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The Reversible Decomposition Voltages of H,O, D,0, T,0O
under the Dipole Electric Field
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Abstract The electric energy, nuclear energy and entropy of H,O, D,0, T,0, H,, D,, T,, O, were calcu-
lated under the dipole electric field from —0.05 to 0.05 a.u., employing B3P86 method of the density func-
tional theory with basis sets 6-311-+ +G(3df, 3pf), by further calculating the enthalpy change AH, entropy
change AS, Gibbs function change AG in the reaction of HyO(g)—H(g)+0x(g), D,O(g)—D1(g)+0x(g),
T,0(g)—Ta(g)+0x(g), the reversible decomposition voltage E; of H,O, D,O, T,O were obtained. The re-
sults show that the presence of dipole electric field will evidently influence the change of Gibbs free energy
AG and the reversible decomposition voltage E; of H,O, D,0, T,0, for example, when the positive dipole
electric field increases, the Gibbs free energy change AG and reversible decomposition voltage E; tend to a
linear increase; but when the negative dipole electric field increases, the Gibbs free energy change AG and
reversible decomposition voltage E; tend to a linear decrease, under the same dipole electric field, Gibbs free
energy change AG and reversible decomposition voltage E; increase with the order of H,O, D,0, T,0.
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Figure 1 The interaction of dipole electronic field with dipole
H,O
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Table 1 The electrical energy, nuclear energy and entropy of hydrogen-isotope water (H,O, D,0, T,0) and H,, D,, T,, O, using density

functional method B3P86/6-311+ +G(3df, 3pd) in the external electric field

Z (field)/10 * a.u. 0 100 200 300 400 500

EJa.u. —76.640391 —76.648321 —76.657227 —76.667119 —76.678016 —76.689945

H,0  E/(kJsmol ") 63.814 63.756 63.614 63.383 63.061 62.643

S/(J’K 'emol 1) 188.577 188.652 188.732 188.816 188.908 189.008

5.0 E,/(kJemol 1) 48.501 48.459 48.350 48.175 47.940 47.480

2 S/(JeK emol Y 198.083 198.158 198.225 198.301 198.380 198.472

T E,/(kTemol 1) 41.953 41911 41815 41.664 41.463 41.200

20 S/(JK lemol 1) 204.000 204.062 204.116 204.197 204.255 204.338
EJa.u. —1.215580 —1.2159173 —1.2169359 —1.218651 —1.2210903 —1.2242965

H,  EJ/(kJomol ) 32.577 32.531 32.388 32.100 31.723 31.213

S/(J’K 'emol 1) 130.281 130.294 130.323 130.390 130.474 130.587

b E,/(kTemol 1) 24.970 24.828 24.723 24.522 24.255 23.895

2 S/(JeK emol Y 144.662 144.687 144.716 144.783 144.867 144.980

E,/(kJemol 1) 21.443 21.422 21.338 21.171 20.953 20.661

T2 S/(JoK 'emol ) 153.055 153.080 153.102 153.176 153.260 153.373
EJau. —150.648739  —150.654196  —150.656398  —150.660080  —150.665265  —150.671983

0,  E/(KJemol Y 16.309 16.292 16.246 16.134 16.062 15.920

S/(J’K 'emol 1) 204.798 204.811 204.828 204.853 204.890 204.937

Z (field)y/10* a.u. 0 —100 —200 —300 —400 —500
EJa.u. —176.640391 —176.633435 —176.627460 —176.622480 —76.618518 —176.615611

H,0  E./(kJ*mol ") 63.814 63.781 63.655 63.446 63.153 62.823

S/(JoK lemol 1) 188.577 188.514 188.456 188.406 188.355 188.301

D0 E,/(kJemol 1) 48.501 48.488 48.405 48.262 48.049 47.823

2 S/(JeK emol Y 198.083 198.054 198.012 197.983 197.958 197.937

o E,/(kTemol 1) 41.953 41.949 41.882 41.769 41.602 41.417

2 S/(JeK Temol Y 204.000 203.983 302.962 203.949 203.949 203.953
EJa.u. —1.215580 —1.2159173 —1.216936 —1.218651 —1.2210903 —1.2242965

H,  EJ/(kJsmol ") 32.577 32.531 32.388 32.010 31.723 31.213

S/(J’K 'emol 1) 130.281 130.294 130.323 130.390 130.474 130.587

b E,/(kJemol 1) 24.970 24.829 24.723 24.522 24.255 23.895

2 8/(IeK Temol 1 144.662 144.687 144.716 144.783 144.867 144.980

T E,/(kJemol 1) 21.443 21.422 21.338 21.171 20.953 20.661

2 S/(JeK emol Y 153.055 153.080 153.109 153.176 153.260 153.373
EJa.u. —150.648739  —150.654196  —150.656398  —150.660080  —150.665265  —150.671983

0,  Ey/(kJemol™") 16.309 16.292 16.264 16.134 16.062 15.920

S/(JK lemol ") 204.798 204.811 204.828 204.853 204.890 204.937
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Table 2 Thermodynamic function and reversible decomposition voltages of hydrogen-isotope water in the external electric field
Z (field)/(10~* a.u.) 0 100 200 300 400 500
AH/(kJ*mol ") 241.905 254.676122 272.478354 289.018778 304.311962 318.233481
AS/(kJ*K ™ 'emol ") 0.044104 0.044047 0.044005 0.044001 0.044011 0.044047
H,O AGy/(kJsmol ") 228.762 241.543051 259.357757 275.899429 291.189494 305.100410
AG/(kJ*mol ") —237.352  —250.13305 —267.94776 —284.48943 —299.77949 —313.69041
E/V 1.230 1.296 1.389 1.475 1.554 1.626
AH/(kJ*mol ") 249.494 262.274266 280.076498 296.650394 311.964498 325.927857
AS/(kJK 'emol ") 0.048978 0.048934 0.048905 0.048909 0.048932 0.048976
D,0 AGy/(kJsmol ") —234.899  —247.68411 —265.49508 —282.06773 —297.37497 —311.32523
AG/(kJemol ™" 243.799 256.584113 274.395077 290.967726 306.274969 320.225229
E/V 1.263 1.330 1.422 1.508 1.587 1.659
AH/(kJ'rnolfl) 252.632 265.415925 283.227050 299.810365 315.140679 329.123120
AS/(kJ-Kﬂ'mol*l) 0.051455 0.0514235 0.051407 0.051423 0.051451 0.051503
T,0 AGd/(kJ'molfl) —237.299 —250.08351 —267.89962 —284.47795 —299.80015 —313.76700
AG/(KJemol ") 246.511 259.295208 277.111323 293.689648 309.011854 322.978701
E/V 1.277 1.344 1.436 1.522 1.601 1.674
Z (field)/(10™* a.u.) 0 —100 —200 —300 —400 —500
AH/(kJemol ") 241.905 215.567403 194.272469 171.739098 147.986356 122..860880
AS/(kJsK emol ") 0.044104 0.044185 0.044281 0.044411 0.044564 0.044754
H,O AGy/(kJsmol ") 228.762 202.393164 181.069537 158.497494 134.699218 109.516981
AG/(kJemol ™" —237.352  —210.98316 —189.65954 —167.08749 —143.28292 —118.10698
E/V 1.230 1.093 0.983 0.866 0.743 0.612
AH/(kJ'rnolfl) 249.494 223.157179 201.858061 179.345610 155.617972 130.542704
AS/(kJ-Kﬂ'mol*l) 0.048978 0.049039 0.049118 0.049229 0.049354 0.049511
D,0 AGd/(kJ'molfl) 234.899 208.535838 187.213018 164.668132 140.902445 115.780396
AG/(kJ'rnolfl) —243.799 —217.43584 —196.11302 —173.56813 —149.80245 —124.68040
E/N 1.263 1.127 1.016 0.899 0.776 0.646
AH/(kJ*mol ") 252.632 226.290995 204.996061 182.487794 158.768524 133.714176
AS/(kJ*K ™ 'emol ") 0.051455 0.051502 0.051562 0.051654 0.051756 0.051888
T,0 AGy/(kJsmol ") 237.299 210.934876 189.622477 167.086765 143.36931 118.243287
AG/(kJ*mol ") —246.511 —220.14658 —198.83418 —176.29847 —152.54863 —127.45499
E/V 1.277 1.141 1.030 0914 0.791 0.660
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Figure 2 The relationship between positive electric field and
the changes of Gibbs free energy of H,0, D,0, T,0
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Table 3 The weighted average reversible decomposition voltages of hydrogen-isotope water in the external electric field

Z (field)/(10~* a.u.) 0 0.01 0.02 0.03 0.04 0.05
H,O 1.230 1.296 1.389 1.475 1.554 1.626
E/N D,O 1.263 1.330 1.422 1.508 1.587 1.659
T,0 1.277 1.344 1.436 1.522 1.601 1.674
Z (field)/(10~* a.u.) 0 —0.01 —0.02 —0.03 —0.04 —0.05
H,O 1.230 1.093 0.983 0.866 0.743 0.612
E/N D,O 1.263 1.127 1.016 0.899 0.776 0.646
T,0 1.277 1.141 1.030 0.914 0.791 0.660
H,O 1.230 1.1945 1.186 1.1705 1.1485 1.119
EMIV D,O 1.263 1.2285 1.219 1.2035 1.1815 1.1525
T,0 1.277 1.2425 1.233 1.218 1.196 1.167
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