!"#("+0"#9'#

7")E7(')$# ("&5*# ',$# %,-.)&"# $.5)'# 0"# $%&'()%"# 9'# 9'(')&%,"9'$# -+,7%.,$#

9?%,(')@$2#`#7.,:,+"7%1#'$#&.$()"#0"#("+0"#9'#7")E7(')$#9'0#=)+/#C2v2#G'%'&#

8+'#4%#"/")'%>',#c#)'/)'$',("7%.,$#%))'9+7:50'$2#

Tema 3. Conceptes de simetria!
Taules de caràcters (1)!

C2v) E) C2) "xz! "yz!

A1
# W# W# W# W# z" x2, y2, z2"

A2
# W# W# hW# hW# Rz" xy"

B1
# W# hW# W# hW# x, Ry" xz"

B2
# W# hW# hW# W# y, Rx" yz"

T.&# /.(# 7"07+0")# '0# ,.&5)'# %# 0?'>/)'$$%1# 9'# 0'$# 9%-')',($# )'/)'$',("7%.,$#

%))'9+7:50'$#9?+,#=)+/#"(',',(#"#+,"#$@)%'#9'#/)./%'("($#9'0$#$'+$#7")E7(')$2#

#1
#

#2
#

#3
#
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O@"I&<#$#()E<)K<()@<I@<(<'#$%&"'()&@@<EF%PSK<()

W2###30#,.&5)'#(.("0#9?"I<@$%&"'(#9'0#=)+/#O8+'#,.#4"#9'#7.%,7%9%)#,'7'$$E)%"&',(#

"&5#'0#,.&5)'#9?'0'&',($#9'#$%&'()%"P#$?",.&',"#4+(+#'(#"'5+6.' OhP) Oh#a#c#
',#'0#=)+/#C2v2#

X2# # !'$#./')"7%.,$#9'# $%&'()%"# $?"=)+/',#',#%K$((<(2# m.('$# 0'$#./')"7%.,$#9?+,"#

&"('%>"#70"$$'#(',',#'0#&"('%>#7")E7(')#%#$?"=)+/',#',#0"#&"('%>"#7.0+&,"#OE;#
C2;#$xz;#$yzP2#

Tema 3. Conceptes de simetria!
Taules de caràcters (2)!

Y2# #30#,.&5)'#9'#)'/)'$',("7%.,$#%))'9+7:50'$#*$#%=+"0#"0#,.&5)'#9'#70"$$'$#9'0#

=)+/2# M')# (",(;# (.('$# 0'$# ("+0'$# 9'# 7")E7(')$# $')",# RF$E@$E<() Oc# 70"$$'$# %# c#

)'/)'$',("7%.,$#',#C2vP2#

c2# #!"#(FH$)E<K()RF$E@$#()E<)K<()E&H<'(&"'()O7")E7(')$#9'#0"#%9',:("(;#EP#9'#0'$#
)'/)'$',("7%.,$#%))'9+7:50'$#^()&NF$K)$)KC"@E@<)E<K)N@FIR#

h = $#&(E)2##
# # # # #a#WX#v#WX#v#WX#v#WX#a#c#',#C2v2#
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d2# !"# (FH$) E<K() RF$E@$#() E<K() %$@M%#<@() 9'# 7"9"# )'/)'$',("7%1# %))'9+7:50'# ^()

&NF$K)$)KC"@E@<)E<K)N@FIR # #h = $#&(')2##
a#WX#v#WX#v#OhWPX#v#OhWPX#a#c#/')#0"#)'/)'$',("7%1#A2#',#C2v2)

0156:2;T)U"9"#7.0+&,"#7.))'$/.,#"#+,"#70"$$'#9'#$%&'()%"#%#7"0#(',%)#',#7.&/('#

'0#,.&5)'#9?./')"7%.,$#9'#7"9"#70"$$'#/')#9'(')&%,")#0?.)9)'#9'0#=)+/2#

Tema 3. Conceptes de simetria!
Taules de caràcters (3)!

Oh) E" aC3) .C2) .C4) ,C2=C4
2
) i) .S4) aS6) ,$:' .$('

A1g! W# W# W# W# W# W# W# W# W# W#

A2g! W# W# hW# hW# W# W# hW# W# W# hW#

Eg! X# hW# [# [# X# X# [# hW# X# [#

T1g! Y# [# hW# W# hW# Y# W# [# hW# hW#

T2g! Y# [# W# hW# hW# Y# hW# [# hW# W#

A1u" W# W# W# W# W# hW# hW# hW# hW# hW#

A2u" W# W# hW# hW# W# hW# W# hW# hW# W#

Eu" X# hW# [# [# X# hX# [# W# hX# [#

T1u" Y# [# hW# W# hW# hY# hW# [# W# W#

T2u" Y# [# W# hW# hW# hY# W# [# W# hW#

WrYX#v#ZrWX#v#ZrOQWPX#v#YrOQWPX#v#

WrYX#v#ZrOQWPX#v#YrOQWPX#v#ZrWX#a#cb##
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Z2##!'$#@<I@<(<'#$%&"'()&@@<EF%PSK<()(G')"@#"N"'$K()O0"#$+&"#9'0$#/).9+7('$#9'0$#

7")E7(')$#/')#8+"0$'A.0#/")'00#9'#)'/)'$',("7%.,$#%))'9+7:50'$#*$#[PR#

#O/')#"#%#Ü#6P " "$#& ('i)& ('j) = 0#
#A1grT2g#a#YrW#v#ZrWrW#v#ZrWrOQWP#v#YrWrOQWP#v#WrY#v#ZrWrOQWP#v#YrWrOQWP#v#ZrWrW#a#[#

e2# #f'&/)'#4%#4"#+,"#)'/)'$',("7%1#(.("0&',(#$%&@()%7"#O'0$#7")E7(')$#9'# 0"#8+"0#

$1,#0"#+,%("(#/')#"#(.('$#0'$#./')"7%.,$#9'0#=)+/P2#3>2R#A1g#',#'0#=)+/#C2v2#

Tema 3. Conceptes de simetria!
Taules de caràcters (4)!

Oh) E" aC3) .C2) .C4) ,C2=C4
2
) i) .S4) aS6) ,$:' .$('

A1g! W# W# W# W# W# W# W# W# W# W#

A2g! W# W# hW# hW# W# W# hW# W# W# hW#

Eg! X# hW# [# [# X# X# [# hW# X# [#

T1g! Y# [# hW# W# hW# Y# W# [# hW# hW#

T2g! Y# [# W# hW# hW# Y# hW# [# hW# W#

A1u" W# W# W# W# W# hW# hW# hW# hW# hW#

A2u" W# W# hW# hW# W# hW# W# hW# hW# W#

Eu" X# hW# [# [# X# hX# [# W# hX# [#

T1u" Y# [# hW# W# hW# hY# hW# [# W# W#

T2u" Y# [# W# hW# hW# hY# W# [# W# hW#
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`#/"):)#9?"8+'$('$#/)./%'("($#*$# -E7%0#9'9+%)#8+'#'0#,.&5)'#9'# )'/)'$',("7%.,$#

%))'9+7:50'$# ',# '0# =)+/#C2v  4"# 9'# $')# c# O0?.)9)'# 9'0# =)+/# *$# c# /')8+@# 4%# 4"# c#
70"$$'$P#%#8+';#/')#(",(;#',7")"#',$#8+'9"A"#+,"#/')#9'9+%)2#

M')# 7"07+0")# 0"# 8+")("# )'/)'$',("7%1# 4'&# 9?"/0%7")# 0'$# "0()'$# /)./%'("($2# `%>B;#

$"5'&#8+'#'0#7")E7(')#9'#0"#)'/)'$',("7%1#8+'#4%#&",7"#4"#9'#$')#W#/')#0?./')"7%1#

E#O/')#0"#/)./%'("(#8+")("P2#

!"#/)./%'("(#7%,8+',"#',$#%,9%7"#8+'#0"#)'$("#9'0$#7")E7(')$#4",#9'#$')#vW#.#hW;#6"#

8+'#0"#$+&"#9'0$#$'+$#8+"9)"($#4"#9'#$')#c2#

C2v) E) C2) "xz! "yz! coordenada!
A1

# W# W# W# W# z"
A2

# W# W#.#hW# W#.#hW# W#.#hW# nova"
B1

# W# hW# W# hW# x"
B2

# W# hW# hW# W# y"
#1

#

#2
#

#3
#

#4 ?)

Tema 3. Conceptes de simetria!
Taules de caràcters (5)!

!"# /)./%'("(# $%$',"# ',$# %,9%7"# 8+'# ,.&*$# +,# 7")E7(')# /.(# (',%)# A"0.)# vW# %# 9.$#

7")E7(')$# 4",# 9'# (',%)# A"0.)# hW# O'0# /).9+7('# 9'# 0"# ,.A"# )'/)'$',("7%1# /')# 0"#

)'/)'$',("7%1#$%&@()%7"#4"#9'#$')#D').;#6"#8+'#$1,#.)(.=.,"0$P2#



É$# 70")# 8+'# 0"# )'/)'$',("7%1# ,.A"# 4"# 9'# (',%)# '0# 7")E7(')# vW# ',# 0?./')"7%1#C2v  ;#

/')8+@#$%#'$:=+')"#',#8+"0$'A.0#9'#0'$#"0()'$#9+'$#./')"7%.,$;#$xz#.#$yz;#4%#4"+)%"#

9+'$#)'/)'$',("7%.,$#%9@,:8+'$2#M')#(",(;#0"#("+0"#9'#7")E7(')$#9'0#=)+/#/+,(+"0#

C2v  "&5#0'$#8+"()'#)'/)'$',("7%.,$#$')E#0"#$'=V',(R#
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Tema 3. Conceptes de simetria!
Taules de caràcters (6)!

C2v) E) C2) "xz! "yz!

A1
# W# W# W# W# z" x2, y2, z2"

A2
# W# W# hW# hW# Rz" xy"

B1
# W# hW# W# hW# x, Ry" xz"

B2
# W# hW# hW# W# y, Rx" yz"

#1
#

#2
#

#3
#

#4
#

!'$#("+0'$#9'#7")E7(')$#6"#A",#$')#+:0%(D"9'$#/')#T2#�'(4'#'0#WjXj#/')#'>/0%7")#0"#

('.)%"#9'0#7"&/#9'#00%=",9$2#!"#/)%&')"#)'7./%0"7%1#*$#9'#!2#m%$D"#OWjYYP2#

!'$# ("+0'$# 9'# 7")E7(')$# /')# "# 0"# )'$("# 9'# =)+/$# '$# =',')',# 9'# -.)&"# $%&%0")# %#

)'7+00',#<K() %$@M%#<@() E<) #"#<() K<() @<I@<(<'#$%&"'() &@@<EF%PSK<() E<) %$E$) N@FI)

IF'#F$KL)

T",$#�'(4'#
OWj[ZQX[[dP#

!á$D01#m%$D"#
OWj[eQX[[jP#
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!'$#"I<@$%&"'()(C$N@FI<')<')%K$((<()EC<RF&?$KD'%&$;#*$#"#9%);#./')"7%.,$#8+'#(',',#

'0#&"('%>#7.,6+,(#9'#7")E7(')$2#`%>B;#<K()IK$'()E<)(&H<#@&$)RF<)(G')N<'<@$#()I<@)F')

H$#<&>)<&>)XIK$'()<RF&?$K<'#(Y)I<@#$'_<')$)K$)H$#<&>$)%K$((<)E<)(&H<#@&$2)

0156:2;T)'0$#9.$#/0",$#A'):7"0$#9'#0"#&.0@7+0"#9'#TXn#,.#/.9',#$')#=',')"($#0?+,#

"#/"):)#9'#0?"0()'#$%#"/0%8+'&#0?./')"7%1#C2;# 6"#8+'#0?",=0'#',()'#"8+'$($#*$#9'#j[\#

O,.#9'#Wb[\;#8+'#*$# 0?",=0'#7.))'$/.,',(#"# 0?'%>#C2P2#M')#(",(;#/')(",i',#"#70"$$'$#

9'#$%&'()%"#9%-')',($2#

Tema 3. Conceptes de simetria!
Taules de caràcters (7)!

C2v) E) C2) "xz! "yz!

A1
# W# W# W# W# z" x2, y2, z2"

A2
# W# W# hW# hW# Rz" xy"

B1
# W# hW# W# hW# x, Ry" xz"

B2
# W# hW# hW# W# y, Rx" yz"

C3v) E) *C3) ,"v!
A1

# W# W# W# z" x2+y2, z2"
A2

# W# W# hW# Rz"
E# X# hW# [# (x, y) "

(Rx,Ry)"
xz"
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A)a)(bHS"K)9'0#=)+/#/+,(+"0#',#0"#,.("7%1#9'#

7%Vc'=&<(2)OC3vP#

B)a#00%$("#9'#0'$)"I<@$%&"'()E<)(&H<#@&$)9'0#=)+/#$N@FI$E<()I<@)%K$((<(2#OE;#XC3#%#

3!vP#

U#a#00%$("#9'0$#%$@M%#<@(#9'#0'$#)'/)'$',("7%.,$#&@@<EF%PSK<()/')#0'$#./')"7%.,$#E<)

%$E$)%K$((<2#OW;#W;#W#',#0"#)'/)'$',("7%1#%))'9+7:50'#A1P#

D# a# -+,7%.,$# $%&/0'$# 8+'# =',')',# 0"# )'/)'$',("7%1# %))'9+7:50'# 7.))'$/.,',(2#

O()",$0"7%.,$R#x;#y;#z#%#).("7%.,$R#Rx;#Ry#%#RzP##

E#a#-+,7%.,$#7.&/0'>'$#8+'#=',')',#0"#)'/)'$',("7%1#%))'9+7:50'#7.))'$/.,',(2#

O7.&5%,"7%.,$# 5%,E)%'$# 9'# -+,7%.,$# $%&/0'$R# x2;# y2;# z2;# xy;# xz;# yz# %# 0'$# $'+'$#
7.&5%,"7%.,$#0%,'"0$R#x2–y2;#x2+y2+z2LP#

F#a#(bHS"K)E<)/FKK&d<'R)':8+'("#9'#$%&'()%"#9'#0"#)'/)'$',("7%1#%))'9+7:50'#OA1;#

A2#%#EP#

Tema 3. Conceptes de simetria!
Taules de caràcters (8)!

A) B) LLL)

F# U# 222# D" E"
C3v) E) *C3) ,"v!
A1

# W# W# W# z" x2+y2, z2"
A2

# W# W# hW# Rz"
E# X# hW# [# (x, y) "

(Rx,Ry)"
x2–y2, xy"
(xz, yz)"
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30$#(bHS"K()E<)/FKK&d<')$1,#&.0(#C:0$2#30#$'+#7.9%#"/.)("#0"#%,-.)&"7%1#$'=V',(R#

W2# !"# KK<#@$) &'E&%$) K$) E&H<'(&G# 9'# 0"# )'/)'$',("7%1# %))'9+7:50'R#A# .#B# 8+",# 0"#
)'/)'$',("7%1# *$# 9'# 9%&',$%1# W# O7")E7(')# 9'# 0?./')"7%1# EP# %# (&HD#@&%$) OAP) .)
$'P(&HD#@&%$) OBP) )'$/'7('# "# 0"# ).("7%1# /)%,7%/"0P2# E) 8+",# 0"# )'/)'$',("7%1#
%))'9+7:50'#*$#9'#9%&',$%1#X#%#T#8+",#*$#9'#9%&',$%1#Y2#

X2# 30# (FSb'E<>) e) X") *Y) $IK&%$#) $) K<() @<I@<(<'#$%&"'() A# .# B# %,9%7"# 8+'# 0"#
)'/)'$',("7%1#^()(&HD#@&%$)X")$'P(&HD#@&%$Y)@<(I<%#<)$K()n)C2’#O/')/',9%7+0")$#
"#C2P#.#)'$/'7('#"0$#n#$v#O8+",#,.#4%#4"6"##n#C2’P2#

c2#!?b'E<>)f)XgY)%,9%7"#8+'#0"#)'/)'$',("7%1#*$#

$%&@()%7"# O",:$%&@()%7"P# )'$/'7('# "0# /0"#

$h2"

Y2#30#(FSb'E<>)g`u#OC$&'-$_8/C$&'-$#',#"0'&",i#a#/")'00_%&/")'00P#%,9%7"#8+'#0"#

)'/)'$',("7%1#*$#(&HD#@&%$)X$'P(&HD#@&%$Y)@<(I<%#<)$)K$)&'?<@(&G2#

Tema 3. Conceptes de simetria!
Taules de caràcters (9)!

C2v) E) C2) "xz! "yz!

A1
# W# W# W# W# z" x2, y2, z2"

A2
# W# W# hW# hW# Rz" xy"

B1
# W# hW# W# hW# x, Ry" xz"

B2
# W# hW# hW# W# y, Rx" yz"
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3,#'0$#=)+/$#Dnd
# %#S2n

#;#4.&#7.,$%9')"# 0?'%>#9'#).("7%1# %&/)F/%"#9?.)9)'#&*$#=)",#

7.&#"#0?'%>#/)%,7%/"02#

3,#'0#=)+/#Oh
#7.,$%9')'&#/')#7.,A',7%1#0?'%>#C3

#7.&#"#'%>#/)%,7%/"02#30$#$+5B,9'>$#

W#%#X#'$#)'-')'%>',#"#0?./')"7%1#C42#

l%,"0&',(;#'0$#$+5B,9'>$#W#%#X#9'0#=)+/#Td
#'$#)'-')'%>',#"#0?./')"7%1#S42#

Tema 3. Conceptes de simetria!
Taules de caràcters (10)!

Oh! E! aC3! .C2! .C4! ,C2! i! .S4! aS6! ,"h! ."d!
A1g! W# W# W# W# W# W# W# W# W# W#
A2g! W# W# hW# hW# W# W# hW# W# W# hW#
Eg! X# hW# [# [# X# X# [# hW# X# [#
T1g! Y# [# hW# W# hW# Y# W# [# hW# hW#
T2g! Y# [# W# hW# hW# Y# hW# [# hW# W#
A1u! W# W# W# W# W# hW# hW# hW# hW# hW#
A2u! W# W# hW# hW# W# hW# W# hW# hW# W#
Eu! X# hW# [# [# X# hX# [# W# hX# [#
T1u! Y# [# hW# W# hW# hY# hW# [# W# W#
T2u! Y# [# W# hW# hW# hY# W# [# W# hW#

Td! E! aC3! .C2! .S4! ."d!
A1g! W# W# W# W# W#

A2g! W# W# W# hW# hW#

Eg! X# hW# X# [# [#

T1g! Y# [# hW# W# hW#

T2g! Y# [# hW# hW# W#
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l%,"0&',(;#"#0"#9)'("#"/")'%>',#0'$#-+,7%.,$#8+'#4",#=',')"(#7"9"#)'/)'$',("7%1#

%))'9+7:50'2#

T%# 4"#&.0('$# -+,7%.,$#8+'#/.9',# =',')")# 7"9"# )'/)'$',("7%1# %))'9+7:50';# /')F#

0'$#&*$#C:0$#/')#0'$#"/0%7"7%.,$#8+'#A'+)'&#/.$(')%.)&',(#$1,#0'$#8+'#"/")'%>',#

',#0'$#("+0'$#9'#7")E7(')$2#

M')# '>'&/0';# 0"# )'/)'$',("7%1# %))'9+7:50'#A1# *$# =',')"9"# /')# 0"# 7..)9',"9"# z2#
`%>F#%&/0%7"#8+'#$%#4.&#/)',#+,#A'7(.)#.#+,#.)5%("0#.)%',("(#$'=.,$#0?'%>#z#O.)5%("0#
pzP;# 0"# $'+"# )'/)'$',("7%1# %))'9+7:50'# O8+'# %,9%7"# '0# )'$+0("(# 9?"/0%7")# 7"9"#

./')"7%1#9'#$%&'()%"#9'0#=)+/#"#"8+'$(#.)5%("0#.#A'7(.)P#$')E#0"#A1.#

Tema 3. Conceptes de simetria!
Taules de caràcters (11)!

C2v) E) C2) "xz! "yz!

A1
# W# W# W# W# z" x2, y2, z2"

A2
# W# W# hW# hW# Rz" xy"

B1
# W# hW# W# hW# x, Ry" xz"

B2
# W# hW# hW# W# y, Rx" yz"



68!

É$# 'A%9',(# 8+'# 0"# -+,7%1#x2#v#y2#v# z2# %;# /')# (",(;# '0$# .)5%("0$# 9'# $%&'()%"# '$-@)%7"#

O.)5%("0$# sP#E<) KCM#"H)%<'#@$K)P'E@$') K$) (&H<#@&$)E<) K$) @<I@<(<'#$%&G) #"#$KH<'#)

(&HD#@&%$;#'0$#7")E7(')$#9'#0"#8+"0#$1,#(.($#%=+"0#"#vW#O0"#/)%&')"#9'#0"#("+0"P2#

É$# 7.,$'8V@,7%"# 9'0# -'(# 8+'# 8+"0$'A.0# ./')"7%1# 9'# $%&'()%"# $.5)'# +,"# '$-')"#

$%(+"9"#',#'0#7',()'#9'#0"#&.0@7+0"#9.,")E#+,"#'$-')"#%9@,:7"2#

M)','&# ")"# 7.&# "# -+,7%1# 9'# 5"$'# '0# /).9+7('# xy2# !?.)5%("0# dxy# '$# ()",$-.)&")E#

$'=.,$#0"#&"('%>"#)'/)'$',("7%1#OA2P2#

Tema 3. Conceptes de simetria!
Taules de caràcters (12)!

y

x!xz

!yz

E

C2

!xz

!yz

Caràcter
+ 1

+ 1

– 1

– 1
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`#&*$#9'#0'$#-+,7%.,$#x;#y;#z# %#9'0$#$'+$#/).9+7('$#"/")'%>',#("&5*#0'$#-+,7%.,$)

Rx;)Ry)%)Rz);)8+'#%&/0%8+',#0'$#).("7%.,$#"0#A.0(",(#9'0$#'%>.$#7.))'$/.,',($2#

Tema 3. Conceptes de simetria!
Taules de caràcters (13)!

!v"!’v"

!”v" M')#'>'&/0';#',#'0#=)+/#C3v;#$%#4.&#/)',#7.&#"#-+,7%1#5"$'#0"#

).("7%1# "0# A.0(",(# 9'# 0?'%># z# ORzP;# '$# =',')"# 0"# )'/)'$',("7%1#

$'=V',(R#

f%#7.&/")'&#"&5#0"#("+0"#9'#7")E7(')$;#A'%'&#8+'#'1
 a#A22#

C3v) E) *C3) ,"v!
'1

# W# W# hW#
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`5.)9'&#")";# 7.&#+,#"0()'#'>'&/0';# 0"# 7.,$()+77%1#9'# 0"# ("+0"#9'# 7")E7(')$#9'0#

=)+/#/+,(+"0#C3v#O&.0@7+0"#9'#oTYP2#

J'7.)9'&#8+'#/')#"#"8+'$(#=)+/#0"#&"()%+#7.))'$/.,',(#"#0?./')"7%1#C3#,.#*$#+,"#

&"()%+#9%"=.,"02##

Tema 3. Conceptes de simetria!
Taules de caràcters (14)!

C3v"

! 

"1 0 0
0 1 0
0 0 1

# 

$ 

% 
% % 

& 

' 

( 
( ( 

! 

" yz

! 

1 0 0
0 1 0
0 0 1

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

C3

! 

E

! 

" 1
2 " 3

2 0
3
2 " 1

2 0
0 0 1

# 

$ 

% 
% 
% 

& 

' 

( 
( 
( 

`%>F#*$#9'=+(#"0#-'(#8+'#K<()%""@E<'$E<()x)&)y)Q$)'")(G')&'E<I<'E<'#()7.&#',#'0#

=)+/# C2v2# M')# (",(;# 4'&# 9'# 7.,$%9')")#H$#@&F() E<) E&H<'(&G) *) h) *) /')# "# 0'$#

7..)9',"9'$#x) &)y) %"'QF'#$H<'#) %#H$#@&F()e)h)e)I<@)$) K$) %""@E<'$E$)z;)8+'#*$#
%,9'/',9',(2##

! 

x f = " 1
2 xi " 3

2 yi

! 

x f
y f
z f

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 

=

( 1
2 ( 3

2 0
3
2 ( 1

2 0
0 0 1

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 
)

xi
yi
zi

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

zf = zi

! 

yf = 3
2 xi " 1

2 yi
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U.&#"#)'$+0("(#:,9)'&#0'$#&"()%+$#9'#()",$-.)&"7%1#$'=V',($R)

Tema 3. Conceptes de simetria!
Taules de caràcters (15)!

! 

E

! 

x f
y f

" 

# 
$ 

% 

& 
' =

1 0
0 1
" 

# 
$ 

% 

& 
' (

xi
yi

" 

# 
$ 

% 

& 
' 

! 

x f
y f

" 

# 
$ 

% 

& 
' =

( 1
2 ( 3

2
3
2 ( 1

2

" 

# 
$ 

% 

& 
' )

xi
yi

" 

# 
$ 

% 

& 
' 

! 

C3

! 

x f
y f

" 

# 
$ 

% 

& 
' =

(1 0
0 1

" 

# 
$ 

% 

& 
' )

xi
yi

" 

# 
$ 

% 

& 
' 

! 

z f( ) = 1( ) " zi( )

! 

z f( ) = 1( ) " zi( )

! 

z f( ) = 1( ) " zi( )
! 

" yz

30$#7")E7(')$#9'#0'$#9+'$#)'/)'$',("7%.,$#$')",#'0$#$'=V',($R)

C3v) E) *C3) ,"v!
A1

# W# W# W# z"

E# X# hW# [# (x, y) "

`8+'$('$#9+'$#)'/)'$',("7%.,$#$1,#%))'9+7:50'$2#!"#)'/)'$',("7%1#E#*$#9.50'&',(#

9'=',')"9"R#0'$#7..)9',"9'$#x#%#y#'$#()",$-.)&',#$'=.,$#E2#U.&#8+'#'0#,.&5)'#9'#

70"$$'$#9'#$%&'()%"#*$#%=+"0#"#Y;#4%#4"+)E#()'$#)'/)'$',("7%.,$#%))'9+7:50'$2)
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T.&# /.(# 7"07+0")# 0"# (')7')"# )'/)'$',("7%1# "/0%7",(# 0'$# /)./%'("($# 9'# 0'$#

)'/)'$',("7%.,$#%))'9+7:50'$R#

^'#0"#/)./%'("(#c;#4.&#/.(#9'9+%)Q,'#8+'#'0#7")E7(')#9'#0"#(')7')"#)'/)'$',("7%1#

4"#9'#$')#vW#/')#0?./')"7%1#E#O"%>B;#XX#v#WX#v#WX#a#Z;#.)9)'#9'0#=)+/#C3vP2#

Tema 3. Conceptes de simetria!
Taules de caràcters (16)!

C3v) E) *C3) ,"v!
A1

# W# W# W# z"
W# W# hW#

E# X# hW# [# (x, y) "

^'#0"#/)./%'("(#d;#/.9'&#9'9+%)Q,'#8+'#'0$#7")E7(')$#9'#C3 %#$v#4",#9'#$')#vW#.#hW#

O0"#$+&"#9'0$#8+"9)"($#9'0$#7")E7(')$#*$#%=+"0#"#ZP2#

l%,"0&',(;#0"#/)./%'("(#9?.)(.=.,"0%("(#',$#9%+#8+'#'0#7")E7(')#9'#C3 4"#9'#$')#vW#%#
'0#9'#$v#4"#9'#$')##hW##OWrW#v#*rWrW#v#,rWrOhWP#a#[P2#

`8+'$('$#()'$#)'/)'$',("7%.,$#$1,#%))'9+7:50'$#%#-.)&',#0"#("+0"#9'#7")E7(')$#9'0#

=)+/#C3v2#



73!

N,"#()",$-.)&"7%1#8+'#'$#)'"0%(D"#"&5#-)'8V@,7%"#+:0%(D",(#0'$#("+0'$#9'#7")E7(')$#

*$# 0"#)'9+77%1#9'# 0'$#)'/)'$',("7%.,$#)'9+7:50'$#9'# 0'$# -+,7%.,$#"#+,"#$+&"#9'#

)'/)'$',("7%.,$#%))'9+7:50'$2#

M')#-')Q,'#0"#)'9+77%1#4%#"/0%7")'&#0"#-1)&+0"#$'=V',(R#

nX'iY)*$#'0#,.&5)'#9'#A'="9'$#8+'#0"#)'/)'$',("7%1#%))'9+7:50'#'i#"/")'%>#',#0"#

)'9+7:50'2#

h#*$#0?.)9)'#9'0#=)+/2#

mj#*$#'0#,.&5)'#9?./')"7%.,$#9'#7"9"#70"$$'#9'#$%&'()%"2#

&X'redY)%#&X'iY)$1,#'0$#7")E7(')$#9'#0"#)'/)'$',("7%1#)'9+7:50'#%#%))'9+7:50'2#

30#$+&"(.)%#$?'$(*,#/')#(.('$#0'$#70"$$'$#9'#$%&'()%"#j#9'0#=)+/#/+,(+"02#

Tema 3. Conceptes de simetria!
Reducció de representacions reductibles (1)!

! 

n "i( ) =
1
h
[mj

j
# $ "red( )$ "i( )]
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J'9+77%1#9'#0"#)'/)'$',("7%1R#

nOA1gP#a#W_cb#terZrW#v#.rXrW#v#,rXrW#v#,rcrW#v#.rXrWu#a#W#

nOA2gP#a#W_cb#terZrW#v#.rXrOQWP#v#,rXrW#v#,rcrW#v#.rXrOQWPu#a#[#

nOEgP#a#W_cb#terZrX#v#.rXr[#v#,rXrX#v#,rcrX#v#.rXr[u#a#W#

nOT1gP#a#W_cb#terZrY#v#.rXrW#v#,rXrOQWP#v#,rcrOQWP#v#.rXrOQWPu#a#[#

nOT2gP#a#W_cb#terZrY#v#.rXrOQWP#v#,rXrOQWP#v#,rcrOQWP#v#.rXrWu#a#[#

nOA1uP#a#W_cb#teiZrW#v#.rXrW#v#,rXrW#v#,rcrOQWP#v#.rXrOQWPu#a#[#

nOA2uP#a#W_cb#terZrW#v#.rXrOQWP#v#,rXrW#v#,rcrOQWP#v#.rXrWu#a#[#

nOEuP#a#W_cb#terZrX#v#.rXr[#v#,rXrX#v#,rcrOQXP#v#.rXr[u#a#[#

nOT1uP#a#W_cb#terZrY#v#.rXrW#v#,rXrOQWP#v#,rcrW#v#.rXrWu#a#W#

nOT2uP#a#W_cb#terZrY#v#.rXrOQWP#v#,rXrOQWP#v#,icrW#v#.rXrOQWPu#a#[#

Tema 3. Conceptes de simetria!
Reducció de representacions reductibles (2)!

Oh! E!aC3!.C2!.C4! ,C2! i! .S4! aS6! ,"h!."d!

A1g!W# W# W# W# W# W# W# W# W# W#

A2g!W# W# QW# QW# W# W# QW# W# W# QW#

Eg! X# QW# [# [# X# X# [# QW# X# [#

T1g! Y# [# QW# W# QW# Y# W# [# QW# QW#

T2g! Y# [# W# QW# QW# Y# QW# [# QW# W#

A1u!W# W# W# W# W# QW# QW# QW# QW# QW#

A2u!W# W# QW# QW# W# QW# W# QW# QW# W#

Eu! X# QW# [# [# X# QX# [# W# QX# [#

T1u!Y# [# QW# W# QW# QY# QW# [# W# W#

T2u!Y# [# W# QW# QW# QY# W# [# W# QW#

Oh! E! aC3!.C2!.C4!,C2! i! .S4!aS6!,"h!."d!
'py! Z# [# [# X# X# [# [# [# c# X#



Tema 4. Aplicacions de la simetria!

1.  Determinació dels modes vibracionals!
2.  Diagrames dʼorbitals moleculars!



2!

!"#$%#& '(& )#& "(*+,& +-."#"/0#& '(& )1(23($%"(& ()($%"/4#*-56$& 7899:;<999& $4=8><& ?-("*+#&

2@A$+(-%&78BC=D9&EFG4/)=8>&3("&(H$+%#"&)(2&I+J"#$+/-2&'(&)(2&4/)5$@)(2<&

K@(2&%5$-+L@(2&'+.("(-%2M&NO&+&O#4#-<&P1(23($%"/2$Q3+#&NO&R2&@-#&%5$-+$#&'(&%"#-24+22+,&(-&

L@5&(2&.#&3#22#"&@-#&))@4&+-."#"/0#&'(&'+.("(-%2&."(LS5-$+(2&#&%"#IR2&'1@-#&4/2%"#B&4(-%"(&

L@(& )1(23($%"/2$Q3+#& O#4#-& R2& @-#& %5$-+$#& J#2#'#& (-& )#& '+23("2+,& +-()T26$#& '(& )#& ))@4&

4/-/$"/4T6$#<&U+&V/4&+""#'+#&@-#&4/2%"#&(-&2/)@$+,&#4J&@-#&))@4&'(&."(LS5-$+#&!0B&@-#&

."#$$+,& 78W8<999>& '(& )#& +-%(-2+%#%& '(& )#& "#'+#$+,& +-$+'(-%& (2& '+23("2#& (-& %/%(2& '+"($$+/-2&

7'+23("2+,&O#X)(+*V>&2(-2(&35"'@#&'1(-("*+#<&Y-#&."#$$+,&78W8<999>&'1#L@(2%#&))@4&3"(2(-%#&

."(LS5-$+(2&!i&%#)&L@(&&&&&&&&&&&&&&&&&&&&&&&&R2&@-#&(-("*+#&I+J"#$+/-#)< !i&3/%&2("&4(-/"&/&4#0/"&

L@(&!0&7Z@/"(2$5-$+#&U%/E(2&+&#-6:U%/E(2B&"(23($6I#4(-%><&

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (1)!



[#2(2&4/)($@)#"2&'(&)1#J2/"$+,&+-."#"/0#&

\/4(-%&'+3/)#"&3("4#-(-%M&

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (2)!

r!

+e! –e!

µ = er = 8BD9CG89=8]&^&_&8G89=89&4&`&aBb9cG89=8b&(2@G4&&&"

K(JX(&7K>& &8&K&`&89=8b&(2@G4&&&"

de&%(-(-&4/4(-%&'+3/)#"&3("4#-(-%M!

=  \/)5$@)(2&V/4/'+#%Q4+L@(2<&

=  \/)5$@)(2&$(-%"/2+45%"+L@(2<&

Uf&L@(&%(-(-&4/4(-%&'+3/)#"&3("4#-(-%M!

=  \/)5$@)(2&V(%("/'+#%Q4+L@(2<&

=  P#& 4#0/"+#& '(& )(2& 4/)5$@)(2& -/&

$(-%"/2+45%"+L@(2<&

!"#$%&'("%)#*+, -./, +0"('%*1, 23$4$'5*+, 2364+, (4+, $7$%&'(8+549:%+, #$', #+'&, 2364, 2*#(7,

#$'8+4$4&,("%*7;7+4&<,

µ"

3!



[#2(2&4/)($@)#"2&'(&)#&'+23("2+,&'(&O#4#-&

g/)#"+%h#J+)+%#%&7#><&&?)&'+3/)&+-'@i%&(-&@-&$#43&()5$%"+$&3"(-&)1(H3"(22+,M&

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (3)!

µind = #$" # &(-&jc& &"

!/%2&()2&T%/42&+& )(2&4/)5$@)(2&%(-(-&@-#&3/)#"+%h#J+)+%#%&-/&-@)G)#B&(-$#"#&L@(&-/&6-*@(-&

@-&4/4(-%&'+3/)#"&3("4#-(-%<&?-&@-&$#43&()5$%"+$&/2$+)G)#-%&(-&@-&3@-%&'(%("4+-#%&'(&

)1(23#+&6-'"(4M&

!"#$%&'("%)#*+,.+8+4/,*''+2*+%*1,23$4$'5*+,#$',*4&$'+%%*1,2$,2*#(7",$79%&'*%,*426=&",+80,

64,%+8#,$79%&'*%<,

! 

" = "0 cos2#$t% µ ind = &"0 cos2#$t

k"#& JRB& )#& 3/)#"+%h#J+)+%#%& I#"+#& %#4JR& #& 4(2@"#& L@(& )#& 4/)5$@)#& /2$+)G)#& #4J& )#& 2(@#&

."(LS5-$+#&!0M&&

g("&%#-%M&

! 

" = "0 + #"( )cos2$%0t

! 

µ ind = "0 + #"( )cos2$%0t[ ] &0 cos2$%t[ ]

! 

µ ind = "0#0 cos2$%t + (1/2) &"( )#0[cos2$ (% +%0 )t + cos2$ (% – %0 )t]
!"#$%&'(" ")*+,-./%0" ,-./%0"

4!



e2$+)G)#'/"&V#"4Q-+$&

\/'()&2+43)(&'(&)#&I+J"#$+,&'1@-#&4/)5$@)#&'+#%Q4+$#<&

P)(+&'(&l//E(M&&f = –kq ; dV = –f dq = +kq dq ; V = (1/2) kq2"

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (4)!

!"#$%#4(-%&4($#-/L@T-6$M&

! 

Ev = (v+1/2)(h /2" ) k /µ = (v+1/2)h#

k&7$/-2%#-%&'(&./"m#>&R2&@-#&4(2@"#&'(&)1(-("*+#&

'1@-&(-))#m<&

re!

m1! m2!

re!

m1! m2!

q!

! 

µ =
m1 "m2

m1+m2

V

r
e

r

v&`&9&
v&`&8&

v&`&C&
v&`&c&
v&`&a&

h!!
h!&
h!&
h!&

! 

E0 =
1
2
h"

1)%2'&"34%$356)-37%2.<&

! 

" =
1
2#

k /µ

!"#$%&'$"( )*+( '$",-&$.( ./'01-0$.&( 23$4%5&1%5/."( 2$-(

.56$--(7/.10$.&1-(1-(.56$--(v(8(9:(

! 

nv
n0

= e"vh# /kT
Molècula! E (cm–1)! n1/n0!

lC& a8;]B;& CB8nG89=]&

eC& 8;;DBC& ;BncG89=a&

^)C& ;;DB]& DB]CG89=C&

NC& C8cBa& cB;]G89=8&

5!



e2$+)G)#'/"&#-V#"4Q-+$&

k&4(2@"#&L@(&q&'+24+-@(+HB&(2&4#-+.(2%#& )#& "(3@)2+,& +-%("-@$)(#"<&K1#)%"#&J#-'#B&L@#-&q&
#@*4(-%#B&)#&$/-2%#-%&'(&./"m#&'+24+-@(+H&+B&(I(-%@#)4(-%B&)#&4/)5$@)#&(2&'+22/$+#<&

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (5)!

g/%(-$+#)&'(&\/"2(&7.@-$+,&(43o"+$#>M&

! 

V = De(1" e
"#q )2

ke&7$/-2%#-%&#-V#"4Q-+$#&'(&./"m#>&
! 

D0 = De " E0 = De " (1/2)# e + (1/4)# exe

! 

Ev = (v+1/2)" e #" exe(v+1/2)2

1)%2'&"34%34&00.8&"8&9&

! 

" = ke /2De

;31.<1'0/.5%5&1&(71(=,$(-$"(&'1."5%5/."(10>("v&p&q&8&$"?@,$.(#$'0$"$":(

! 

"E = Ev # E0 = $ ev#$ exev(v+1)

6!



r@-$+/-2&'1/-#&'(&)1/2$+)G)#'/"&V#"4Q-+$&

?2&3/%&"(2/)'"(&'(&4#-("#&(H#$%#& )1(L@#$+,&'(&U$V"s'+-*("&'1@-&/2$+)G)#'/"&V#"4Q-+$&(-&

cK<&P#&.@-$+,&'1/-#&"(2@)%#-%&R2&()&3"/'@$%(&'(&)#&.@-$+,&"#'+#)&R(r)&+&)(2&.@-$+/-2&#-*@)#"2&&
"(#)$(%)  7V#"4Q-+$2&(2.5"+$2><&P#&./"4#&'(&)#&.@-$+,&"#'+#)&'(35-&'()&63@2&'(&3/%(-$+#)&

7L@#'"T6$&6$'","(\/"2(><&?-&()&$#2&'(&)1/2$+)G)#'/"&V#"4Q-+$&3"(-&)#&./"4#&2(*S(-%M!

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (6)!

;$"( 7,.%5/."( 23/.1( '$",-&1.&"( "A.( 7,.%5/."( #1'$--"( /(

50#1'$--"( 2$( q:( ;1( #1'5&1&( B"( 5@,1-( 1( -1( #1'5&1&( 2$( v:(
C=,$"&( '$",-&1&( "31#-5%1( &10>B( 1( -3/"%5-D-12/'(

1.<1'0E.5%:(

! 

"v (q) = NvHve
#$q2 /2

  

! 

" = µk /!

(-&L@5&Nv  R2&@-#&$/-2%#-%&'(&-/"4#)+%h#$+,& +&Hv  R2&()&3/)+-/4+&'1l("4+%(&'1/"'"(&vB&()&
-/4J"(&L@T-6$&I+J"#$+/-#)<&P(2&.@-$+/-2&'1/-#&'()2&L@#%"(&3"+4("2&-+I())2&2,-M!

! 

"0 (q) = (# /$ )1/4 e%#q
2 /2

! 

"1(q) = (4#3 /$ )1/4qe%#q
2 /2

! 

"2 (q) = (# /4$ )1/4 (2#q2 %1)e%#q
2 /2

! 

"3(q) = (#3 /9$ )1/4 (2#q3 % 3q)e%#q
2 /2

7!



!"#-2+$+/-2&(-%"(&(2%#%2&(2%#$+/-#"+2&

U+*#&@-&/2$+)G)#'/"&V#"4Q-+$&8K&'(&4#22#&m&+&$T""(*#&e&(-&)1(2%#%&./-#4(-%#)&"0<&[@2L@(4&

)1(H3"(22+,& 3("& )#& 3"/J#J+)+%#%& '(& %"#-2+$+,& "0& =t& "1& (264@)#'#& 3("& )#& "#'+#$+,&

()($%"/4#*-56$#<&U@3/2(4&L@(&)#&.@-$+,&'1/-#&%/%#)&3"(-&)#&./"4#M!

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (7)!

! 

"(x,t) = c0"0 (x,t)+ c1"1(x,t)

! 

c0 (t = 0) = 1
c1(t = 0) = 0

g("&$#-I+#"&'1(2%#%B&-($(22+%(4&@-&3/%(-$+#)&'(3(-(-%&'()&%(432M&V =  e$x<&k22@4+4&@-#&

2/)@$+,&3("&)1(L@#$+,&'(&U$V"s'+-*("&'(&63@2&!

  

! 

"
!2

2m
#2

#x2
+
1
2
kx2 + e$x

% 

& 
' 

( 

) 
* +(x,t) = i!#+(x,t)

#t

  

! 

" = c0#0e
$iE0t /! + c1#1e

$iE1t /!

  

! 

i! "
"t

c0#0e
$iE0t /! + c1#1e

$iE1t /!( ) = i! %0
dc0
dt

+%1
dc1
dt

& 
' 
( 

) 
* 
+ + c0%0E0 + c1%1E1

  

! 

"
!2

2m
#2

#x2
+
1
2
kx2 + e$x

% 

& 
' 

( 

) 
* c0+0 + c1+1( ) = "

!2

2m
#2

#x2
+
1
2
kx2

% 

& 
' 

( 

) 
* c0+0 + c1+1( ) + e$x c0+0 + c1+1( )

! 

= c0"0E0 + c1"1E1+ e#x c0"0 + c1"1( )

8!



U+&+*@#)(4&()2&'/2&%("4(2&'(&)1(L@#$+,M!

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (8)!

  

! 

e"x c0#0E0 + c1#1E( )1 = i! #0
dc0
dt

+#1
dc1
dt

$ 
% 
& 

' 
( 
) 

  

! 

" ex c0#1
*#0 + c1#1

*#1( )dx = i! dc0
dt

$ 
% 
& '(

() #1
*#0dx +'(

()
dc1
dt

#1
*#1dx'(

()
* 
+ 
, 

U+&4@)63)+L@(4&()2&'/2&%("4(2&3("&"1
u&+&+-%(*"(4M!

9! 8!

  

! 

" ex c0#1
*#0 + c1#1

*#1( )dx = i! dc1
dt$%

%&

k&%(432&h("/&7c1 `&9v&c0 `&8>&+&2+&@6)+%h(4&)#&-/%#$+,&(H3/-(-$+#)&3("&#)&$#43&()5$%"+$M!

  

! 

1
2
"0 e

2#i$t + e%2#i$t( ) ex&1
*eiE1t /!&0e

%iE0t /!dx = i! dc1
dt%'

'(

O(/"'(-(4&+&%(-+4&(-&$/43%(&L@(&&&&&&&&&&&&&&&&&&M!

  

! 

dc1
dt

=
"0
2i!

e2#i$t + e%2#i$t( ) ei (E1%E0 ) t /!( ) ex&1
*&0dx =

"0
2i!

ei (E1%E0+h$ ) t /! + ei (E1%E0%h$ ) t /!( ) ex&1
*&0dx%'

'(%'
'(

  

! 

2" = h /!

;1(5.&$@'1-( ((((((((('$#($-(./0(2$(0/0$.&(25#/-1'(2$(&'1."5%5A(2$(-3$"&1&(v(`(9(1(-3$"&1&(
v(`(8(7M01><&

! 

ex"1
*"0dx#$

$%

9!



U+&+-%(*"(4&(-&@-&$@"%&+-%("I#)&'(&%(432M!

Tema 4. Aplicacions de la simetria!
Espectroscòpia vibracional (9)!

g"/3& '(& )#& $/-'+$+,& '(& "(22/-T-$+#& ()& 3"+4("& %("4(& R2& 4(-X23"(#J)(<& ?-2& +-%("(22#& )#&

3"/J#J+)+%#%&'(&%"/J#"&()&2+2%(4#&(-&)1(2%#%&(H$+%#%B&'/-#'#&3("&c1
* c1M!

U+&+-%(*"(4&3("&#&%/%2&()2&I#)/"2&'(&."(LS5-$+#&'(&)#&"#'+#$+,&+-$+'(-%M!

  

! 

c1 =
1
2
"0M01

1# ei (E1#E0+h$ ) t /!

E1# E0 +h$
+
1# ei (E1#E0#h$ ) t /!

E1# E0 # h$
% 

& 
' 

( 

) 
* 

;1( 6$-/%5&1&( 2$( #/>-1%5A( 2$( -3$"&1&( $4%5&1&( B"( #'/#/'%5/.1-( 1-( =,12'1&( 2$( -1( 5.&$@'1-( 2$-(

0/0$.&( 2$( &'1."5%5A( 5( 1( -1( 5.&$."5&1&( F=,12'1&( 2$( -310#-5&,2G( 2$( -1( '1251%5A(

$-$%&'/01@.H?%1:(;1(#'/>1>5-5&1&(2$(&'1."5%5A("$'I(.,-D-1("5($-(0/0$.&(2$(&'1."5%5A(B"(J$'/:(

  

! 

c1
*c1 =

"0
2

4
M01

2 2# ei (E1#E0#h$ ) t /! # e#i (E1#E0#h$ ) t /!

E1# E0 # h$( )2
% 

& 
' 
' 

( 

) 
* 
* 

=
"0
2M01

2 sin2 E1# E0 # h$( )t /2![ ]
E1# E0 # h$( )2

  

! 

c1
*c1 =

"0
2M01

2 t
4!2

#
d c1

*c1( )
dt

= "0
2M01

2

10!



P(2& 4/)5$@)(2& '+#%Q4+L@(2& 3"(2(-%(-& @-#& w-+$#& I+J"#$+,<& P(2& 4/)5$@)(2& 3/)+#%Q4+L@(2&

3"(2(-%(-& I+J"#$+/-2&4/)%& $/43)(H(2& L@(& V/4&3/%& '(2$/43/-'"(& (-& @-#& 2@3("3/2+$+,&

'1@-&-/4J"(&)+4+%#%&'(&4/I+4(-%2&L@(&V/4&#-/4(-#&0/2$"(./'01-"(2$(65>'1%5A<&

?)&4/I+4(-%&'1@-#&3#"x$@)#&(-& )1(23#+&3/%&2("&'(2$"+%&3("&%"(2&$//"'(-#'(2&xB&yB&z<&l/4&

'+@& L@(& )#& 3#"x$@)#& %R& %"(2& *"#@2& '(& ))+J("%#%<& Y-& 2+2%(4#& ./"4#%& 3("& '@(2& 3#"x$@)(2&

74/)5$@)#&'+#%Q4+$#>&6-'"T& 2+2& *"#@2&'(& ))+J("%#%M& %"(2& %"#-2)#$+/-#)2B& '/2& "/%#$+/-#)2& 7)#&

"/%#$+,&#)&I/)%#-%&'(&z&-/&R2&@-&4/I+4(-%>&+&@-&*"#@&I+J"#$+/-#)<!

Tema 4. Aplicacions de la simetria!
Modes normals de vibració (1)!

m1!
z!

x!

y!
m1! z1!

x1!

y1!
m2!

z2!

x2!

y2!

m1! m2!
z!

y!
m1! m2!m1!

x!

m2!

11!

m1! m2!
z!

!OkdUPk^NedU!

Oe!k^NedU!

m1! m2!

Tx! Ty! Tz!

m1!

x!

m2!
+! –!Rx!

y!m1! m2!
Ry! Rz!

yN[Ok^Nz!



?-&*(-("#)B&@-#&4/)5$@)#&#4J&n&T%/42&6-'"T&cn&=&D&4/'(2&-/"4#)2&'(&I+J"#$+,&7cn&=&;&2+&
)#&4/)5$@)#&R2&)+-(#)><&

Y-#& $//"'(-#'#& -/"4#)& R2& @-#& $//"'(-#'#& q& #)& ))#"*& '(& )#& L@#)& R2& 3/22+J)(& 2(*@+"&
)1(I/)@$+,&'1@-&4/'(&-/"4#)&'(&I+J"#$+,<&d/&V+&V#&4/I+4(-%&'()&$(-%"(&'(&4#22(2<&

?H<M&8C^8De!

Tema 4. Aplicacions de la simetria!
Modes normals de vibració (2)!

12!

C O

C O

r0!

r0!

r = r0 + q!

#r(C)! #r(O)!

q = r – r0 = #r(C) + #r(O)  !

mC#r(C) = mO#r(O) !

! 

"r(C)
"r(O)

=
mO

mC

=
15,995
12,000

! 

V =
1
2

"i
i
# qi

2

K121(0/2$(./'01-(2$(65>'1%5A(7/'01'I(,.1(>1"$(23,.1('$#'$"$.&1%5A(5''$2,%?>-$(2$-(@',#(

#,.&,1-(2$(-1(0/-H%,-1:(



?H<M&4/)5$@)#&'(&lCe<&!"(2&4/'(2&I+J"#$+/-#)2<&

{"@3& 3@-%@#)&C2v<& |2& .T$+)& I(@"(& L@(& %#-%& !8&
$/4& !2& 2,-& $/43)(%#4(-%& 2+45%"+L@(2& +& (2&

%"#-2./"4(-& 2(*/-2& a1<& g("& $/-%"#B& !3& R2&

#-62+45%"+$#&"(23($%(&#&C2&+&%xz<&?2&%"#-2./"4#&

2(*/-2&b2<&

Tema 4. Aplicacions de la simetria!
Modes normals de vibració (3)!

13!

!(-2+,&

2+45%"+$#&

!(-2+,&

#2+45%"+$#&

r)(H+,&

y!

z!

x!

z! z!C2!
C2v3 E3 C23 !xz" !yz"

!1
& 8& 8& 8& 8& a1!

!2
& 8& 8& 8& 8& a1!

!3
& 8& =8& =8& 8& b2!

k"#&I(@"(4&'1@-#&4#-("#&2+2%(4T6$#&()&$T)$@)&'()2&'+.("(-%2&4/'(2&-/"4#)2&'(&I+J"#$+,&

'1@-#&4/)5$@)#&3/)+#%Q4+$#<!



^/-2+'("(4& $/4& #.($%#& )#& 2+4(%"+#& #& %/%2& ()2& *"#@2& '(&

))+J("%#%<&k+HoB&3("&)(2&/3("#$+/-2&E&+&C2M&

Tema 4. Aplicacions de la simetria!
Modes normals de vibració (4)!

14!

y2"

z2"

x2"

y1"

z1"

x1"
y3"

z3"

x3"

! 

x1" x1
y1" y1
z1" z1

! 

x2 " x2
y2 " y2
z2 " z2

! 

x3 " x3
y3 " y3
z3 " z3

! 

E "

x1
y1
z1
x2
y2
z2
x3
y3
z3

# 

$ 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% % 

& 

' 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( ( 

=

1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1

# 

$ 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% % 

& 

' 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( ( 

"

x1
y1
z1
x2
y2
z2
x3
y3
z3

# 

$ 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% % 

& 

' 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( ( 

! 

x1"#x3
y1"#y3
z1" +z3

! 

x2 "#x2
y2 "#y2
z2 " +z2

! 

x3 "#x1
y3 "#y1
z3 " +z1

! 

C2 "

x1
y1
z1
x2
y2
z2
x3
y3
z3

# 

$ 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% % 

& 

' 

( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( ( 

=

0 0 0 0 0 0 )1 0 0
0 0 0 0 0 0 0 )1 0
0 0 0 0 0 0 0 0 1
0 0 0 )1 0 0 0 0 0
0 0 0 0 )1 0 0 0 0
0 0 0 0 0 1 0 0 0
)1 0 0 0 0 0 0 0 0
0 )1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0

# 

$ 

% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% % 

& 
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( 
( 
( 
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"
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y1
z1
x2
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x3
y3
z3
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% 
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( 
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( 
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Tema 4. Aplicacions de la simetria!
Modes normals de vibració (5)!

15!

g/'(4&2+43)+A$#"&()&3"/$('+4(-%&3("&#&)#&"(2%#&'1/3("#$+/-2&2+&(-2&#'/-(4&'()&.(%&L@(&@-&

I($%/"&-/4R2&3/%& $/-%"+J@+"& #& )#& %"#m#&'(& )#&4#%"+@& 2+& )1T%/4&2/J"(&()&L@#)&(2%T&AH#%&-/&

$#-I+#&'(&3/2+$+,&'@"#-%&)1/3("#$+,&'(&2+4(%"+#<&g("&%#-%B&)#&"(3"(2(-%#$+,&"('@$6J)(&7&tot>&

L@(&$/""(23/-&#&%/%2&()2&*"#@2&'(&))+J("%#%&'1@-#&4/)5$@)#&3/%&2("&$#)$@)#'#&4@)63)+$#-%&()&

-/4J"(& '1T%/42& L@(& "/4#-(-& (-& )#& 2(@#& 3/2+$+,& 3("& )#& %"#m#& '(& )(2& 4#%"+@2& '(&

%"#-2./"4#$+,&'(&$#'#&/3("#$+,&'(&2+4(%"+#&7$#"T$%("&'(&&x,y,z><&

C2v3 E3 C23 !xz" !yz"

&x,y,z
& c& =8& 8& 8&

I&/0"(L4/"& c& 8& 8& c&

&tot
& ]& =8& 8& c&

C2v3 E3 C23 !xz" !yz"

A1
& 8& 8& 8& 8& z! x2, y2, z2!

A2
& 8& 8& =8& =8& Rz! xy!

B1
& 8& =8& 8& =8& x, Ry! xz!

B2
& 8& =8& =8& 8& y, Rx! yz!

k"#& V(4& '(& '(2$/43/-'"(& &tot& (-&

$/4J+-#$+,& )+-(#)& '(& "(3"(2(-%#$+/-2&

+""('@$6J)(2<&

n7A1>&`&8Wa&}]G8&~&7=8>G8&~&8G8&~&cG8�&`&c&

n7A2>&`&8Wa&}]G8&~&7=8>G8&~&8G7=8>&~&cG7=8>�&`&8&

n7B1>&`&8Wa&}]G8&~&7=8>G7=8>&~&8G8&~&cG7=8>�&`&C&

n7B2>&`&8Wa&}]G8&~&7=8>G7=8>&~&8G7:8>&~&cG8�&`&c&

&tot&`&ca1&~&a2&~&Cb1&~&cb2!



Tema 4. Aplicacions de la simetria!
Modes normals de vibració (6)!

16!

C2v3 E3 C23 !xz" !yz"

A1
& 8& 8& 8& 8& z! x2, y2, z2!

A2
& 8& 8& =8& =8& Rz! xy!

B1
& 8& =8& 8& =8& x, Ry! xz!

B2
& 8& =8& =8& 8& y, Rx! yz!

r+-#)4(-%B&21V#-&'(&"(2%#"&)(2& &+&)(2& <&&tot&`&ca1&~&a2&~&Cb1&~&cb2!

&vib&`&&tot&=&&trans&=&&rot&`&7ca1&~&a2&~&Cb1&~&cb2>&=&7a1&~&b1&~&b2>&=&7a2&~&b1&~&b2>&`&Ca1&~&b2&!

M/&$,(=,$($-( %1'I%&$'(2$(&x,y,z( #$'(1( %121(/#$'1%5A(2$( "50$&'51(B"( 5.2$#$.2$.&(2$-(@',#(

#,.&,1-:(!.(C2v  N(&x,y,z(`&&x(~(&y(~&&z:(!.(1-&'$"(@',#"N(&x,y,z(`&&x,y(~&&z:(!.($-"(@',#"(231-&1(

"50$&'51(&x,y,z(`&&x,y,z<&(



Tema 4. Aplicacions de la simetria!
Modes normals de vibració (7)!

17!

C&, S&!

%v!

%h!

g("& #& )(2& 4/)5$@)(2& )+-(#)2& ()&

3"/$('+4(-%&R2&+'5-6$&3("Q&V(4&'(&%(-+"&

(-& $/43%(& L@(& %(-(-& cn& =& ;& 4/'(2&

-/"4#)2&+&L@(&)1/"'"(&'()&*"@3&R2&$<&

z!

x!

y!

:;3<4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3, 

B;3C"$86$%63&x,y,z,"35"2*234%3$"3-"6$"34%38"2D8-%20E3?-&D&h,(&x,y,z(`&&x,y(~&&z(`&'u(~&(u
+<&!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
A1g=#+

g" 1! 1! 1! 1! 1! 1!
A2g=#–

g" 1! 1! –1! 1! 1! –1! Rz!
E1g=$g" 2! 2cos(%)! 0! 2! –2cos(%)! 0! (Rx, Ry)!
E2g=%g" 2! 2cos(2%)! 0! 2! 2cos(2%)! 0!
E3g=&g" 2! 2cos(3%)! 0! 2! –2cos(3%)! 0!
A1u=#+

u" 1! 1! 1! –1! –1! –1! z!
A2u=#–

u" 1! 1! –1! –1! –1! 1!
E1u=$u" 2! 2cos(%)! 0! –2! 2cos(%)! 0! (x, y)!
E2u=%u" 2! 2cos(2%)! 0! –2! –2cos(2%)! 0!
E3u=&u" 2! 2cos(3%)! 0! –2! 2cos(3%)! 0!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
&x,y,z(" 3! 1+2cos(%)! 1! –3!–1+2cos(%)! –1!

àtoms 
fixos" 3! 3! 3! 1! 1! 1!

&tot" 9! 3+6cos(%)! 3! –3!–1+2cos(%)! –1!

F;3 G6$*5$&>6%63 5%$3 ).?H2%3 4ID-.?03

&)J"2&")-03 0.-"3 8"4"3 .5%2"8&93 5%23

8"$86$"2+)%3&totE"



Tema 4. Aplicacions de la simetria!
Modes normals de vibració (8)!

18!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
A1g=#+

g" 1! 1! 1! 1! 1! 1!
A2g=#-

g" 1! 1! –1! 1! 1! –1! Rz!
E1g=$g" 2! 2cos(%)! 0! 2! –2cos(%)! 0! (Rx, Ry)!
E2g=%g" 2! 2cos(2%)! 0! 2! 2cos(2%)! 0!
E3g=&g" 2! 2cos(3%)! 0! 2! –2cos(3%)! 0!
A1u=#+

u" 1! 1! 1! –1! –1! –1! z!
A2u=#-

u" 1! 1! –1! –1! –1! 1!
E1u=$u" 2! 2cos(%)! 0! –2! 2cos(%)! 0! (x, y)!
E2u=%u" 2! 2cos(2%)! 0! –2! –2cos(2%)! 0!
E3u=&u" 2! 2cos(3%)! 0! –2! 2cos(3%)! 0!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
&x,y,z(" 3! 1+2cos(%)! 1! –3!–1+2cos(%)! –1!

àtoms fixos" 3! 3! 3! 1! 1! 1!
&tot" 9! 3+6cos(%)! 3! –3!–1+2cos(%)! –1!
&vib" 4! 2+2cos(%)! 2! –2! 2cos(%)! 0!

&vib–'u" 2! 2! 2! 0! 0! 0!

K;3!%0-%63$%032.-"8&.)03&3-2")0$"8&.)035%23

8"$86$"2+)%3&vibE"

g("&)(2&4/)5$@)(2&)+-(#)2B&)1/"'"(&'()&*"@3&

R2& $& +& V(4& '(& .("& )#& "('@$$+,& 3("&

+-23($$+,& '(& )#& %#@)#& '(& $#"T$%("2<&

^/-IRB& 3("& %#-%B& "(2%#"& #"#& )(2&

%"#-2)#$+/-2&+&"/%#$+/-2<&

&vib&`&&tot&=&&trans&=&&rot!

U(4J)#& $)#"& L@(&'u& V+& (2%T& +43)+$#'#<& U+&

"(2%(4&'uB&#3#"(+H&)#&2@4#&'(&(g
+&+&(u

+<&

g("& %#-%B& %(-+4& %"(2& 4/'(2& -/"4#)2& '(&

I+J"#$+,<&

&vib&`&)u&~&%g
+&~&%u

+
!

L;3 M%08.?5.)%63 &vib  %)3 8.?H&)"8&93

$&)%"$34%32%52%0%)-"8&.)03&22%468*H$%0E"



Tema 4. Aplicacions de la simetria!
Modes normals de vibració (9)!

19!

%g
+
!

%u
+
!

)u!

?)& -/4J"(& '(& I+J"#$+/-2& '(& %(-2+,& R2&

+*@#)&#)&-/4J"(&'1(-))#m/2<&

P(2& I+J"#$+/-2& '(& %(-2+,& %(-(-& @-#&

(-("*+#& 2@3("+/"& #& )(2& I+J"#$+/-2& '(&

Z(H+,&L@(&+43)+L@(-&()2&4#%(+H/2&T%/42<&

P(2& I+J"#$+/-2& #2+45%"+L@(2& #3#"(+H(-B&

(-&*(-("#)B&#&."(LS5-$+(2&4R2&#)%(2&L@(&

)(2&I+J"#$+/-2&2+45%"+L@(2&(L@+I#)(-%2<&

!s!

!as!

*d!



Tema 4. Aplicacions de la simetria!
Regles de selecció (1)!

20!

P#&.@-$+,&'1/-#&L@(&'(2$"+@&)#&I+J"#$+,&'1@-#&4/)5$@)#&3/)+#%Q4+$#&R2&()&3"/'@$%(&'(&)(2&

.@-$+/-2&'1/-#&$/""(23/-(-%2&#)2&'+.("(-%2&4/'(2&-/"4#)2&'(&I+J"#$+,<&

^/-2+'("(4&L@(& )#&4/)5$@)#& (2& %"/J#& #& %(43("#%@"#& #4J+(-%& (-& ()& -+I())& I+J"#$+/-#)&

4R2&J#+H&7vi&`&9>&+&L@(&-/4R2&@-&4/'(&-/"4#)&'(&I+J"#$+,&R2&(H$+%#%&'i(0) –> 'i(1)!

O.( 0/2$( ./'01-( 2$( 65>'1%5A( B"( 1%?,( F-1( &'1."5%5A( $"&I( #$'0$"1G( $.( -35.7'1'/5@( "5( $-(

0/0$.&(25#/-1'(2$(-1(0/-H%,-1(%1.651(2,'1.&(-1(65>'1%5A:(

O.( 0/2$( ./'01-( 2$( 65>'1%5A( B"( 1%?,( F-1( &'1."5%5A( $"&I( #$'0$"1G( $.( $-( *101.( "5( -1(

#/-1'5&J1>5-5&1&(2$(-1(0/-H%,-1(%1.651(2,'1.&(-1(65>'1%5A:(

! 

"vib = "i (vi )
i
#

! 

ˆ µ = ei xi + ei yi + eizi( )
i
"

! 

ex"1
*"0dx#$

$% & "i
*(1) ˆ µ "i (0)d'#$

$%

! 

µ x

µ y

µ z

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 
ind

=

(xx (xy (xz

(yx (yy (yz

(zx (zy (zz

" 

# 

$ 
$ 
$ 

% 

& 

' 
' 
' 
)

Ex

Ey

Ez

" 

# 

$ 
$ $ 

% 

& 

' 
' ' 

! 

µ ind = "0#0 cos2$%t + (1/2) &"( )#0[cos2$ (% +%0 )t + cos2$ (% – %0 )t]
!"#$%&'(" ")*+,-./%0" ,-./%0"



Tema 4. Aplicacions de la simetria!
Regles de selecció (2)!

21!

Y-&4/'(&-/"4#)&'(&I+J"#$+,&2("T&#$6@&(-&)1NO&2+&)#&+-%(*"#)&&& & & & & & & & & & & & & & & & & & & & & & & & & & & & & &R2&-/&

-@)G)#<&k+HQ&+43)+$#&L@(&()&3"/'@$%(&&&&&&&&&&&&&&&&&&&&&&&&&&V#&'(&'/-#"&@-#&.@-$+,&3#"())<&

P#&.@-$+,&'1/-#&'(&)1(2%#%&./-#4(-%#)&'i(0) R2&2(43"(&3#"())&7'(35-&'(&qC><&g("&%#-%B&(2&

%"#-2./"4#"T& 2(*/-2& )#& "(3"(2(-%#$+,& $/43)(%#4(-%& 2+45%"+$#& '()& *"@3& 3@-%@#)<& ?)&

3"/'@$%(&&&&&&&&&&&&&&V#&'(&2("&3#"())&+&2(*@+"&-($(22T"+#4(-%&)#&4#%(+H#&"(3"(2(-%#$+,<&^/4&

L@(&&&&R2&+43#"())&+&(2&%"#-2./"4#&2(*/-2&)(2&$//"'(-#'(2&xB&yB&zB&&&&&&&&&B&&%#4JR&V#@"T&'(&

2("&+43#"())&+&%"#-2./"4#":2(&2(*/-2&)(2&4#%(+H(2&$//"'(-#'(2<&

O.( 0/2$( ./'01-( 2$( 65>'1%5A( B"( 1%?,( $.( -35.7'1'/5@( "5( -1( "$,1( '$#'$"$.&1%5A( $"(

&'1."7/'01(%/0(1-@,.1(2$(-$"(%//'2$.12$"(xB&yB&z:(

N*@#)4(-%B&@-&4/'(&2("T&#$6@&(-&()&O#4#-&2+&)#&+-%(*"#)&&&&&&&&&&&&&&&&&&&&&&&&&&&&R2&-/&-@)G)#<&

^/4&L@(& & & &(2&%"#-2./"4#&2(*/-2&()2&3"/'@$%(2&J+-#"+2&x2B&y2B&z2B&xyB&xzB  yz&7+&)(2&2(@(2&
$/4J+-#$+/-2& )+-(#)2>B& & & & %#4JR& V#@"T& '(& %"#-2./"4#":2(& 2(*/-2& )(2& 4#%(+H(2&

$//"'(-#'(2<(

O.( 0/2$( ./'01-( 2$( 65>'1%5A( B"( 1%?,( $.( $-( *101.( "5( -1( "$,1( '$#'$"$.&1%5A( $"(

&'1."7/'01( %/0( 1-@,.( 2$-"( #'/2,%&$"( >5.1'5"( x2B& y2B& z2B& xyB& xzB  yz& F/( -$"( "$,$"(
%/0>5.1%5/."(-5.$1-"G:(

! 

"i
*(1) ˆ µ "i (0)d#$%

%&

! 

"i
*(1) ˆ µ "i (0)

! 

"i
*(1) ˆ µ 

! 

ˆ µ 

! 

"i
*(1)

! 

"i
*(1) ˆ # "i (0)d$%&

&'

! 

ˆ " 

! 

"i
*(1)



Tema 4. Aplicacions de la simetria!
Regles de selecció (3)!

22!

N)G)@2%"(4& #"#& )(2& "(*)(2& '(& 2()($$+,& #4J&

@-& (H(43)(<& ^#)$@)(4& ()2& 4/'(2& #$6@2&

(-& NO& +& O#4#-& '1@-#& 4/)5$@)#&

3)#-/L@#'"#'#&7Ä(raB&}g%^)a�C=Å><&

y!

z!

x!

:;3<4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3, 

B;3C"$86$%63&x,y,z,"35"2*234%3$"3-"6$"34%38"2D8-%20E3?-&D4h,(&x,y,z(`&&x,y(~&&z(`&+u(~&A2u<&!

C4, C2, S4!

%v!

%h!

C2
’!

C2
’!

C2
’!C2

’!

%v!

D4h" E" 2C4" C2" 2C'2" 2C''2" i" 2S4" !h" 2!v" 2!d"
A1g" 1! 1! 1! 1! 1! 1! 1! 1! 1! 1! x2+y2, z2!
A2g" 1! 1! 1! –1! –1! 1! 1! 1! –1! –1! Rz!
B1g" 1! –1! 1! 1! –1! 1! –1! 1! 1! –1! x2–y2!
B2g" 1! –1! 1! –1! 1! 1! –1! 1! –1! 1! xy!
Eg" 2! 0! –2! 0! 0! 2! 0! –2! 0! 0! (Rx, Ry)! (xz, yz)!
A1u" 1! 1! 1! 1! 1! –1! –1! –1! –1! –1!
A2u" 1! 1! 1! –1! –1! –1! –1! –1! 1! 1! z!
B1u" 1! –1! 1! 1! –1! –1! 1! –1! –1! 1!
B2u" 1! –1! 1! –1! 1! –1! 1! –1! 1! –1!
Eu" 2! 0! –2! 0! 0! –2! 0! 2! 0! 0! (x, y)!



Tema 4. Aplicacions de la simetria!
Regles de selecció (4)!

23!

F;3 G6$*5$&>6%63 5%$3 ).?H2%3 4ID-.?03

&)J"2&")-03 0.-"3 8"4"3 .5%2"8&93 5%23

8"$86$"2+)%3&totE"

D4h" E" 2C4" C2" 2C'2" 2C''2" i" 2S4" !h" 2!v" 2!d"
&x,y,z" 3! 1! –1! –1! –1! –3! –1! 1! 1! 1!

àtoms fixos" 5! 1! 1! 3! 1! 1! 1! 5! 3! 1!
&tot" 15! 1! –1! –3! –1! –3! –1! 5! 3! 1!

K;3M%08.?5.0%63&tot %)38.?H&)"8&93$&)%"$34%32%52%0%)-"8&.)03&22%468*H$%0E3P1/"'"(&'()&*"@3&

R2&+*@#)&#&8D<"

n7A1g>&`&8W8D&}8;&~&C&~&7=8>&~&7=D>&~&7=C>&~&7=c>&~&7=C>&~&;&~&D&~&C�&`&8&

n7A2g>&`&8W8D&}8;&~&C&~&7=8>&~&D&~&C&~&7=c>&~&7=C>&~&;&~&7=D>&~&7=C>�&`&8&

n7B1g>&`&8W8D&}8;&~&7=C>&~&7=8>&~&7=D>&~&C&~&7=c>&~&C&~&;&~&D&~&7=C>�&`&8&

n7B2g>&`&8W8D&}8;&~&7=C>&~&7=8>&~&D&~&7=C>&~&7=c>&~&C&~&;&~&7=D>&~&C�&`&8&

n7Eg>&`&8W8D&}c9&~&C&~&7=D>&~&7=89>�&`&8&

n7A1u>&`&8W8D&}8;&~&C&~&7=8>&~&7=D>&~&7=C>&~&c&~&C&~&7=;>&~&7=D>&~&7=C>�&`&9&

n7A2u>&`&8W8D&}8;&~&C&~&7=8>&~&D&~&C&~&c&~&C&~&7=;>&~&D&~&C�&`&C&

n7B1u>&`&8W8D&}8;&~&7=C>&~&7=8>&~&7=D>&~&C&~&c&~&7=C>&~&7=;>&~&7=D>&~&C�&`&9&

n7B2u>&`&8W8D&}8;&~&7=C>&~&7=8>&~&D&~&7=C>&~&c&~&7=C>&~&7=;>&~&D&~&7=C>�&`&8&

n7Eu>&`&8W8D&}c9&~&C&~&D&~&89�&`&c&

&tot&`&a1g&~&a2g&~&b1g&~&b2g&~&eg&~&Ca2u&~&b2u&~&ceu& &2@4#&'(&'+4(-2+/-2&`&8;&`&'+4(-2+,&'(&&tot "



Tema 4. Aplicacions de la simetria!
Regles de selecció (5)!

24!

&vib&`&a1g&~&a2g&~&b1g&~&b2g&~&eg&~&Ca2u&~&b2u&~&ceu =&7a2u&~&eu>&=&7a2g&~&eg>&&  &!

L;3!%0-%63$%032.-"8&.)03&3-2")0$"8&.)035%238"$86$"2+)%3&vibE"

%"#-2)#$+/-2! "/%#$+/-2!

&vib&`&a1g&~&b1g&~&b2g&~&a2u&~&b2u&~&Ceu!

P#&2@4#&'(&'+4(-2+/-2&'(& )(2& "(3"(2(-%#$+/-2& 78&~&8&~&8&~&8&~&8&~&a&`&]>&R2& +*@#)&#)&

-/4J"(&'(&4/'(2&-/"4#)2&'(&I+J"#$+,&'(&)#&4/)5$@)#&&7cn&=&D&`&8;&=&D&`&]><"

N;3 C"$86$%63 %$03 ?.4%03 "8*603 %)3 <!E3 U,-& #L@())2& L@(& (2& %"#-2./"4(-& 2(*/-2& )(2&

$//"'(-#'(2<&?-&#L@(2%&$#2B&()&4/'(&a2u&+&()2&'/2&4/'(2&eu<&

O;3 C"$86$%63 %$03 ?.4%03 "8*603 %)3 !"?")E3 U,-& #L@())2& L@(& (2& %"#-2./"4(-& 2(*/-2& ()2&

3"/'@$%(2&J+-#"+2&'(&$//"'(-#'(2<&?-&#L@(2%&$#2B&()2&4/'(2&a1gB&b1g&+&b2g<&

?)&4/'(&b2u&-/&R2&@-&4/'(&#$6@&-+&(-&NO&-+&(-&O#4#-<&

!"(6$'5L%1( -1('$@-1(23$4%-,"5A(0P&,1+($.(,.1(0/-H%,-1(%$.&'/"50H&'5%1($-"(0/2$"(./'01-"(

2$( 65>'1%5A(1%?,"($.( )*(./(</( "A.($.(*101.( 5( 65%$6$'"1( Fµ( ?.2'I( "$0#'$( "50$&'51(u( 5(((
?.2'I("$0#'$("50$&'51(gG:(



Tema 4. Aplicacions de la simetria!
Coordenades de simetria (1)!

25!

^/4&L@(&&vib&`&a1g&~&b1g&~&b2g&~&a2u&~&b2u&~&Ceu B&6-'"(4&&flexió&`&b2g&~&a2u&~&b2u&~&eu.!

?-2& +-%("(22#& #"#& '('@+"& @-#& "(3"(2(-%#$+,& *"TA$#& '()2& '+.("(-%2&4/'(2& -/"4#)2& '(&

I+J"#$+,<& Y-#& #3"/H+4#$+,& IT)+'#& L@#-& -/& V+& V#&4(2$)#& '(& -+I())2& R2& "(3"(2(-%#"& )(2&

$//"'(-#'(2&'(&2+4(%"+#B&L@(&2,-&$/4J+-#$+/-2&)+-(#)2&'(&4/I+4(-%2&'(&%(-2+,&7/&'(&

%/"2+,><& ^/4&L@(& )(2& (-("*+(2&'()2&4/'(2&'(& %(-2+,& 2,-&4/)%&4R2&#)%(2&L@(& )(2&'()2&

4/'(2&'(&Z(H+,B&R2&3/22+J)(&2(3#"#":-(&()2&'/2&4/I+4(-%2<&

g("& $#)$@)#"& ()2& 4/'(2& '(& %(-2+,B& $/-2%"@+"(4& )#& "(3"(2(-%#$+,& '()2& (-))#m/2& '(& )#&

4/)5$@)#<& U+43)(4(-%B& V(4& '(& $#)$@)#"& ()& -/4J"(& '1(-))#m/2& +-I#"+#-%2& 2/%#& )(2&

'+.("(-%2&/3("#$+/-2&'(&2+4(%"+#<&^/-6-@(4&#4J&)1(H(43)(&'(&)#&2+4(%"+#&D4h.!

D4h" E" 2C4" C2" 2C'2" 2C''2" i" 2S4" !h" 2!v" 2!d"
enllaços fixos" 4! 0! 0! 2! 0! 0! 0! 4! 2! 0!

P#&"('@$$+,&'1#L@(2%#&"(3"(2(-%#$+,&(-2&',-#&&tensió&`&a1g&~&b1g&~&eu.&&



Tema 4. Aplicacions de la simetria!
Coordenades de simetria (2)!

26!

g("& *(-("#"& )(2& $//"'(-#'(2& '(& 2+4(%"+#& #& 3#"6"& '()& I($%/"& '(& %(-2+,& '(& )1(-))#m&"sB&
@6)+%h(4&()&45%/'(&'(&)1/3("#'/"&3"/0($%/":!

g("&$/-2%"@+"&)(2&$//"'(-#'(2&'(&2+4(%"+#&'1@-#&4/)5$@)#&#4J&2+4(%"+#&#H+#)&7*"@32&C&+&
D>B&-/4R2&-($(22+%(4&)#&%#@)#&'(&$#"T$%("2&'()&*"@3&3@-%@#)&Cn<&^/4&L@(&(-&#L@(2%(2&

%#@)(2& #3#"(+H(-& -/4J"(2& $/43)(H/2B& 21V#-& '(& .("& )(2& $/4J+-#$+/-2& )+-(#)2&

$/""(23/-(-%2& 3("& /J%(-+":-(& $#"T$%("2& "(#)2<& ?-& ()& $#2& '()& *"@3& 3@-%@#)&D4hB& .#"(4&

2("I+"&)#&%#@)#&'()&*"@3&C4. &

C4" E" C4"C2"(C4)3"
A" 1! 1! 1! 1! z, Rz! x2+y2, z2!
B" 1! –1! 1! –1! x2–y2, xy!
E" 1&

1!
i)
–i!

–1&
–1!

–i)
i!

x+iy; Rx+iRy)
x–iy; Rx–iRy!

(yz, xz)!

C4" E" C4"C2"(C4)3"
A" 1! 1! 1! 1! z, Rz! x2+y2, z2!
B" 1! –1! 1! –1! x2–y2, xy!
E" 1&

0!
0)
1!

–1&
0!

0)
–1!

x; Rx)
y; Ry!

(yz, xz)!

! 

Si " R # $i
R #%s

R
&

(-&L@5&R&R2&@-#&/3("#$+,&'()&*"@3&3@-%@#)&C4 +&,i
R&R2&()&$#"T$%("&'1#L@(2%#&/3("#$+,&(-&

)#&"(3"(2(-%#$+,&+""('@$6J)(&i<&



Tema 4. Aplicacions de la simetria!
Coordenades de simetria (3)!

27!

! 

E " #A
E "$s = E "1"$s

! 

C4 " #A
C4 "$s = C4 "1"$s

! 

C2 " #A
C2 "$s = C2 "1"$s

! 

C4
3 " #A

C4
3

"$s = C4
3 "1"$s

"s!

! 

S a1g( )"#s1+#s2 +#s3 +#s4

!" #$

!"

#$

!"#$

!"

#$

!" #$

#$

#$

#$

!" #$

#$

#$

#$

! 

E " #B
E "$s = E "1"$s

! 

C4 " #B
C4 "$s = C4 " –1( ) "$s

! 

C2 " #B
C2 "$s = C2 "1"$s

! 

C4
3 " #B

C4
3

"$s = C4
3 " –1( ) "$s

"s!

! 

S b1g( )"#s1$#s2 +#s3 $#s4

!" #$

!"

#$

!"#$

!"

#$

!" #$

#$

#$

#$

!" #$

#$

#$

#$
#$6@&(-&O#4#-&#$6@&(-&O#4#-&



Tema 4. Aplicacions de la simetria!
Coordenades de simetria (4)!

28!

! 

E " #E
E "$s = E "1"$s

! 

C4 " #E
C4 "$s = C4 "0 "$s

! 

C2 " #E
C2 "$s = C2 " –1( ) "$s

! 

C4
3 " #E

C4
3

"$s = C4
3 "0 "$s

"s!

! 

Seu (1)"#s1$#s3

! 

E " #E
E "$s = E "0 "$s

! 

C4 " #E
C4 "$s = C4 "1"$s

! 

C2 " #E
C2 "$s = C2 "0 "$s

! 

C4
3 " #E

C4
3

"$s = C4
3 " –1( ) "$s

!" #$

!"

#$

!"#$

!"

#$

!" #$

#$

#$

#$

!" #$

!"

#$

!"#$

!"

#$

!" #$

#$

#$

#$

! 

Seu (2)"#s2 $#s4

! 

" d eu( )
Seu (1)#$s1%$s3
Seu (2)#$s2 %$s4

& 
' 
( 

#$6@&(-&NO&



Tema 4. Aplicacions de la simetria!
Coordenades de simetria (5)!

29!

g("&#J/"'#"&)#&"(3"(2(-%#$+,&'()2&4/'(2&-/"4#)2&'(&I+J"#$+,&'(&Z(H+,B&()2&'+I+'+"(4&(-&

'/2&*"@32M&I+J"#$+,& ./"#&'()&3)#& 74/'(2&)>& +& I+J"#$+,&(-&()&3)#& 74/'(2&*><&Y6)+%h(4&#"#&

$/4&#&.@-$+/-2&'(&J#2(&()2&#-*)(2&'(&Z(H+,&7"-&+&"#B&"(23($6I#4(-%><!

! 

" a2u( )#$%1+$%2 +$%3 +$%4! 

"#

! 

" b2u( )#$%1&$%2 +$%3 &$%4

"/%#$+/-2&eg!

! 

"#1$"#3

! 

"#2 $"#4

! 

"#

"/%#$+,&a2g!

! 

"#1+"#2 +"#3 +"#4

! 

" b2g( )#$%1&$%2 +$%3 &$%4

! 

"d eu( )#
$%1&$%3

$%2 &$%4

' 
( 
) 

#$6@&(-&NO&

#$6@&(-&NO&

#$6@&(-&O#4#-&



Tema 4. Aplicacions de la simetria!
Caracterització dʼisòmers (1)!

30!

l/4&3/%&*(-("#"&)(2&"(3"(2(-%#$+/-2&"('@$6J)(2&(-&)(2&'@(2&*(/4(%"+(2&3"(-(-%&$/4&#&

J#2(&()2&(-))#m/2&^=e&7-/4J"(&'1(-))#m/2&+-I#"+#-%2&2/%#&)(2&/3("#$+/-2&'(&2+4(%"+#><!

P1(23($%"/2$Q3+#& I+J"#$+/-#)& R2& @6)+%h#'#& 2/I+-%& 3("& $#"#$%("+%h#"& +2Q4("2& .(-%& @-#&

2+43)(& #-T)+2+& '()2&4/'(2& '(& %(-2+,& 23,.( $.--1Q( #1'?%,-1'<& kL@(2%#& #-T)+2+& R2& IT)+'#&

L@#-&-/&V+&V#&4(2$)(2&'(&-+I())2&I+J"#$+/-#)2B&$/4&(-&()&$#2&'()2&4/'(2&'(&%(-2+,&^=e&

'()2& $#"J/-+)$/43)(H/2<& g("& (H(43)(B& ()2& $/43)(H/2& 3)#-/L@#'"#%2&\PC7^e>C& 3/'(-&

%"/J#":2(&(-&'@(2&*(/4(%"+(2M&%5"(+&&'1."<&

%5"(FC2vG !

&'1."(FD2hG!

C2v" E" C2" !v(xz)"!v(yz)"
&cis" 2! 0! 0! 2!

D2h" E" C2 (z)" C2 (y)" C2 (x)" i" ! (xy)" ! (xz)" ! (yz)"
&trans" 2! 0! 0! 2! 0! 2! 2! 0!

y!

z!

x!
M

L

C C

L

OO

x!

y!

z!
M

L

L

CC OO

&cis&`&a1&~&b2&& &trans&`&ag&~&b3u&&

C&4/'(2&#$6@2&(-&NO&

C&4/'(2&#$6@2&(-&O#4#-&

8&4/'(&#$6@&(-&NO&

8&4/'(&#$6@&(-&O#4#-&



Tema 4. Aplicacions de la simetria!
Caracterització dʼisòmers (2)!

31!

Y-& #)%"(& (H(43)(& -1R2& )#& $#"#$%("+%h#$+,& '()2& +2Q4("2& 0$'( +& 71%& '()2& $/43)(H/2&

/$%#5'"+$2&\Pc7^e>cM&

0$'(FC2vG ! 71%(FC3vG!

C2v" E" C2" !v(xz)"!v(yz)"
&cis" 3! 1! 1! 3!

x!

y!

z!

&mer&`&Ca1&~&b2&& &trans&`&a1&~&e&&
c&4/'(2&#$6@2&(-&NO&

c&4/'(2&#$6@2&(-&O#4#-&

C&4/'(2&#$6@2&(-&NO&

C&4/'(2&#$6@2&(-&O#4#-&

y!

z!

x! M
L
C L

C

C

L

O

O

O
M

C
L L

C

C

L

O

OO

C3v" E" 2C3 (z)" 3!v"
&trans" 3! 0! 1!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (1)!

32!

U#J(4&L@(&3/'(4&/J%(-+"& 2/)@$+/-2&#3"/H+4#'(2&'(& )1(L@#$+,&'(&U$V"s'+-*("&'1@-#&

4/)5$@)#&#&3#"6"&'(&.@-$+/-2&'1/-#&L@(&2,-&$/4J+-#$+/-2&)+-(#)2&'()2&/"J+%#)2&#%Q4+$2<&&

g("&@-#&4/)5$@)#&'+#%Q4+$#&6-'"(4&/"J+%#)2&4/)($@)#"2&'(2$"+%2&3("&)#&.@-$+,&'1/-#M&&&

! 

" = ca#a + cb#b

?2&'/-#"T&@-#&+-%("#$$+,&(-%"(&/"J+%#)2&#%Q4+$2&L@#-&(2&$/43)(+H(-&%"(2&"(L@+2+%2M&

->?@A,B-C!D.-@M&'/2&/"J+%#)2&#%Q4+$2&./"4#"#-&@-&/"J+%#)&4/)($@)#"&7e\>&2+&%(-(-&)#&

4#%(+H#&2+4(%"+#&"(23($%(&#&)1(+H&+-%("-@$)(#"<&?H<M&&&

z!

x!x!

y!

! 

S(pzdx 2"y 2 ) = 0

z!

x!x!

! 

S(px px ) " 0

z!

x!x!

! 

S(spx ) = 0

z!

x!x!

! 

S(spx ) " 0

!E!.>-@, B-C-A@.M& #& 4(2@"#& L@(& )#& '+.("5-$+#& '1(-("*+#& (-%"(&'a& +&'b  #@*4(-%#B&

)1(-("*+#&'1(2%#J+)+%h#$+,&7'(2(2%#J+)+%h#$+,>&'(&)1/"J+%#)&4/)($@)#"&'+24+-@(+H<&

F-BDGEH-@, IJD-C@M& 2@A$+(-%4(-%& $@"%#& 3("& 3"/'@+"& 2/)#3#4(-%& 2(-2(& L@(& V+&

3"('/4+-(-&)(2&./"$(2&"(3@)2+I(2<&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (2)!

33!

?H<M&'+V+'"/*(-&7lC><&g#"64&'(&'/2&/"J+%#)2&8s<&?)&*"@3&3@-%@#)&R2&D$h.  ^/-2%"@i4&@-#&

"(3"(2(-%#$+,&"('@$6J)(&3"(-(-%&#L@(2%2&/"J+%#)2&$/4&#&.@-$+/-2&J#2(M&

KRMK!ST!(K;CO+(%+2+,('0*&+7,8(7$%67+',F5@,1-(=,$(%121(0/2$(./'01-(2$(65>'1%5AG(K('8+,

64+, 0+"$, 2364+, '$#'$"$4&+%*1, *''$26%:07$, 2$7, 5'6#, #64&6+7, 2$, 7+,8(79%67+:,C(0B"N($7,

4(80'$,23('0*&+7",8(7$%67+'",L",*56+7,+7,4(80'$,23('0*&+7",+&)8*%",*4*%*+7":(

?)2&/"J+%#)2&(-))#m#-%&7.e>&+&#-6(-))#m#-%&7.*>&'()&lC&

./"4(-B& "(23($6I#4(-%B& @-#& J#2(& '(& )(2&

"(3"(2(-%#$+/-2&+""('@$6J)(2&%g
+&+&%u

+<&

C&, S&!

%v!

%h!

z!

x!

y!

i!

C’2!

1sA! 1sA!

%g
+
!

%u
+
!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
& (1s)(" 2! 2! 2! 0! 0! 0!
.e" 1! 1! 1! 1! 1! 1!
.*" 1! 1! 1! –1! –1! –1!

! 

"e =
1

2+2S
#1sA +#1sA( )! 

"*=
1

2# 2S
$1sA #$1sA( )



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (3)!

34!

^/-6-@(4&#4J&)#&"(2%#&'(&4/)5$@)(2&V/4/'+#%Q4+L@(2&'()&2(*/-&3("o/'(<&?-&)#&$#3#&

'(&I#)5-$+#&%(-+4&'/2&/"J+%#)2&Cs&+&2+2&/"J+%#)2&cp<&^/-2%"@i4&)#&"(3"(2(-%#$+,&"('@$6J)(&

$/""(23/-(-%M&

d/%(@&L@(&@-&T%/4&L@(&-/&"/4#-&(-&)#&2(@#&3/2+$+,&

(-& #3)+$#"& )1/3("#$+,& '(& 2+4(%"+#& -/& $/-%"+J@(+H& #)&

$#"T$%("& '1#L@(2%#& /3("#$+,<& g("& %#-%B& )(2&

$/-%"+J@$+/-2&3/22+J)(2&'()2&'+.("(-%&/"J+%#)2&2,-M&

~8&72+&)1/"J+%#)&(2&%"#-2./"4#&(-&2+&4#%(+H>&

=8&72+&$#-I+#&'(&2+*-(>&

&&9&72+&$#-I+#&'(&3/2+$+,><&

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
& (2s,2p)(" 8! 4+4cos(%)! 4! 0! 0! 0!
& (2s,2pz)(" 4! 4! 4! 0! 0! 0!
& (2px,2py)(" 4! 4cos(%)! 0! 0! 0! 0!

P1(+H&3"+-$+3#)&'(+H#&+-#)%("#%2&()2&'/2&/"J+%#)2&s&+&()2&'/2&pz&7$#"T$%("&`&a><&K1#)%"#&J#-'#B&

px&+&py&(2&%"#-2./"4(-&$/-0@-%#4(-%&+&$/-%"+J@(+H(-&$#'#2$@-&(-&C&$/27/>&7$#"T$%("&'(&
)#&4#%"+@&'(&"/%#$+,><&U+&"('@i4&)#&"(3"(2(-%#$+,&%/%#)B&#L@(2%2&'/2&$/-0@-%2&'1/"J+%#)2&

#3#"(+H(-&(23/-%T-+#4(-%M&()2&3"+4("2&2,-&'(&2+4(%"+#&%&+&()2&2(*/-2B&'(&2+4(%"+#&)<&

C&, S&!

%v!

%h!

i!

C’2!

x!

z!

x!

y!y!

A! A!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (4)!

35!

^/4&(-&()&$#2&'()2&/"J+%#)2&8s&'()&lCB&()2&/"J+%#)2&Cs&+-%("#$$+/-(-&(-%"(&2+&3("&'/-#"&()2&
e\& %g

+& +& %u
+<& ?)2& '/2& /"J+%#)2& Cpz& 2,-& '(& )#& 4#%(+H#& 2+4(%"+#& +& V+& +-%("#$$+/-(-&

+*@#)4(-%&3("&'/-#"&'/2&e\&%g
+&+&%u

+M&

2pzA! %g
+
!

%u
+
!

! 

"e # $ 2pzA( )%$ 2pzA( )( )
! 

"*# $ 2pzA( ) +$ 2pzA( )( )

i!

x!

z!

x!

y!y!

2pzA!

?)2& /"J+%#)2& Cpx& +& Cpy& 2,-& (L@+I#)(-%2B& 0#& L@(& %(-(-& )#&4#%(+H#& 2+4(%"+#& +& )#& 4#%(+H#&

(-("*+#<& l+& +-%("#$$+/-(-& 3("& 2(3#"#%& 3("& '/-#"& '/2& e\& (-))#m#-%2& )u& +& '/2& e\&

#-6(-))#m#-%2&)gM&

2pxA!
)u!

! 

"e # $2 pxA +$2 pxA( )
! 

"*# $2 pxA %$2 pxA( )

i!

x!

z!

x!

y!y!

2pxA!

)g!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (5)!

36!

k&3#"6"&'()2&b&/"J+%#)2&#%Q4+$2&(-&)#&$#3#&'(&I#)5-$+#B&V(4&/J6-*@%&b&e\<&?)&'+#*"#4#&

'1/"J+%#)2&4/)($@)#"2&L@#)+%#6@&2("T&()&2(*S(-%M&

%g
+
!

%u
+
!

%g
+
!

%u
+
!

)u! )u!

)g! )g!

2s!

2p!

%g!

%u
*!

%g!

%u
*!

)u!

)g
*
!

l(4&2@3/2#%&L@(M&

!E(2s) << E(2p)<&&
+&'+-2&'1@-#&2@J$#3#M&

&E()) < E(%)!

F#& 2#J(@& L@(& #L@(2%& 4/'()& (H3)+$#& ()& 3#"#4#*-(624(& '(& )#& 4/)5$@)#& '(& eC& +&

21(L@+I/$#&(-&)#&3"('+$$+,&'()&3#"#4#*-(624(&'(&)#&4/)5$@)#&'(&[C<&kL@(2%#&(""#'#&R2&

'(*@'#&#&)#&4(2$)#&'1/"J+%#)2&%g
+<&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (6)!

37!

P#&4(2$)#&'(&'/2&/"J+%#)2&'1+*@#)&2+4(%"+#& +&(-("*+#&2+4+)#"&(2%#J+)+%h#&()&'(&4R2&J#+H#&

(-("*+#&+&'(2(2%#J+)+%h#&()&'(&4R2&#)%#&(-("*+#<&

%g
+
!

%u
+
!

%g
+
!

%u
+
!

)u! )u!

)g! )g!

2s!

2p!

P#&4(2$)#&(2&',-#&#&)1(2L@(""#&'()&3("o/'(B&(-&L@5&)#&$T""(*#&-@$)(#"&(.($6I#&R2&4R2&

.(J)(&+&)#&'+.("5-$+#&'1(-("*+#&(-%"(&()2&-+I())2&Cs&+&Cp&R2&4(-/"<&

2s!

2p!

%g
+
!

%u
+
!

%g
+
!

%u
+
!

)u! )u!

)g! )g!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (7)!

38!

U+&)#&4/)5$@)#&R2&V(%("/'+#%Q4+$#B&()&*"@3&3@-%@#)&R2&C#v<&?H<M&^e&

! 

= 4"

! 

= 2"

C#v" E" 2C!%" !!v"
& (2s,2p)(" 8! 4+4cos(%)! 4!
& (2s,2pz)(" 4! 4! 4!
& (2px,2py)(" 4! 4cos(%)! 0!C&!

%v!
x!

z!

x!

y!y!

C3 P3

2%!

2%*
!

2s!

2s!

2p!

3%!

3%*
!

1)! 1)!

1)*! 1)*!

2%!

2%*!

1)!

3%!

1)*!

3%*! \(2$)#&$/43)(%#&

'1/"J+%#)2&2&

PY\e&`&8)&
^#"T$%("&):#$$(3%/"&

le\e&`&c%&
^#"T$%("&%:'/-#'/"&

'(&)1T%/4&'(&^&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (8)!

39!

g("& $#)$@)#"& ()& '+#*"#4#& '1/"J+%#)2& 4/)($@)#"2& '(& )(2& 4/)5$@)(2& 3/)+#%Q4+L@(2B&

@6)+%h#"(4&2(43"(&)#&4#%(+H#&4(%/'/)/*+#<&g"(-(4&)1(H(43)(&'()&^eC<&

C&, S&!

%v!

%h!

z!

x!

y!

:;  <4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3,  <&

U+& )#&4/)5$@)#&R2& )+-(#)B&3/'(4&2@J26%@+"&()2&*"@32&

+-A-+%2&3("&*"@32&A-+%2&L@(&"(%(-(-&)#&2+4(%"+#&'()2&

/"J+%#)2< !4:+( &3("& &+&C2v&3("&C&v<&

B;3Q00&')%636)30&0-%?"34%38..24%)"4%03"$03D-.?0A3-/"4#)4(-%B&

3"(-(4&)1(+H&'(&"/%#$+,&3"+-$+3#)&$/4&#&'+"($$+,&z<&?-&()&$#2&'(&
4/)5$@)(2&-/&)+-(#)2B&)1(+H&y&#3@-%#&$#3&#&)1T%/4&$(-%"#)<&

z!

x!

y!
z!

x!

y!

F;3 M%-%2?&)%63 $%03 2%52%0%)-"8&.)03 2%468*H$%03 8.22%05.)%)-03 "$03 .2H&-"$03 4%$03 D-.?03

5%2&R@2&803.3$$&'")40A3(2&%"#$%#&'(&3"(-'"(&$/-0@-%2&'1/"J+%#)2&'(&%/%2&()2&T%/42&3("+.5"+$2&

7sB&pxB&py&+&pzB&2(3#"#'#4(-%>&+&#3)+$#":V+&)(2&'+26-%(2&/3("#$+/-2&'(&2+4(%"+#<&g(-2(@&L@(&

2+&-/4R2&I/)(@&$/-2+'("#"&()2&(-))#m/2&%B&V#@"(@&'(&$/-2%"@+"&-/4R2&)(2&"(3"(2(-%#$+/-2&

3"(-(-%& $/4&#&J#2(&()2&/"J+%#)2&py& +& s& 72+& #L@(2%2&'#""("2& %(-(-&(-("*+#& 2+4+)#"& #& )#&'(&

)1T%/4& $(-%"#)><& l/4& 3/%& $/-2+'("#"& '(23"R2& ()2& (-))#m/2& )B& 3"(-(-%& $/4& #& J#2(& )(2&

.@-$+/-2&&px&+&pz<&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (9)!

40!

C&, S&!

%v!

%h!

z!

x!

y!

K;3 !%46S63 ">6%0-%03 2%52%0%)-"8&.)03 "3 6)"3 06?"3 4%3

2%52%0%)-"8&.)03 &22%468*H$%0A3 154E( $."( 2A.1( -1( "50$&'51( 2$-"(

/'>5&1-"(2$(@',#(2$-"(--5@1.2"(F%/."52$'1&"(%/0(,.(%/.U,.&G:(?-&()&

$#2&'()&^eCM&

z!

x!

y!
z!

x!

y!

d/4R2&%(-+4&'/2&T%/42&3("+.5"+$2&+&'@(2&3/22+J+)+%#%2M&2+45%"+$#&/&#-62+45%"+$#<&

& (2s)O = (g
+ + (u

+ " & (2pz)O = (g
+ + (u

+ " & (2px , 2py)O = 'u + 'g "

2s!

2pz!

(2px , 2py)!

(g
+" (u

+ "

(g
+" (u

+ "

'u "

1!

3!

5!

7!

2!

4!

6!

8!
/'>5&1-"(2$(@',#(2$-"(

--5@1.2"(
FRV;G!

D#h" E" 2C!%" !!v" i" 2S!" !C'2"
& (2s)O(" 2! 2! 2! 0! 0! 0!
& (2pz)O" 2! 2! 2! 0! 0! 0!
& (2px , 2py)O " 4! 4cos(%)! 0! 0! 0! 0!

'g "



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (10)!

41!

L;3 M%-%2?&)%63 $"3 0&?%-2&"3 4%$03 .2H&-"$03 4%3 $ID-.?3 8%)-2"$3 L@(& +-%("I(-(-& (-& )1(-))#m<3

C=,$"&( #1"( $"( '$"/-( #$'( "50#-$( 5."#$%%5A( 2$( -1( &1,-1( 2$( %1'I%&$'":( ?)2& /"J+%#)2& s& (2&
%"#-2./"4(-& $/4& )#& "(3"(2(-%#$+,& %/%#)4(-%& 2+45%"+$#B& ()2& /"J+%#)2&p& (2& %"#-2./"4(-&

$/4& )(2& %"#-2)#$+/-2& $/""(23/-(-%2& +& ()2& /"J+%#)2& dB& $/4& ()2& 3"/'@$%(2& J+-#"+2& '(&

$//"'(-#'(2<&?-&()&$#2&'()&^eCB&)1T%/4&$(-%"#)&R2&)1T%/4&'(&^&+&6-'"(4M&

& (2s)C = (g
+" & (2pz)C = (u

+ " & (2px , 2py)C = 'u "

N;33T.2?%63%$03.2H&-"$03?.$%86$"2035%238.?H&)"8&934%$03.2H&-"$03"-U?&8034%3$ID-.?38%)-2"$3

"?H3%$03.2H&-"$034%3'26534%$03$$&'")40<3?H<M&)1/"J+%#)&'(&*"@3&8&+-%("#$$+/-#&#4J&)1/"J+%#)&

Cs&'()&^&7%/%2&'/2&2,-&'(&2+4(%"+#&(g
+><&P1/"J+%#)&'(&*"@3&C&+-%("#$$+/-#&#4J&)1/"J+%#)&Cpz&

'()&^&7%/%2&'/2&2,-&'(&2+4(%"+#&(u
+><&&

VCV3

PVP3

PCP3

2s!

2s!

VCV3

PVP3

PCP3

2pz!

2s!

(g
+" (u

+ "



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (11)!

42!

K(& -/@B& ()2& /"J+%#)2& '(& *"@3& c& 72+4(%"+#& (g
+>& +& a& 72+4(%"+#& (u

+>& +-%("#$$+/-(-B&

"(23($6I#4(-%B&#4J&()2&/"J+%#)2&Cs&+&Cpz&'()&^<&

VCV3

PVP3

PCP3

2pz!

2pz!

VCV3

PVP3

PCP3

2s!

2pz!

(g
+" (u

+ "

P1/"J+%#)&'(&*"@3&;& 72+4(%"+#&'u>& +-%("#$$+/-#&#4J& )1/"J+%#)& Cpy& '()&^<& P1/"J+%#)&'(&*"@3&D&

72+4(%"+#&'g>&2("T&-/&(-))#m#-%<&

VCV3

PVP3

PCP3

2py!

2py!

'u "
'g "

PVP3PCP3

2py!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (12)!

43!

K(&)#&4#%(+H#&4#-("#B&)1/"J+%#)&'(&*"@3&n&72+4(%"+#&'u>&+-%("#$$+/-#&#4J&)1/"J+%#)&Cpx&'()&^<&

P1/"J+%#)&'(&*"@3&b&72+4(%"+#&'g>&2("T&-/&(-))#m#-%<&

VCV3

PVP3

PCP3

2px!

2px!

'u "
'g "

PVP3PCP3

2px!

http://www.youtube.com/watch?feature=player_detailpage&v=UbgkMV867II!

d/%(@&L@(&V(4&$/-2%"@i%&8a&/"J+%#)2&4/)($@)#"2&#&3#"6"&'(&8C&/"J+%#)2&#%Q4+$2<&k+HQ&R2&

'(*@%& #& L@(& V(4& .(%& +-%("I+-'"(& '@(2& I(*#'(2& ()2& /"J+%#)2& Cs& +& Cpz& '()& ^<& kL@(2%2& '/2&

/"J+%#)2& -/& 3/'(-B& 3("QB& +-%("#$$+/-#"& #4J& ()2& /"J+%#)2& '(& *"@3& 8& +& C& #& $#@2#& '(& )#&

'+.("5-$+#&*"#-&'1(-("*+(2<&?)&'+#*"#4#&'1/"J+%#)2&4/)($@)#"2&'()&^eC&L@('#"+#&#+HoM&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (13)!

44!%g
+
!

2s!

2s!

2p!

)u!

%u
+
!

%g
+
!

%u
+
!

%g
+
!

%u
+
!

)u!

)u!)u!

)g!)g!

(g
+
!

(u
+
!

(g
+
!

(u
+
!

'u!

'g!

'u!

(g
+
!

(u
+
!

–19, 43 eV!

–10, 66 eV!

–32, 38 eV!

–15, 85 eV!

'!

E!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (14)!

45!

^#)$@)(4&#"#&()&'+#*"#4#&'1/"J+%#)2&4/)($@)#"2&'(&)#&4/)5$@)#&'(&lCe<&

:;  <4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3, <&

B;3 3 Q00&')%63 6)3 0&0-%?"3 4%3 8..24%)"4%03 "$03 D-.?0A3 )1(+H& '(&

"/%#$+,&C2 2("T&)#&'+"($$+,&z<&!/"-(4&#&%"+#"&()&3)#&yz $/4&()&3)#&

'(&)#&4/)5$@)#<&

F;3 3 M%-%2?&)%63 $%03 2%52%0%)-"8&.)03 2%468*H$%03 8.22%05.)%)-03 "$03 .2H&-"$03 4%$03 D-.?03

5%2&R@2&803.3$$&'")40A3%(-+4&-/4R2&()2&/"J+%#)2&1s '()2&'/2&T%/42&'1V+'"/*(-<&

y2"

z2"

x2"

y1"

z1"

x1"
y3"

z3"

x3"

C2v3 E3 C23 !xz" !yz"

&(1s)H! C& 9& 9& C&

K;3 3!%46S63">6%0-%032%52%0%)-"8&.)03"36)"306?"34%32%52%0%)-"8&.)03&22%468*H$%0A&

C2v3 E3 C23 !xz" !yz"

A1
& 8& 8& 8& 8& z! x2, y2, z2!

A2
& 8& 8& =8& =8& Rz! xy!

B1
& 8& =8& 8& =8& x, Ry! xz!

B2
& 8& =8& =8& 8& y, Rx! yz!

& (1s)H = A1 + B2 "



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (15)!

46!

K(&-/@B&#4J&'/2&T%/42&3("+.5"+$2&-/4R2&%(-+4&'@(2&3/22+J+)+%#%2M&2+45%"+$#&/&#-62+45%"+$#<&

L;3 3M%-%2?&)%63$"30&?%-2&"34%$03.2H&-"$034%3$ID-.?38%)-2"$3L@(&+-%("I(-(-&(-&)1(-))#m&7#$'(

"50#-$(5."#$%%5A(2$(-1(&1,-1(2$(%1'I%&$'"><(3&

N;3 3T.2?%63%$03.2H&-"$03?.$%86$"2035%238.?H&)"8&934%$03.2H&-"$03"-U?&8034%3$ID-.?38%)-2"$3

"?H3%$03.2H&-"$034%3'26534%$03$$&'")40E3&

1s! A1" B2 "1! 2!

& (2s)O = A1" & (2pz)O = A1" & (2px)O = B1" & (2py)O = B2"

VPV3

WVW3

PWP3

2s!

1s!

A1"

VPV3

WVW3

PWP3

2pz!

1s!

A1"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (16)!

47!

VPV3

WVW3

WPW3

2py!

1s!

B2"

VPV3
2px!

WPW3B1"
^/4& L@(& V(4& .(%& +-%("I(-+"& '@(2& I(*#'(2& ()2& /"J+%#)2& Cs& +& Cpz& '(&

)1/H+*(-B& V(4& $/-2%"@i%& n& /"J+%#)2& 4/)($@)#"2& #& 3#"6"& '(& D& /"J+%#)2&

#%Q4+$2<&?-& "(#)+%#%B&V#@"o(4&'(&4(2$)#"&()2& %"(2&/"J+%#)2&'(&2+4(%"+#&

A1  3("& '/-#"& %"(2& /"J+%#)2& 4/)($@)#"2& 7(-))#m#-%B& -/& (-))#m#-%& +&

#-6(-))#m#-%><&Y-#&#)%"#&3/22+J+)+%#%&R2&2@3/2#"&L@(&()2&/"J+%#)2&2s  -/&
+-%("#$$+/-(-&L@#2+& (-%"(& 2+<& k+HoB& )1/"J+%#)&2a1  7=& cn& (y>&6-'"+#& @-#&
$/-%"+J@$+,&4/)%&+43/"%#-%&'(&)1/"J+%#)&(2s)O<&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (17)!

48!2a1"

1s!

2s!

2p!

–13, 61 eV!

–32, 38 eV!

–15, 85 eV!

E!

1b2"

3a1"

1b1"

4a1"

2b2"

2a1"

1b2"

3a1"

1b1"

4a1"

2b2"

MO H2O!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (18)!

49!

k%#L@(4& #"#& ()& '+#*"#4#& '1/"J+%#)2& 4/)($@)#"2& '(& )#& 4/)5$@)#& '(& dlcB& (-& L@5&

@6)+%h#"(4&$-(0H&/2$(2$(-3/#$'12/'(#'/U$%&/'(#$'(%1-%,-1'W.$($-"(RV;<&

:;  <4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3, <&

B;3 3 Q00&')%63 6)3 0&0-%?"3 4%3 8..24%)"4%03 "$03 D-.?0A3 )1(+H& '(&

"/%#$+,&C3  2("T&)#&'+"($$+,&z<&!"+(4&()&3)#&yz,  '(&4#-("#&L@(&

$/-6-*#&@-&'()2&(-))#m/2&'(&)#&4/)5$@)#<&

F;3 3 M%-%2?&)%63 $%03 2%52%0%)-"8&.)03 2%468*H$%03 8.22%05.)%)-03 "$03 .2H&-"$03 4%$03 D-.?03

5%2&R@2&803.3$$&'")40A32,-&()2&/"J+%#)2&1s '()2&%"(2&T%/42&'1V+'"/*(-<&

K;3 3!%46S63">6%0-%032%52%0%)-"8&.)03"36)"306?"34%32%52%0%)-"8&.)03&22%468*H$%0A&

& (1s)H = A1 + E"

y3"

z3"

x3"

y4"

z4"

x4"y1"

z1"

x1"
y2"

z2"

x2"

C3v3 E3 BC33 F!v"
A1

& 8& 8& 8& z! x2+y2, z2!
A2

& 8& 8& =8& Rz!
E& C& =8& 9& (x, y) !

(Rx,Ry)!
xz!

C3v3 E3 BC33 F!v"
&(1s)H! c& 9& 8&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (19)!

L;3 3 C"$86$%63 %$03 .2H&-"$03 4%3 '2653 4%$03 $$&'")403 5%$3 ?@-.4%3 4%3 $I.5%2"4.23 52.X%8-.2A&

-($(22+%(4&)#&%#@)#&'(&$#"T$%("2&"(#)2&'()&*"@3&"/%#$+/-#)&3@"&$/""(23/-(-%&7C3><&

50!

C3" E" C3" (C3)2"* = exp(2(i/3)!
A" 1! 1! 1! z, Rz! x2+y2, z2!
E" 1&

1!
*)
**!

**)
*!

x+iy; Rx+iRy)
x–iy; Rx–iRy!

(x2–y2, xy)!
(yz, xz)!

C3" E" C3" (C3)2" * = exp(2(i/3)!
A" 1! 1! 1! z, Rz! x2+y2, z2!
E" 2&

0!
–1)
1!

–1)
–1!

2x; 2Rx)
(2/)3)y; (2/)3)Ry!

(x2–y2, xy)!
(yz, xz)!

! "

!

"

!

"

! "!

"

"

! 

E " #A
E "(1s)H = E "1"(1s)H

! 

C3 " #A
C3 "(1s)H = C3 "1"(1s)H

! 

C3
2 " #A

C3
2

"(1s)H = C3
2 "1"(1s)H

! 

" a1( )#$(Ha )+$(Hb )+$(Hc )

" a1( ) =
1
3
$(Ha )+$(Hb )+$(Hc )[ ]



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (20)!

51!

C3" E" C3" (C3)2"* = exp(2(i/3)!
A" 1! 1! 1! z, Rz! x2+y2, z2!
E" 1&

1!
*)
**!

**)
*!

x+iy; Rx+iRy)
x–iy; Rx–iRy!

(x2–y2, xy)!
(yz, xz)!

C3" E" C3" (C3)2" * = exp(2(i/3)!
A" 1! 1! 1! z, Rz! x2+y2, z2!
E" 2&

0!
–1)
1!

–1)
–1!

2x; 2Rx)
(2/)3)y; (2/)3)Ry!

(x2–y2, xy)!
(yz, xz)!

! "

!

"

!

"

! "

"

"

! 

E " #E
E "(1s)H = E "2 "(1s)H

! 

C3 " #E
C3 "(1s)H = C3 "($1) "(1s)H

! 

C3
2 " #E

C3
2

"(1s)H = C3
2 "($1) "(1s)H

! 

" e( )# 2$(Ha )%$(Hb )%$(Hc )

" e( ) =
1
6
2$(Ha )%$(Hb )%$(Hc )[ ]

! "

!

"

! "!

"

"

!

"

! 

E " #E
E "(1s)H = E "0 "(1s)H

! 

C3 " #E
C3 "(1s)H = C3 "1"(1s)H

! 

C3
2 " #E

C3
2

"(1s)H = C3
2 "($1) "(1s)H

! 

" e( )#$(Hb )%$(Hc )

" e( ) =
1
2
$(Hb )%$(Hc )[ ]



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (21)!

52!

N;3 3M%-%2?&)%63$"30&?%-2&"34%$03.2H&-"$034%3$ID-.?38%)-2"$3L@(&+-%("I(-(-&(-&)1(-))#m&7#$'(

"50#-$(5."#$%%5A(2$(-1(&1,-1(2$(%1'I%&$'"><&3&

O;3 3T.2?%63%$03.2H&-"$03?.$%86$"2035%238.?H&)"8&934%$03.2H&-"$03"-U?&8034%3$ID-.?38%)-2"$3

"?H3%$03.2H&-"$034%3'26534%$03$$&'")40E3d/%(@&L@(&)1/"J+%#)&(2pz)N R2&L@#2+&-/&(-))#m#-%<&

& (2s)N = A1" & (2pz)N = A1" & (2px , 2py)N = E"

Y3

YWF3

2s!

1s!

A1"

2pz!

A1"

! "!

"

"

! "!

"

"

! "!

"

"

Y3 YWF3

WF3



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (22)!

53!

Y3

YWF3

2py!

1s!

E"

! "

"

"

! "

"

"

! "

"

"

WF3

Y3

YWF3

2px!

1s!

E"

WF3

! "!

"

"! "!

"

"

! "!

"

"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (23)!

54!2a1"

1s!

2s!

2p!
–13, 61 eV!

–25, 56 eV!

–13, 18 eV!

E!

3a1"

4a1"

! "!

"

"

! "

"

"

! "!

"

"

! "!

"

"

! "!

"

"

1e"

! "

"

"

! "!

"

"

2e"

! "

"

"

! "!

"

"

eO[N!kPU&\eP?^YPkOU&
dlc&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (24)!

55!

^/-2+'("(4&()&'+#*"#4#&'1/"J+%#)2&4/)($@)#"2&'1@-&$/43)(H&3)#-/L@#'"#%<&

:;  <4%)*=>6%63%$3'265356)-6"$34%3$"3?.$@86$"A3, <&

B;3 3 Q00&')%63 6)3 0&0-%?"3 4%3 8..24%)"4%03 "$03 D-.?0A3 )1(+H& '(&

"/%#$+,&C4 2("T&)#&'+"($$+,&z<&P1(+H&y&#3@-%#&2(43"(&$#3&#&)1T%/4&

$(-%"#)<&

F;3 3 M%-%2?&)%63 $%03 2%52%0%)-"8&.)03 2%468*H$%03 8.22%05.)%)-03 "$03 .2H&-"$03 4%$03 D-.?03

5%2&R@2&803.3$$&'")40A&

y"
z"

x"

D4h" E" 2C4" C2" 2C'2"2C''2" i" 2S4" !h" 2!v" 2!d"
&(s)L! 4! 0! 0! 2! 0! 0! 0! 4! 2! 0!
&(py)L! 4! 0! 0! 2! 0! 0! 0! 4! 2! 0!
&(px)L! 4! 0! 0! –2! 0! 0! 0! 4! –2! 0!
&(pz)L! 4! 0! 0! –2! 0! 0! 0! –4! 2! 0!

d/"4#)4(-%B&()2&/"J+%#)2&s&'()2&))+*#-'2&-/&+-%("I(-(-&(-&)1(-))#m<&

y"
z" x"

x"
z"

y"y"
z"

x"
y"

x"
z"

(-))#m/2&%"

(-))#m/2&)"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (25)!

56!

K;3 3!%46S63">6%0-%032%52%0%)-"8&.)03"36)"306?"34%32%52%0%)-"8&.)03&22%468*H$%0A&

D4h" E" 2C4" C2" 2C'2"2C''2" i" 2S4" !h" 2!v" 2!d"
A1g" 1! 1! 1! 1! 1! 1! 1! 1! 1! 1! x2+y2, z2!
A2g" 1! 1! 1! –1! –1! 1! 1! 1! –1! –1! Rz!
B1g" 1! –1! 1! 1! –1! 1! –1! 1! 1! –1! x2–y2!
B2g" 1! –1! 1! –1! 1! 1! –1! 1! –1! 1! xy!
Eg" 2! 0! –2! 0! 0! 2! 0! –2! 0! 0! (Rx, Ry)! (xz, yz)!
A1u" 1! 1! 1! 1! 1! –1! –1! –1! –1! –1!
A2u" 1! 1! 1! –1! –1! –1! –1! –1! 1! 1! z!
B1u" 1! –1! 1! 1! –1! –1! 1! –1! –1! 1!
B2u" 1! –1! 1! –1! 1! –1! 1! –1! 1! –1!
Eu" 2! 0! –2! 0! 0! –2! 0! 2! 0! 0! (x, y)!

D4h" E" 2C4" C2" 2C'2"2C''2" i" 2S4" !h" 2!v" 2!d"
&(py)L! 4! 0! 0! 2! 0! 0! 0! 4! 2! 0! A1g + B1g + Eu"
&(px)L! 4! 0! 0! –2! 0! 0! 0! 4! –2! 0! A2g + B2g + Eu"
&(pz)L! 4! 0! 0! –2! 0! 0! 0! –4! 2! 0! A2u + B2u + Eg"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (26)!

L;3 3 C"$86$%63 %$03 .2H&-"$03 4%3 '2653 4%$03 $$&'")403 5%$3 ?@-.4%3 4%3 $I.5%2"4.23 52.X%8-.2A&

-($(22+%(4&)#&%#@)#&'(&$#"T$%("2&"(#)2&'()&*"@3&"/%#$+/-#)&3@"&$/""(23/-(-%&7C4><&

57!

! 

" a1g( ) =
1
2
#(py1)+#(py2 )+#(py3 )+#(py4 )[ ]

C4" E" C4"C2"(C4)3"
A" 1! 1! 1! 1! z, Rz! x2+y2, z2!
B" 1! –1! 1! –1! x2–y2, xy!
E" 1&

0!
0)
1!

–1&
0!

0)
–1!

x; Rx)
y; Ry!

(yz, xz)!! 

E " #A
E "(py )L = E "1"(py )L

! 

C4 " #A
C4 "(py )L = C4 "1"(py )L

! 

C2 " #A
C2 "(py )L = C2 "1"(py )L

! 

C4
3 " #A

C4
3

"(py )L = C4
3 "1"(py )L

^/-2+'("(4&3"+4("&()2&/"J+%#)2&'(&*"@3&
./"4#%2& 3("& $/4J+-#$+,& )+-(#)& '()2&
/"J+%#)2& #%Q4+$2& py<& kL@(2%2& /"J+%#)2&
L@(B& 3("& $/-I(-$+,B& (2%#-& '+"+*+%2& $#3&
#)& $(-%"(& 4(%T)G)+$B& 2,-& ()2& L@(&
+-%("I+-'"#-& (-& )#& ./"4#$+,& '1(-))#m/2&
%&#4J&()&4(%#))<!

! "

!

"

!"

!

"

!

"

"

"

"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (27)!

58!

! 

" b1g( ) =
1
2
#(py1)$#(py2 )+#(py3 )$#(py4 )[ ]

! 

E " #A
E "(py )L = E "1"(py )L

! 

C4 " #A
C4 "(py )L = C4 "($1) "(py )L

! 

C2 " #A
C2 "(py )L = C2 "1"(py )L

! 

C4
3 " #A

C4
3

"(py )L = C4
3 "($1) "(py )L

! 

" eu( ) =
1
2
#(py1)$#(py3 )[ ]

! 

E " #A
E "(py )L = E "1"(py )L

! 

C4 " #A
C4 "(py )L = C4 "0 "(py )L

! 

C2 " #A
C2 "(py )L = C2 "($1) "(py )L

! 

C4
3 " #A

C4
3

"(py )L = C4
3 "0 "(py )L

! "

!

"

!"

!

"

!

"

"

"

"

! "

!

"

!"

!

"

!

"

"

"

"



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (28)!

59!

! 

" eu( ) =
1
2
#(py2 )$#(py4 )[ ]

! 

E " #A
E "(py )L = E "0 "(py )L

! 

C4 " #A
C4 "(py )L = C4 "1"(py )L

! 

C2 " #A
C2 "(py )L = C2 "0 "(py )L

! 

C4
3 " #A

C4
3

"(py )L = C4
3 "($1) "(py )L

PQ3G3 ,&?3 PZ[3%)3D4h"

s, dz2! a1g! py1 + py2 + py3 + py4!

(px , py)! eu!
py1 – py3!

py2 – py4!

dx2–y2! b1g! py1 – py2 + py3 – py4!

(dxz , dyz)! eg!

dxy! b2g!

pz! a2u!

! "

!

"

!"

!

"

!

"

"

"

"

N;3 3 M%-%2?&)%63 $"3 0&?%-2&"3 4%$03 .2H&-"$03 4%3

$ID-.?38%)-2"$E&



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (29)!

60!

a1g"
eu"

b1g"

a1g"

eu"

eg"

a1g"

e{P&

!

"

"

"

"

!

"

"

"

"

!

"

"

"

" !

"

"

"

"

eu"

b1g"

!

"

"

"

"

!

"

"

"

"

!

!

!

! "

! "

!

!

!

!

"

"

"

"

!

"

"

"

"

!

!

!

! "

a1g" b1g" b2g"
dxz , dyz!3dz2! dx2–y2! dxy!

eu" a2u"
pz!4px , py!

4s"

eg"b2g"
dxz , dyz!dxy!

a1g"

a2u"

a1g"
3dz2!

b1g"
dx2–y2!

ek&4(%#))&

dxz, dyz!eg!

dz2!

b2g! dxy!

a1g!

dx2–y2!b1g!

"D4h!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (30)!

3Q>6%0-34&"'2"?"34I.2H&-"$03).?\03&)8$.63%$03%)$$"].03%37R2&)1(L@+I#)(-%&#&)(2&I+J"#$+/-2&
'(&%(-2+,&(-&(23($%"/2$Q3+#&I+J"#$+/-#)><&Ç@#-&+-%("(22#&+-%"/'@+":V+&()2&(-))#m/2&)B&V(4&

'(&.("&+-%("I(-+"&%#4JR&()2&/"J+%#)2&px&+&pz&'()2&))+*#-'2<&&

61!
! 

" a2g( ) =
1
2
#(px1)+#(px2 )+
#(px3 )+#(px4 )
$ 

% 
& 

' 

( 
) 

! 

E " #A
E "(px )L = E "1"(px )L

! 

C4 " #A
C4 "(px )L = C4 "1"(px )L

! 

C2 " #A
C2 "(px )L = C2 "1"(px )L

! 

C4
3 " #A

C4
3

"(px )L = C4
3 "1"(px )L

! "

!

"

!"

!

"

! "

!

!

!

! 

E " #A
E "(px )L = E "1"(px )L

! 

C4 " #A
C4 "(px )L = C4 "($1) "(px )L

! 

C2 " #A
C2 "(px )L = C2 "1"(px )L

! 

C4
3 " #A

C4
3

"(px )L = C4
3 "($1) "(px )L

! "

!

"

!"

!

"

! "

!

!

!

! 

" b2g( ) =
1
2
#(px1)$#(px2 )+
#(px3 )$#(px4 )
% 

& 
' 

( 

) 
* 



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (31)!

62!

! 

" eu( ) =
1
2
#(px2 )$#(px4 )[ ]

! 

E " #A
E "(px )L = E "1"(px )L

! 

C4 " #A
C4 "(px )L = C4 "0 "(px )L

! 

C2 " #A
C2 "(px )L = C2 "($1) "(px )L

! 

C4
3 " #A

C4
3

"(px )L = C4
3 "0 "(px )L

! 

E " #A
E "(px )L = E "0 "(px )L

! 

C4 " #A
C4 "(px )L = C4 "1"(px )L

! 

C2 " #A
C2 "(px )L = C2 "0 "(px )L

! 

C4
3 " #A

C4
3

"(px )L = C4
3 "($1) "(px )L

! "

!

"

!"

!

"

! "

!

!

!

! "

!

"

!"

!

"

! "

!

!

!

! 

" eu( ) =
1
2
#(px1)$#(px3 )[ ]

C"$42&"352.8%4&234%3$"3?"-%&^"3?")%2"3"?H3%$03.2H&-"$03pz!



Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (32)!

63!

PQ3G3 ,&?3 PZ[3%)3D4h"

a2g! px1 + px2 + px3 + px4!

s, dz2! a1g!

(px , py)! eu!
px1 – px3!

px2 – px4!

dx2–y2! b1g!

(dxz , dyz)! eg!

dxy! b2g! px1 – px2 + px3 – px4!

pz! a2u!

PQ3G3 ,&?3 PZ[3%)3D4h"

b2u! pz1 – pz2 + pz3 – pz4!

s, dz2! a1g!

(px , py)! eu!
pz1 – pz3!

pz2 – pz4!

dx2–y2! b1g!

(dxz , dyz)! eg!

dxy! b2g!

pz! a2u! pz1 + pz2 + pz3 + pz4!

a1g"
dz2!



64!

x"

z"

y"
z"

y"
y"

y"
y"

y"

z" z"

x"

x" z"

z"

x"

x"
x"

1 

3 

6 

2 

4 5 

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (33)!

k%#L@(4& 3("& A& ()& '+#*"#4#& '1/"J+%#)2& 4/)($@)#"2& '1@-&

$/43)(H&/$%#5'"+$<& ?)& *"@3&3@-%@#)&'(& 2+4(%"+#& 2("T& <&

|2& $"@$+#)& %"+#"& @-& J/-& 2+2%(4#& '(& $//"'(-#'(2& L@(&

"(3"/'@i2$#&)#&2+4(%"+#&#)&I/)%#-%&'1@-&(+H&'(&"/%#$+,<&?-&

()& $#2& '(& )1/$%#('"(B& )1(+H& '(& "/%#$+,& V#& '(& 2("& )1(+H& S6, 
3("L@5&R2&)1w-+$#&2+4(%"+#&"/%#$+/-#)&L@(&3/%&*(-("#"&()2&

2+2& (-))#m/2<& O($/"'(@& L@(& )(2& "(3"(2(-%#$+/-2& A& +& B&
72+45%"+$#& +& #-62+45%"+$#>& (2& '(A-+(-& "(23($%(& #& )1(+H&

%("-#"+&'(&)#&4/)5$@)#<&

K(%("4+-(4& #"#& )#& "(3"(2(-%#$+,& "('@$6J)(&

$/""(23/-(-%&#)2&(-))#m/2&%&7/"J+%#)2&py><&

Oh" E" 8C3" 6C2" 6C4" 3C2 =(C4)2" i" 6S4" 8S6" 3!h" 6!d"
&(py)L!6! 0! 0! 2! 2! 0! 0! 0! 4! 2!

K;3 3!%46S63">6%0-%032%52%0%)-"8&.)03"36)"306?"34%32%52%0%)-"8&.)03&22%468*H$%0A&

! 

n("i ) =
1
h
[mj#(

j
$ "red )#("i )]

z"

y"
x"



65!

n7A1g>&`&8Wab&}8GDG8&~&DGCG8&~&cGCG8&~&cGaG8&~&DGCG8�&`&8&

n7A2g>&`&8Wab&}8GDG8&~&DGCG7=8>&~&cGCG8&~&cGaG8&~&DGCG7=8>�&`&9&

n7Eg>&`&8Wab&}8GDGC&~&DGCG9&~&cGCGC&~&cGaGC&~&DGCG9�&`&8&

n7T1g>&`&8Wab&}8GDGc&~&DGCG8&~&cGCG7=8>&~&cGaG7=8>&~&DGCG7=8>�&`&9&

n7T2g>&`&8Wab&}8GDGc&~&DGCG7=8>&~&cGCG7=8>&~&cGaG7=8>&~&DGCG8�&`&9&

n7A1u>&`&8Wab&}8GDG8&~&DGCG8&~&cGCG8&~&cGaG7=8>&~&DGCG7=8>�&`&9&

n7A2u>&`&8Wab&}8GDG8&~&DGCG7=8>&~&cGCG8&~&cGaG7=8>&~&DGCG8�&`&9&

n7Eu>&`&8Wab&}8GDGC&~&DGCG9&~&cGCGC&~&cGaG7=C>&~&DGCG9�&`&9&

n7T1u>&`&8Wab&}8GDGc&~&DGCG8&~&cGCG7=8>&~&cGaG8&~&DGCG8�&`&8&

n7T2u>&`&8Wab&}8GDGc&~&DGCG7=8>&~&cGCG7=8>&~&cGaG8&~&DGCG7=8>�&`&9&

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (34)!

Oh" E" 8C3" 6C2" 6C4" 3C2 =(C4)2" i" 6S4" 8S6" 3!h" 6!d"
A1g" 1! 1! 1! 1! 1! 1! 1! 1! 1! 1! x2+y2+z2!
A2g" 1! 1! –1! –1! 1! 1! –1! 1! 1! –1!
Eg" 2! –1! 0! 0! 2! 2! 0! –1! 2! 0! (2z2–x2–y2, x2–y2)!
T1g" 3! 0! –1! 1! –1! 3! 1! 0! –1! –1! (Rx, Ry, Rz)!
T2g" 3! 0! 1! –1! –1! 3! –1! 0! –1! 1! (xz, yz, xy)!
A1u" 1! 1! 1! 1! 1! –1! –1! –1! –1! –1!
A2u" 1! 1! –1! –1! 1! –1! 1! –1! –1! 1!
Eu" 2! –1! 0! 0! 2! –2! 0! 1! –2! 0!
T1u" 3! 0! –1! 1! –1! –3! –1! 0! 1! 1! (x, y, z)!
T2u" 3! 0! 1! –1! –1! –3! 1! 0! 1! –1!



66!

&(py) = A1g + Eg + T1u !

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (35)!

Oh" E" 8C3" 6C2" 6C4" 3C2 =(C4)2" i" 6S4" 8S6" 3!h" 6!d"
&(py)L!6! 0! 0! 2! 2! 0! 0! 0! 4! 2!

L;3 3C"$86$%63%$03.2H&-"$034%3'26534%$03$$&'")4035%$3?@-.4%34%3$I.5%2"4.2352.X%8-.2A&-/&(-2&I#)&

)#&%#@)#&'(&$#"T$%("2&"(#)2&'()&*"@3&"/%#$+/-#)&C4B&3("L@5&-/&3/'(4&*(-("#"&2+2&3/2+$+/-2&

(L@+I#)(-%2& #4J& #L@(2%#& /3("#$+,& '(& 2+4(%"+#<& l(4& '(& %"/J#"& ()& $/-0@-%& 4R2& 3(6%&

'1/3("#$+/-2& 7#*"@3#'(2& (-& $)#22(2B& +-$)/(-%:V+& 2(43"(& )#& +'(-6%#%>B& '(& 4#-("#& L@(& ()&

-/4J"(&'1/3("#$+/-2&7o>&2+*#&@-&4w)63)(&'()&-/4J"(&'(&3/2+$+/-2&(L@+I#)(-%2&7n&`&D>&L@(&
I/)(4&*(-("#"&+&L@(&)1/"'"(&'()&*"@3&7h&`&ab>&2+*#&@-&4w)63)(&'(&n<&

&?-&()&$#2&'()&*"@3&OhB&#L@(2%&$/-0@-%&(2%T&./"4#%&3("&)(2&$)#22(2&EB&8C3&+&3C2<&l+&#3)+L@(4&

()&45%/'(&'(&)1/3("#'/"&3"/0($%/"&#&)1/"J+%#)&py1&3("&$#)$@)#":-(&()2&/"J+%#)2&'(&*"@3<&

&P#&+'(-6%#%&7E>&',-#&py1<&

&P(2&8C3&'/-(-M&C&py2&~&C py3&~&C py4&~&C py5<&

&P(2&3C2&'/-(-M&py1&~&C py6<&

Oh" E" 8C3" 3C2 =(C4)2"
A1g" 1! 1! 1!
Eg" 2! –1! 2!
T1u" 3! 0! –1!

! 

" a1g( ) =
1
6
#(py1)+#(py2 )+#(py3 )+#(py4 )+#(py5 )+#(py6 )[ ]

1

2 3

45

6
U+& 4@)63)+L@(4& $#'#& /3("#$+,& 3()& 2(@& $#"T$%("& +& 2@4(4& 7+& -/"4#)+%h(4>B& /J%(-+4& )(2&

.@-$+/-2&'1/-#<&^/4(-$(4&#4J&)#&2+4(%"+#&A1g&7$/4J+-(-&#4J&()2&/"J+%#)2&s&'()&4(%#))><&



67!

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (36)!

g("&)#&2+4(%"+#&EgM&C&py1&=&7C&py2&~&C py3&~&C py4&~&C py5&>&~&C&7py1&~&C py6>&

`&&a&py1&=&C&py2&=&C py3&=&C py4&=&C py5&~&a py6&&

&U+&-/"4#)+%h(4M&&

Oh" E" 8C3" 3C2 =(C4)2"
A1g" 1! 1! 1!
Eg" 2! –1! 2!
T1u" 3! 0! –1!

! 

" eg( ) =
1
12

2#(py1)$#(py2 )$#(py3 )$#(py4 )$#(py5 )+2#(py6 )[ ]

|2& .T$+)& $/43"/I#"& L@(& #L@(2%& e{P& $/4J+-#& #4J& )1/"J+%#)& dz2& '()& 4(%#))<& !#-4#%(+HB& )(2&

.@-$+/-2&&

*(-("#'(2B& "(23($6I#4(-%B& #& 3#"6"& '(& py2& +  py3& $/4J+-(-& #4J& ()2& /"J+%#)2& dx2& +& dy2<& P#&

'+.("5-$+#&(-%"(&#L@(2%(2&.@-$+/-2&'/-#"T&()&e{P&L@(&$/4J+-#&#4J&)1/"J+%#)&dx2–y2 4(%T)G)+$<&

! 

" eg( ) =
1
2
#(py2 )$#(py3 )+#(py4 )$#(py5 )[ ]

1

2 3

45

6

1

2 3

45

6
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (37)!

g("&)#&2+4(%"+#&T1uM&c&py1&=&7py1&~&C py6>&`&&C&py1&=&C py6&&

U+&-/"4#)+%h(4M&&

Oh" E" 8C3" 3C2 =(C4)2"
A1g" 1! 1! 1!
Eg" 2! –1! 2!
T1u" 3! 0! –1!

! 

" t1u( ) =
1
2
#(py1)$#(py6 )[ ]

kL@(2%&e{P&$/4J+-#&#4J&)1/"J+%#)&pz&'()&4(%#))<&U+&3#"64&'(&py2&+  py3B&V/4&3/%&/J%(-+"&)(2&

#)%"(2& '@(2& .@-$+/-2& '(& )#& "(3"(2(-%#$+,& %"+3)(4(-%& '(*(-("#'#& L@(& $/4J+-(-B&

"(23($6I#4(-%B&#4J&()2&/"J+%#)2&px&+&py<&

! 

" t1u( ) =
1
2
#(py2 )$#(py4 )[ ]

! 

" t1u( ) =
1
2
#(py3 )$#(py5 )[ ]

1

2 3

45

6

1

2 3

45

6

1

2 3

45

6
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (38)!

PQ3G3 ,&?3 PZ[3%)3Oh"

s! a1g! py1 + py2 + py3 + py4 + py5 + py6!

(px, py, pz)! t1u! py1 – py6!

py2 – py4!

py3 – py5!

dx2–y2 , dz2! eg! 2py1 – py2 – py3 – py4 – py5 + 2py6!

 py2 – py3 + py4 – py5 !
(dxz, dyz, dxy)! t2g!

1

2 3

45

6

1

2 3

45

6

1

2 3

45

6

"o!

HOMO!

LUMO!
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x"

z"

y"
z"

y"
y"

y"
y"

y"

z" z"

x"

x" z"

z"

x"

x"
x"

1 

3 

6 

2 

4 5 

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (39)!

?)& 3#2& 2(*S(-%& R2& '(%("4+-#"& )(2& "(3"(2(-%#$+/-2&

"('@$6J)(2&$/""(23/-(-%&#)2&(-))#m/2&)&7/"J+%#)2&pxB&pz><&

Oh" E" 8C3" 6C2" 6C4" 3C2 =(C4)2" i" 6S4" 8S6" 3!h" 6!d"
&(px, pz)L!12! 0! 0! 0! –4! 0! 0! 0! 0! 0!

!%46S63 ">6%0-%03 2%52%0%)-"8&.)03 "3 6)"3 06?"3 4%3

2%52%0%)-"8&.)03&22%468*H$%0A&

z"

y"
x"

n7A1g>&`&8Wab&}8G8CG8&~&cG7=a>G8�&`&9&

n7A2g>&`&8Wab&}8G8CG8&~&cG7=a>G8�&`&9&

n7Eg>&`&8Wab&}8G8CGC&~&cG7=a>GC�&`&9&

n7T1g>&`&8Wab&}8G8CGc&~&cG7=a>G7=8>�&`&8&

n7T2g>&`&8Wab&}8G8CGc&~&cG7=a>G7=8>�&`&8&

n7A1u>&`&8Wab&}8G8CG8&~&cG7=a>G8�&`&9&

n7A2u>&`&8Wab&}8G8CG8&~&cG7=a>G8�&`&9&

n7Eu>&`&8Wab&}8G8CGC&~&cG7=a>GC�&`&9&

n7T1u>&`&8Wab&}8G8CGc&~&cG7=a>G7=8>�&`&8&

n7T2u>&`&8Wab&}8G8CGc&~&cG7=a>G7=8>�&`&8&

&(px , pz) = T1g + T2g + T1u+ T2u  !



71!

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (40)!

L;3 C"$86$%63 %$03 .2H&-"$03 4%3 '2653 4%$03 $$&'")403 5%$3 ?@-.4%3 4%3 $I.5%2"4.23 52.X%8-.2M& V+&

#3)+L@(4&()&45%/'(&'(&)1/3("#'/"&3"/0($%/"&#)2&/"J+%#)2&px&+&pz&3("&$#)$@)#":-(&()2&/"J+%#)2&'(&

*"@3<&?)&3"/$('+4(-%&R2&4/)%&))#"*B&3("Q&3/'(4&2+43)+A$#":)/&2+&(-2&#'/-(4&'()&.(%&L@(&()&

$#"T$%("&'(&)1/3("#$+,&C3&R2&2(43"(&h("/&3("&#&)(2&L@#%"(&"(3"(2(-%#$+/-2&+B&3("&%#-%B&%/%2&()2&

e{P&(2%#-&./"4#%2&3("&L@#%"(&/"J+%#)2&'()2&T%/42&2+%@#%2&(-&()2&3)#-2&J#2#)2&'(&)1/$%#('"(<&

l+& #3)+L@(4B&3("& %#-%B& )1(+H& L@#%("-#"+& #& %"(2&/"J+%#)2& 3("3(-'+$@)#"2& 7px1B&pz1& +&pz3>& 3("& %#)&

'1/J%(-+"&%"(2&.@-$+/-2&+-'(3(-'(-%2&'(&)(2&"(3"(2(-%#$+/-2&%"+3)(4(-%&'(*(-("#'(2<&

g("&*(-("#"&()2&e{P&'(&2+4(%"+#&T1gB&,7C4>&`&8&+&6-'"(4M&

Oh" E" 8C3" 6C2" 6C4" 3C2 =(C4)2" i" 6S4" 8S6" 3!h" 6!d"
&(px, pz)L!12! 0! 0! 0! –4! 0! 0! 0! 0! 0! &(px , pz) = T1g + T2g + T1u+ T2u  !

! 

" t1g( ) =
1
2
#(px1)$#(pz2 )+#(pz6 )$#(px4 )[ ]

! 

" t1g( ) =
1
2
#(pz1)$#(px3 )+#(px6 )$#(pz5 )[ ]

! 

" t1g( ) =
1
2
#(pz3 )$#(px2 )+#(px5 )$#(pz4 )[ ]

1

2 3

45

6 1

2 3

45

6

1

2 3

45

6
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (41)!

N*@#)4(-%B&()2&e{P&'(&2+4(%"+#&T2gB&,7C4>&`&=8&2("#-M&

! 

" t2g( ) =
1
2
#(px1)+#(pz2 )+#(pz6 )+#(px4 )[ ]

! 

" t2g( ) =
1
2
#(pz1)+#(px3 )+#(px6 )+#(pz5 )[ ]

! 

" t2g( ) =
1
2
#(pz3 )+#(px2 )+#(px5 )+#(pz4 )[ ]

1

2 3

45

6

1

2 3

45

6 1

2 3

45

6

d/%(@&L@(& ()2&e{P&'(& 2+4(%"+#&T1g& 2,-&-/& (-))#m#-%2& +& L@(& ()2& '(& 2+4(%"+#&T2g& $/4J+-(-&

3(".($%#4(-%& #4J& ()2& /"J+%#)2& dxzB& dyz& +& dxy& '()& 4(%#))<& d/%(@& %#4JR& L@(& V(4& %"+#%& )(2&

.@-$+/-2& J#2(& 3("3(-'+$@)#"2& #& )1(+H& '(& "/%#$+,& 75.W#-1.$><& l/4& 3/%& *(-("#"& ()2& e{P&

$/""(23/-(-%&#&)(2&2+4(%"+(2&T1u +&T2u 3"(-(-%&%"(2&.@-$+/-2&J#2(&+-'(3(-'(-%2&+&3#"#)G)()(2&#&
)1(+H&'(&"/%#$+,&7/,&W/7W#-1.$><&?HM&()2&/"J+%#)2&pz1B&px1&+&px3<&
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (42)!

! 

" t2u( ) =
1
2
#(pz1)$#(px2 )$#(px6 )+#(pz4 )[ ]

! 

" t2u( ) =
1
2
#(px1)$#(pz3 )$#(pz6 )+#(px5 )[ ]

! 

" t2u( ) =
1
2
#(px3 )$#(pz2 )$#(pz5 )+#(px4 )[ ]

! 

" t1u( ) =
1
2
#(pz1)+#(px2 )$#(px6 )$#(pz4 )[ ]

! 

" t1u( ) =
1
2
#(px1)+#(pz3 )$#(pz6 )$#(px5 )[ ]

! 

" t1u( ) =
1
2
#(px3 )+#(pz2 )$#(pz5 )$#(px4 )[ ]

1

2 3

45

6

1

2 3

45

6
1

2 3

45

6

1

2 3

45

6

1

2 3

45

6

1

2 3

45

6

?)2&e{P&'(&2+4(%"+#&T1u&$/4J+-(-&#4J&()2&/"J+%#)2&py&B&px&+&pz&'()&4(%#))<&?)2&'(&2+4(%"+#&T2u&

2,-&-/&(-))#m#-%2<&
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (43)!

!%06?34%$03PZ[3&3$%03&)-%2"88&.)03"?H3%$38%)-2%3?%-D$V$&8&

PQ3G3 ,&?3 PZ[3%)3D4h"

t1g! px1 – pz2 + pz6 – px4!

pz1 – px3 + px6 – pz5!

pz3 – px2 + px5 – pz4!

(dxz , dyz , dxy)! t2g! px1 + pz2 + pz6 + px4!

pz1 + px3 + px6 + pz5!

pz3 + px2 + px5 + pz4!

(px , py, pz)! t1u! pz1 + px2 – px6 – pz4!

px1 + pz3 – pz6 – px5!

px3 + pz2 – pz5 – px4!

t2u! pz1 – px2 – px6 + pz4!

px1 – pz3 – pz6 + px5!

px3 – pz2 – pz5 + px4!

1

2 3

45

6

1

2 3

45

6

1

2 3

45

6

EMCNB, !A, >.?J, F3M.O-D@AB, t2g  F!A,

C!D@AA, !BD@.G, @P!HD@D, J!., A@,

PM.C@H-Q,F3!EAA@RMB,)E3
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (44)!

?)2& e{P& '(& 2+4(%"+#& t1g& +& t2u& 2,-B& $/4& V(4&

I+2%B& -/& (-))#m#-%2<& ?)2& '(& 2+4(%"+#& t1u&

+-%("#$$+/-(-&#4J&()2&/"J+%#)2&p&'()&4(%#))&+&

21V+& 3"/'@(+H& @-#& (2%#J+)+%h#$+,& .(J)(& '(&

)1e\& t1u& L@(& -/& 4/'+A$#& )1/$@3#$+,& '()2&

/"J+%#)2<&

\R2& +43/"%#-%B& ()2& e{P& '(& 2+4(%"+#& t2g&

+-%("#$$+/-(-& #4J& ()2& /"J+%#)2& dxzB& dyz& +& dxy&

'()& 4(%#))<& P#& -#%@"#& '(& )#& +-%("#$$+,&

'(3(-'"T&'(&)1(-("*+#&"()#6I#&'1#L@(2%2&'/2&

$/-0@-%2&'(&.@-$+/-2<&

?-&()&3"(2(-%&$#2&7))+*#-'2&):#$$(3%/"2&#4J&

/"J+%#)2& p& -/& /$@3#%2& '1#)%#& (-("*+#B&

x3+$#4(-%& /"J+%#)2& )& '(& ))+*#-'2& $/4& ^eB&

^d=Å>& 6-'"(4& @-#& (2%#J+)+%h#$+,& '()2&

/"J+%#)2& t2g& +B& 3("& %#-%B& @-& #@*4(-%& '()&

'(2'/J)#4(-%&'(&$#43&$"+2%#)G)oB&"o<&
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (45)!

?-& $#-I+B& L@#-& (2& %"#$%#& '(& ))+*#-'2& ):
'/-#'/"2& 7#4J& /"J+%#)2& p& /$@3#%2& 4/)%&

#$$(22+J)(2B& x3+$#4(-%& 3#"())2& 2/)+%#"+2& (-&

/"J+%#)2&p&'(&))+*#-'2&$/4&r=B&^)=Å>&6-'"(4&

@-#& '(2(2%#J+)+%h#$+,& '()2& /"J+%#)2& t2g& +B& 3("&

%#-%B& @-#& '+24+-@$+,& '()& '(2'/J)#4(-%& '(&

$#43&$"+2%#)G)oB&"o<&

?-& *(-("#)B& 2+& @-#& .@-$+,& X& +-%("#$$+/-#&

#4J& @-#& #)%"#& ;& '1(-("*+#& 4R2& J#+H#B&

6-'"(4& '(2(2%#J+)+%h#$+,& '(& X& +&

(2%#J+)+%h#$+,&'(&;<&ro2+$#4(-%B& )#& +-%("#$$+,&

'()& 4(%#))& #4J& ()2& e{P& '/-#'/"2& 7s& /& p>&
+43)+$#&@-#&(2%#J+)+%h#$+,&'1#L@(2%2&7#4J&)#&

'(2)/$#)+%h#$+,& '(& )#& 2(@#& $T""(*#& 2/J"(& ()&

$#6,& 4(%T)G)+$>& +& @-#& '(2(2%#J+)+%h#$+,& '()2&

-+I())2& '()& 4(%#))& #& $#@2#& '(& )#& "(3@)2+,&

()($%"Q-+$#<&
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t2g!

eg!eg! eg!

t2g!

t2g!

t2g!
t2g!

t2g!

t2g!

"o!
"o!

"o!

e\&
."/-%("#&

#$$(3%/"&)"

e\&
."/-%("#&
(-))#m&%"

e\&
."/-%("#&

'/-#'/"&)"

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (46)!

?-&()&$#2&'(&))+*#-'2&):#$$(3%/"2B&V+&V#&@-#&(2%#J+)+%h#$+,&'()2&/"J+%#)2&t2g&3("&'(2)/$#)+%h#$+,&

'(&)#&'(-2+%#%&()($%"Q-+$#&'()&4(%#))&2/J"(&()2&))+*#-'2<&kL@(2%#&+-%("#$$+,&R2&@-&(-))#m&)&'()&
4(%#))&#)&))+*#-'<&kL@(2%&63@2&'1(-))#m&3("4(%&'(&"((-I+#"&$#3&#)2&))+*#-'2&7'$&'(2(4+%*1,),/,
),0+%S,0(42*45>, )#&'(-2+%#%&()($%"Q-+$#&L@(&"(3&()&4(%#))&3("&I+#&%B&#@*4(-%#-%& )1(-("*+#&

'()2& (-))#m/2& +& )1(2%#J+)+%#%& %("4/'+-T4+$#& '()& $/43)(H<& l/4& 3#")#& #)(2V/"(2& '1$K$%&$,

"*49'5*%<&

N-I("2#4(-%B& ()2& ))+*#-'2&):'/-#'/"2& ./"4(-& (-))#m/2&)& '()& ))+*#-'& #)&4(%#))<& ?)2& ))+*#-'2&

(2%#-&'/-#-%&'(-2+%#%&()($%"Q-+$#&#)&4(%#))&3("&I+#&%&+&)<&?)&4(%#))&%R&4#22#&$T""(*#&-(*#6I#&

+&)1(2%#J+)+%#%&%("4/'+-T4+$#&'+24+-@(+H<&

4(%#))"

4(%#))" 4(%#))"

4(%#))"

4(%#))"

))+*#-'"

))+*#-'"

))+*#-'"
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (47)!

?)& 3"/J)(4#& (-& @-& $/43)(H& %(%"#5'"+$& R2& 4R2& '+É$+)&

'1#J/"'#"<&?)&*"@3&3@-%@#)&'(&2+4(%"+#&2("T& <&?)&2+2%(4#&

'(& $//"'(-#'(2& %"+#%& "(3"/'@(+H& (-& #L@(2%& $#2& )#&

2+4(%"+#& #)& I/)%#-%& '(& )1(+H& S4<& g/%& 2(4J)#"& #"J+%"#"+&

)1()($$+,& '()& 2+2%(4#& '(& $//"'(-#'(2B& 3("Q& #L@(2%#&

()($$+,&3("4(%&2+43)+A$#":-(&(-/"4(4(-%&()2&$T)$@)2<&

K(%("4+-(4& #"#& )#& "(3"(2(-%#$+,& "('@$6J)(&

$/""(23/-(-%&#)2&(-))#m/2&%&7/"J+%#)2&py><&

Td" E" 8C3" 3C2" 6S4" 6!d"
&(py)L!4! 1! 0! 0! 2!

k&$/-6-@#$+,B&(2&%"#$%#&'(&"('@+"&#L@(2%#&"(3"(2(-%#$+,&#&@-#&2@4#&'1+""('@$6J)(2<&

Td" E" 8C3" 3C2" 6S4" 6!d"
A1" 1! 1! 1! 1! 1!
A2" 1! 1! 1! –1! –1!
E" 2! –1! 2! 0! 0!
T1" 3! 0! –1! 1! –1!
T2" 3! 0! –1! –1! 1!

n7A1>&`&8WCa&}8GaG8&~&bG8G8&~&DGCG8�&`&8&

n7A2>&`&8WCa&}8GaG8&~&bG8G8&~&DGCG7=8>�&`&9&

n7E>&`&8WCa&}8GaGC&~&bG8G7=8>�&`&9&
n7T1>&`&8WCa&}8GaGc&~&DGCG7=8>�&`&9&

n7T2>&`&8WCa&}8GaGc&~&DGCG8�&`&8&

&(py)L = A1 + T2 !

M 

y"
z"

x"
1 

2 

y"

z"x"

3 

y" 4 y" z"

x"
x"

z"

y"

z"

y"
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (48)!

?-&()&$#2&'()&*"@3&TdB&()&4o-+4&$/-0@-%&'1/3("#$+/-2&(2%T&

./"4#%&3("&)(2&$)#22(2&EB&8C3& +&3C2<&k3)+L@(4&()&45%/'(&

'(& )1/3("#'/"&3"/0($%/"&#& )1/"J+%#)&py1&3("& $#)$@)#":-(&()2&

/"J+%#)2&'(&*"@3<&

P#&+'(-6%#%&7E>&',-#&py1<&

P(2&8C3&'/-(-M&C&py1&~&C py2&~&C py3&~&C py4<&

P(2&3C2&'/-(-M py2&~ py3&~ py4<&

U+&4@)63)+L@(4&$#'#&/3("#$+,&3()&2(@&$#"T$%("&+&2@4(4&

7+&-/"4#)+%h(4>B&V/4&/J%R&)(2&.@-$+/-2&'1/-#<&^/4(-$(4&

#4J& )#& 2+4(%"+#& A1& 7$/4J+-(-& #4J& ()2& /"J+%#)2& s& '()&
4(%#))><&

Td" E" 8C3" 3C2" 6S4" 6!d"
A1" 1! 1! 1! 1! 1!
A2" 1! 1! 1! –1! –1!
E" 2! –1! 2! 0! 0!
T1" 3! 0! –1! 1! –1!
T2" 3! 0! –1! –1! 1!

! 

" a1( ) =
1
2
#(py1)+#(py2 )+#(py3 )+#(py4 )[ ]

1

2

3

4

M 

y"
z"

x"
1 

2 

y"

z"x"

3 

y" 4 y" z"

x"
x"

z"

y"

z"

y"
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (49)!

g("&)#&2+4(%"+#&T2M&c&py1&=&py2&= py3&=&py4&&71>&

g"(-(4&#"#&py2B py3&+&py4&$/4&#&.@-$+/-2&J#2(&3("&/J%(-+":-(M&

c&py2&=&py3&= py4&=&py1&&7>>!

c&py3&=&py4&= py1&=&py2&&7%>&

c&py4&=&py1&= py2&=&py3&&72>&

?)2& %"(2& e{P& '(& 2+4(%"+#& T2&

21/J%(-(-&3("&$/4J+-#$+,&)+-(#)&'(&

)(2&.@-$+/-2&7#>:7'><&

Td" E" 8C3" 3C2" 6S4" 6!d"
A1" 1! 1! 1! 1! 1!
A2" 1! 1! 1! –1! –1!
E" 2! –1! 2! 0! 0!
T1" 3! 0! –1! 1! –1!
T2" 3! 0! –1! –1! 1!

! 

" t2( ) =
1
2
#(py1)+#(py2 )$#(py3 )$#(py4 )[ ]7#>&~&7J>M&&C&py1&~&C&py2&=&C py3&=&C&py4&&

! 

" t2( ) =
1
2
#(py1)$#(py2 )+#(py3 )$#(py4 )[ ]7#>&~&7$>M&&C&py1&=&C&py2&~&C py3&=&C&py4&&

! 

" t2( ) =
1
2
#(py1) –#(py2 ) –#(py3 )+#(py4 )[ ]7#>&~&7'>M&&C&py1&=&C&py2&=&C py3&~&C&py4&&

1

2

3

4
1

2

3

4
1

2

3

4
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (50)!

d/%(@&L@(&(-&()&$#2&'()&*"@3&3@-%@#)&

TdB&()2&/"J+%#)2&p& +&()2&/"J+%#)2&dxzB&dyz& +&

dxy& '()& 4(%#))& %(-(-& )#& 4#%(+H#&

2+4(%"+#&7T2><&kL@(2%&.(%&R2&)#&J#2(&'(&

-/4J"/2(2&3"/3+(%#%2&'()2&$/43)(H/2&

%(%"#5'"+$2B&$/4&()&2(@&$/)/"&+-%(-2<&

Td" E" 8C3" 3C2" 6S4" 6!d"
A1" 1! 1! 1! 1! 1! x2+y2+z2!
A2" 1! 1! 1! –1! –1!
E" 2! –1! 2! 0! 0! (2z2–x2–y2, x2–y2)!
T1" 3! 0! –1! 1! –1! (Rx, Ry, Rz)!
T2" 3! 0! –1! –1! 1! (x, y, z)! (xy, xz, yz)!

?)2& %"(2&e{P&'(&2+4(%"+#&T2& $/4J+-(-&#4J&()2&

%"(2&/"J+%#)2&p&+&()2&%"(2&/"J+%#)2&d&'()&4(%#))&3("&

'/-#"& ]& e\M& %"(2& (-))#m#-%2& #4J& $#"T$%("& '(&

))+*#-'B& %"(2& .(J)(4(-%& #-6(-))#m#-%2& #4J&

$#"T$%("& '(&4(%#))& +& %"(2& #-6(-))#m#-%2& #&4R2&

#)%#&(-("*+#<&

1

2

3

4

z

1

2

3

4

x

1

2

3

4
y

1

2

3

4

z

1

2

3

4

x

1

2

3

4
y

dxz!dyz!dxy!



t 2 + e 

t 2 
4p 

3d 

t 2 
a 1 

t 2 

e 

a 1 
4s 

t 2 

a 1 

a 1 
t 2 

" t 

OM 
enllaçants 

OM 
frontera 

OM 
antienllaçants 

82!

\& P&

PQ3G3 ,&?3 PZ[3%)3Td"

s! a1! py1 + py2 + py3 + py4!

(px , py, pz)!
(dxz , dyz , dxy)!

t2! py1 + py2 – py3 – py4!

py1 – py2 + py3 – py4!

py1 – py2 – py3 + py4!

dx2–y2 , dz2! e!

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (51)!

?)2&/"J+%#)2&e&2,-&-/&(-))#m#-%2<&d/%(@&
)#& +-I("2+,&'()2&-+I())2&(-("*56$2&'()2&

/"J+%#)2&."/-%("#&7le\e&+&PY\e><&

http://wetche.cmbi.ru.nl/organic/srm4/tetrah.html!
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (52)!

K(%("4+-(4& #"#& )#& "(3"(2(-%#$+,& "('@$6J)(&

$/""(23/-(-%&#)2&(-))#m/2&)&7/"J+%#)2&px&+&pz><&

Td" E" 8C3" 3C2" 6S4" 6!d"
&(px, pz)L!8! –1! 0! 0! 0!

?)&$#"T$%("&=8&'(& )#&$)#22(&8C3&'("+I#&'(& )#& %"#m#&'(& )#&

4#%"+@& '(& %"#-2./"4#$+,& '(& )1/3("#$+,& C3& (-& '@(2&

'+4(-2+/-2M&C$/278C9>&`&=8<&

Td" E" 8C3" 3C2" 6S4" 6!d"
&x,y,z(" 3! 0! –1! –1! 1!

àtoms fixos" 4! 1! 0! 0! 2!
&tot&" 12! 0! 0! 0! 2!
&(py)L! 4! 1! 0! 0! 2!

&(px, pz)L" 8" –1" 0" 0" 0"

n7A1>&`&8WCa&}8GbG8&~&bG7=8>G8�&`&9&

n7A2>&`&8WCa&}8GbG8&~&bG7=8>G8�&`&9&

n7E>&`&8WCa&}8GbGC&~&bG7=8>G7=8>�&`&8&
n7T1>&`&8WCa&}8GbGc�&`&8&

n7T2>&`&8WCa&}8GbGc�&`&8&
&(px, pz)L = E + T1 + T2 !

M 

y"
z"

x"
1 

2 

y"

z"x"

3 

y" 4 y" z"

x"
x"

z"

y"

z"

y"

Y-#& 4#-("#& 4R2& 2(-h+))#& '1#$$('+"& #& )#& "(3"(2(-%#$+,& "('@$6J)(& '()2& /"J+%#)2& px& +& pz&

$/-2+2%(+H&#&$#)$@)#"&&tot&`&&(px,  py,  pz)L  #&3#"6"&'(&&x,y,z( 7$/4&(2& .(+#&(-&I+J"#$+/-#)>& +&

"(2%#":-(&)#&"(3"(2(-%#$+,&'()2&/"J+%#)2&py<&k&$/-6-@#$+,B&(2&"('@(+H&)#&"(3"(2(-%#$+,M&



t 2 + e 

t 2 
4p 

3d 

t 2 
a 1 

t 2 

e 

a 1 
4s 

t 2 

a 1 

a 1 
t 2 

" t 

OM 
enllaçants 

OM 
frontera 

OM 
antienllaçants 
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Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (53)!

84!

Tema 4. Aplicacions de la simetria!
Diagrames dʼorbitals moleculars (53)!

^#)& #22(-X#)#"& L@(& %#-%& ()2& /"J+%#)2& e& $/4& ()2& /"J+%#)2& t2  +-%("I(-(-& (-& )#& ./"4#$+,&

'1(-))#m/2&)&#4J&()2&e{P&'(&)#&4#%(+H#&2+4(%"+#<&U("TB&3("&%#-%B&'+É$+)&'(&3"('+"&)1(.($%(&

'(& )1(-))#m&)& 2/J"(&()&'(2'/J)#4(-%&'()&$#43&'(& ))+*#-'2<&?-&%/%&$#2B& )1(.($%(&2("T&4R2&

.(J)(&L@(&(-&()&$#2&'()2&$/43)(H/2&/$%#5'"+$2<&&

e"
t1"
t2"

e"
t1"

t2"

?)2&/"J+%#)2&t1&2,-&-/&(-))#m#-%2<&

P#& '('@$$+,& '(& )1(H3"(22+,& '(&

)(2&.@-$+/-2&'1/-#&4+%0#-m#-%&()&

45%/'(&'(&)1/3("#'/"&3"/0($%/"&

R2& @-& (H("$+$+& 4R2& ))#"*& +&

$/43)+$#%B& 3("L@5& ()2& /"J+%#)2&

px& +& pz& B& (-& *(-("#)B& -/& (2&

%"#-2./"4(-& (-%"(& 2+B& 2+-,& (-&

@-#& $/4J+-#$+,& )+-(#)& '(& %/%2&

'/2<&&



Tema 5. Natura de lʼenllaç en els compostos de coordinació"

1.  Perspectiva històrica"
2.  Teories del camp crista·lí i del camp de lligands"
3.  Aproximació del camp feble"
4.  Aproximació del camp fort"
5.  Diagrames de correlació. Diagrames dʼOrgel i 

Tanabe-Sugano"
6.  Model del solapament angular"



2!

!"#$%&'("#)%#*"#+&&')(,"+(-#)%#.%',%'#/01&/2#0,#3'",#"4",5#1%'#%61*(+"'#

*7%/$'0+$0'"# )%# ,&89'&/&/# +&81&/$&/# )%# +&&')(,"+(-:# ;&$# (# "(6<=# >/# "#

1"'?'# )%*/# ",@/# ABCD# E0",# %/# 4",# %/$"9*('# *%/# 9"/%/# )%# *%/# )(/?,$%/#

$%&'(%/#E0%#F",#$'"+$"$#)7%61*(+"'# *"#,"$0'"#)%# *7%,**"5#%,#%*/#+&81&/$&/#

)%#+&&')(,"+(-:#G%,/%0#E0%#.%',%'#4"#%*"9&'"'#*"#/%0"#$%&'("#!"!#$%&'%

()'%*+'*',-./%0/.!%&'$,1"'.-#HABDI=#;F&8/&,=#JKLABDMN#(#E0",#%,+"'"#,&#

%/#+&,%(6("#'%/#/&9'%#*"#,"$0'"#%*%+$'<,(+"#)%#*7%,**"5:#

O,#"4",5#(81&'$",$#%,#"E0%/$#$%''%,@#4"#/%'#*7"1&'$"+(-#)%#P()Q(+R=#E0%#

%*# ABIS# 4"# "1*(+"'# %*# +&,+%1$%#)72+()# (# 9"/%#)%# !%Q(/# "*/# +&81&/$&/#)%#

+&&')(,"+(-:#

T(6U=#4"#%/$"9*('#E0%#*7%,**"5#%,$'%#%*#8%$"**#(#%*#**(3",)#>/#/(8(*"'#"*#E0%#%/#

1'&)0%(6#%,#0,#"))0+$%#)%#!%Q(/#(#4"#)%V,('#%*#E0%#"40(#)("#",&8%,%8#

'#**!2%&!3)%&#'#**!2%&'%,11.&4#!,4/=%%,#E0W#0,#/&*#2$&8#H%,#"E0%/$#+"/=#

%*# **(3",)N#"1&'$"#%*/#)&/#%*%+$'&,/:#X*# +"?-#8%$2*Y*(+#F(# "+$0"=#1%'# $",$=#

+&8#0,#2+()#)%#!%Q(/#(#%*#**(3",)#+&8#0,"#9"/%:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Perspectiva històrica (1)"

J:#Z:#P()Q(+R#
HA[SCLAB\IN#



3!

X,# %*/# ",@/# ABCD# %/# 4",# (,$'&)0('# $'%/# $%&'(%/# 1%'# %61*(+"'# *7%,**"5# (# *%/#

1'&1(%$"$/#)%*/#+&81&/$&/#)%#+&&')(,"+(-]#

!"# !"#$%&' (")' *&+,' *$%-!&).)/# H^K;# _# ,.5$-!*% 6'*&% -7'1.5N:# ^&,/()%'"# %*/#

**(3",)/# E0%# +&&')(,%,# %*# 8%$"**# +&8# "# +2''%30%/# 10,$0"*/# H&# )(1&*/#

%*W+$'(+/N# E0%# +'%%,#0,# +"81#%*%+$'&/$2?+# /%89*",$# "*# E0%#"1"'%(6# %,#%*/#

+&81&/$&/#(<,(+/:#

Z"#/%'#)%/%,4&*01")"#"#1"'?'#)%*#$'%9"**#E0%#4"#`%'#a",/#b%$F%#HJKLABMSN#%*#

ABIB:# b%$F%# %/# 4"# (,$%'%//"'# 1%'# +"*+0*"'# E0W# 1"//"4"# "89# %*/# $%'8%/#

%*%+$'<,(+/#)70,#+"?-#J"c#E0",#%/#$'&9"4"#%,#*"#6"'6"#+'(/$"*Y*(,"#)%*#J"^*:#X*#

ABCA=#d"''(+R#4"#%61*(+"'#"89#"E0%/$#8&)%*#10'"8%,$#(<,(+#*%/#%,$"*1(%/#)%#

`&'8"+(-# )%# +&81*%6&/# 8%$2*Y*(+/# (# Z",# Z*%+R# HJKLABSSN# 4"# )%)0('L,%#

,&89'&/%/#1'&1(%$"$/:#

!7(,+&,4%,(%,$# )7"E0%/$"# $%&'("# >/# E0%# +&,/()%'"# *"# (,$%'"++(-# %,$'%# %*#

8%$"**#(#%*/#**(3",)/#+&8#"#10'"8%,$#%*%+$'&/$2?+":#

!"#!"#$%&'(")'*&+,'("'))%0&1(-#H!K;#_#*48!#&%6'*&%-7'1.5N#1'%,#+&8#"#9"/%#*"#

$%&'("# ^K;# (# (,$'&)0%(6# *"# +&4"*W,+(":# !"# $%&'("# !K;# >/# "40(# )("# *"# 8>/#

0?*($e")"#"#,(4%**#%*%8%,$"*#1%'#*"#/%0"#/(81*(+($"$#(#%*#/%0#+"'2+$%'#(,$0f?0:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Perspectiva històrica (2)"

g:#a:#Z",#Z*%+R#
HA[BBLAB[DN#

a:#T:#b%$F%#
HABDMLIDD\N#
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!"#!"#$%&'("')2"1))&3'("'4&)51*%&#HZb;#_#9!*'#,'%"1#&%-7'1.5N#4"#/%'#1'&1&/")"#1%'#

G"0*(,3#%*#ABCA#(#4"#/%'#)%/%,4&*01")"#1%'#!&,)&,=#a%($*%'#(#P*"$%':#X/$2#9"/")"#%,#

%*#+&,+%1$%#)774".4&!,4/%1."4-!*%H+&89(,"+(-#*(,%"*#)%*/#&'9($"*/#"$<8(+/#&'(3(,"*/#&#

,")(0/N:# !"#F(9'()"+(-#&'9($"*# (81*(+"#%,#"E0%/$# +"/#%*/#&'9($"*/#d=# (# "(6U# 1"'*"'%8#

)7F(9'()"+(-#sp3d2#%,#0,#+&81*%6#&+$"W)'(+=#sp3d#%,#0,#+&81*%6#"89#3%&8%$'("#)%#

9(1('28()%# $'(3&,"*=# %$+:# TE0%/$"# "1'&6(8"+(-# >/# 0?*($e")"# 1%'# '"+(&,"*($e"'# *%/#

%/$'0+$0'%/# )%*/# +&81&/$&/# &'32,(+/=# 1%'<# ,&# %,+%'$"# %,# *"# 1'%)(++(-# )%#8&*$%/#

1'&1(%$"$/=#1"'?+0*"'8%,$#E0",# *7%,**"5# (81*(+"#%*/#&'9($"*/#d:#X6"3%'"#%*#3'"0#)%#
*&+"*($e"+(-#)%*/#%*%+$'&,/#%,#*7%,**"5#(#,&#/7")"1$"#"#*"#/(8%$'("#8&*%+0*"':#

!"#!"#$%&'("')2#$6%!&)'+#)"*7)&$#Hhi;#_#:1*',)*!.%1."4-!*%-7'1.5N=#)%/%,4&*01")"#

1%'# K:# a0,)=# j:# h0**(R%,=# g:# ^:# P*"$%'# (# g:# !%,,"')Lg&,%/# 0,/# ",@/# )%/1'>/# )%# *"#

$%&'("#Zb;:#^&,/()%'"#E0%#%*/#%*%+$'&,/#/7"**&$3%,#%,#0,/#&'9($"*/#E0%#1%'$",@%,#"#

$&$"# *"# 8&*W+0*"# H&'9($"*/# 8&*%+0*"'/=# ih=# +&,+%1$%# (,$'&)0f$# 1%'# h0**(R%,# %*#

ABCIN#(#E0%#%/#`&'8%,#1%'#+&89(,"+(-#*(,%"*#)%*/#&'9($"*/#"$<8(+/#HiTN#E0%#`&'8%,#

*"#8&*W+0*":#!7&+01"+(-#)%*/#)(`%'%,$/#ih#%/#`"#/%30(,$#%*#;.4#,4;4%&+<)=!)=# (30"*#

E0%#%,#%*#+"/#)%*/#iT:#g"#F%8#4(/$#%,#%*#$%8"#",$%'(&'#E0%#"E0%/$"#$%&'("#1%'8%$#

)7%61*(+"'# *%/# 1'&1(%$"$/# )%*/# +&81*%6&/#8%$2*Y*(+/:# k/=# 1%'<=#8%,@/# (,$0f?4"# E0%#

%*/#8&)%*/#%*%+$'&/$2?+/:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Perspectiva històrica (3)"

!(,0/#G"0*(,3#

g:#P:#P*"$%'#

j:#h0**(R%,#
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X,# *"#$%&'("#)%*#+"81#+'(/$"*Y*U# H^K;N=#0,#+&81*%6#>/#0,#+"?-#8%$2*Y*(+#+%,$'"*#%,4&*$"$#)%#

**(3",)/#E0%#/7"1'&6(8%,#+&8#"#+2''%30%/#10,$0"*/#&#)(1&*/#%*W+$'(+/:# !"# (,$%'"++(-#%,$'%#

%*/#%*%+$'&,/#)%*#+"?-#(#%*/#)%*/#**(3",)/#>/#'%10*/(4":#X*#1'(8%'#%`%+$%#)7"E0%/$"#(,$%'"++(-#

>/#*"#)%/%/$"9(*($e"+(-#%,%'3W?+"#)%*/#+(,+#&'9($"*/#d  )%*#8%$"**:#TE0%/$"#)%/%/$"9(*($e"+(-#

,&#F"0'("#)%#+&81&'$"'#+"1#)%/)&9*"8%,$#)%#,(4%**/#/(#%/#+&,/%'4"'"#*"#/(8%$'("#%/`W'(+"#

&'(3(,"*#)%*#+"?-#8%$2*Y*(+:#

X,# +&&')(,"+(-# &+$"W)'(+"=# 1%'<=# *"# )%/%/$"9(*($e"+(-# )%*/# &'9($"*/# dx2–y2  (# dz2  HE0%# %/#

)('(3%(6%,#+"1#"*/#**(3",)/N#>/#/01%'(&'#"#*"#)%*/#&'9($"*/#dxy=#dxz#(#dyz HE0%#9(/%E0%,#%*/#",3*%/#

)7%,**"5N:# g"#/"9%8=#1%'# $%&'("#)%#3'01/=#E0%#"E0%/$/#)&/#+&,l0,$/#)7&'9($"*/#1%'$",@%,#"#

'$;>,4'$%&'%$4:'-.4!%)(`%'%,$/=#eg# (# t2g=# '%/1%+?4"8%,$:#h%,$'%#E0%# *"# $%&'("#)%#3'01/#,&#

%,/#1%'8%$#)%#E0",?V+"'#*7%,%'3("#)7"E0%/$/#)&/#+&,l0,$/#)7&'9($"*/=#*"#$%&'("#^K;#%,/#)(0#

E0%# *"#/%0"#/%1"'"+(-#%,%'3W?+"#>/# (30"*#"#!o=#%*#!"#$%&'#&()&()&*)+,-"%&.'()&-(/"%!(

/#0*'"-1-2(+/'"3)#0/:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (1)"
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G%'# `%'# %*# +2*+0*# )%# !o# F%8# )%# +&,/()%'"'# %*# 1&$%,+("*# +'%"$# 1%'# /(/# +2''%30%/#

10,$0"*/#)('(3()%/#"*#**"'3#)%*/#%(6&/#+"'$%/(",/:#;'&9%8#E0%]#

%,#E0W # # # #"89#z#_#+2''%3"#)%*#**(3",)m#e#_#+2''%3"#)%#*7%*%+$'-m#r#_#'")(#
8($l2#)%#*7%*%+$'-#%,#0,#&'9($"*#dm#a#_#)(/$2,+("#(,$%',0+*%"':#

P7F"#)%#+&81*('#%*#1'(,+(1(#)%#+&,/%'4"+(-#)%# *7%,%'3("# (=#1%'#$",$=#%*/#&'9($"*/# t2g 
)(/8(,0%(6%,#*"#/%0"#%,%'3("#%,#nDq=#8%,$'%#E0%#%*/#&'9($"*/#eg %/#)%/%/$"9(*($e%,#
"))(+(&,"*8%,$#%,#MDq:#P7F"#)%#)('#E0%#%*#4"*&'#%61%'(8%,$"*#)%#!o#)(/$"#8&*$#)%*#

4"*&'# +"*+0*"$#)%#ADDq:#T(6<#>/#)%30$#"*/#%`%+$%/#)%#+&4"*W,+(":#X,# *"# $%&'("#)%*#
+"81#)%#**(3",)/=#!o#%/#$'"+$"$#+&8#0,#1"'28%$'%#E0%#+"*#"l0/$"'#"89#*%/#)")%/#

%61%'(8%,$"*/#H%/1%+$'%/#)7"9/&'+(-#%*%+$'<,(+"=#1%'#%6%81*%N:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (2)"

! 

"o = 10Dq

! 

Dq =
ze2r4

6a5
,

d!

!o _#ADDq"
t2g 

eg  
M#Dq!

n#Dq"
+"?-#**(0'%# **(3",)/#%,#

/(8%$'("#%/`W'(+"#
**(3",)/#%,#
+"81#Oh!
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P7F"#+&81'&4"$#E0%#%*#4"*&'#)%#!o#4"'("#"89#%*#?10/#)%#**(3",)#(#+"?-#+%,$'"*:#

!7%/$0)(#/(/$%82?+#)70,#3'",#,&89'%#)%#+&81*%6&/#"89#)(`%'%,$/#+"?&,/#+%,$'"*/#(#

**(3",)/# F"# 1%'8W/# )7&')%,"'# %*/# **(3",)/# /%3&,/# 4"*&'/# +'%(6%,$/# )%# !o=# %,#

*7",&8%,")"#-5$%"'"-,"*!$#87/+%*&]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (3)"

op#q#b'p#q#PIp#q#pP^Jp#q#^*p#q#JiC
p#q#JC

p#q#Kp#q#iap#q#r^IinsIp#q#iIp#q#aIi#q#pJ^Pp#

q#^aC^J#q#JaC#t#1@#q#%,#q#91@#q#1F%,#q#pJiI
p#q#GGFC#q#^Jp#q#^i#

O,# )%*/# 3'",/# 1'&9*%8%/# )%# *"# ^K;# >/# E0%# ,&# %61*(+"# +&81*%$"8%,$# *"# /W'(%#

%/1%+$'&E0U8(+":#

G%'#%6%81*%=#/U#E0%#%61*(+"#*"#/($0"+(-#'%*"?4"#)%*/#**(3",)/#F"*0'/#Hop#q#b'p#q#^*p#q#KpN=#

l"#E0%#+&8#8%,&'#/(3"#*"#3'",)2'("#)%#*7F"*0'=#8>/#3'",#/%'2#*"#)%,/($"$#)%#+2''%3"#(=#

1%'#$",$=#F(#F"0'2#0,"#8"l&'#'%10*/(-#%,$'%#%*#**(3",)#(#%*/#%*%+$'&,/#)%*#+"?-#+%,$'"*#

H&=#%,#"*$'%/#1"'"0*%/=#0,#"038%,$#)%*#+"81#)%#**(3",)/N:#

J&#%61*(+"=#1%'<=#1%'#E0W#%*#**(3",)#,%0$'%#aIi#1'&)0%(6#0,#+"81#8>/#3'",#E0%#%*#

**(3",)#",(<,(+#iap#H+"*#%/1%'"'#E0%#0,#**(3",)#+"''%3"$#,%3"?4"8%,$#1'&)0f/+"#0,"#

8"l&'#'%10*/(-#"89#%*/#%*%+$'&,/#)%*#+"?-#+%,$'"*N:#;"81&+#,&#%61*(+"#1%'#E0W#%*/#

**(3",)/#^Jp#(#^i#%/#$'&9%,#%,#*7%6$'%8#)7"E0%/$"#/W'(%:#

^Iin
IL#

1@#

%,#

91@#
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!%/#4"'("+(&,/#)%*#4"*&'#)%#!o #"89#*"#,"$0'"#)%*#+"?-#+%,$'"*#/-,#*%/#/%3u%,$/]#

"!o "038%,$"#%,#"038%,$"'#*7%/$"$#)7&6()"+(-#)%*#+"?-#+%,$'"*:#

"!o  "038%,$"#"#8%/0'"#E0%#9"(6%8#%,#0,#3'01:#T(6U=#"038%,$"#%,#0,#\Dv#%,#

1"//"'#)%#*"#1'(8%'"#"#*"#/%3&,"#/W'(%#)%#$'",/(+(-=#(#%,#0,#I\v#%,#1"//"'#)%#*"#

/%3&,"#"#*"#$%'+%'":#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (4)"

9#+,)": !o';*+<=> 
r^'oooKMsCp II:DDD 
r^'ooKMsnp A\:DMD 
r^&oooKMsCp ID:CDD 
r^&ooKMsnp AC:ADD 
rK%oooH^JNMsCp C\:DDD 
rK%ooH^JNMsnp CI:IDD 

9#+,)": !o';*+<=> 9#+,)": !o';*+<=> 
r^'HaIiNMsCc AS:nDD rK%H&6NCsCp An:nAD 
rh&HaIiNMsCc IM:DDD rj0H&6NCsCp I[:SDD 
rh,KMsIp IA:[DD r^&KMsIp ID:CDD 
r;+KMsIp I[:nDD rjFKMsIp ID:\DD 
rj%KMsIp CI:[DD ro'KMsIp IS:DDD 
rK%HaIiNMsCc An:DDD rjFHJaCNMsCc Cn:ADD 
rj0HaIiNMsCc I[:MDD ro'HJaCNMsCc nA:IDD 

T#1"'?'#)%*/#4"*&'/#%61%'(8%,$"*/#)%#!o#/7F"#%/$"9*%'$#0,"#'%*"+(-#%81U'(+"#)%#?10/#

*(,%"*# E0%# 1%'8%$# +"*+0*"'# )%# 8",%'"# "1'&6(8")"# %*# 4"*&'# )%# !o# 1%'# E0"*/%4&*#

+&81*%6#"#1"'?'#)%#*%/#+&,$'(90+(&,/#)%*#8%$"**#(#)%*/#**(3",)/]#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (5)"

T# +&,?,0"+(-# %/# '%+0**%,# %*/# 4"*&'/# )%# *%/# +&,$'(90+(&,/# )%# )(`%'%,$/# 8%$"**/# (#

**(3",)/:#;"89>#%/#)&,%,=#1%'#+&81"'"+(-=#%*/#4"*&'/#)%#!o#1%'#"*30,/#+&81*%6&/:#

!o(4(M(5(#(6niLi7(5(89:(6/%;87(

<&'"-- M! =-0>".) Li!

h,Ic D=[D b'p A=IS 
J(Ic D=[B ^*p A=CC 
^&Ic D=BC Kp A=\D 
K%Ic A=DD iap A=\S 
^0Ic A=ID aIi A=MS 
ZIc A=IC P^Jp A=SI 
^'Cc A=Sn JaC I=D[ 
ZCc A=[M 91@ I=C[ 
^&Cc A=BD JiI

p I=\D 
;(Cc I=DC ^Jp I=[C 
h,Cc I=AD 
h,nc I=CD 
jFCc I=SD 
o'Cc C=ID 
G$nc C=MD 

9#+,)": !o';*+<=> 9#+,)": !o';*+<=> 
rZ^*MsIp A\:nDD rj0HaIiNMsCc I[:MDD 
r^'KMsIp II:DDD rj0H&6NCsCp I[:SDD 
r^'KMsCp A\:DMD rj0H^JNMsnp CC:[DD 
r^'HaIiNMsCc AS:nDD r^&KMsIp ID:CDD 
r^'H%,NCsCc II:CDD r^&KMsCp AC:ADD 
r^'H^JNMsCp IM:MDD r^&HaIiNMsIc B:IDD 
rh&HaIiNMsCc IM:DDD r^&HJaCNMsIc II:[SD 
rh,KMsIp IA:[DD r^&H%,NCsCc IC:AMD 
r;+KMsIp I[:nDD rjFKMsIp ID:\DD 
rj%KMsIp CI:[DD rjFHaIiNMsCc IS:IDD 
rK%HaIiNMsCc An:DDD rjFHJaCNMsCc Cn:ADD 
rK%H&6NCsCp An:nAD ro'KMsIp IS:DDD 
rK%H^JNMsCp C\:DDD ro'HJaCNMsCc nA:IDD 
rK%H^JNMsnp CI:IDD 
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T# 1"'?'# )%# *7%/E0%8"# )%# )%/)&9*"8%,$# )%*/# &'9($"*/# d# %,# %*# +"81# &+$"W)'(+=# >/#

1&//(9*%#+"*+0*"'#-?&.&#>0"()?&*'",0-0'@"/0A()&-(/"%!(/#0*'"-1-2(HBBCCN:#k/#/(81*%8%,$#

%*#30",@#)7%,%'3("#%*%+$'<,(+"#"#+"0/"#)%#*%/#(,$%'"++(&,/#%*%+$'&/$2?E0%/#"89#%*/#

**(3",)/#%,#*"#/(8%$'("#+&''%/1&,%,$#(#'%/1%+$%#"#*"#/(8%$'("#%/`W'(+":#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (6)"

d!

!o _#ADDq"
t2g 

eg  
M#Dq!

n#Dq"
+"?-#**(0'%#

**(3",)/#%,#
/(8%$'("#%/`W'(+"#

**(3",)/#%,#
+"81#Oh!

G%'#"#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#d1  "#d3=#*7%,%'3("#)7%/$"9(*($e"+(-#/%'2#+")"#

4%3")"#8>/#3'",:#

XXX^#_#pD=nDq"

t2g 

eg  
XXX^#_#pD=[Dq"

t2g 

eg  
XXX^#_#pA=IDq"

t2g 

eg  d1! d2! d3!
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X,#%*#+"/#)%#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#d4 "#d7=#?,)'%8#)0%/#1&//(9(*($"$/]#

!N##X*/#%*%+$'&,/#&+01%,#1'(8%'#%*/#&'9($"*/#)%#8>/#9"(6"#%,%'3("#Ht2gN#"1"'%**",$#%*/#%*%+$'&,/#(=#

1%'# $",$=# 1"3",$# *7%,%'3("# P# +&''%/1&,%,$# HP# _# ;!4.4#8N:# P# >/# )%30)"# "# *%/# '%10*/(&,/#
(,$%'%*%+$'<,(E0%/#H(,$%'"++(&,/#+0*&89(",%/#(#)%#9%/+",4(N:#TE0%/$"#1&//(9(*($"$#%/#)&,"'2#

E0",#!o w#P#(#1%'#"(6<#/7",&8%,"#*#1?07$&*%@'("'*&+,'A#$!'+(("'6&%:'"-,/1%H%*/#%*%+$'&,/#

%/$",#"1"'%**"$/#"*#826(8N:#

"N#X*/#%*%+$'&,/#%/#)(/$'(90%(6%,#+&81*%$"8%,$#%,$'%#%*/#&'9($"*/#t2g#(#eg#/%30(,$#%*#1'(,+(1(#)%#

826(8"#80*?1*(+($"$:# TE0%/$"# 1&//(9(*($"$# %/# )&,"'2# E0",#!o  q#P# (=# 1%'# $",$=# /7",&8%,"#

*#1?07$&*%@'("'*&+,'A"6)"(+((2&)!'"-,/1'H%*/#%*%+$'&,/#%/$",#)%/"1"'%**"$/#"*#826(8N:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (7)"

XXX^#_#pA=MDq+P"

t2g 

eg  d4!

XXX^#_#pI=DDq+IP"

t2g 

eg  d5!

XXX^#_#pI=nDq+CP"

t2g 

eg  d6!

XXX^#_#pA=[Dq+CP"

t2g 

eg  d7!

XXX^#_#pD=MDq"
t2g 

eg  d4!

XXX^#_#D"
t2g 

eg  d5!

XXX^#_#pD=nDq+P"

t2g 

eg  d6!

XXX^#_#pD=[Dq+IP"

t2g 

eg  d7!
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K(,"*8%,$=#1%'#"#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#d8 (#d9]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (8)"

!7XX^^# 1%'8%$# )7%61*(+"'# "*30,%/# 1'&1(%$"$/#

)%*/# +&81*%6&/=# +&8# *%/# /%0%/# %,%'3(%/#

)7F()'"$"+(-:#J&$%0#E0%=# %,#1'(,+(1(=# *7%,%'3("#

)%#*"#'%"++(-]#

F"0'("#)7"038%,$"'#)%#8",%'"#+&,x,0"#"89#

%*# ,&89'%# "$<8(+# H"038%,$# )%# *"# +2''%3"#

,0+*%"'# %`%+?4"N:# !"# )%/4("+(-# )7"E0%/$"#

$%,)W,+("# H*U,("# '&l"N# >/#)%30)"#"# *7%`%+$%#)%*#

+"81# +'(/$"*Y*U=# E0%# >/# ,0*# 1%'# "# +"?&,/# )%#

+&,V30'"+(-#%*%+$'<,(+"#d5=#+&8#"'"#%*#h,Ic:#

XXX^#_#pA=IDq+CP"

t2g 

eg  d8!

XXX^#_#pD=MDq+nP"

t2g 

eg  d9!

! 

M(g)
n+ + 6 H2O(l) " [M(H2O)6 ](aq)

n+
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X,#3%&8%$'("#$%$'"W)'(+"#HTdN=#$"89>#$'&9%8#0,#)%/)&9*"8%,$#)%*/#&'9($"*/#d#%,#
)&/#+&,l0,$/#H",&8%,"$/#t2#(#eN:#X*/#&'9($"*/#t2#"10,$%,#+"1#"#*%/#"'%/$%/#)%*#+09#%,#

%*# E0"*# /7(,/+'(0# %*# $%$'"%)'%# (=# 1%'# $",$=# /7"1'&6(8%,# 8>/# "*/# **(3",)/# E0%# %*/#

&'9($"*/#e=#E0%#"10,$%,#+"1#"*#+%,$'%#)%#*%/#+"'%/#)%*#+09:#

T(6<#%,/#)-,"#0,#%/E0%8"#)%#)%/)&9*"8%,$#H(,4%'/#"*#)%#*7&+$"%)'%N#%,#E0W#%*/#

&'9($"*/#e#%/#$'&9%,#"#8%,&'#%,%'3("#E0%#%*/#&'9($"*/#t2:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (9)"

d!

!t _#HpnyBN!o"

t2 

e  
D=n#!t"

D=M#!t"

+"?-#**(0'%#

**(3",)/#%,#
/(8%$'("#%/`W'(+"#

**(3",)/#%,#
+"81#Td!
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k/#(,$%'%//",$#'%8"'+"'#E0%#*"#'%*"+(-#!t _#HpnyBN!o#,&8>/#>/#42*()"#/(#F&8#+&,/%'4"#

'*%:!-'4?%3;)$%&'%**48!#&%4%!%*!%:!-'4?!%&4$-@#,4!:#;&$#(#"(6<=#>/#1&//(9*%#+&81"'"'#*%/#

)0%/# 3%&8%$'(%/# (# +"*+0*"'L,%# *"# 1'%`%'W,+("# )70,# +"?-#8%$2*Y*(+# 1%'# *"# +&&')(,"+(-#

&+$"W)'(+"#'%/1%+$%#"#*"#$%$'"W)'(+":#P(81*%8%,$=#F%8#)7%61'%//"'#!t %,#`0,+(-#)%#!o#(#

+"*+0*"'L,%# *"#)(`%'W,+("#)7%,%'3("#!A#_#XX^^H&+$:N#p#XX^^H$%$:N:#;'&9%8#/%81'%#E0%#

XX^^H&+$:N# q# XX^^H$%$:N# H'*$% ,1:;*'?1$% 1,-!>&.4,$% $/#% :B$% '$-!"*'$N# %6+%1$%# 1%'# *"#

+&,V30'"+(-#%*%+$'<,(+"#d5=#%,#E0W#XX^^H&+$:N#_#XX^^H$%$:N#_#D:#"

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (10)"

C+.DE(&-&/'#F.0/" !B 
d1! pHMyn\N!o 
d2! pHAIyn\N!o 
d3! pHC[yn\N!o 
d4! pHAByn\N!o 
d5! D 
d6! pHMyn\N!o 
d7! pHAIyn\N!o 
d8! pHC[yn\N!o 
d9! pHAByn\N!o 

z%#*"#$"0*"#%/#)%/1'W,#E0%#%*/#+"?&,/#8%$2*Y*(+/#"89#

+&,V30'"+(&,/# %*%+$'<,(E0%/# d3=# d4=# d8# (# d9# ?,)'",#

8&*$#1&+"#$%,)W,+("#"#`&'8"'#+&81*%6&/#$%$'"W)'(+/:#

z%#8",%'"# 3%,%'"*=# *"# '%*"+(-#!t _# HpnyBN!o# (81*(+"#

E0%#&-(/"%!('&'#"3)#0/(G*(D&,-&( (=#1%'#$",$=#.+(H0(H"(

/+%!-&I+*('&'#"3)#0/*()?&*!2.(,"0I:#



15!

K(,/# "'"# F%8# +"*+0*"$# *7%,%'3("# )%*# /(/$%8"# "# 1"'?'# )%# *%/# +&, :̀# %*%+$'<,(E0%/# Ht2gNnHegNm#

/%,/%#+&,/()%'"'# *%/#'%10*/(&,/# (,$%'%*%+$'<,(E0%/:#a%8#4(/$#%,#%*# $%8"#I#E0%#0,"#+&, :̀#

%*%+$'<,(+"#dn )%#*72$&8#)7F()'&3%,#&'(3(,"#H"#+"0/"#)%#*%/#'%10*/(&,/N#0,"#/W'(%#)%#$%'8%/#

%,%'3W?+/# %,# *72$&8# 1&*(%*%+$'<,(+# **(0'%:# ;",8"$%(6=# %,# 0,# +&81*%6# %/# 3%,%'"'",# 0,"#

/W'(%#)%#$%'8%/:#T'"=#1%'<=#"#8>/#)%#*%/#'%10*/(&,/#(,$%'%*%+$'<,(E0%/#/7F"#)%#+&,/()%'"'#

*"#(,$%'"++(-#"89#%*/#**(3",)/=#>/#"#)('=#*7%`%+$%#)%*#+"81#+'(/$"*Y*U:#

X81'"'%8#0,"#"1'&6(8"+(-#1%'$&'9"+(&,"*:#G'(8%'#$'"+$"'%8#*"#(,$%'"++(-#8>/#(81&'$",$#

(=# "# +&,?,0"+(-=# (,$'&)0('%8# %*# /%3&,# %`%+$%# +&8# 0,"# 1%'$&'9"+(-# /&9'%# %*# 1'(8%':#

z%1%,%,$#)%#E0(,"#(,$%'"++(-#/(3"#8>/#(81&'$",$=#?,)'%8#)0%/#"1'&6(8"+(&,/]#

CDEFGHIC9HJ'KB'9CID'LBMNBO',1#$4&'.':%;.4:'.% *'$%.';)*$41#$% 4#-'.'*',-.C#4()'$%;'.%

1"-'#4.D#'%'*$%-'.:'$%E-':!%FG%4%&'$;.B$%74%!;*4()':%'*%,!:;%&'%**48!#&$H%

CDEFGHIC9HJ'KB'9CID'LFEPO'1"-'#4:%;.4:'.%*'$%,1#0H%'*',-.C#4()'$%Ht2gNnHegNm%4%&'$;.B$%

,1#$4&'.':%*'$%.';)*$41#$%4#-'.'*',-.C#4()'$%;'.%1"-'#4.D#'%'*$%-'.:'$H%

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Teoria del camp cristal·lí (11)"

C"%!(
D+#'(

C+.J>K#"/0A(
&-&/'#F.0/"(

L&#%&*(
/+%!-&I(

+"81#)%#**(3",)/# '%10*/(&,/#%pL%p#

C"%!(
D&,-&(

L&#%&*(
0A(--0K#&(

L&#%&*(
/+%!-&I(

'%10*/(&,/#%pL%p# +"81#)%#**(3",)/#
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TE0%/$# 8&)%*# /01&/"# E0%# *%/# '%10*/(&,/# (,$%'%*%+$'<,(E0%/# /-,# 8>/# `&'$%/# E0%# %*#

+"81# )%# **(3",)/:# G%'# $",$=# 1'(8%'# F%8# )7&9$%,('# %*/# $%'8%/# )%'(4"$/# )%# *%/#

+&,V30'"+(&,/#%*%+$'<,(E0%/#dn H$"0*"#M#)%*#$%8"#IN]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (1)"

.' 9( 8( M( :( N( O(

&% AI% IJ% CHK=LN#
AHI=J=MN#

nHK=LN#
IHK=IJ=L=M=NN#

\J%
CHIK=J=IL=M=NN#
AHII=IJ=L=IM=ON#

MI%
nHK=J=L=MN#

IHI=K=CJ=IL=IM=N=ON#

j%+&')%0#E0%#%*/#$%'8%/#`&,"8%,$"*/#/-,#%*/#)%#826(8"#80*?1*(+($"$#)7%/1U,#H%,#4%')N#

(# E0%=# /%30(,$# %*# `&'8"*(/8%# 90($L%*%+$'-=# ")-' !"$+"-' ("$%4&!-' ("' )"-' *#1?07$&*%#1-'

")"*!$Q1%87"-'d10–n -@1'")-'+&!"%:#-'87"'")-'("$%4&!-'("'dnR'

X,# %*# +&,$%6$# )%# *7"//(3,"$0'"=# ,&8>/# %,/# (,$%'%//%,# %*/# $%'8%/# `&,"8%,$"*/# (# %*/#

$%'8%/#%6+($"$/#)%#*"#8"$%(6"#80*?1*(+($"$#)7%/1U,#HCK#%,#*%/#+&,V30'"+(&,/#d2=#d8 (#nK#%,#

*%/# +&,V30'"+(&,/# d3=# d7N:# TE0%/$/# $%'8%/# /-,# %*/# (81*(+"$/# %,# *%/# $'",/(+(&,/#

%*%+$'<,(E0%/# E0%# &'(3(,%,# %*/# %/1%+$'%/# )7"9/&'+(-# )%*/# +&81*%6&/# 8%$2*Y*(+/# H*%/#

$'",/(+(&,/# %,$'%# $%'8%/# )%# )(`%'%,$# 80*?1*(+($"$# )7%/1U,# %/$",# 1'&F(9()%/# %,# 0,"#

1'(8%'"#"1'&6(8"+(-N:#
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j%+&')%0#E0%#1%'#+"*+0*"'#")-' !"$+"-' A#1&+"1!&)-='/(81*%8%,$#F%8#)%#)(/1&/"'#%*/#

%*%+$'&,/#)%#8",%'"#E0%#ML#(#MS#?,30%,#0,#4"*&'#826(8#H826(8"#80*?1*(+($"$#&'9($"*#

(#)7%/1U,N:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (2)"

cI# cA# D# pA# pI#
&D#

&A#

&I#

&C#

&n#

&\#

&M#

&S#

&[#

&B#

&AD#

N' S' L&#%&(

D( D( AI%

I( AyI( IJ%

C( A( CL%

C( CyI( nL(

I( I( \J(

D( \yI( MI(

I( I( \J(

C( CyI( nL(

C( A( CL(

I# AyI# IJ#

D# D# AI#
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G%*# E0%# `"# "# *7%,%'3("# )%*/# $%'8%/# %6+($"$/=# /7"1*(E0%,# %*/# 1"'28%$'%/# )%#

j"+"F:# j%+&')%0# E0%# "E0%/$"# 1"'"8%$'($e"+(-# 1%'8%$# )7%61'%//"'# *"#

)(`%'W,+("# )7%,%'3("# %,$'%# 0,# $%'8%# `&,"8%,$"*# (# 0,# $%'8%# %6+($"$# )%# *"#

8"$%(6"#80*?1*(+($"$#%,#`0,+(-#)70,#/&*#1"'28%$'%#P#H$"0*"#[#)%*#$%8"#IN:##

X,# +&,+'%$=# *"# )(`%'W,+("# )7%,%'3("# %,$'%# %*# $%'8%/# CL# (# CK# )%'(4"$/# )%# *%/#

+&,V30'"+(&,/#%*%+$'<,(E0%/#d2#Hd8N#>/#(30"*#"#8OM((#>/#()W,?+"#"#*"#)(`%'W,+("#

)7%,%'3("#%,$'%#%*/#$%'8%/#nL#(#nK#)%'(4"$/#)%#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#

d2#Hd7N:#

X*#1"/#/%3u%,$#>/#+"*+0*"'#%*#)%/)&9*"8%,$#)%*/#)(`%'%,$/#$%'8%/#&'(3(,"$#1%*#

+"81# )%# **(3",)/# %,# 0,"# /(8%$'("# )%$%'8(,")":# P"9%8# E0%# %*/# $%'8%/#

H%6+*&%,$L,%# *"# 1"'$# )7%/1U,# (# /%3&,/# %*# 8&)%*# 4%+$&'("*# )%# *72$&8N# %/#

)%V,%(6%,# 1%*# /%0# 8&8%,$# ",30*"'# HL# _# D=# A=# I=# C{N=# )%# 8",%'"# E0%# )&'

-%+"!$%&'(")-' !"$+"-'ST'DT'K' %' L'U-' )&'+&!"%:&T' $"-,"*V4&+"1!T'87"' )&'(")-'

#$6%!&)-'sT'pT'd'%'f. G%,/%0#E0%#>/#*"#1"'$#",30*"'#)%#*%/#`0,+(&,/#)7&,"#*"#E0%#
/%'2#/0/+%1?9*%#)%#4%0'%7/#"`%+$")"#1%'#*"#/(8%$'("#)%*#/(/$%8":!

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (3)"

8OM'

CK%

CL%

d2 = d8!

8OM'

nK%

nK#
d3 = d7!
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;'")0f$#"*#**%,30"$3%#)%#*"#$%&'("#)%#3'01/=#1&)%8#)('#E0%#%*/#&'9($"*/#sP(pP(d(0(
f( 0( &-*( *&K*( '&#%&*( W#+Q1%+-' &*( '#".*D+#%&.( *&>+.*( -&*( %"'&0I&*(

#&!#&*&.'"/0+.*(0##&)K/Q,-&*(&.(*0%&'#0"(&*D3#0/":(z%#`%$=#I=#K=#J=#L{#/-,#*%/#

,&$"+(&,/# )%# *%/# '%1'%/%,$"+(&,/# (''%)0+?9*%/# )%*# 3'01# 10,$0"*# %/`W'(+# K=#
`&'8"$#1%'#(,V,($/#%(6&/#)%#/(8%$'("#)7&')'%#(,V,($:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (4)"

K! E! "C""!
S! 1! 1! x2+y2+z2!

P! 3! 1+2cos(")! (Rx, Ry, Rz)!
(x, y, z)!

D! 5! 1+2cos(")+2cos(2")! (2z2–x2–y2, xz, yz, 
xy, x2–y2)!

F! 7! 1+2cos(")+2cos(2")+2cos(3")!
[z3, xz2, yz2, xyz, 
z(x2–y2), x(x2–
3y2), y(3x2–y2)]!

G! 9! 1+2cos(")+2cos(2")+2cos(3")!
+2cos(4")!

X*# +"'2+$%'# )%# *7&1%'"+(-# ()%,?$"$# >/# /(81*%8%,$# *"# )%3%,%'"+(-# &'9($"*# HIl
cAN:#G%'#"#+")"#&'9($"*=#%*#+"'2+$%'#)%#*7&1%'"+(-#C"" >/]##

! 

1+ 2cosn"
n=1

l
#

$ 
% 
& 

' 
( 
) 
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X/#1&$#)%8&/$'"'#E0%]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (5)"

G%'# $",$=# %*# +"'2+$%'# )70,# &'9($"*# /&$"# E0"*/%4&*# &1%'"+(-# )%# '&$"+(-# E0%#

(81*(E0%#0,#3('#)70,#",3*%#" /%'2]#
! 

1+ 2cosn"
n=1

l
#

$ 
% 
& 

' 
( 
) =

sin l +
1
2

$ 
% 
& 

' 
( 
) "

* 

+ , 
- 

. / 

sin "
2
$ 
% 
& 
' 
( 
) 

! 

"(#) =
sin l +

1
2

$ 
% 
& 

' 
( 
) #

* 

+ , 
- 

. / 

sin #
2
$ 
% 
& 
' 
( 
) 

G%'# +"*+0*"'# %*# )%/)&9*"8%,$# )%*/# &'9($"*/# %,# 0,"# /(8%$'("# )%$%'8(,")"=#

F"0'U%8#)%#+"*+0*"'#%*/# +"'2+$%'/##H"N# /&$"# $&$%/# *%/#&1%'"+(&,/#)%#/(8%$'("#

'&$"+(&,"*#)%*#3'01#10,$0"*#(#'%)0('#*"#'%1'%/%,$"+(-#&9?,30)":#X,#%*#3'01#O]#

Orbital! E! 8C3! 6C2! 6C4! 3C2 =(C4)2!
s! 1! 1! 1! 1! 1! a1!
p! 3! 0! –1! 1! –1! t1!

d! 5! –1! 1! –1! 1! t2 + e!
f! 7! 1! –1! –1! –1! a2 + t1 + t2!

g! 9! 0! 1! 1! 1! a1 + e + t1 + t2!
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="(*K%"()&()0%&.*0+.*()&(-&*(#&!#&*&.'"/0+.*(G*(0>K"-("(-"()&>&.&#"/0A(+#,0'"-(6MlR87E(

B-*(+#,0'"-*(s(&*('#".*D+#%&.(*&>+.*(-"(#&!#&*&.'"/0A('+'"-%&.'(*0%3'#0/"E(

B-*(+#,0'"-*(p(&*('#".*D+#%&.(*&>+.*(-"(#&!#&*&.'"/0A()&(-&*(/++#)&.")&*(x, y, zE(

B-*( +#,0'"-*( d( &*( '#".*D+#%&.( *&>+.*( -"( #&!#&*&.'"/0A( )&-( !#+)K/'&*( ,0."#0*( )&(

/++#)&.")&*(x2–y2 P(z2
 P(xy P(xz(0(yz.(

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (6)"

T'"# 9>=# /(# F&8# $'%9"**"# %,# 3%&8%$'("# Oh=# F"0'2# )%# +&,/()%'"'# "*$'%/# %*%8%,$/# )%#

/(8%$'("#,&#'&$"+(&,"*=#+&8#%*#+%,$'%#)7(,4%'/(-:#P"9%8=#1%'<=#E0%#%*/#&'9($"*/#s(0(d(*A.(
*0%3'#0/*(#&*!&/'&("-(/&.'#&()?0.S&#*0A(6gerade7((#E0%#%*/#&'9($"*/#p(0(f(*A.(".Q*0%3'#0/*(

6ungerade7:( P(# F(# "1*(E0%8# "E0%/$/# +'($%'(/=# 1&)%8# +"*+0*"'# %*# )%/)&9*"8%,$# )%*/#

&'9($"*/#%,#E0"*/%4&*#3%&8%$'(":'

Orbital! Oh! Td
! D4h! D3! D2d!

s! a1g! a1! a1g! a1! a1!

p! t1u! t2! a2u + eu! a2 + e! b2 + e!

d! eg + t2g! e + t2! a1g + b1g + b2g + eg! a1 + 2e! a1 + b1 + b2 + e!

f! a2u + t1u + t2u! a2 + t1 + t2! a2u + b1u + b2u + 2eu! a1 + 2a2 + 2e! a1 + a2 + b2 + 2e!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (7)"

;",$# *%/#+&&')%,")%/#+&8#*%/# `0,+(&,/#%/#$'&9%,#%,# *%/#$"0*%/#)%#+"'2+$%'/:#G%'#$",$=#

!&#( *0%!-&( 0.*!&//0A( )&( -"( '"K-"( )&( /"#$/'&#*( G*( !+**0,-&( /"-/K-"#( &-( )&*)+,-"%&.'(

)&-*(+#,0'"-*(&.(TK"-*&S+-(Q!K*()&(*0%&'#0":#

T*30,%/#$"0*%/#$"89>#'%+&1(*%,#*%/#`0,+(&,/#)%*/#&'9($"*/#f#[x3, y3, z3, x(z2–y2), y(z2–x2), 
z(x2–y2),  xyz].  X,# %*# +"81# &+$"W)'(+=# >/# 1&//(9*%# &9$%,('# )%#8",%'"# E0"*($"?4"# %*#

)%/)&9*"8%,$#%6"8(,",$#*"#`&'8"#)%*/#)(`%'%,$/#&'9($"*/]!

Z%(%8# +*"'"8%,$# $'%/# ?10/# )7&'9($"*/:# X*/# $'%/#

1'(8%'/#(y3, x3, z3) $%,%,#/(8%$'("#+(*U,)'(+"#'%/1%+$%#

"*/# %(6&/# )%# +&&')%,")%/# (# %/# $'",/`&'8%,# /%3&,/#

T1u:# !7&'9($"*# z(x2–y2)  1&$# +&,/()%'"'L/%# +&8# )&/#

&'9($"*/# dx2–y2  +",4("$/# )%# /(3,%# (# /($0"$/# "# 0,"# (#
*7"*$'"#9",)"#)%*#1*"#,&)"*#xy:#X*/#&'9($"*/#x(z2–y2) (#y
(z2–x2)  # /-,# %E0(4"*%,$/# 1%'# /(8%$'(":# ;&$/# $'%/# %/#

$'",/`&'8%,#/%3&,/#T2u:#

K(,"*8%,$=# *7&'9($"*#xyz  1&$# +&,/()%'"'L/%# +&8#)&/#

&'9($"*/#dxy  +",4("$/#)%#/(3,%#(#/($0"$/#"#0,"#(# *7"*$'"#
9",)"#)%*#1*"#,&)"*#xy:#X/#$'",/`&'8"#/%3&,/#A2u:!
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T(6U=#%*#$%'8%#P  1'&4(,%,$#)70,"#+&,V30'"+(-#%*%+$'<,(+"(dn(*&#$(T1g  &.(*0%&'#0"(OhP(

&./"#"( TK&( &-*( +#,0'"-*( p( *0>K&.( )&( *0%&'#0"( t1u:# X,# /(8%$'("# $%$'"W)'(+"=# *"# ,&$"+(-#

)7"E0%/$#$%'8%#/%'2#T1=#%,+"'"#E0%#%*/#&'9($"*/#p ?,30%,#/(8%$'("#t2=#%$+:#

G&)%8#)('#E0%#%*/#$%'8%/#%/#)%/)&9*"'",#)%#*"#8"$%(6"#8",%'"#E0%#%*/#&'9($"*/=#1%'<#

,&#1&)%8#1'%)('#`2+(*8%,$#*%/#%?E0%$%/#)%#*%/#)(`%'%,$/#'%1'%/%,$"+(&,/:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (8)"

G%'#+"*+0*"'#%*#)%/)&9*"8%,$#)%*/#'&#%&*=(/7F"#)%#$%,('#%,#+&81$%#E0%#"E0%/$/#$%,%,##

*"#%"'&0I"(*0%&'#0"(#+'"/0+."-(TK&(&-*(+#,0'"-*:#T(6<#,&#4&*#)('#E0%#?,30%,#%*#8"$%(6#

+&81&'$"8%,$#'%/1%+$%#"#"*$'%/#%*%8%,$/#)%#/(8%$'(":#k/#(81&'$",$#"//%,@"*"'#E0%#")-'

!"$+"-'87"'("$%4"1'("'*#1?07$&*%#1-'")"*!$Q1%87"-'dn  ;#$6%!&)-'*"1!$#-%+5!$%*->'-@1'

,&$"))-'$"-,"*!"'&')&'%14"$-%@R'C87"-!-'!"$+"-'(7$&1T',"$'!&1!T'")'-7?:'g';0"$&(">R'

Terme! Oh! Td
! D4h! D3! D2d!

S! A1g! A1! A1g! A1! A1!

P! T1g! T1! A2g + Eg! A2 + E! A2 + E!

D! Eg + T2g! E + T2! A1g + B1g + B2g + Eg! A1 + 2E! A1 + B1 + B2 + E!

F! A2g + T1g + T2g! A2 + T1 + T2!A2g + B1g + B2g + 2Eg!A1 + 2A2 + 2E!A2 + B1 + B2 + 2E!
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T(6U=# %*/# $%'8%/# Eg  (  T2g  %,# /(8%$'("# Oh#

+&''%/1&,%,#"*/#$%'8%/#Eg = A1g ( Eg %,#/(8%$'("#

D3d:# G%'# $",$=# 0,# $%'8%# D# 1'&4(,%,$# )70,"#

+&,V30'"+(-# %*%+$'<,(+"# dn# %/# )%/)&9*"# %,# $'%/#

$%'8%/#A1g ( IEg %,#/(8%$'("#D3d:##

o30"*8%,$=# 0,# $%'8%# P# 1'&4(,%,$# )70,"#

+&,V30'"+(-# %*%+$'<,(+"# dn# HT2g# %,# %*# +"81#

&+$"W)'(+N#%/#)%/)&9*"#%,#)&/#$%'8%/#A2g ( Eg %,#
/(8%$'("#D3d:##

F|1]yyQQQ:/$"}:,+*:"+:0Ryl:1:3&//y/@88%$'@y

^&''%*"?&,:F$8*#&`%'%(6#0,#9&,#3'"1"$#)%#$"0*%/#

)%# +&''%*"+(-:# !%/# 8>/# (81&'$",$/# %/$",#

'%+&1(*")%/#"*#V,"*#)7"E0%/$#$%8":#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (9)"

a(#F"# '"K-&*()&( /+##&-"/0A(E0%#1%'8%$%,# '%*"+(&,"'# *%/# '%1'%/%,$"+(&,/# (''%)0+?9*%/#

)70,# 3'01# 10,$0"*# "89# *%/# '%1'%/%,$"+(&,/# (''%)0+?9*%/# )70,# 3'01# )%# 8>/# 9"(6"#

/(8%$'(":#O,#%6%81*%#,7>/#*"#$"0*"#)%#+&''%*"+(-#)%*#3'01#Oh]'

Oh! O! Td! Th! D4h! D3d!

A1g! A1! A1! Ag! A1g! A1g!

A2g! A2! A2! Ag! B1g! A2g!

Eg! E! E! Eg! A1g+B1g! Eg!

T1g! T1! T1! Tg! A2g+Eg! A2g+Eg!

T2g! T2! T2! Tg! B2g+Eg! A1g+Eg!

A1u! A1! A2! Au! A1u! A1u!

A2u! A2! A1! Au! B1u! A2u!

Eu! E! E! Eu! A1u+B1u! Eu!

T1u! T1! T2! Tu! A2u+Eu! A2u+Eu!

T2u! T2! T1! Tu! B2u+Eu! A1u+Eu!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (10)"

O,"#)"''%'"#+&,/()%'"+(-#>/#E0%#")'*&+,'("' ))%0&1(-'1#'&A"*!&' )&',&$!'(2"-,/1'("' )&'

A71*%@' (2#1&T' ("' +&1"$&' 87"' )&' +7)V,)%*%!&!' (2"-,/1' "-' *#1-"$4&' "1' ")-' !"$+"-'

("-,$U-'(")'("-(#6)&+"1!',$#(7X!',")'*&+,'("'))%0&1(-R'

G%'# )%$%'8(,"'# %*# '&#%&( D+."%&.'"-( &.( *0%&'#0"( +/'"3)#0/"=# +&,/()%'"'%8# *%/#

)(`%'%,$/#+&,V30'"+(&,/#%*%+$'<,(E0%/]#

9FYLHZ[EC9HJ'BNB9PE\YH9C'd1U(%*#$%'8%#`&,"8%,$"*#>/#0,#$%'8%#2D:#TE0%/$#$%'8%#

%/#)%/)&9*"'2# H(30"*#E0%#%*/#&'9($"*/#dN#%,#%*/# $%'8%/# 2T2g# (#2Eg:#B-( '&#%&(2T2g( *&#$(&-(

'&#%&(D+."%&.'"-((#%*#$%'8%#2Eg#%/#$'&9"'2#/($0"$#"#%,%'3("#!o:##

X*#'%/0*$"$#>/#+&F%'%,$=#1%'E0W=#%,#%*#*U8($#"#+"81#`&'$=#*"#+&,V30'"+(-#%*%+$'<,(+"#Ht2gN1#

F"#)%#)&,"'#0,#$%'8%#2T2g#H)%#*"#8"$%(6"#8",%'"#E0%#*"#+&,V30'"+(-#d1#)-,"#0,#$%'8%#
2D=#*"#p1#0,#$%'8%#2P=#%$+:N#

2D!

d1!

2T2g!

2Eg!

– 0,4!o!

0,6!o!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (11)"

9FYLHZ[EC9HJ'BNB9PE\YH9C'd2U(%*#$%'8%#`&,"8%,$"*#>/#0,#$%'8%#3F:#TE0%/$#$%'8%#

%/#)%/)&9*"'2#H+&8#%*/#&'9($"*/#f#1%'<#"89#/(8%$'("#1"'%**N#%,#%*/#$%'8%/#3A2g + 3T1g + 
3T2g:#h>/# %,)"4",$#8&/$'"'%8#E0%#&-( '&#%&( 3T1g( G*( &-( '&#%&( D+."%&.'"-:(X*# $%'8%#
3T2g#%/#$'&9"#/($0"$#"#%,%'3("#D=[!o#(#%*#$%'8%#3A2g#%/#$'&9"#/($0"$#"#%,%'3("#A=[!o:#

C+%( TK&( &-( '&#%&( F( )&#0S"( )?K."( /+.J>K#"/0A( &-&/'#F.0/"( d2( 0( .+( !"*( )?K."(

/+.J>K#"/0A(f1P( -?+#)#&()?&.&#>0&*()&-*('&#%&*(.+(H"()&(*&#(0>K"-("(-?+#)#&()?&.&#>0&*(

)&-*(+#,0'"-*E(B.("TK&*'(/"*P(G*(-?0.S&#*E(

3T2g!

3T1g!

3F!

d2!

– 0,6!o!

0,2!o!

3A2g!
1,2!o!

f!

fxyz !
**(3",)/#%,#

/(8%$'("#%/`W'(+"#
**(3",)/#%,#
+"81#Oh!

a2u!

fx3 ! fy3 ! fz3 ! t1u!

fz(x2–y2)!
t2u! fx(y2–z2)!

fy(z2–x2)!

VBWVXY=Z<B[L(VB=(LB\<B(3F(( VBWVXY=Z<B[L(VB=W(X\Y]LZ=W(f((
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (12)"

9FYLHZ[EC9HJ'BNB9PE\YH9C'd3U(%*#$%'8%#`&,"8%,$"*#>/#0,#$%'8%#4F:#TE0%/$#$%'8%#

%/#)%/)&9*"'2# (30"*8%,$#%,#%*/# $%'8%/# 4A2g  +  4T1g  +  4T2g:#=?+#)#&()?&.&#>0&*(&*'$(

0.S&#Q'(#&*!&/'&("-(/"*(d2#H-'#4:%&1$%")4-$Q%74%:!#()'#%&1$%'*',-.1#$%;'.%-'#4.%*!%,!;!%

$':4;*'#!N#(#"'"#&-('&#%&(4A2g(G*(&-('&#%&(D+."%&.'"-:(X*#$%'8%#4T2g#%/#$'&9"#/($0"$#"#

%,%'3("#!o#(#%*#$%'8%#4T1g#%/#$'&9"#/($0"$#"#%,%'3("#A=[!o:##

4T2g!

4A2g!

4F!

d3!

– 1,2!o!

– 0,2!o!

4T1g! 0,6!o!

X*#+2*+0*#)%#*%/#%,%'3(%/#%,#`0,+(-#)%#!o#1%'#"#"E0%/$/#+"/&/#H$%'8%#`&,"8%,$"*#FN#,&#
>/# $'(4("*# +&8# %,# %*# +"/# )%*/# $%'8%/# D:# P7F",# )%# +"*+0*"'# *%/# (,$%3'"*/# )%# '%10*/(-#

%*%+$'&/$2?+"#"#1"'?'#)%#*%/#%61'%//(&,/#)%#*%/#`0,+(&,/#)7&,"=#E0%#/-,#+&89(,"+(&,/#

*(,%"*/#)%#*%/#`0,+(&,/#|ML, MS>:#

X*#)%/)&9*"8%,$#)%*/# $%'8%/#>/#+&F%'%,$#"89#%*# *U8($#)%*#

+"81#`&'$:#X,#%`%+$%=#*"#+&,V30'"+(-#%*%+$'<,(+"#Ht2gN3#F"#)%#

/%'# ,%+%//2'("8%,$# 0,# $%'8%# A# H,&# )%3%,%'"$N=# l"# E0%#
,&8>/# F(# F"# 0,"# 8",%'"# )%# )(/1&/"'# %*/# $'%/# %*%+$'&,/#

)%/"1"'%**"$/#%,#*"#/09+"1"#/%8(1*%,":#

t2g 

eg  
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (13)"

9FYLHZ[EC9HJ' BNB9PE\YH9C' d4U( %*# $%'8%# `&,"8%,$"*# >/# 0,# $%'8%# 5D,# E0%# %/#
)%/)&9*"#%,#%*/#$%'8%/#5T2g# (#5Eg:#=?+#)#&()?&.&#>0&*(&*'"#$(0.S&#Q'(#&*!&/'&("-(/"*(d1#

HF(# 8",+"# 0,# %*%+$'-# 1%'# $%,('# *"# +"1"# /%8(1*%,"N# (# "'"# &-( '&#%&( 5Eg( *&#$( &-( '&#%&(

D+."%&.'"-:(X*#$%'8%#5T2g#%/$"'2#/($0"$#"#%,%'3("#!o:##

h>/#%,)"4",$#4%0'%8#E0%=#%,#0,#+"81#`&'$=#%*#$%'8%#`&,"8%,$"*#>/#3T1g=#E0%#)%'(4"#

)%*#$%'8%#%6+($"$#)%*#+"?-#**(0'%#3H:##

J&$%0#E0%=#%,#%*#+"/#)%#*"#+&, :̀#%*%+$'<,(+"#d1=#%*#$%'8%#2D#

%'"# *7~,(+# $%'8%# %6(/$%,$=#8%,$'%# E0%# "'"# F(# /-,# 1'%/%,$/#

8&*$/# $%'8%/# %6+($"$/# )%*# +"?-# **(0'%# E0%# $"89># %/#

)%/)&9*"'",#1%*#+"81#)%#**(3",)/:#X,#0,#+"81#`&'$=#"E0%/$/#

$%'8%/# %6+($"$/# 1&)'",# /%'# 8>/# %/$"9*%/# (# `&'5"'",#

*7"1"'%**"8%,$#)%*/#%*%+$'&,/:#

5D!
d4!

5Eg!

5T2g!

– 0,6!o!

0,4!o!

t2g 

eg  d4!

t2g 

eg  d4!

CZ<^(_BY=BU('&#%&(D+."%&.'"-(5Eg(( CZ<^(_X\LU('&#%&(D+."%&.'"-(3T1g((
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (14)"

9FYLHZ[EC9HJ' BNB9PE\YH9C' d5U( %*# $%'8%# `&,"8%,$"*# >/# 0,# $%'8%# 6S# H+"1"#
/%8(1*%,"N#/%,/%#)%3%,%'"+(-#&'9($"*:#X,#/(8%$'("#&+$"W)'(+"=#%/#$'",/`&'8"'2#+&8#0,"#

'%1'%/%,$"+(-#$&$"*8%,$#/(8W$'(+"#(=#1%'#$",$=#&-('&#%&(D+."%&.'"-(*&#$(&-('&#%&(6A1gE(#

T# 1"'?'# )%# *"# +&, :̀# %*%+$'<,(+"#d5# >/# 1&//(9*%# +"*+0*"'# %*/# $%'8%/# `&,"8%,$"*/# )%# *%/#

+&,V30'"+(&,/#d6Ld9:#X,#%`%+$%=#*"#+&, :̀#%*%+$'<,(+"#d5+n#1&$#+&,/()%'"'L/%#+&8#*"#/08"#

)%#*"#+&,V30'"+(-#d5#8>/#*"#+&,V30'"+(-#dn:#X*#$%'8%#`&,"8%,$"*#)%#*"#+&,V30'"+(-#d5+n#

/%'2# %*# 1'&)0+$%#)('%+$%#)%*/# $%'8%/# +&''%/1&,%,$/:# ^&8#E0%#%*# 1'&)0+$%#)('%+$%#)%#

E0"*/%4&*# '%1'%/%,$"+(-# 1%'# A1g# )-,"# *"# '%1'%/%,$"+(-# 8"$%(6"=# 1&)%8# )('# E0%# ")-'

!"$+"-'A#1&+"1!&)-'("')"-'*#1?07$&*%#1-'")"*!$Q1%87"-'d5+n'%'dn'-"$&1'")-'+&!"%:#-:##

6S!
d5!

6A1g! 0!

d5+n = dn!
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J&$%0#E0%#*"#80*?1*(+($"$#)7%/1U,#>/#)(`%'%,$#1%'#

"# d5+n% (# dn% H)(`%'%,$# ,&89'%# )7%*%+$'&,/#

)%/"1"'%**"$/N:##

X,#'%/08]#

!N# X*/# $%'8%/# D# )%'(4"$/# )%# *%/# +&, :̀#

%*%+$'<,(E0%/#d1Hd6N#(#d4Hd9N#%/#)%/)&9*%,#%,#)&/#

$%'8%/#T2g# (#Eg:#G%'#d4Hd9N=# *7&')'%#)7%,%'3("#)%*/#

$%'8%/#>/# *7(,4%'/#)%*#E0%#F%8#+"*+0*"$#1%'#"#d1

Hd6N:# N&' %14"$-%@' -2":,)%*&' ,")' A#$+&)%-+"' 67%!]

")"*!$@:' X*/# 90($/# %/$"'",#8>/# %/$"9(*($e"$/# /(# %/#

)('(3%(6%,#+"1#"*/#**(3",)/#H%,#&'9($"*/#egN:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (15)"

;%'8%/# `&,"8%,$"*/# )%# *%/#

)(/?,$%/# +&,V30'"+(&,/#

%*%+$'<,(E0%/#%,#/(8%$'("#Oh]'

9#1?07$&*%@'
P"$+"'

A#1&+"1!&)'

d1 (d6)! 2T2g (5T2g)!

d2 (d7)! 3T1g (4T1g)!

d3 (d8)! 4A2g (3A2g)!

d4 (d9)! 5Eg (2Eg)!

d5 (d10)! 6A1g (1A1g)!

"N#X*/#$%'8%/#F#)%'(4"$/#)%# *%/#+&, :̀#%*%+$'<,(E0%/#d2Hd7N# (#d3Hd8N#%/#)%/)&9*%,#%,#$'%/#

$%'8%/#A2g  +  T1g  +  T2g:# G%*# `&'8"*(/8%#90($L%*%+$'-=# *7&')'%#)7%,%'3("# )%*/# $%'8%/#

)%'(4"$/#)%#d3Hd8N#/%'2#*7(,4%'/#)%*#E0%#F%8#+"*+0*"$#1%'#"#d2Hd7N:#B)'!"$+"'3T2g'-"+,$"'

#*7,&'71&',#-%*%@'*"1!$&)';1#'-"$^'+&%'")'!"$+"'A#1&+"1!&)>R'

,N#X*#$%'8%#S#)%'(4"$#)%#*"#+&, :̀#%*%+$'<,(+"#d5#>/#6A1g:##
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (16)"

d1, d6 (Oh)!d4, d9!

D!

E!

E!

T2!

T2!

E!

!"

– 0,4!!

0,6!!

d4, d9 (Td)!d1, d6!

d2, d7 (Oh)!d3, d8!

F!

T2!

T1!

E!

!$

T2!

T1!

A2!

A2!
– 0,6!!

0,2!!

1,2!!

d3, d8 (Td)!d2, d7!

;%,(,$#%,#+&81$%#*%/#+&,/()%'"+(&,/#",$%'(&'/=#1&)%8#'%+&1(*"'#%*/#)%/)&9*"8%,$/#%,#

%*# +"81# `%9*%#)%# $&$/#%*/# $%'8%/# `&,"8%,$"*/#%,#)0%/#3'2VE0%/:#WK,*Q'K0#(&-&/'#+.*(

!&#(,K0'*(!#+)K&0I(K."(0.S&#*0A()&-*(.0S&--*(0("0IF(G*(&TK0S"-&.'("(&%!#"#(K.(S"-+#()&(

! .&>"QKE(=&*(%"'&0I&*(>#$JTK&*(*A.(S$-0)&*('".'(&.(*0%&'#0"(+/'"3)#0/"(6!o7(/+%(&.(

'&'#"3)#0/"(6!t(4(;6N`a7 !o7P(D&'(!&-(TK"-(+%&'&%(&-(*K,2.)&I(g()&-*('&#%&*E(

X4()%,$8%,$=#,&#+&,/()%'"'%8#$"81&+#*"#80*?1*(+($"$#)7%/1U,=#E0%#/U#E0%#4"'("'2#"89#

*"#+&,V30'"+(-#%*%+$'<,(+":#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (17)"

^&,/()%'%8#"'"#&-()&*)+,-"%&.'()&-*('&#%&*(&I/0'"'*()&(-"(%"'&0I"(%K-Q!-0/0'"'()?&*!2.(

TK&(&-('&#%&(D+."%&.'"-:#P-,#%*/#$%'8%/#P#)%'(4"$/#)%#*%/#+&, :̀#%*%+$'<,(E0%/#d2Hd7N#(#d3

Hd8N:# X,# /(8%$'("# &+$"W)'(+"=# "E0%/$/# $%'8%/# %/# $'",/`&'8%,# /%3&,/#T1g  HT1  %,# /(8%$'("#

$%$'"W)'(+"N# (# ,&# 1'%/%,$%,# )%/)&9*"8%,$:# a"0'U%8# )7&9/%'4"'=# 1%'# $",$=# 0,"# *U,("#

F&'($e&,$"*#1%'#*"#`0,+(-#EH!oN:#T'"#9>]#

X*/# $%'8%/#T1g  E0%#)%'(4%,#)%*/# $%'8%/#F# (#P#
)%*# +"?-# **(0'%# rT1g(F)# (# T1g(P)s# $%,%,# *"#
8"$%(6"# /(8%$'("# (# 80*?1*(+($"$# )7%/1U,:# G%'#

$",$=# (,$%'"++(&,%,# (# 8&)(VE0%,# *%/# /%0%/#

%,%'3(%/# H*7%/$"$# `&,"8%,$"*# /7%/$"9(*($e"# (#

*7%/$"$#%6+($"$#%/#)%/%/$"9(*($e"#%,#0,"#%,%'3("#

xN:#TE0%/$"#(,$%'"++(-#>/#)%#/%3&,#&')'%#(#'%1#
%*#,&8#)74#-'.!,,4/%&'%,1#68).!,41#$=#1%'E0W#

(,+*&0# *"# `0,+(-#)7&,"#)%*# $%'8%#%6+($"$# %,#%*#

$%'8%# `&,"8%,$"*:# N&' %1!"$&**%@' ("'

*#1?07$&*%#1-'U-'%14"$-&+"1!',$#,#$*%#1&)'&'

)&'(%A"$51*%&'(2"1"$0%&'"1!$"'")-'!"$+"-R'
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (18)"

G&)%8#+"*+0*"'#%6"+$"8%,$#*"#(,$%'"++(-#/(#F(#"1*(E0%8#*"#$%&'("#)%#*%/#1%'$&'9"+(&,/:#

!%/#/&*0+(&,/#"#*7%,%'3("#)%*#/(/$%8"#1%'#*"#+&,V30'"+(-#%*%+$'<,(+"#d2 H$"89>#d7N#%/$",#

)&,")%/#1%*#)%$%'8(,",$#/%+0*"'#/%3u%,$]#

X,#%*#*U8($#)%#+"81#`&'$=#%*/#)&/#$%'8%/#+&''%/1&,%,#"#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#

Ht2gN2#(#Ht2gN1HegN1=#)7%,%'3(%/#p[Dq#(#IDq:#P(#/09/?$0f8#%*/#4"*&'/#)7%,%'3("#%,#*7%E0"+(-#(#

8%,@/1'%%8#B=#F&8#&9$>#*7%61'%//(-#x = 4Dq:#X*#/%3u%,$#1"/#>/#/09/?$0('#%*#4"*&'#)%#x#
(#'%/&*)'%#*7%E0"+(-#)%#/%3&,#3'"0#1%'#*7%,%'3("]#

!%/#)0%/#"''%*/#)%#*7%E0"+(-#/-,]#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (19)"

o30"*8%,$=#>/#1&//(9*%#+"*+0*"'#*7%,%'3("#)%*#/(/$%8"#1%'#*"#+&,V30'"+(-#%*%+$'<,(+"#d3 H&#

d8N]#

X,#%*#*U8($#)%#+"81#`&'$=#%*/#)&/#$%'8%/#+&''%/1&,%,#"#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#

Ht2gN2HegN1=#(#Ht2gN1HegN2=#)7%,%'3(%/#pIDq#(#[Dq:#P%30(,$#%*#8"$%(6#1'&+%)(8%,$]#

!%/#)0%/#"''%*/#)%#*7%E0"+(-#/-,#"'"]#

k/# 1&//(9*%# &9$%,('# $"89># "E0%/$%/# %E0"+(&,/# /(81*%8%,$# +",4(",$# %*# /(3,%# )%# Dq#
H`&'8"*(/8%#90($L%*%+$'-N:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp feble (20)"

!"#`&'8"#E0")'2?+"#)%# *%/#`0,+(&,/#`",#E0%#%*/#3'2V+/#1%'#d2Hd7N# (#d3Hd8N# l"#,&#/(30%,#

/(8W$'(+/:# ;&$# (# "(6U=# >/# 1&//(9*%# '%1'%/%,$"'L*&/# %,# %*# 8"$%(6# )("3'"8"=# ",&8%,"$#

(%&0$&+&'(2F$0"):#

!$

T1(F)!

T2!

A2!

T1(P)!

T1(F)!

T1(P)!

T2!

A2!

d2, d7 (Oh)!d3, d8!

F!

E!

– 0,8!!

0,2!!

1,2!!

d3, d8 (Td)!d2, d7!

0,2!!P!

X*/#4"*&'/#)7%,%'3("#+&''%/1&,%,#"*#*U8($#)%#+"81#`&'$:#X*/#$%'8%/#T1(P) ( T2#+&,4%'3('",#

%,#*7(,V,($#(=#1%'#$",$=#%/$",#+&''%*"+(&,"$/#"89#*"#8"$%(6"#+&, :̀#%*%+$'<,(+"#"#+"81#`&'$#

Ht2gN1HegN1:#

X*/#)("3'"8%/#)7i'3%*#0?*($e%,#*7"1'&6(8"+(-#)%*#+"81#`%9*%#(#,&#/-,#+"1"5&/#)%#1'%)('#

%*/#$%'8%/#)%#*%/#+&,V30'"+(&,/#d4Ld7#%,#%*#+"81#`&'$:#

!:#X:#i'3%*#
HABISLIDDSN#
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X,# "E0%/$# 8&)%*# /01&/%8# E0%# %*# +"81# )%# **(3",)/# >/# 8>/# `&'$# E0%# *%/# '%10*/(&,/#

(,$%'%*%+$'<,(E0%/:#G%'#$",$=#1'(8%'=#F%8#)7&9$%,('# *%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#"#

+"81#`&'$:#X,#/(8%$'("#&+$"W)'(+"=#"E0%/$%/#/%'",#)%#?10/#Ht2gNmHegNp#(m  "  6 ?,)'2#0,#
4"*&'# 826(8# 1%'# *"# +&,V30'"+(-# %*%+$'<,(+"#8>/# %/$"9*%N:# !"# $"0*"# /%3u%,$# '%+&1(*"#

$&$%/#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#1&//(9*%/]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (1)"

dn! 9#1?07$&*%#1-'(")'*&+,'A#$!'

K&,"8%,$"*# X6+($")%/#

d1! (t2g)1! (eg)1!

d2! (t2g)2! (t2g)1(eg)1! (eg)2!

d3! (t2g)3! (t2g)2(eg)1! (t2g)1(eg)2! (eg)3!

d4! (t2g)4! (t2g)3(eg)1! (t2g)2(eg)2! (t2g)1(eg)3! (eg)4!

d5! (t2g)5! (t2g)4(eg)1! (t2g)3(eg)2! (t2g)2(eg)3! (t2g)1(eg)4!

d6! (t2g)6! (t2g)5(eg)1! (t2g)4(eg)2! (t2g)3(eg)3! (t2g)2(eg)4!

d7! (t2g)6(eg)1! (t2g)5(eg)2! (t2g)4(eg)3! (t2g)3(eg)4!

d8! (t2g)6(eg)2! (t2g)5(eg)3! (t2g)4(eg)4!

d9! (t2g)6(eg)3! (t2g)5(eg)4!

W0( *K,*Q'Kb%(

&-&/'#+.*( !&#( ,K0'*P(

-&*( /+.J>K#"/0+.*(

)?K.(/"QA(dn *A.(-&*(

%"'&0I&*( TK&( -&*(

)?K.(/"QA(d10–n:#
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P(#+&,/()%'%8#E0%# *7%,%'3("#)%*/#&'9($"*/# t2g  >/#pD=n## (# *7%,%'3("#)%*/#&'9($"*/#eg  >/#D=M#=#
*7%,%'3("#)%#+")"#+&,V30'"+(-#%*%+$'<,(+"#Ht2gNmHegNp#/%'2]#E(4(6;9PNmR9Pcp7"!

X6:]#+&,V30'"+(-#%*%+$'<,(+"#d2:#;(,)'%8#$'%/#+&,V30'"+(&,/#)7%,%'3(%/]#

E[(t2g)2 ] = pD=nYI##_#pD=[###

E[(t2g)1(eg)1] = pD=[##c#D=M###_#D=I##

E[(eg)2 ] = D=MYI##_#A=I##

X*#1"/#/%3u%,$#>/#(,$'&)0('#*%/#'%10*/(&,/#(,$%'%*%+$'<,(E0%/#1%'#)%$%'8(,"'L,%#%*/#$%'8%/#

%,%'3W?+/# "# +"81# `&'$:# X*# 8W$&)%# +&,/(/$%(6# "# ("!"$+%1&$' ")' ,$#(7*!"' (%$"*!"' ("' )"-'

$",$"-"1!&*%#1-'%$$"(7*V6)"-'("'*&(&'*#1?07$&*%@'"1')&'-%+"!$%&'*#$$"-,#1"1!:#

B1'71'-%-!"+&',#)%")"*!$Q1%*T'87&)-"4#)',$#,%"!&!'(")'-%-!"+&'-2":,$"--&'*#+'")',$#(7*!"'

(%$"*!"' ("' )"-' $",$"-"1!&*%#1-' %$$"(7*V6)"-' ;"-,5*%"-' ("' -%+"!$%&>' ("' *&(&' ")"*!$@R'

XE0(4"*#"#80*?1*(+"'# *%/#`0,+(&,/#)7&,":#g"#F%8#4(/$#1'&)0+$%/#)('%+$%/#E0",#F%8#1"'*"$#

)%#1'&9"9(*($"$#)%#$'",/(+(-:#[1&'!$&1-%*%@'")"*!$Q1%*&T'"1'0"1"$&)T'"-!&$^',"$+"-&'-%'")'

,$#(7*!"' (%$"*!"' ("' )"-' "-,5*%"-' ("' -%+"!$%&' (")-' "-!&!-' A#1&+"1!&)' %' ":*%!&!' *#1!U' )&'

$",$"-"1!&*%@'(2&)071&'("')"-'*##$("1&("-';xT'yT'z>:'J&8>/#%,#"E0%/$/#+"/&/#/7&9?,)'2#

0,"#`0,+(-#1"'%**#E0",#80*?1*(E0%8#1%'#*7&1%'")&'#8&8%,$#)(1&*"':#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (2)"
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B)',$#(7*!"'(%$"*!"'("'(7"-'$",$"-"1!&*%#1-'"-'*&)*7)&'+7)V,)%*&1!T'71'&'71T'")-'-"7-'

*&$^*!"$-:#_-'*#++7!&V7O'

X*#'%/0*$"$#/%'2#0,"#"*$'"#'%1'%/%,$"+(-#E0%#1&)'2#/%'#(''%)0+?9*%#&#'%)0+?9*%#H+"*)'("=#

)&,+/=#'%)0('L*"#"#/08"#)%#'%1'%/%,$"+(&,/#(''%)0+?9*%/N:#

X,+"'"# E0%# F(# F"# $"0*%/# )%# 1'&)0+$%/# )('%+$%/=# %*# +2*+0*# 1&$# /(81*(V+"'L/%# "1*(+",$#

+%'$%/#'%3*%/](

B)',$#(7*!"'("')"-'(%+"1-%#1-'("')"-'(7"-'$",$"-"1!&*%#1-'U-'%07&)'&')&'-7+&'("')"-'

(%+"1-%#1-'("')"-'$",$"-"1!&*%#1-'%$$"(7*V6)"-'$"-7)!&1!-R'

B)',$#(7*!"'("'(7"-'$",$"-"1!&*%#1-'("')&'+&!"%:&',&$%!&!'$"-,"*!"'&'71'")"+"1!'("'

-%+"!$%&'-"$^',&$"))R'S%')"-',&$%!&!-'-@1'(%A"$"1!-T'")',$#(7*!"'-"$^'%+,&$"))R'T(6U]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (3)"

Tots els 
grups*! A (g) (‘) (1)!B (u) (“) (2)!

A (g) (‘) (1)! A (g) (‘) (1)! B (u) (“) (2)!
B (u) (“) (2)! A (g) (‘) (1)!

�# X*/# /09U,)%6/# A# (# I# +&''%/1&,%,# "# '%1'%/%,$"+(&,/# )%#
?10/#A#&#B:#X,#%*#+"/#)%*/#3'01/#D2  (#D2h,  *%/# '%3*%/#)%*#
1'&)0+$%#/-,]#A#Ä#I#_#C=#I#Ä#C#_#A#(#A#Ä#C#_#I:#



39!

X*#1'&)0+$%#)('%+$%#)%#'%1'%/%,$"+(&,/#)&9*%8%,$#&#$'(1*%8%,$#)%3%,%'")%/#H)%#?10/#

E#&#TN#)-,"#'%1'%/%,$"+(&,/#'%)0+?9*%/:#P%30%(6%,#*%/#'%3*%/#/%3u%,$/]#

A:#X,#%*/#3'01/#Cn =#Cnv =#Cnh =#Dn =#Dnh =#Dnd Hn#_#C#&#M=#%6+%1$%#%*#D6dN#(#S6 %*/#1'&)0+$%/#
)%#*%/#'%1'%/%,$"+(&,/#)%#?10/#E#/-,]#

I:#X,#%*/#3'01/#C4 =#C4v =#C4h =#D4 =#D4h =#D2d (#S4]#E $ E = A1 + [A2] + B1 + B2!

C:#X,#%*/#3'01/#Td (#Oh =#%*/#1'&)0+$%/#)%#*%/#'%1'%/%,$"+(&,/#)%3%,%'")%/#/-,]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (4)"

E1! E2!

E1! A1+[A2]+E2! B1+B2+E1!

E2! A1+[A2]+E2!

E! T1! T2!

E! A1+[A2]+E! T1+T2! T1+T2!

T1! A1+E+[T1]+T2! A2+E+T1+T2!

T2! A1+E+[T1]+T2!
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Å0",#%,# *%/# $"0*%/#)%#+"'2+$%'/#)%*/#3'01/#",$%'(&'/#,&#"1"'%(6%,#/09U,)%6/=# /7%,$>,#

E0%]#A1 = A2 = A m B1 = B2 = B m E1 = E2 = E:#

X*/#$%'8%/#E0%#F(#"1"'%(6%,#%,$'%#+*"0)2$&'/#H/(3,%/#r#sN#+&''%/1&,%,#"#`0,+(&,/#)7&,"#

H1"'$#&'9($"*N#",?/(8W$'(E0%/#'%/1%+$%#"*#9%/+",4(#)%#)&/#%*%+$'&,/:#

G%'#+"*+0*"'#%*/#$%'8%/#)%#*%/#)(`%'%,$/#+&,V30'"+(&,/]#

A:# #Y#+U-'"-'*#1-%("$"1'")-'#$6%!&)-',&$*%&)+"1!'#*7,&!-R'

I:# #P(#F(#F"#0,#~,(+#%*%+$'-#%,#%*/#&'9($"*/#t2g &#eg=#*"#/(8%$'("#)%*#$%'8%#/%'2#*"#8"$%(6"#

E0%#*"#)%#*7&'9($"*#(#*"#80*?1*(+($"$#)7%/1U,#/%'2#I:#X,#'%/0*$"'2#0,#$%'8%#2T2g (&#2EgN:!

C:# # P(# F(# F"# )&/# %*%+$'&,/# %,# %*/# &'9($"*/# t2g  &# eg=# F%8# )%# `%'# %*# 1'&)0+$%# )('%+$%#

+&''%/1&,%,$:#X6]#)&/#%*%+$'&,/#%,#%*/#&'9($"*/#t2g]#T2g $ T2g = A1g+Eg+[T1g]+T2g:!

n:# #!"#1"'$#)7%/1U,#1&$#/%'#/(8W$'(+"#HS#_#AyI#c#AyI#_#Am#IScA#_#C]#%*/#)&/#%*%+$'&,/#"89#

%*/#%/1(,/#1"'"*Y*%*/N#&#",?/(8W$'(+"#HS#_#AyI#p#AyI#_#Dm#IScA#_#D]#%*/#)&/#%*%+$'&,/#
"89#%*/#%/1(,/#",?1"'"*Y*%*/N:#

X*/#%*%+$'&,/#/-,#`%'8(&,/# (#F",#)%#'%/1%+$"'#%*#,$%1*%,%'(2&-%+"!$%&'("'D&7)%]#,&8>/#

1&)%8#+&89(,"'#*"#`0,+(-#/(8W$'(+"#)7%/1U,#H'#0!-&'N("89#%*#$%'8%#",?/(8W$'(+#T1g#(#*"#

`0,+(-#",?/(8W$'(+"#)7%/1U,#H*0.>-&'N#"89#%*/#$%'8%/#/(8W$'(+/#A1g, Eg ( T2g.!

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (5)"



41!

G%'#$",$]#2T2g $ 2T2g = 1A1g+1Eg+3T1g+1T2g:#J&$%0#E0%#*"#)%3%,%'"+(-#$&$"*#HAÄA#c#AÄI#c#

CÄC#c#AÄC#_#A\N#>/#(30"*#"*#,&89'%#)%#8(+'&%/$"$/#)%#*"#+&, :̀#Ht2gN2#HM#Ä#\yIN:#

O,#"*$'%#%6%81*%]#+&,V30'"+(-#%*%+$'<,(+"#HegN2]#Eg $ Eg = A1g+[A2g]+Eg!

a&8# +&89(,"# *"# `0,+(-# /(8W$'(+"# )7%/1U,# H'#0!-&'N( "89# %*# $%'8%# ",?/(8W$'(+#A2g# (# *"#

`0,+(-#",?/(8W$'(+"#)7%/1U,#H*0.>-&'N#"89#%*/#$%'8%/#/(8W$'(+/#A1g ( Eg.##

G%'#$",$]#Eg $ Eg = 1A1g+1Eg+3A2g:#z%#,&0=#*"#)%3%,%'"+(-#$&$"*#HAÄA#c#AÄI#c#CÄA#_#MN#

>/#(30"*#"*#,&89'%#)%#8(+'&%/$"$/#)%#*"#+&,V30'"+(-#HegN2#Hn#Ä#CyIN:#

n:#`7&1'"-'!$&*!&'(2")"*!$#1-'("-&,&$"))&!-'"1'#$6%!&)-'("'(%A"$"1!'-%+"!$%&T'"-'*&)*7)"1'

-",&$&(&+"1!'")-'!"$+"-'("'*&(&'0$7,'(2#$6%!&)-'%'("-,$U-'"-'A&'")',$#(7*!"'(%$"*!"H'

G%*#E0%#`"#"#*"#1"'$#)7%/1U,=#F%8#)%#+&,/()%'"'#/%,/%#'%/$'(++(&,/#H,&#%/#$'%,+"#8"(#%*#

1'(,+(1(# )7"/(8%$'("# 1%'E0W# %*/# %*%+$'&,/# %/$",# %,# &'9($"*/# )(`%'%,$/N# E0%# *7%/1U,#

'%/0*$",$#)%*#1'&)0+$%#SA # SB = SA + SB , SA + SB – 1,…, |SA – SB|N.#

X6]#+&, :̀#%*%+$'<,(+"#Ht2gN1HegN1]#2T2g $ 2Eg = 2S+1T1g + 2S+1T2g :#S = SA $ SB = 1, 0. G%'#
$",$=#E0"$'%#$%'8%/#/-,#1&//(9*%/]##2T2g # 2T2g = 1T1g + 1T2g(+(3T1g + 3T2g:#

="()&>&.&#"/0A('+'"-()&-(*0*'&%"(HAÄC#c#AÄC#c#CÄC#c#CÄC#_#InN#>/#(30"*#"*#,&89'%#)%#

8(+'&%/$"$/#)%#*"#+&,V30'"+(-#%*%+$'<,(+"#Ht2gN1HegN1#HM#Ä#nN:(

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (6)"
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\:# #`7&1'"-'!$&*!&'("'+'")"*!$#1-'"1'+'#$6%!&)-'("0"1"$&!-='W#+'7V)%!a&'")'+5!#("'("'

)&'-%+"!$%&'("*$"%:"1!:'G%*#E0%#`"#"#*"#1"'$#)7%/1U,=#+&,/()%'"'%8#*7"+&9*"8%,$#)7%/1U,#

H%6]#C#%*%+$'&,/#)&,"'",#4"*&'/#)%#S#_#CyI=#AyIm#n#%*%+$'&,/#)&,"'",#4"*&'/#)%#S#_#I=#A=#
D{N#1%'<#"89#*%/#'%/$'(++(&,/#)%'(4")%/#)%*#1'(,+(1(#)7"/(8%$'(".!

I5!#("'("')&'-%+"!$%&'("*$"%:"1!!

P01&/%8#E0%# $%,(8#0,"# +&,V30'"+(-# %*%+$'<,(+"# Ht2gN3:# G&)'U%8#1%,/"'# E0%# %*/# $%'8%/#

)%'(4"$/#)7"E0%/$"#+&,V30'"+(-#%/$",#)&,"$/#1%*#1'&)0+$%#T2g  $  T2g  $  T2g.  J&$%0=#1%'<=#
E0%#*"#)%3%,%'"+(-#&'9($"*#)7"E0%/$#1'&)0+$%#>/#C#Ä#C#Ä#C#_#IS=#8%,$'%#E0%#%*#,&89'%#)%#

8(+'&%/$"$/#F"#)%#/%'#(,`%'(&'=#l"#E0%#,&#1&)%8#1&/"'#$'%/#%*%+$'&,/#%,#%*#8"$%(6#&'9($"*:#

X*# 8W$&)%# )%# *"# /(8%$'("# )%+'%(6%,$# %,/# "l0)"# "# )(/+'(8(,"'# "E0%/$%/# Ç`"*/%/#

+&,V30'"+(&,/É:#X/#$'"+$"#)%#'%)0('#*"#/(8%$'("#)%*#/(/$%8"#1%'#/(81*(V+"'L,%#%*#1'&9*%8":#

X,#%*# ,&/$'%#%6%81*%=# /(# '%)0f8# *"# /(8%$'("#)%#Oh# "#D4h=# $'%,E0%8# *"#)%3%,%'"+(-#)%*/#

&'9($"*/#t2g %,#0,#)%#/(8%$'("#b2g H)%#8%,&'#%,%'3("N#(#)&/#)%#/(8%$'("#eg:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (7)"
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2B2g $ {2Eg $ 2Eg} = 2B2g $ {1A1g + 3A2g + 1B1g + 1B2g} HF%8#?,30$#%,#+&81$%#E0%#A2g#>/#

*7~,(+#$%'8%#",?/(8W$'(+#'%/1%+$%#"*#9%/+",4(#)%#)&/#%*%+$'&,/N:#

= 2B2g $ 1A1g + 2B2g $ 3A2g + 2B2g $ 1B1g + 2B2g $ 1B2g = 2B2g + 4B1g + 2B1g + 2A2g + 2A1g.!

K(,"*8%,$=# F"0'%8# )%# +&''%*"+(&,"'# %*/# $%'8%/# %,# /(8%$'("# D4h# "89# %*/# $%'8%/#

+&''%/1&,%,$/#%,#%*#+"81#&+$"W)'(+#8($l",5",$#*"#$"0*"#)%#+&''%*"+(-#H123(,"#InN:#

# # # # #H$%'8%#A2g#>/#",?/(8W$'(+N#

# # # ##

# # # #)%3%,%'"+(-#$&$"*]#nÄA#c#IÄI#c#IÄC#c#IÄC#_#ID#

# # # #,&89'%#)%#8(+'&%/$"$/]#M#Ä#\yI#Ä#nyC#_#ID#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (8)"

t2g!

b2g!

eg!

D4h!Oh!

!"# +&,V30'"+(-# %*%+$'<,(+"# `&,"8%,$"*# /%'2# "'"# (b2g)2(eg)1# (#

)&,"'2#0,#$%'8%#2Eg#H*7&'9($"*#b2g %/#$'&9"#1*%#(#,&#+&810$"N:#

!%/# +&,V30'"+(&,/# %6+($")%/# /%'",# (b2g)1(eg)2# (# (eg)3:# !"#

+&,V30'"+(-# (eg)3# )&,"'2# 0,# $%'8%# 2Eg# H1%*# `&'8"*(/8%#

%*%+$'-L90($=#"E0%/$"#+&,V30'"+(-#>/#%E0(4"*%,$#"#(eg)1N:#

X*/# $%'8%/# )%# *"# +&,V30'"+(-# (b2g)1(eg)2# %/$",# )&,"$/# 1%*#

1'&)0+$%#)('%+$%#2B2g $ {2Eg $ 2Eg}.!

4B1g ! 4A2g # 2B1g ! 2A2g #
2B1g + 2A1g !2E2g #
2A2g + 2Eg !2T1g #
2B2g + 2Eg !2T2g #



44!

k/#1&//(9*%#+"*+0*"'#"(6U#$&$/#%*/#$%'8%/#%,%'3W?+/#1'&4(,%,$/#)%#$&$%/#*%/#+&,V30'"+(&,/#

)%#+"81#`&'$# HD+."%&.'"-( (#%6+($")%/N:#G%'#"*/# (&,/#)%#+&,V30'"+(&,/#%*%+$'<,(E0%/#d1=#

d2=#d3=#d8 (#d9=#%*/#$%'8%/#`&,"8%,$"*/#/-,#%*/#8"$%(6&/#E0%#"#+"81#`%9*%]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (9)"

9#1?07$&*%@'")"*!$Q1%*&' P"$+"-'"1"$05V*-'

o-#**(0'%# P(8%$'("#Oh!

d1, d9!
(eg)1! (t2g)6(eg)3! 2Eg!

(t2g)1! (t2g)5(eg)4! 2T2g!

d2, d8!

(eg)2! (t2g)6(eg)2! 3A2g, 1A1g, 1Eg!

(t2g)1(eg)1! (t2g)5(eg)3! 3T1g, 3T2g, 1T1g, 1T2g!

(t2g)2! (t2g)4(eg)4! 3T1g, 1A1g, 1Eg, 1T2g!

d3, d7!

(eg)3! (t2g)6(eg)1! 2Eg!

(t2g)1(eg)2! (t2g)5(eg)2! 4T1g, 2 2T1g, 2 2T2g!
(t2g)2(eg)1! (t2g)4(eg)3! 4T1g, 4T2g, 2A2g, 2 2T1g, 2 2T2g, 2 2Eg, 2A1g!

(t2g)3! (t2g)3(eg)4! 4A2g, 2Eg, 2T1g, 2T2g!
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X,#+",4(=#1%'#"*/#(&,/#d7=#%*/#$%'8%/#`&,"8%,$"*/#"#+"81#`%9*%#H4T1gN#(#"#+"81#`&'$#H2EgN#/-,#

)(`%'%,$/:#X*#8"$%(6#1"//"#"89#%*/#(&,/#)%#+&,V30'"+(&,/#%*%+$'<,(E0%/#d4=#d5#(#d6]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (10)"

9#1?07$&*%@'")"*!$Q1%*&' P"$+"-'"1"$05V*-'

o-#**(0'%# P(8%$'("#Oh!

d4, d6!

(eg)4! (t2g)6! 1A1g!

(t2g)1(eg)3! (t2g)5(eg)1! 3T1g, 3T2g, 1T1g, 1T2g!

(t2g)2(eg)2! (t2g)4(eg)2! 5T2g, 3Eg, 3 3T1g, 2 3T2g, 2 1A1g, 1A2g, 3 1Eg, 1T1g, 3 1T2g, 3A2g!

(t2g)3(eg)1! (t2g)3(eg)3! 5Eg, 3A1g, 3A2g, 2 3Eg, 2 3T1g, 2 3T2g, 1A1g, 1A2g, 1Eg, 2 1T1g, 2 1T2g!

(t2g)4! (t2g)2(eg)4! 3T1g, 1A1g, 1Eg, 1T2g!

d5!

(t2g)3(eg)2! 6A1g, 4T1g, 4A2g, 2 4Eg, 4A1g, 4T2g, 2 2A1g, 2A2g, 3 2Eg, 4 2T1g, 4 2T2g!

(t2g)4(eg)1! (t2g)2(eg)3! 4T1g, 4T2g, 2A1g, 2A2g, 2 2Eg, 2 2T1g, 2 2T2g!

(t2g)5! (t2g)1(eg)4! 2T2g!
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B)-'!"$+"-'A#1&+"1!&)-'&'*&+,'A#$!'-"$&1'")-'("'+^:%+&'+7)V,)%*%!&!T',"$Q'!"1%1!'"1'

*#+,!"' 87"' )"-' *#1?07$&*%#1-' ")"*!$Q1%87"-' -@1' ("' V,7-' ;t2g>m;eg>p' ;&+6' 4&)#$-'

+^:%+-'("'m # 6>R'

G%'# "*/# 0+.*(d4=# *"# +&,V30'"+(-# %*%+$'<,(+"# "# +"81# `&'$# >/# Ht2gN4:# ;%,(8# )&/# %*%+$'&,/#

)%/"1"'%**"$/# %,# %*/# &'9($"*/# t2g:# X*/# $%'8%/# F",# )%# /%'# %*/# 8"$%(6&/# E0%# 1%'# *"#

+&,V30'"+(-#Ht2gN2:#G%'#$",$=#%*#$%'8%#`&,"8%,$"*#>/#3T1g:#

G%'# "*/# 0+.*(d5=# *"# +&,V30'"+(-# %*%+$'<,(+"# "# +"81# `&'$# >/# Ht2gN5:# ;%,(8#0,# /&*# %*%+$'-#

)%/"1"'%**"$#%,#%*/#&'9($"*/#t2g:#G%'#$",$=#*7~,(+#$%'8%#1&//(9*%#>/#2T2g:#

G%'#"*/# 0+.*(d6=# *"#+&,V30'"+(-#%*%+$'<,(+"#"#+"81#`&'$#>/#Ht2gN6:#;&$/#%*/#%*%+$'&,/#)%*/#

&'9($"*/#t2g#%/$",#"1"'%**"$/:#X*#$%'8%#`&,"8%,$"*#>/#$&$"*8%,$#/(8W$'(+#1A1g:#

G%'#"*/#0+.*(d7=#*"#+&,V30'"+(-#%*%+$'<,(+"#"#+"81#`&'$#>/#Ht2gN6HegN1:#;%,(8#0,#/&*#%*%+$'-#

)%/"1"'%**"$#%,#%*/#&'9($"*/#eg:#G%'#$",$=#*7~,(+#$%'8%#1&//(9*%#>/#2Eg:#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (11)"



!"# $"0*"# /%3u%,$# )-,"# %*/# $%'8%/# `&,"8%,$"*/# "# +"81# `%9*%# (# "# +"81# `&'$# 1%'# "# *%/#

)(`%'%,$/#+&,V30'"+(&,/#%*%+$'<,(E0%/]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Aproximació del camp fort (12)"

dn! 9&+,'A"6)"' 9&+,'A#$!'
;%'8%#

`&,"8%,$"*#
(-#**(0'%#

;%'8%#
`&,"8%,$"*#
+&81*%6#

^&,V30'"+(-#
;%'8%#

`&,"8%,$"*#

d1! 2D!
2T2g! (t2g)1! 2T2g!

d2! 3F! 3T1g
! (t2g)2! 3T1g

!

d3! 4F! 4A2g
! (t2g)3! 4A2g

!

d4! 5D!
5Eg! (t2g)4! 3T1g

!

d5! 6S! 6A1g! (t2g)5! 2T2g!

d6! 5D!
5T2g! (t2g)6! 1A1g!

d7! 4F! 4T1g
! (t2g)6(eg)1! 2Eg!

d8! 3F! 3A2g
! (t2g)6(eg)2! 3A2g

!

d9! 2D!
2Eg! (t2g)6(eg)3! 2Eg!

C"%!(
D+#'(

C+.J>K#"/0A(
&-&/'#F.0/"(

L&#%&*(
/+%!-&I(

C"%!(
D&,-&(

L&#%&*(
0A(--0K#&(

L&#%&*(
/+%!-&I(

'%10*/(&,/#%
pL%

p#
+"8

1#)%#**(3",)/
#

'%10*/(&,/#%
pL%

p#
+"8

1#)%#**(3",)/
#

47!
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B1')&'+&b#$%&'(")-'*#+,)":#-')2"1"$0%&'&--#*%&(&'&')"-'$",7)-%#1-'%1!"$")"*!$Q1%87"-'U-'(")'

+&!"%:'#$($"'("'+&01%!7('87"'")'*&+,'("'))%0&1(-R'D"$'!&1!T'"1'71'*&-'$"&)'"-!"+'"1'71&'

-%!7&*%@'%1!"$+5(%&'"1!$"')"-'(7"-'&,$#:%+&*%#1-R'

g"#F%8#4(/$#%,#%*#+"1U$&*#)%)(+"$#"#*"#(,$%'"++(-#%/1U,L<'9($"#E0%#*"#8(**&'#8",%'"#)%#$'"+$"'#

*"#/($0"+(-#(,$%'8W)("=#%,#E0W#%*/#"+&9*"8%,$/#L-S#(#J-J#/-,#)%*#8"$%(6#&')'%#)%#8"3,($0)=#

%'"#%/$"9*('#0,#)("3'"8"#)%#+&''%*"+(-#%,$'%#%*/#)&/#+"/&/#%6$'%8/#H"+&9*"8%,$#L-S#10'# (#
"+&9*"8%,$#J-J#10'N:#

a%8# )%# +&,/$'0('=# 1%'# $",$=# )("3'"8%/# )%# +&''%*"+(-# %,$'%# %*/# $%'8%/# "# +"81# `%9*%# (# %*/#

$%'8%/#"#+"81#`&'$=#(#+"*+0*"'#*7%,%'3("#)7"E0%/$/#$%'8%/#%,#*%/#)0%/#"1'&6(8"+(&,/:#

X4()%,$8%,$=# &-*( '&#%&*( TK&( H+%( +,'G( "%,( K."( +( -?"-'#"( "!#+I0%"/0A( H".( )&( *&#( &-*(

%"'&0I+*E([+%G*(S"#0"#$(&-(*&K(+#)#&()?&.&#>0"(#&-"QK(H1%'#%6%81*%=#%*#$%'8%#`&,"8%,$"*#

)%#*%/#+&,V30'"+(&,/#d4#"#d7#%,#+"81#`&'$#>/#)(`%'%,$#"*#)%*#+"81#`%9*%N:#

X6]#+&,V30'"+(-#%*%+$'<,(+"#d2=#"89#0,#$&$"*#)%#n\#8(+'&%/$"$/#HAD#Ä#ByIN]#

T# +"81# `%9*%=# "E0%/$"# +&,V30'"+(-# )-,"# %*/# $%'8%/# 3F=# 3P=# 1G=# 1D  (# 1S  H123(,"# AMN:# X,#

1'(,+(1(=# F"0'U%8# )%# +&,W(6%'# %*/# 1"'28%$'%/# )%# j"+"F# 1%'# +"*+0*"'# *7&')'%# %,%'3W?+#

)7"E0%/$/# $%'8%/:# P(# ,&8>/# +&,/()%'%8# %*/# $%'8%/# )%# 826(8"# 80*?1*(+($"$# )7%/1U,=#

?,)'%8#%*#)0">#"%"()?X#>&-(l"#+&,%30$]#

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació (1)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Orgel (2)"

T#+"81#`%9*%=###%#D=#%*/#$%'8%/#T1(F)=  T2  (  A2#$%,%,=#'%/1%+?4"8%,$=#%,%'3(%/#pD=M#=#p
D=I##(#A=I#:#TE0%/$%/#%,%'3(%/#%/#4%0%,#8&)(V+")%/#%,#0,#+"81#,&#,0*#1%'#*"#0.'&#"//0A(

)&(/+.J>K#"/0+.*:#X,#%*#*U8($#)%#+"81#`&'$=###%#&=#*7%,%'3("#)%*/#$%'8%/#>/#*"#(,)(+")"#%,#

*"#V30'"#/%3u%,$:#z%*(9%'")"8%,$=#/7F"#&8W/#*"#+&, :̀#d7#HOhN#H94&'%4#0.!N:#

^&8#E0%#*7%,%'3("#)%*/#$%'8%/#"#+"81#`&'$#$"89>#/7%61'%//"#/%3&,/#E(4(6;9PNmR9Pcp7$=#
U-',#--%6)"'*#$$")&*%#1&$'")-'!"$+"-'(")'*#+,)":'&+6')"-'*#1?07$&*%#1-'")"*!$Q1%87"-'

&'*&+,'A#$!R%

!$

T1(F)!

T2!

A2!

T1(P)!

T1(F)!

T1(P)!

T2!

A2!

d2 (Oh)!d3, d8!

F!

E!

– 0,8!!

0,2!!

1,2!!

 d3, d8 (Td)!d2, d7!

0,2!!P!

(t2g)2!

(t2g)1(eg)1!

(eg)2!

– 1,2!!

– 0,2!!

0,8!!

– 0,2!!

(t2)2!

(t2)1(e)1!

(e)2! (e)4(t2g)4!

(e)3(t2g)5!

(e)2(t2g)6!

(t2g)4(eg)4!

(t2g)5(eg)3!

(t2g)6(eg)2!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació (3)"

o,4%'/"8%,$=#1&)'U%8#1"'?'#)%#*%/#%,%'3(%/#)%*/#$%'8%/#"#+"81#`&'$#E0%#,&#%/#4%0%,#

"`%+$"$/#1%'# *"# (,$%'"++(-#)%#+&,V30'"+(&,/#T2  HD=I#N# (  A2# HA=I#N#1%'#+"*+0*"'=#"#+"81#

`%9*%=#*7%,%'3("#)%*#$%'8%#T1(F): ##

pCErT1(F)s#_#A=I###c#CYD=I## ########ErT1(F)s#_#HpD=M#N#

T(6<#(81*(+"#E0%#%*#$%'8%#T1(F)#/7%/$"9(*($e"#%,#0,"#%,%'3("#(30"*#"#D=I#=#E0%#F"#)%#/%'#
%6"+$"8%,$#(30"*#"#*7%,%'3("#)%#)%/%/$"9(*($e"+(-#)%#T1(P).#G%'#"(6<=#ErT1(P)s#_#HD=I#N#

Å0(,"#>/# *7&+01"+(-#)%*/#&'9($"*/#d#%,#0,#+"?-#)%#+&,V30'"+(-#%*%+$'<,(+"#d2  "#+"81#

`%9*%Ñ##

!7%/$"$# `&,"8%,$"*# >/#T1(F)# ( #ErT1(F)s# _# HpD=M#N:# P(# +&,/()%'%8#E( 4( 6;9PNmR9Pcp7$=#
"89#m#4"'("9*%#(#mcp#_#I]#

pD=M##_#rpD=nmcD=MHIpmNs##_#HA=IpmN# !          m 4(8Pde(p 4(9PME(

="(/+.J>K#"/0A(&-&/'#F.0/"()?K.(/"QA(d2("(/"%!(D&,-&(G*(6t2g71,86eg70,2R'S%01%?*&'87"')"-'

$",7)-%#1-' %1!"$")"*!$Q1%87"-' A&1' 87"' 71' =cd' ("' )&' ("1-%!&!' ")"*!$Q1%*&' "-' !$#6"'

("-)#*&)%!a&(&'"1'")-'#$6%!&)-'egT'"1'875')&'$",7)-%@'U-'+"1#$R(
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Orgel (4)"

B-*()0">#"%&*()?X#>&-(.+%G*(/+.'&.&.(&-*('&#%&*()&(%$I0%"(%K-Q!-0/0'"'()?&*!2.("(

/"%!( D&,-&E( P-,# 8&*$# 0?*($e"$/# %,# /(8%$'("# $%$'"W)'(+"=# l"# E0%# ,&# F(# F"# +",4(# )%#

80*?1*(+($"$# H%*/# +&81*%6&/# /-,# /%81'%# )7%/1U,# "*$N:#[+( *A.( S$-0)*( !&#( &I!-0/"#( &-*(

'&#%&*( D+."%&.'"-*( )&( -&*( /+.J>K#"/0+.*( &-&/'#F.0TK&*( d4( "( d7( &.( /"%!( +/'"3)#0/(

D+#'E# TE0%/$/# $%'8%/# +&,$%,%,# 8>/# %*%+$'&,/# "1"'%**"$/# (=# 1%'# $",$=# $%,%,# 0,"#

80*?1*(+($"$#)7%/1U,#8%,&':#P%'",#$%'8%/#%6+($"$/#"#+"81#`%9*%:##

T(6U=#%*# $%'8%#`&,"8%,$"*#)70,#+"?-#d7#%,#+"81#&+$"W)'(+# `%9*%#H4T1gN#%/#+&''%*"+(&,"#

"89# 0,"# +&,V30'"+(-# %*%+$'<,(+"# %6+($")"# (t2g)5(eg)2  "# +"81# `&'$# (# ,&# 1"/# "89# *"#

+&,V30'"+(-#+&''%+$"=#8>/#%/$"9*%#(t2g)6(eg)1:##

o30"*8%,$=# %*# $%'8%# `&,"8%,$"*# )70,# +"?-# d4# %,# +"81# &+$"W)'(+# `%9*%# H5EgN# %/#

+&''%*"+(&,"#"89#0,"#+&,V30'"+(-#%*%+$'<,(+"#%6+($")"#(t2g)3(eg)1  "#+"81#`&'$#(#,&#1"/#

"89#*"#+&,V30'"+(-#+&''%+$"=#8>/#%/$"9*%#(t2g)4:(
d1 (oct.)!d9!

D!

E

E
T2!

T2!

E

!

– 0,4!!

0,6!!

d4, d9 (tet.)!d1, d6!

B.(/+%!-&I+*(+/'"3)#0/*P(&-()0">#"%"()?X#>&-(

)&( -"( !$>E( :8( .+%G*( G*( S$-0)( !&#( "( -&*(

/+.J>K#"/0+.*(d1(0(d9E#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (5)"

!"# +&''%*"+(-# +&81*%$"# 1"//"# 1%'# (81*(+"'LF(# $&$/# %*/# $%'8%/# %6+($"$/# )%# *7(-# **(0'%=#

)%/)&9*"'L*&/# %,# %*# +"81# `%9*%# )%*/# **(3",)/# (# +"*+0*"'# %*/# 4"*&'/# )%# *%/# %,%'3(%/# )%*/#

$%'8%/#&9?,30$/:#

^&,/()%'%8#0,#+"?-#d4:#X*#$%'8%#`&,"8%,$"*#)%#*7(-#**(0'%#H5DN#%/#)%/)&9*"#%,#)&/#$%'8%/]#
5Eg#HE#_#p#D=M#N#(  5T2g HE#_#D=n#N:#TE0%/$/#$%'8%/#%/#+&''%*"+(&,%,=#'%/1%+?4"8%,$=#"89#

*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#%6+($")%/#"#+"81#`&'$#(t2g)3(eg)1 HE#_#p#D=M#N#(#(t2g)2(eg)2 HE#
_#D=n#N:#!"#+&,V30'"+(-#8>/#%/$"9*%#(t2g)4#%/#)%/)&9*"#%,#E0"$'%#$%'8%/#HT2g $ T2g = 3T1g, 
1A1g, 1Eg, 1T2gN:#X*#$%'8%#`&,"8%,$"*#"#+"81#`&'$#3T1g %/#+&''%*"+(&,"#"89#%*#$%'8%#3H#)%#

*7(-#**(0'%:#!"#/%0"#%,%'3("#/%'2#E#_#p#A=M#:#

^&,/()%'%8#"'"#0,#+"?-#d6:#G%*#`&'8"*(/8%#90($L%*%+$'-=#%*#$%'8%#`&,"8%,$"*#)%#*7(-#**(0'%#

>/#%*#8"$%(6#H5DN:#T'"#%*#$%'8%#5T2g HE#_#p#D=n#N#>/#%*#)%#8%,&'#%,%'3("#( 5Eg#HE#_#D=M#N#>/#
*7%6+($"$:# TE0%/$/# $%'8%/# %/# +&''%*"+(&,%,=# '%/1%+?4"8%,$=# "89# *%/# +&,V30'"+(&,/#

%*%+$'<,(E0%/# %6+($")%/# "# +"81# `&'$# (t2g)4(eg)2  HE# _# p# D=n#N# (# (t2g)3(eg)3  HE# _# D=M#N:# !"#
+&,V30'"+(-# 8>/# %/$"9*%# (t2g)6# %/# $'",/`&'8"# /%3&,/# 1A1g:# X*# $%'8%# `&,"8%,$"*# >/# 0,#

/(,3*%$#(#%/#+&''%*"+(&,"#"89#%*#$%'8%#1I#)%#*7(-#**(0'%:#!"#/%0"#%,%'3("#/%'2#E#_#p#I=n#:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (6)"

G&)%8#'%/08('#"E0%/$"# (,`&'8"+(-#%,#0,#)("3'"8"#%,#E0W#%/#'%1'%/%,$%,#,&8>/# *%/#

%,%'3(%/#)%*/#$%'8%/#(81*(+"$/#%,#`0,+(-#)%##:#

ÖX;;!X=#P:#K:#T:]##K75$4,!*%O#1.8!#4,%R7':4$-.5=#i6`&')#O,(4%'/($@#G'%//=#ABB[:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (7)"

G%'#0,#+"?-#d7=#%*#$%'8%#`&,"8%,$"*#)%#*7(-#**(0'%#H4FN#%/#)%/)&9*"#%,#$'%/#$%'8%/]#4T1g HE#
_# p# D=M#N=  4T2g  HE# _# D=I#N# (  4A2g  HE# _# A=I#N:# TE0%/$/# $%'8%/# %/# +&''%*"+(&,%,=#

'%/1%+?4"8%,$=#"89#*%/#+&,V30'"+(&,/#%*%+$'<,(E0%/#%6+($")%/#"#+"81#`&'$#(t2g)5(eg)2 HE#
_#p#D=[#N=#(t2g)4(eg)3 HE#_#D=I#N#(#(t2g)3(eg)4 HE#_#A=I#N:#!"#)(`%'W,+("#)7%,%'3("#%,$'%#+"81#

`%9*%#(#+"81#`&'$#)%*#$%'8%#4T1g#H#E#_#D=I#N#+&''%/1&,#"#*"#(,$%'"++(-#)%#+&,V30'"+(&,/#
"89#%*#$%'8%#4T1g(P)#(#>/#(30"*#"#*"#/%0"#%,%'3("#"#+"81#`&'$:#G%'#$",$=#%*#$%'8%#4T1g(P)#%/#
+&''%*"+(&,"#$"89>#"89#*"#+&,V30'"+(-#(t2g)4(eg)3:#!"#+&,V30'"+(-#8>/#%/$"9*%#(t2g)6(eg)1#

%/# $'",/`&'8"# /%3&,/# 2Eg:# X*# $%'8%# `&,"8%,$"*# >/# 0,# )&9*%$# (# %/# +&''%*"+(&,"# "89# %*#

$%'8%#2G#)%#*7(-#**(0'%:#!"#/%0"#%,%'3("#/%'2#E#_#p#A=[#:#

!"#V30'"#/%3u%,$#8&/$'"#$"89>#%*/#8"$%(6&/#$%'8%/#1%'#*"#+&,V30'"+(-#d3:#X,#"E0%/$#+"/#

,&#$%,(8#+",4(#)%#80*?1*(+($"$#)7%/1U,#(#%*#$%'8%#4A2g  HE#_#p#A=I#N#>/#/%81'%#%*#$%'8%#

`&,"8%,$"*:# X/# +&''%*"+(&,"# "89# *"# +&, :̀# %*%+$'<,(+"# (t2g)3  HE# _# p# A=I#N:# TE0%/$"#
+&,V30'"+(-=#+&8#F%8#4(/$=#%/#)%/)&9*"#%,#%*/#$%'8%/#4A2g, 2Eg, 2T1g, 2T2g:#X*#$%'8%##4T2g 
8",$>#*"#/%0"#%,%'3("#HE#_#p#D=I#N#%,#$&$#*7(,$%'4"*=#8%,$'%#E0%#%*#$%'8%#4T1g  HE#_#D=M# 
%,#%*#+"81#`%9*%N#(,$%'"++(&,"#"89#%*#$%'8%#4T1g(P)  (#/7%/$"9(*($e":#!"#/%0"#%,%'3("#>/#*"#
+&''%/1&,%,$#"#*"#+&,V30'"+(-#%*%+$'<,(+"#(t2g)2(eg)1 HE#_#p#D=I#N:#!"#)(`%'W,+("#)7%,%'3(%/#
%,$'%#+"81#`%9*%#(#+"81#`&'$#HE#_#D=[#N#+&''%/1&,#"#*7%,%'3("#)%*#$%'8%#4T1g(P)  "#+"81#

`&'$:#TE0%/$#$%'8%=#1%'#$",$=#%/#+&''%*"+(&,"#"89#*"#+&, :̀#(t2g)1(eg)2:#%
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (8)"

j%+&**(8#"'"#%*#)("3'"8"#+&''%/1&,%,$#"#"E0%/$%/#)0%/#+&,V30'"+(&,/]#

ÖX;;!X=#P:#K:#T:]#K75$4,!*%O#1.8!#4,%R7':4$-.5=#i6`&')#O,(4%'/($@#G'%//=#ABB[:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (9)"

G%'#*"#+&,V30'"+(-#d5=#%*#$%'8%#`&,"8%,$"*#)%#*7(-#**(0'%#H6FN#%/#$'",/`&'8"#/%3&,/#6A1g (#*"#
/%0"# %,%'3("# HE# _# DN# ,&# )%1W,# )%##:  X/# +&''%*"+(&,"# "89# *"# +&,V30'"+(-# %*%+$'<,(+"#

%6+($")"#"#+"81#`&'$#(t2g)3(eg)2  HE#_#DN:#X,#+",4(=#*"#+&,V30'"+(-#8>/#%/$"9*%#(t2g)5  HE#_#p#
I#N#+&''%/1&,#"#0,#$%'8%#)&9*%$#2T2g E0%#%/#+&''%*"+(&,"#"89#%*#$%'8%#2I#)%#*7(-#**(0'%:#

ÖX;;!X=#P:#K:#T:]#K75$4,!*%O#1.8!#4,%R7':4$-.5=#i6`&')#O,(4%'/($@#G'%//=#ABB[:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (10)"

X,#"E0%/$/#)("3'"8%/=#*7%/+"*"#)%###4"#)%#D#"#Ü:#J&#>/=#1%'#$",$=#0,"#%/+"*"#*(,%"*:#T(6<#

(81*(+"#E0%#*%/# *U,(%/#E0%#+&,4%'3%(6%,#%,###_#Ü#/-,=#%,#'%"*($"$=# *U,(%/#1"'"*Y*%*%/:#a(#

F"=# 1%'<=# )("3'"8%/# /(8(*"'/# %,# E0W# *7%/+"*"# >/# *(,%"*:# P-,# %*/# )("3'"8%/# )%# ;","9%L

P03",&:#

X,#%*/#)("3'"8%/#)%#;","9%LP03",&#%*#e%'&#)7%,%'3(%/#+&''%/1&,#/%81'%#"#*7%,%'3("#)%*#

$%'8%#`&,"8%,$"*:#X,#*%/#+&,V30'"+(&,/#d4#"#d7=#F(#F"#0,#+",4(#%,#%*#$%'8%#`&,"8%,$"*#

(=# 1%'# $",$=# %*/# )("3'"8%/# )%# ;","9%LP03",&#1'%/%,$%,#0,"#)(/+&,?,0f$"$# %,# %*# 10,$#

)7%,+'%0"8%,$#)%*/#)&/#$%'8%/:#

!7%,%'3("#)%*/#$%'8%/#)%1W,#)%###(#$"89>#)%1W,#)%*/#1"'28%$'%/#)%#j"+"F=#B#(#C:#^&8#

E0%#*"#'%*"+(-#%#_#ByC#t#n=\#>/#"1'&6(8")"8%,$#+&,/$",$=#+&,/()%'%8#,&8>/#B#+&8#"#

1"'28%$'%#H/&4(,$#%*#4"*&'#)%#%#_#ByC#"1"'%(6#%,#%*#)("3'"8"N:#

Y#$+&)+"1!T' "-!"+' %1!"$"--&!-' "1' ")-' !"$+"-' A#1&+"1!&)-' %' "1' ")-' !"$+"-' ":*%!&!-'

87"' !"1"1' )&' +&!"%:&'+7)V,)%*%!&!' (2"-,/1' %' 87"' -@1' ")-' %+,)%*&!-' "1' ")-' ,$#*"--#-'

(2&6-#$*%@'")"*!$Q1%*&R'
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (11)"

k/# /%,e(**# 4%0'%# E0%# *7%,%'3("# )%*/# $%'8%/# %61'%//")"# %,# 0,($"$/# )%# B# )%1W,# )%*#
E0&+(%,$##yB:#G%'#0,"#+&,V30'"+(-#d2=#F%8#4(/$#E0%#*7%,%'3("#)%*/#$%'8%/=#%61'%//")"#

%,#`0,+(-#)%##=#>/]#

! 

E[3T1g (F)]= 7,5B" 0,3#"
1
2

#2 +18B#+225B2

! 

E[3T1g (P)]= 7,5B" 0,3#+
1
2

#2 +18B#+225B2

! 

E[3A2g ]= 1,2"

! 

E[3T2g ]= 0,2"

P(#F&8#1'%,#+&8#"#%,%'3("#e%'&#*7%,%'3("#)%*#$%'8%#4T1g#(#)(4()%(6#1%'#B]#

! 

E[3T1g (F)]
B

= 0

! 

E[3T1g (P)]
B

=
"
B
# 
$ 
% 

& 
' 
( 
2

+18"
B

+225
! 

E[3A2g ]
B

= "7,5+1,5#
B

+
1
2

#
B
$ 
% 
& 

' 
( 
) 
2

+18#
B

+225

! 

E[3T2g ]
B

= "7,5+0,5#
B

+
1
2

#
B
$ 
% 
& 

' 
( 
) 
2

+18#
B

+225

o30"*8%,$#1&)'U%8#)%)0('#*%/#%E0"+(&,/#1%'#0,"#+&,V30'"+(-#d2:#

J&# >/# )7%/$'",@"'=# 1%'# $",$=# E0%# %*/# )("3'"8%/# )%# ;","9%LP03",&# /(30%,#

'%1'%/%,$"+(&,/#)%#?10/#E/B = f(#/B).!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (12)"

)I# )C#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (13)"

)n# )\#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (14)"

)M# )S#



62!

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Diagrames de correlació. Tanabe-Sugano (15)"

)[#

Y#!"7' 87"' &' *&(&' *#1?07$&*%@'

")"*!$Q1%*&' *#$$"-,#1' 71' (%&0$&+&' ("'

P&1&6"]S70&1#' (%A"$"1!T' "1*&$&' 87"' &'

*&+,'A"6)"'")'*#+,#$!&+"1!'(")-'%#1-'d3(

0(d8(;#'d2(0(d7>'-%0&'")'+&!"%:R'
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (1)"

X,# %*# $%8"# n# F%8# 4(/$# E0%# >/# 1&//(9*%# +&,/$'0('# )("3'"8%/# )7&'9($"*/# 8&*%+0*"'/#

E0"*($"?0/#1%'#+&81*%6&/#8%$2*Y*(+/#)%#)(`%'%,$/#3%&8%$'(%/:#X*#8&)%*#)%*#/&*"1"8%,$#

",30*"'#%,/#1%'8%$#)%#E0",?V+"'#*7%,%'3("#)%*/#&'9($"*/#)70,"#8",%'"#/%,e(**":#

N&'W%,Q!"-%'("',&$V(&'(2&87"-!'+#(")'U-'87"')&'%1!"$&**%@'"1!$"'")-'#$6%!&)-'&!Q+%*-'

;FC>'(")'+"!&))'%'(")'))%0&1('U-',$#,#$*%#1&)'&)'87&($&!'("')&'%1!"0$&)'(")'-#)&,&+"1!R'

G%'# "4"*0"'# "E0%/$%/# (,$%3'"*/=# ,&8>/# F%8# )%# +&,/()%'"'# *"# 1"'$# ",30*"'# )%# *%/#

`0,+(&,/# )7&,"# +&''%/1&,%,$# "*/# )(`%'%,$/# &'9($"*/# (81*(+"$/# %,# *7%,**"5:# TE0%/$%/#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (2)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (3)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (4)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (5)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (6)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (7)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (8)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (9)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (10)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (11)"
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (12)"

k/#1&//(9*%#+"*+0*"'#E0"*/%4&*#3%&8%$'(":#!%/#8>/#+&80,%/#1&)%,#)%)0('L/%#"#1"'?'#)%#

*%/#AI#1&/(+(&,/#/%3u%,$/#8($l",5",$#*"#$"0*"#")l0,$"]#

z!
y!

x!

8(

c(

M(

:(
N(

O(

z!

y!
x!

89(

f(

d(

a(

z!
8(

M(

c(

88(

8M(

dz2( dx2–y2( dxy( dxz( dyz(

8( A# D# D# D# D#
M( Ayn# Cyn# D# D# D#
:( Ayn# Cyn# D# D# D#
N( Ayn# Cyn# D# D# D#
O( Ayn# Cyn# D# D# D#
c( A# D# D# D# D#
f( D# D# AyC# AyC# AyC#
d( D# D# AyC# AyC# AyC#
a( D# D# AyC# AyC# AyC#
89( D# D# AyC# AyC# AyC#
88( Ayn# CyAM# ByAM# D# D#
8M( Ayn# CyAM# ByAM# D# D#

D#
-%
*%
@'
("

)')
)%0

&1
('

B1"$0%&';e&>'

!(,%"*]#8=#c(
;'(3&,"*]#M=#88=#8M(
K&'8"#)%#;]#8=#:=#O(
;%$'"W)'(+"]#f=#d=#a=#89(
G*",&E0")'")"]#M=#:=#N=#O(
b(1('28()%#$'(3&,"*]#8=#M=#c=#88=#8M(
G('28()%#)%#9"/%#E0")'")"]#8=#M=#:=#N=#O(
i+$"W)'(+"]#8=#M=#:=#N=#O=#c((



75!

Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (13)"
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a( IyC# IyC# IyB# IyB# IyB#
89( IyC# IyC# IyB# IyB# IyB#
88( D# Cyn# Ayn# Ayn# Cyn#
8M( D# Cyn# Ayn# Ayn# Cyn#

D#
-%
*%
@'
("

)')
)%0

&1
('

B1"$0%&';e'>'

!(,%"*]#8=#c(
;'(3&,"*]#M=#88=#8M(
K&'8"#)%#;]#8=#:=#O(
;%$'"W)'(+"]#f=#d=#a=#89(
G*",&E0")'")"]#M=#:=#N=#O(
b(1('28()%#$'(3&,"*]#8=#M=#c=#88=#8M(
G('28()%#)%#9"/%#E0")'")"]#8=#M=#:=#N=#O(
i+$"W)'(+"]#8=#M=#:=#N=#O=#c((
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (14)"

X,#*"#123(,"#Q%9#http://www.wellesley.edu/Chemistry/Flick/chem341/angoverlap1.xls!

$'&9"'%0#0,"#%(,"#8&*$#/%,e(**"#HX6+%*N#1%'#+"*+0*"'#%*#)%/)&9*"8%,$#)%*/#&'9($"*/#d#%,#
`0,+(-#)%#*7&+01"+(-#)7"E0%/$%/#AI#1&/(+(&,/:#G&)%0#4"'("'#e&#(#e'#1%'#+&81'&4"'#*7%`%+$%#

)%*/#)(`%'%,$/#?10/#)%#**(3",)/#H)&,")&'/#(y&#"++%1$&'/N#/&9'%#%*#)("3'"8"#%,%'3W?+:#

X,#*"#123(,"#/%3u%,$#F(#F"#$"90*")%/#*%/#3%&8%$'(%/#8>/#'%1'%/%,$"?4%/:#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (15)"

<=.( gBX<BL\]Z(
dz2! dx2–y2! dxy! dxz! dyz!

&$ '$ &$ '$ &$ '$ &$ '$ &$ '$

<=( *(,%"*=#C(v! A# D# D# D# D# D# D# A# D# A#

<=M(
*(,%"*=#D(h! I# D# D# D# D# D# D# I# D# I#

",30*"'=#C2v! AyI# D# CyI# D# D# I# D# A# D# A#

<=:(

0!,D$'(4"+",$=#C3v! CyI# D# CyI# D# D# I# D# I# D# I#

$'(",30*"'=#D3h! Cyn# D# By[# CyI# By[# CyI# D# CyI# D# CyI#

`&'8"#;=#C2v! CyI# D# CyI# D# D# I# D# C# D# A#

<=N(

$%$'2%)'%=#Td! D# [yC# D# [yC# nyC# [yB# nyC# [yB# nyC# [yB#

1*",&E0")'"$=#D4h! A# D# C# D# D# n# D# I# D# I#

1('28()%#$'(3&,"*=#C3v! Syn# D# By[# CyI# By[# CyI# D# \yI# D# \yI#

,4$L)(4"+",$=#C2v! \yI# D# CyI# D# D# I# D# C# D# C#

<=O(
9(1('28()%#$'(3&,"*=#D3h! AAyn# D# By[# CyI# By[# CyI# D# SyI# D# SyI#

1('28()%#9"/%#E0")'")"=#C4v! I# D# C# D# D# n# D# C# D# C#

<=c(
&+$2%)'%=#Oh! C# D# C# D# D# n# D# n# D# n#

1('28()%#1%,$"3&,"*=#C5v! Byn# D# A\y[# \yI# A\y[# \yI# D# SyI# D# SyI#

<=f( 9(1('28()%#1%,$"3&,"*=#D5h! ACyn# D# A\y[# \yI# A\y[# \yI# D# ByI# D# ByI#

<=d(
+09=#Oh! D# AMyC# D# AMyC# [yC# AMyB# [yC# AMyB# [yC# AMyB#

",?1'(/8"#E0")'"$=#D4d! D# IyC# nyC# CIyB# nyC# CIyB# [yC# CSyB# [yC# CSyB#

<=8M( (+&/2%)'%=#Ih! AIy\# Iny\# AIy\# Iny\# AIy\# Iny\# AIy\# Iny\# AIy\# Iny\#
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Model del solapament angular (16)"

T89#"E0%/$%/#)")%/=#>/#1&//(9*%#+&,/$'0('#*7%/E0%8"#)%#)%/)&9*"8%,$#)%*/#&'9($"*/#d#
1%'#E0"*/%4&*#3%&8%$'("]#

dxy! dxz! dyz!

dx2–y2!dz2!

Oh!

dxy! dxz! dyz!

dx2–y2!dz2!

Td!

dxz!

dxy!

dyz!

dx2–y2!

dz2!D4h!

dxz!

dxy!

dyz!

dx2–y2!

dz2!

C4v!

dxy!

dxz! dyz!

dx2–y2!

dz2!

D3h!

dxz! dyz!

dxy! dx2–y2!

dz2!

D5h!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Annexos. Taules de correlació (1)"

C2v! C2!Cs(xz)!Cs(yz)!

A1! A! A’! A’!
A2! A! A”! A”!
B1! B! A’! A”!
B2! B! A”! A’!

C3v! C3! Cs!

A1! A! A’!
A2! A! A”!
E! E! A’+A”!

C4v! C2v(&v)! C2v(&d)!

A1! A1! A1!
A2! A2! A2!
B1! A1! A2!
B2! A2! A1!
E! B1+B2! B1+B2!

Oh! O! Td! Th! D4h! D3d!

A1g! A1! A1! Ag! A1g! A1g!
A2g! A2! A2! Ag! B1g! A2g!
Eg! E! E! Eg! A1g+B1g! Eg!
T1g! T1! T1! Tg! A2g+Eg! A2g+Eg!
T2g! T2! T2! Tg! B2g+Eg! A2g+Eg!
A1u! A1! A2! Au! A1u! A1u!
A2u! A2! A1! Au! B1u! B1u!
Eu! E! E! Eu! A1u+B1u! Eu!
T1u! T1! T2! Tu! A2u+Eu! A2u+Eu!
T2u! T2! T1! Tu! B2u+Eu! A1u+Eu!

D3h! C3h! C3v! C2v! Cs(xz)! Cs(yz)!
A1’! A’! A1! A1! A’! A’!
A2’! A’! A2! B2! A’! A”!
E’! E’! E! A1+B2! 2A’! A’+A”!

A1”! A”! A2! A2! A”! A”!
A2”! A”! A1! B1! A”! A’!
E”! E”! E! A2+B1! 2A”! A’+A”!

Td! T! D2d! C3v! C2v!

A1! A! A1! A1! A1!
A2! A! B1! A2! A2!
E! E! A1+B1! E! A1+A2!
T1! T! A2+E! A2+E! A2+B1+B2!
T2! T! B2+E! A1+E! A1+B1+B2!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Annexos. Taules de correlació (2)"

D4h! D2d(C2’)! D2d(C2”)! D2h(C2’)! D2h(C2”)! D2(C2’)! D2(C2”)! C4h! C4v! C2v(&v)! C2v(&d)!
A1g! A1! A1! Ag! Ag! A! A! Ag! A1! A1! A1!
A2g! A2! A2! B1g! B1g! B1! B1! Ag! A2! A2! A2!
B1g! B1! B2! Ag! B1g! A! B1! Bg! B1! A1! A2!
B2g! B2! B1! B1g! Ag! B1! A! Bg! B2! A2! A1!
Eg! E! E! B2g+B3g! B2g+B3g! B2+B3! B2+B3! Eg! E! B1+B2! B1+B2!
A1u! B1! B1! Au! Au! A! A! Au! A2! A2! A2!
A2u! B2! B2! B1u! B1u! B1! B1! Au! A1! A1! A1!
B1u! A1! A2! Au! B1u! A! B1! Bu! B2! A2! A1!
B2u! A2! A1! B1u! Au! B1! A! Bu! B1! A1! A2!
Eu! E! E! B2u+B3u! B2u+B3u! B2+B3! B2+B3! Eu! E! B1+B2! B1+B2!
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Tema 5. Natura de lʼenllaç en els compostos de coordinació"
Annexos. Taules de productes directes"

A1! A2! B1! B2! E1! E2!

A1! A1! A2! B1! B2! E1! E2!

A2! A1! B2! B1! E1! E2!

B1! A1! A2! E2! E1!

B2! A1! E2! E1!

E1! A1+[A2]+E2! B1+B2+E1!

E2! A1+[A2]+E1!

A1! A2! B1! B2! E!

A1! A1! A2! B1! B2! E!
A2! A1! B2! B1! E!
B1! A1! A2! E!
B2! A1! E!
E! A1+[A2]+B1+B2!

A1! A2! E! T1! T2!

A1! A1! A2! E! T1! T2!

A2! A1! E! T2! T1!

E! A1+[A2]+E! T1+T2! T1+T2!

T1! A1+E+[T1]+T2! A2+E+T1+T2!

T2! A1+E+[T1]+T2!

d'01/#C2, C3, C6, D3, D6, C2v, C3v, C6v, C2h, 
C3h, C6h, D3h, D6h, D3d (#S6 ! d'01/#C4, D4, C2v, C4v, C4h, D4h, D2d (#S4 !

d'01/#T, O, Th, Oh#(# Td !


