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What is computational chemistry?What is computational chemistry?

�� SchrSchröödinger equation describes dinger equation describes ““all of chemistry all of chemistry 
and most of physicsand most of physics”” ((DiracDirac))

�� Solving the SchrSolving the Schröödinger equation for molecules dinger equation for molecules 
leads to energies (leads to energies (eigenvalueseigenvalues), ), orbitals orbitals 
((eigenfunctionseigenfunctions), and ultimately all molecular ), and ultimately all molecular 
properties.properties.

�� Drawbacks: SE can only be solved exactly for H Drawbacks: SE can only be solved exactly for H 
atom.atom.

�� Approximate numerical solution is possible using Approximate numerical solution is possible using 
computers.computers.

�� SelfSelf--consistent methods:consistent methods:HartreeHartree--Fock Fock theory; theory; 
Density Functional Theory (Density Functional Theory (““ab initioab initio”” methods)methods)



Computational Quantum ChemistryComputational Quantum Chemistry

�� The ultimate The ultimate ““green chemistrygreen chemistry”” -- no need for no need for 
actual molecules!actual molecules!

�� SelfSelf--consistent field methods consistent field methods -- description of description of 
molecular molecular orbitals orbitals is based on LCAO (Linear is based on LCAO (Linear 
Combination of Atomic Combination of Atomic OrbitalsOrbitals))

�� An initial guess is made, then An initial guess is made, then orbitalsorbitals are refined are refined 
until energy ceases to change between cycles until energy ceases to change between cycles 
(convergence).(convergence).

�� It is possible to calculate molecular geometries It is possible to calculate molecular geometries 
(geometry optimization), (geometry optimization), vibrational vibrational and and 
electronic spectra, and (in principle) any property electronic spectra, and (in principle) any property 
depending on electronic depending on electronic wavefunctionwavefunction..



Computational Chemistry at Marian CollegeComputational Chemistry at Marian College

�� Computational engines: Gaussian 03, Computational engines: Gaussian 03, 
GAMESS, OrcaGAMESS, Orca

�� Calculations implemented on Unix backend Calculations implemented on Unix backend 
machine (actually Apple G4)machine (actually Apple G4)

�� Access through userAccess through user--friendly friendly WebMOWebMO
interfaceinterface

�� Computation is Computation is ““numerically intensivenumerically intensive”” --
typical jobs require storage O(Ntypical jobs require storage O(N33) to ) to 
O(NO(N77), where N is the number of basis ), where N is the number of basis 
functions, and CPU time on the order of functions, and CPU time on the order of 
days.days.



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?



OverviewOverview

�� Experimental and Computational Experimental and Computational 

MethodsMethods

�� IodineIodine-- Iodide ChemistryIodide Chemistry

�� Polyiodide ChemistryPolyiodide Chemistry

�� StarchStarch-- Iodide ComplexIodide Complex

�� SummarySummary

�� Future ResearchFuture Research



Experimental and Computational Experimental and Computational 

MethodsMethods

�� UVUV-- Vis spectra obtained using a Varian Vis spectra obtained using a Varian 
Cary 50 Bio UVCary 50 Bio UV-- Vis spectrometer.Vis spectrometer.

�� Calculations were run on Gaussian 03 Calculations were run on Gaussian 03 
software.software.

�� B3LYP level theory and SDBB3LYP level theory and SDB--augaug--cccc--TZVP TZVP 
basis set used on all Iodine/Polyiodide basis set used on all Iodine/Polyiodide 
species.species.

�� TDTD--DFT and CIS methods were used to DFT and CIS methods were used to 
obtain calculated UVobtain calculated UV-- Vis absorption Vis absorption 
energies. energies. 



IodineIodine-- Iodide ChemistryIodide Chemistry

�� II22 in gas phase in gas phase -- complex complex vibronic vibronic 

spectrum withspectrum with λλmaxmax ~ 540 nm~ 540 nm

�� Spectrum is simplified in solution Spectrum is simplified in solution 

with with nonpolarnonpolar solvents such as solvents such as 

cyclohexanecyclohexane

�� Polar solvents lead to a shift in Polar solvents lead to a shift in λλmaxmax

due to the formation of donordue to the formation of donor--

acceptor complexesacceptor complexes



IodineIodine-- Iodide ChemistryIodide Chemistry

Gas phase UV- Vis Spectrum of 
I2.

Calculated UV-Vis Spectrum of 
I2.

λ = 565.06 nm
Experiment: λmax = 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)

λ = 443.42 
nm; f = 

0.0019

λ = 438.78 nm; f = 0.0012

IodineIodine-- Iodide ChemistryIodide Chemistry

Experimental UV- Vis Spectrum 
of I2 in water.

Calculated Spectrum of I2 in 
water using TD-DFT. 

λmax=460nm



IodineIodine-- Iodide ChemistryIodide Chemistry

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



IodineIodine-- Iodide ChemistryIodide Chemistry

�� On addition of IOn addition of I-- to a solution of Ito a solution of I22 in in 

water, an equilibrium occurs between water, an equilibrium occurs between 

II22, I, I--, I, I33
--, and possibly other species., and possibly other species.

�� II22 + I+ I-- II33
-- KKeqeq = 7 x 10= 7 x 1022



IodineIodine-- Iodide ChemistryIodide Chemistry

λmax= 405 nm

Experimental UV- Vis spectrum 
of I3

- in water.
Calculated UV- Vis spectra of  

I3
-(H2O)2.

λmax = 352 nm

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

λmax = 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

�� Calculations were performed on several Calculations were performed on several 
polyiodide chains to determine the factors polyiodide chains to determine the factors 
influencing stability.  (The species were influencing stability.  (The species were 
constrained to be linear and the optimizations constrained to be linear and the optimizations 
were started in an arrangement with all Iodine were started in an arrangement with all Iodine 
atoms 3 Angstroms apart.)atoms 3 Angstroms apart.)
•• II55

-- was found to be a stable species with a bent was found to be a stable species with a bent 
geometry in agreement with the literature.geometry in agreement with the literature.

•• Linear ILinear I55
--, I, I77

--, and  I, and  I88
22-- are found to be saddle points.are found to be saddle points.

•• II99
33--, and larger species seem to be , and larger species seem to be dissociativedissociative..

•• Criterion for Criterion for ““stablestable”” species: species: alternating alternating II2 2 and Iand I33
--

segments separated by a somewhat longersegments separated by a somewhat longer internuclearinternuclear
distance, suggesting a donordistance, suggesting a donor-- acceptor arrangement.acceptor arrangement.



StarchStarch-- Iodide ComplexIodide Complex

�� The StarchThe Starch-- Iodide Iodide 
complex is formed complex is formed 
when the polyiodide when the polyiodide 
molecule/s are molecule/s are 
encapsulated inside encapsulated inside 
the amylose helix the amylose helix 
giving the solution a giving the solution a 
deep bluedeep blue-- black color.black color.

�� Complex exhibits a Complex exhibits a 
broad absorption peak broad absorption peak 
at wavelengths longer at wavelengths longer 
than Ithan I22 or Ior I33

--..

UV- Vis spectrum of Starch-
Iodide complex.



StarchStarch-- Iodide ComplexIodide Complex

�� Literature: Literature: 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.



StarchStarch-- Iodide ComplexIodide Complex
Presently modeled via encapsulation in Presently modeled via encapsulation in cyclodextrin dimercyclodextrin dimer..

LargeLarge--scale calculations scale calculations -- require complex approach.require complex approach.



SummarySummary

�� We were able to calculate UVWe were able to calculate UV-- Vis spectra of IVis spectra of I2 2 in in 
reasonable agreement with experiment for gas phase and reasonable agreement with experiment for gas phase and 
aqueous solution using B3LYP level theory and the SDBaqueous solution using B3LYP level theory and the SDB--
augaug--cccc--TZVP basis set. TZVP basis set. 

�� Calculations on ICalculations on I33
-- showed weaker solvent effects and showed weaker solvent effects and 

somewhat poorer agreement with experiment.somewhat poorer agreement with experiment.

�� Several conditionally stable polyiodide species (candidate Several conditionally stable polyiodide species (candidate 
guest species in starch/iodine complex) were found.guest species in starch/iodine complex) were found.

�� The strong visible range absorption of the starch/iodine The strong visible range absorption of the starch/iodine 
complex originates from the encapsulatedcomplex originates from the encapsulated polyiodide polyiodide chain, chain, 
where (it can be speculated that) increased electron where (it can be speculated that) increased electron 
delocalization with increasing chain length leads to a delocalization with increasing chain length leads to a 
bathochromic shift into the visible range of the strong bathochromic shift into the visible range of the strong 
absorption found in the UV for Iabsorption found in the UV for I33

-- .  .  



Future ResearchFuture Research

�� In the near future we plan to perform In the near future we plan to perform 

ONIOM calculations involving partial ONIOM calculations involving partial 

optimization of polyiodide chains optimization of polyiodide chains 

introduced into experimentallyintroduced into experimentally--determineddetermined

amylose structures. amylose structures. 

�� Subsequently, using TDSubsequently, using TD--DFT and CIS DFT and CIS 

methods, we will calculate the UVmethods, we will calculate the UV-- Vis Vis 

spectra of the starch/iodine complex more spectra of the starch/iodine complex more 

accurately than has hitherto been accurately than has hitherto been 

attempted.attempted.
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