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CH3Cl-AlCl3
Eclipsed Out
ΔE = -14.2 kcal/mol
mp2/aug-cc-pVTZ

CH3Cl-AlF3
Eclipsed Out
ΔE = -17.5
mp2/aug-cc-pVTZ
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1.805 Å

3.170Å

1.782Å
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CH3Cl-BCl3
Eclipsed, Out
ΔE = -2.7 kcal/mol
mp2/aug-cc-pVTZ

2.935 Å

1.785 Å

94.07°

107.9°

CH3Cl-BF3
Eclipsed Out
ΔE = -3.6 kcal/mol
mp2/aug-cc-pVTZ
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1.941 Å

105.1°

CH3F-AlCl3
Eclipsed Out
ΔE = -17.1 kcal/mol
mp2/aug-cc-pVTZ

1.448 Å

1.926 Å

101.4 Å
105.1 Å

CH3F-AlF3
Eclipsed Out
ΔE = -21.0 kcal/mol
mp2/aug-cc-pVTZ

1.392 Å

2.696 Å

91.8°

108.2°

CH3F-BCl3, Eclipsed Out
ΔE = -2.6 kcal/mol
mp2/aug-cc-pVTZ

2.362 Å
108.2°

91.0°

1.402Å

CH3F-BF3, Eclipsed Out
ΔE = -4.4 kcal/mol
mp2/aug-cc-pVTZ

A"Computa*onal"Study"of"Complexes"Relevant"to"the"Mechanism"of"the"
Friedel<Cra=s"Reac*on"

"
JR#Lanska,#JA#Phillips#(mentor)#!"Department#of#Chemistry,#UWEC#

"
Introduc*on:""

•  Fundamental"ques*on:"What"are"the"
structural"and"bonding"proper*es"of"the"
intermediates"in"the"Friedel<Cra=s1,"2"
reac*on?""

""""""
•  Is"this"a"weak"complex"or"an"ion"pair?"""

"
•  R"is"an"organic"group"(e.g.,"CH3<)"
•  X"is"a"halogen"(F,"Cl)"on"M"
•  X’"is"a"halogen"bonded"to"R"group"
•  M"is"a"group"III"element"(B,"Al)""
"
•  How$do$changes$in$M,$X$and$X’$affect$

structure$and$bonding$intermediate?$

ΔX"

•  Computa*onal"study"of"structural"and"
energe*c"proper*es"of"RX<MX3"
complexes"

"
•  Gaussian"09"version"B.01"was"used"for"

all"computa*ons:"
""
•  Methods:"MP2,"ωB97X<D,"X3LYP"
•  Basis"set:"aug<cc<pVTZ"
""
We"computed""
""
•  Frequencies"(freq)"
•  Binding"energies""
•  Molecular"structures"(Opt"="*ght,"

int=ultrafine)"
•  Charge"Distribu*ons"(pop=npa,"

aim=cp)"

""
"

Methods:"

Results:"

•  Four"different"conforma*ons"
•  We"*tled"them"eclipsed<in,"eclipsed<out,"

staggered<"H<in,"and"staggered<X<in."""

•  Eclipsed<Out"consistently"most"stable"
conforma*on"by"binding"energy."(As"such,"
all"complexes"in"above"graphic"in"eclipsed<
out"conforma*on.)""

•  Changing"M"atom"from"B"to"Al"produces"
marked"increase"in"stability"

•  Changing"X"on"C"from"F"to"C"decreased"
da*ve"bond"strength"slightly"

•  Changing"X"on"M"from"F"to"C"also"
decreased"da*ve"bond"strength"by"
comparable"amount"
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Conclusion:"

Trends"in"Structure"and"Binding"Energy"

Δ$Binding$Energy$=$
A3.9$kcal/mol$"

ΔX’$

"+"""RF’"""+"""BF3"""""""""""""""""""""+"""HF’"""+"""BF3""R

R B
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F'

F F

δ+δ–

R B
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F'

F
F

δ+

δ–

R B

F

F'

F
F

+

–

ΔX$

ΔM" ΔM" ΔM" ΔM"

ΔX$ΔX’$
ΔX"

Δ$Binding$Energy$=$
3.5$kcal/mol$"

Δ$Binding$Energy$=$
3.3$kcal/mol$"

Δ$Binding$Energy$=$
11.5$kcal/mol$"

Δ$Binding$Energy$=$
13.9$kcal/mol$"

Δ$Binding$Energy$=$
16.6$kcal/mol$"

Δ$Binding$Energy$=$
14.5$kcal/mol$"

Δ$Binding$Energy$=$
A0.9$kcal/mol$"

Δ$Binding$Energy$=$
A0.8$kcal/mol$"

Δ$Binding$Energy$=$
1.8$kcal/mol$"

•  Charge"transfer"greater"for"M"="
Al"than"M"="B"(parallels"Δ"E)"

•  Charge"on"R"less"for"R<Cl"
compounds"than"for"R<F"
compounds,"part"of"that"is"due"to"
greater"electronega*vity"of"F"

"
"

Bonding"Analysis:"Charges"

X

X

X

X’

R

M

Eclipsed-In
(Ecin)

Eclipsed-Out
(Ecout)

Staggered-X-in
(Stagclin or 
Stagfin)

Staggered-H-In
(Staghin)

MX3$
Charge$

X’$Charge$ R$Charge$

CH3Cl%AlCl3' %0.197' 0.025' 0.171'

CH3Cl%AlF3' %0.159' %0.014' 0.173'

CH3Cl%BCl3' %0.013' %0.080' 0.092'

CH3Cl%BF3' %0.016' %0.085' 0.101'

CH3F%AlCl3' %0.109' %0.385' 0.493'

CH3F%AlF3' %0.096' %0.393' 0.489'

CH3F%BCl3' %0.012' %0.376' 0.388'

CH3F%BF3' %0.022' %0.383' 0.405'

•  Changing"M"produces"most"
drama*c"change"in"binding"energy"

•  Effect"of"changing"X"or"X’"less"
important"to"binding"energy"

•  R<F"has"some"carboca*on"
character"(large"posi*ve"charge)"

•  Compute"using"larger"R"groups"
and"study"effects"of"solvents"on"
energies"

•  Take"low"temperature"liquid"
phase"IR"spectra"of"complexes"

Future"Work"

Conforma*ons"


