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Ab Initio Calculation of Equivalent Potential of
Water for Electronic Structure of Valine
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Abstract; The equivalent potential of water for the electronic
structure of valine (Val) was constructed on the basis of the
first-principles, all-electron, ab initio calculations. The
process involved three steps. First, a search for the
mihimum-energy configuration of the system Val+ 7H; O was
carried out by free cluster calculation. Then, the electronic
structure of valine with the potential of water molecules was
calculated with the self-consistent cluster-embedding (SCCE)
method- Finally, the effect of water was simulated on valine
by dipoles. Results show that the major effect of water on the
electronic structure of valine is to raise the eigenvalues of
eight orbitals under Fermi surface by about 0. 775 5 eV on
average. The effect of water on the electronic structure of
valine can be well simulated by dipoles. The equivalent
potential obtained can be applied directly to the calculation of
the electronic structures of proteins in solution.
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Tab.1 Atomic coordinates of valine

Ke EF X/nm Y/nm Z/nm
1 [ 0,063 9 0,038 9 0. 009 8
2 c —0,0693  —0,0324 —0,0135
3 C —0,183 4 0.0685  —0.0039
4 c —0,0881 —0,1407 0.092 3
5 c 0,082 3 0.1451  —0.0938
6 C 0.176 7 —0.060 9 0. 000 3
7 c 0.2503  —0.0791 0. 096 0
8 C 0.1951  —0.1259 —0.1072
9 ] 0. 063 9 0,084 4 0,108 7
10 N —0,0693  —0.0778 —6.1123
11 C 0.172 5 0.1934  —0,0781
12 ] 0,005 0 0.2135  —0.087 3
13 0] 0.082 3 0.101 8 —0.187 9
14 H —0, 278 2 0,017 8 —0,020 4
15 H —0,169 9 0.1458  —0,0793
16 H —0,183 4 0.114 0 0,095 0
17 H —0,1829  —0.1914 0. 075 8
18 H —0,0068  —0.2126 0,085 5
19 H —0,088 1 —0,085 2 0,191 2
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Tab.2 Point charges and coordinates of 7 dipoles

FE5  AFfl/e X/nm Y/nm Z/nm
) —0.970  0.36876 —0.23498 —0.024 38
0,970 0,32561 —0,19572 —0,01895
@ —0.010 0,284 95 0. 265 85 0,035 91
0,010  0,33114 0, 288 33 0. 064 07
@ —0.640 —0,093 52 0.386 02 —0.079 46
0.640 —0,117 06 0.43818  —0.066 95
" —1.920  0,01898 —0,06107 —0.340 60
1920  0.04975 —0.09970  —0.372 95
&) —1.280 —0, 380 44 0,132 08 —0,214 28
1.200 —0.422 79 0.11920  —0. 252 67
® —0,840 —0, 232 36 0. 045 86 0,340 21
0.840 —0, 261 56 0. 054 34 0. 390 29
- —0,140 —0,09530 —O0, 456 21 0,031 78
0,140 —0,111 28 —0,512 16 0,025 00
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Tab.3 Three sets of eigenvalues of valine

- REEZRAE{E /Ry

T KT BT
MEREHD —0.084 6 —0,085 9 —0, 026 6
3BEREE —0.182 6 —0,118 2 —0,076 1
32(Er) —0.348 2 —0.3341 —0.334 6
31 —0.367 5 —0.357 0 —0.3481
30 —0,421 6 —0.379 9 —0,379 &
29 —0.635 9 —0,545 3 —0.5335
28 —0. 654 4 —0.5525 —0.549 9
27 —0.661 8 —0.574 0 —0.575 8
26 —0.674 0 —0.622 8 —0.619 9
25 —0.697 6 —0.638 9 —0.6387
E,=Ey—Ey 0.165 6 0.2159 0,258 5
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