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Global Warming and Greenhouse Gas

July 2010 Surface Temperature Anomaly (%)
[Base Period: 1951-1980]
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Overview

* Introduction
» Thermodynamic study of CO2 solvation in water

 Prediction of pKa shift in Carbonic Anhydrase

« (Goal: Help design programmable polymer for CO2
sequestration.
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Quasi-Chemical Theory
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QCT provides a robust framework for ‘QM/MM’
division lon +
-validated by ion hydration studies neighbors(Qu
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Pratt &LaViolette
(1998);

Pratt & Rempe (1999);
Beck, et al (2004)

Varma&Rempe (2007)
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CO, Solvation — Direct Method
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X0 — probability of finding
solute in the inner shell

pO — probability of finding a
vacuum size of inner shell
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CO, Solvation — Cluster Method

Inner shell — gas phase (QM)
CO, +nH,0 < CO,(H,0),
Outer shell — implicit/explicit solvent (MM)

X X X
A = Hco, m,0), — MHu,0
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C0O2-H20 Clusters
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Anharmonicity

« Weak interaction between solute and ligands and h-
bonding between ligands.
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 Preformed cluster
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Cluster method

n A (}(0) Ganharm ]

His e A, Hos |
1 879 0 647 427 -087 -230 417
2 1509 334 9.60 854 021 622 338
3 2065 526 1315 1281 -018 -1079 236
4 2462 453 1770 -1708 283 -1248 532
4= 20.09 0 1770 -17.08 -0.03» -1523 247

a. Preformed cluster
b. Implicit solvent
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* Native enzyme: 6.8
* His 2> Asp/Glu: 8.5
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(E)Zn”"(OH,) = (E)Zn° (OH )+ H"
(E)Zn*"(OH ) + CO, = (E)Zn* ' (HCO; )

(E)Zn” (HCO, ) + H,0 =(E)Zn"'(OH,) + HCO,~
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Results

pKa = AGYprt(aq)/RTIn10
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Conclusion

- Both approaches provide reasonable estimation of
solvation free energy.

* |nner shell chemical contribution cancel out with outer
shell packing term (direct).

» Independence of radius (direct).
«  Asymmetric hydration shell
Uncertainty from anharmonicity and solvent treatment.
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