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Introduction
Why agueous sulfuric acid IS Important

Atmospheric science - Clusters of H,O and H,SO,, play a
crucial role in atmospheric processes such as acid rain
formation and ozone depletion mechanism.

Industrial application — fertilizer production, petroleum
refining, extraction of metals from their ores, production
of Inorganic pigments.

Interest in proton transfer simulation in agueous acid
solution — Accurate description of a proton transfer in
acld soelution Is a challenge for computational physics
and chemistry.

SO;* — H,O interaction— An element needed to
Understand: proton (Water) transport inf Nafien
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Proton Transfer in Acid Solution

‘ ° Abnormally faster than cations
with similar size
®

Physical Chemistry, (P.W. Atkins)
4t edition
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JST-CREST Project
Development of advanced nanostructured material
for energy conversion and storage

|_ocal w ater-Nafion ® structure
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Calculation Details

H,SO, H,O Cell mol/L T(K) Length @3
()
Low 1 64 12.54  0.84 302.4 23

High 12 36 12.52  10.2 301.9 25
High (E. field) 12 36 12.52  10.2 311.1 13.76

« Time step : 1.21 fs (D instead of H)
« FEM basis DFT (adaptive coordinate)
« Cut-off : 40 Ry
point only
« Norm-conserving pseudopotential
« Exchange-correlation functional : Perdew-Burke-Erhpf (PBE)
« Born-Oppenheimer dynamics
« Electric field : P. Umari and A. Pasquarello, PHysyv. Lett.89, 157602 (200
« Finite Element Method based Total Energy Calcuiakd (FEMTECK)
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Some Definitions and Nomenclature
) S

Two protonated forms SO
H g

hydronium Zundel

O

Sulfuric acid and its C|)I_I |

anions O/S\g,,, O O/S\g,,,g

Sulfuric acid Hydrogensulphate anion Sulphate anion

Ow : Oxygen atom of H,O, H;O*
Os : Oxygen atom of H,SO,, HSO,, SO,?*
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Results
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Structural Features
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Dynamical Properties
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Experiment
D,,=0.91x10->cm?/s (290K, C=5M/L)
(J. Phys. C. 1990, SA189)
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Water Diffusion

D ate=0.-05 10° cm¥é/s

D yate=0.07 10° cm¥/s
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Constructive

Non-constructive

Average Life Time

Low

Constructive 339 fs

Non- 150 fs
constructive

Ratio of Constructive Transfer

Low High

31% 4%
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Why the life-time of the constructive proton transif
the 1.3 system is longer than that of the 1:64 sys&tem
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Electrical Property.

Linear fitted

u(mobility) = 36.5 10° cnv/sV
= zuF =35.2 S-cm2/mol
= ¢=0.30S/cm
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J. Phys. Chem. 101, 4166 (1997)

90°F(32.2°C) 0.64%wt
0.4 S/cm
(J. Chem. Eng. Data. 1964,9,421)

Calculated conductance
= c = 0.33S/cm
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Hydrodynamic Mobility of H;0O*
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u=3.4 10>cm¥/sV (cf. 36.5 10°cn¥/sV)
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Ratio of each species generated upon
dissociation of Sulfuric acid in agueous solution

1:64 1:3 1:3 e. field.

H,SO, 0.0 0.03 0.29

HSO; 1.0 0.85 0.68

SO . 0.11 0.03
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Field Off
Field On
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Conclusion

Dependency of the structural features on the
concentration of sulfuric acid

Dynamical features also depend on the number
of anions generated upon dissociation of sulfuric
acid. Proton transfer is hindered by
(hydrogen)sulphate anion.

Electrical properties were evaluated from the
first-principles.
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