
S1 

Accessory Publication 

 

Chlorination of Aromatics with Trichloroisocyanuric  Acid (TCICA) in Brønsted 

Acidic Imidazolium Ionic Liquid [BMIM(SO 3H)][OTf]; An Economical, Green, 

Protocol for the Synthesis of Chloroarenes.§  

 

Abigail Hubbard, Takao Okazaki and Kenneth K. Laali*  

Department of Chemistry, Kent State University, Kent, OH 44242 

 

 Page 

Table S1.  B3LYP/6-31+G(d,p) Reaction Enthalpies and Gibbs Free  S2 

 Energies (kcal/mol) for the Cl+ Generation from Protonated  

 TCICA at 25 oC and 50 oC under 1 atm. 

Table S2.  B3LYP/6-31+G(d,p) Relative Enthalpies and Gibbs Free  S4 

 Energies (kcal/mol) for Protonated Dications from Dichlorinated  

 Compounds at 25 oC and 50 oC under 1 atm. 

Table S3.  B3LYP/6-31+G(d,p) Relative Enthalpies and Gibbs Free  S4 

 Energies (kcal/mol) for Protonated Cations from Monochlorinated  

 Compounds at 25 oC and 50 oC under 1 atm. 

Table S4.  Energy of Various Cationic Species Calculated by  S5 

 B3LYP/6-31+G(d,p).  

 

 

 

mal126
Text Box
10.1071/CH07261_ AC
©CSIRO 2007
Accessory Publication: Aust. J. Chem., 2007, 60(12), 923–927.



S2 

Table S1. B3LYP/6-31+G(d,p) Reaction Enthalpies and Gibbs Free Energies (kcal/mol) 

for Cl+ Generation from Protonated TCICA at 25 oC and 50 oC under 1 atm. 
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N

N

N

O

O O

ClCl

Cl

H

H

H

N

N

N

O

O O

Cl

Cl H

H

H

Ia

+ Cl+

I

 -48.3 -39.2 -39.3 

N

N

N

O

O O

ClCl

H

H

H

N

N

N

O

O O

Cl

H

HH H

IIa

+ Cl+

H

II

 -51.0  -42.6 -42.8 

N

N

N

O

O O

HCl

H H

H

N

N

N

O

O O

H

H H

H

H H

IIIa

+ Cl+

III

  -52.5  -44.1 -44.2 

 

N

N

N

O

O O

Cl

Cl H

H

N

N

N

O

O O

H

H H

H

IVa
Ia

+ Cl+

Cl

 61.4  69.9 69.8  

N

N

N

O

O O

HCl

Cl H

H

Ib IVb

+ Cl+
N

N

N

O

O O

Cl

H

H

H

 65.3 74.1  74.0 

N

N

N

O

O O

HCl

Cl H

H
N

N

N

O

O O

HCl

H

H

Ic IVc

+ Cl+   48.9 57.2 57.0 



S3 

N

N

N

O

O O

HCl

Cl H

H

N

N

N

O

O O

H

Cl H

H

Ic IVd

+ Cl+    66.0 74.7 74.6 

 

+ Cl+

N

N

N

O

O O
H

H

H

VbIVb

N

N

N

O

O O

Cl

H

H

H  179.2  187.7 187.6  

N

N

N

O

O O

H

Cl H

H

N

N

N

O

O O

H

H

H

VcIVd

+ Cl+   165.2  185.4 185.3 

N

N

N

O

O O

Cl

H

H
N

N

N

O

O O

H

H

H
H

VaIVa

+ Cl+   176.9 185.4 185.3 

N

N

N

O

O O

HCl

H H

N

N

N

O

O O

H

H
IVe Ve

+ Cl+

H

 192.3 201.4 201.3 

N

N

N

O

O O

HCl

H

H

N

N

N

O

O O

H

H

H

IVf
Vf

+ Cl+  168.8 177.2 177.1 

N

N

N

O

O O

H

H

H

Vc

+ Cl+
N

N

N

O

O O

HCl

H

H

IVc

 182.3 190.9 190.7 

 

 

 



S4 

Table S2. B3LYP/6-31+G(d,p) Relative Enthalpies and Gibbs Free Energies (kcal/mol) 

for Protonated Dications from Dichlorinated Compounds at 25 oC and 50 oC under 1 

atm. 
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∆G (25 oC) (0) 2.1 5.8  

∆H (25 oC) (0) 2.6 6.4 

∆H (50 oC) (0) 2.6 6.4 

 

Table S3. B3LYP/6-31+G(d,p) Relative Enthalpies and Gibbs Free Energies (kcal/mol) 

for Protonated Cations from Monochlorinated Compounds at 25 oC and 50 oC under 1 

atm. 
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∆G (25 oC) 12.7 17.1 6.7 5.5 2.8 (0)  

∆H (25 oC) 13.2 17.5 6.4 6.1 2.6 (0) 

∆H (50 oC) 13.2 17.5 6.4 6.1 2.6 (0) 
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Table S4. Energy of Various Cationic Species Calculated by B3LYP/6-31+G(d,p) 

 

Compound Symmetry E, hartree ZPE, hartree G, hartree H, hartree H, hartree  

    at 25 oCa at 25 oCa at 50 oCa  
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a under 1 atm. 




