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Development of combined plane wave and localized orbital electronic structure
calculation and application of proton transfer in hydrophobic nano structure
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To understand the fast proton transfer mechanism in hydrophobic nano pore,
we theoretically analyzed the hydrogen bond networks and proton transfer reaction in carbon
nanotube, which is an example of hydrophobic nano pore. For this analysis, we developed the combined

plane wave and localized basis set (CPLB) method, which can treat both large scale electronic
structure calculation and high accurate calculation for local part such as proton transfer region.
By using our developed CPLB method, we clearly found the characteristic hydrogen bond structure in
carbon nanotube because the hydrogen in hydrogen bond was located to near the center between two
oxygen in carbon nanotube due to the confined structure of water cluster. In addition, we also

analyzed the H/D isotope effect in the proton/deuteron transfer reaction in carbon nanotube.
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mothod Rxor  Rxo2 AR Rowo2 AR/Rore  £0-H-O(°)
LO 1.035 1403 0368 2438 0.151 178.9
LO (pcm) 1.015  1.477 0463 2491 0.186 177.8
LO (qe. HY) 1.146 1.245 0.099 2.391 0.041 178.0
LO (q.e. H*, pcm) 1.103  1.317 0214 2420 0.089 177.9
LO(qe. D%) 1.101  1.300 0.198 2.401 0.083 178.3
LO(qe. D*, pcm) 1.068 1.374 0306 2.441 0.125 177.1
PW 1.138  1.260 0.122 2.397 0.051 175.8
CPLB(g.e. H*) modell 1.093 1.309 0216 2.400 0.090 177.0
CPLB(q.e. D') modell 1.101 1.295 0.193 2395 0.081 iy 47 o
CPLB(q.e. H') modell 1.076 1.332 0256 2.406 0.106 176.4
CPLB(qg.e. D*) modell 1.092 1309 0217 2401 0.090 177.2
CPLB(g.e. H*) model2 1.068 1.349 0281 2415 0.116 174.9
CPLB(q.e. D*) model2 1.032 1434 0401 2461 0.163 172.7
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