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What is computational chemistry?What is computational chemistry?
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Computational Quantum ChemistryComputational Quantum Chemistry

�� ,��	��������	,��	��������	 �� �����	��������������	��������� �� )) ��	����	���	��	����	���	
������	���������-������	���������-

�� 
���
��� )) ����������	�����	�������	����������	�����	�������	 )) �����������	��	�����������	��	
���������	���������	 ��������	��������	 ��	�����	��	./(0	�.�����	��	�����	��	./(0	�.�����	
/����������	��	(�����	/����������	��	(�����	 0�������0�������   

�� (�	�������	�����	��	����"	����	(�	�������	�����	��	����"	����	 ���������������� ���	�������	���	�������	
�����	������	������	��	������	���#���	������	�����	������	������	��	������	���#���	������	
����!������� �����!������� �

�� 1�	��	��������	��	���������	���������	����������	1�	��	��������	��	���������	���������	����������	
���������	������2����� "	���������	������2����� "	 !����������	!����������	 ���	���	
����������	�������"	���	���	��������� 	���	�������� 	����������	�������"	���	���	��������� 	���	�������� 	
���������	��	����������	���������	��	����������	 #�!���������#�!��������� ��



Computational Chemistry at Marian CollegeComputational Chemistry at Marian College

�� /������������	�������$	3�������	45"	/������������	�������$	3�������	45"	
3(
%

"	0���3(
%

"	0���

�� /�����������	�����������	��	6��&	�������	/�����������	�����������	��	6��&	�������	
�������	���������	(����	37 �������	���������	(����	37 

�� (�����	�������	����(�����	�������	���� )) ��������	��������	 8��
08��
0
������������������

�� /����������	��	/����������	��	 �� �����������	�������!������������	�������!� �� ))
�������	9���	�������	�������	0�:�������	9���	�������	�������	0�: 55  	��	 	��	
0�:0�: ;;  "	#����	:	��	���	������	��	�����	 "	#����	:	��	���	������	��	�����	
���������"	���	/<6	����	��	���	�����	��	���������"	���	/<6	����	��	���	�����	��	
����������



Spectroscopic and Spectroscopic and 
Computational Studies of Computational Studies of 
Polyiodide Ions and Their Polyiodide Ions and Their 
Guest/ Host Interactions.Guest/ Host Interactions.
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Introduction:Introduction:

The blue starch/iodine complex is wellThe blue starch/iodine complex is well--known and is used both as an known and is used both as an 
indicator of the presence of starch and to aid in endindicator of the presence of starch and to aid in end--point point 
determination indetermination in iodimetriciodimetric titrations. titrations. 

Experimental evidence suggests that the complex consists of chaiExperimental evidence suggests that the complex consists of chains of ns of 
I atoms encapsulated in the interior ofI atoms encapsulated in the interior of amyloseamylose helices.helices.

However, much remains to be better understood: for example, (1) However, much remains to be better understood: for example, (1) what what 
is the charge on theis the charge on the complexed polyiodidecomplexed polyiodide species? (2) what is the species? (2) what is the 
source of their stabilization? and (3) what is the origin of thesource of their stabilization? and (3) what is the origin of the UV UV 
absorptionabsorption lineshapelineshape of the complex? of the complex? 

Finally, why does starch work so well as an indicator in the Finally, why does starch work so well as an indicator in the 
iodine/iodide system? Is it simply thatiodine/iodide system? Is it simply that complexationcomplexation leads to aleads to a
bathochromicbathochromic shift of the absorption band from the UV into the shift of the absorption band from the UV into the 
visible, or doesvisible, or does complexationcomplexation contribute to the overall intensity of the contribute to the overall intensity of the 
band?band?
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Experimental and Computational Experimental and Computational 
MethodsMethods
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l = 565.06 nm
Experiment: l max = 520 nm

II22 B3LYP/SDB+ECP TDB3LYP/SDB+ECP TD--DFT(50DFT(50--50,nstates=6)50,nstates=6)



I2(H2O)2 B3LYP/SDB+ECP TD-DFT(50-50,nstates=6)

l = 443.42 
nm; f = 
0.0019

l = 438.78 nm; f = 0.0012

IodineIodine-- Iodide ChemistryIodide Chemistry
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IodineIodine-- Iodide ChemistryIodide Chemistry

I2(H2O)2 B3LYP/SDB+ECP TD-DFT(50-50,nstates=6)



IodineIodine-- Iodide ChemistryIodide Chemistry

�� 0�	��������	��	10�	��������	��	1 )) ��	�	��������	��	1��	�	��������	��	1 DD ��	��	
#����"	��	�����������	������	���#���	#����"	��	�����������	������	���#���	
11DD"	1"	1)) "	1"	155

)) "	���	��������	�����	��������"	���	��������	�����	��������

�� 11DD H	1H	1 )) 1155
)) II ���� F	;	&	J4F	;	&	J4 DD



IodineIodine-- Iodide ChemistryIodide Chemistry
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QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

l ��& = 405 nm

(In this case, inclusion of explicit solvent has little effect.)(In this case, inclusion of explicit solvent has little effect.)



IodineIodine-- Iodide ChemistryIodide Chemistry
HOMO structures in solution:HOMO structures in solution:



Polyiodide ChemistryPolyiodide Chemistry
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StarchStarch-- Iodide ComplexIodide Complex
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StarchStarch-- Iodide ComplexIodide Complex

�� .���������$	.���������$	 Kuhn freeKuhn free--electron model (S. electron model (S. 
Ono, S.Ono, S. TsuchihashiTsuchihashi, T., T. KugeKuge, , J.J. AmerAmer..
ChemChem. Soc. Soc. . 7575 (1953) 3601).(1953) 3601).

�� ExtendedExtended HHüückelckel crystal orbital method crystal orbital method 
(M.(M. KKéérteszrtesz and F.and F. VondervisztVonderviszt, , J.J. AmerAmer..
ChemChem. Soc. Soc. . 104104 (1982) 5889).(1982) 5889).

�� AM1 (X. Yu, C.AM1 (X. Yu, C. HoutmanHoutman, R. H., R. H. AtallaAtalla, , 
CarbohydrateCarbohydrate ResRes. . 292292 (1996) 129).(1996) 129).

�� Still relatively poorly understood.Still relatively poorly understood.
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SummarySummary
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