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Abstract: To study the speciation and mutual transformation of hexavalent chromium in aqueous solution, the
structures of H,CrO,, HCrO,, Cr,0;" and CrO,* were optimized by B3LYP method of density functional theory,
and the frequency was calculated at the same level. The basic group cc-pVDZ was used for Cr, while the other
atoms were under 6-311+G (d, p). The analysis of atomic charge, electrostatic potential and thermodynamic
energy showed that the binding capacity between hydrogen ions and hexavalent chromium in the solution
increased in the order of H,CrO,<HCrO, <Cr,0;"<Cr0,*. And Cr,0," mainly presented in the form of dichromate
in the solid phase, while most of hexavalent chromium in solution presented in the form of CrO.,”, less in the

form of H,CrO, or HCrO,".
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Tab. 1 Charge of each atom in different forms of chromium under implicit solvent model

H.CrO, HLff i / C HCrO, HLff £t / C Cr0," HLff it / C Cro> HLfr i / C
1Cr 0.665 522 1Cr 1.009 866 1Cr 0.885 684 1Cr 0.745 674
20 -0.447 526 20 -0.220 594 20 -0.555 385 20 -0.688 093
30 -0.444 909 30 -0.554 826 30 -0.549 910 30 -0.682 656
40 -0.330 745 40 -0.338 590 40 -0.451 688 40 -0.686 610
50 -0.273 990 50 -0.338 590 50 -0.553 023 50 -0.688 338
6H 0.417 338 6H 0.442 742 6Cr 0.882 061
7H 0.414 208 70 -0.547 835

80 -0.556 885

90 -0.553 069
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Tab.2 Thermodynamic data of each particle and reaction in the reaction equation under gas phase conditions

BTN, E/au. ZPE /axn. H(0)/au. H(O—T)/au. H(T)/au. S/ (cal/mol/K) -TS/au. G(T)/au.
H 0 0 0 0.002 4 0.002 4 26.0140  -0.0124  -0.0100
OH" -75.7623  0.0085  -75.7539 0.003 3 -75.750 6 425840  -0.0202 -75.770 8
H.CrO,  -1346.7828 0.0342 -1346.748 6 0.007 1 -1346.7415  77.0710  -0.0366 -1346.778 1
HCrO,  -1346.0932 0.0206 -1346.0726 0.006 5 -1346.0661 765690  -0.0363 8 -1346.102 5
CrO.”  -13455449 0.0121 -1345.5328 0.005 7 13455271 721150  -0.0343 -1345.5614
Cr,0~ -2615.9932 0.0239 -2615.9693 0.010 1 -2615.9593 101.4430 -0.04820 -2616.007 5
H,0 -76.4556  0.0213  -76.4343 0.003 8 -76.430 6 45.0870  -0.0214 -76.4520
(1) 1820.2303 -33.7088 1786.521 5 4.946 4 1791.467 9 -29.3290 1762.1389
(2) 1810.4923 -35.7068 1774.7855 4786 3 1779.571 8 -31.8252 1747.746 6
(3) 14395144 -223351 1417.1793 4.116 8 1421.296 0 -26.8952 1394.400 8
(4) -688.9627 103602 -678.6025 2.055 8 -676.546 7 82432  -668.303 5
(5) -9.7380  -1.9980 -11.7360 -0.160 2 -11.896 1 -24962 -14.3923
(6) -380.7159 113737 -369.3422 -0.829 7 -370.1719 24338  -380.7159
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Tab.3 Thermodynamic data of each particle and reaction in reaction equation under implicit solvent model
Z AR WA A E/a.u. ZPE/au. H(0)/au. H(O—T)/au. H(T)/au. S/(cal/mol/K) -TS/au. G(T)/a.u.
H* -0.2152 0 -0.2152 0.002 5 -0.2128 26.014 0 -0.012'5 -0.2252
OH" -75.7715 0.008 4 -75.763 1 0.003 3 -75.759 8 42.594 0 -0.0202  -75.780 1
H.CrO,  -1346.8272 0.0342 -1346.7930 0.007 2 -1346.7860 77.0740 -0.036 6 -1346.8226
HCrO,  -1346.1305 0.0197 -1346.1108 0.006 5 -1346.1042 78.6280 -0.0374 -1346.1416
Cr0O.~ -13459207 0.0117 -1345.9090 0.005 8 -13459033 725420 -0.0345 -1345.9377
Cr,07" -26163100 0.0230 -2616.2869 0.010 1 -2616.276 8 99.9570 -0.0475 -2616.3243
H.0 -76.472 0 0.0210 -76.450 9 0.003 8 -76.447 2 45.113 0 -0.0214  -76.468 6
(1) 12739995 -33.1364 1240.8630 4.946 4 1245.809 5 -29.3090 1216.5004
(2) 1264.3878 -38.0566 12263311 4.786 3 1231.1174 -34.3899 1196.727 5
(3) -14.1501 -21.0801 -35.2303 4.116 8 -31.1135 -248594  -55.9728
(4) -1367.8088 122716 -1355.5372 2.0558 -1353.4815 152015 -1338.2800
(5) -9.6117 -4.920 2 -14.5319 -0.160 2 -14.692 0 -5.0809 -19.7729
(6) -1288.1496 12.0562 -1276.0933 -0.829 7 -1276.923 0 44497 -1288.1496
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Fig. 3 Concentration distribution diagram of H,CrO.,
HCrO,™, Cr,0;" and CrO,” at different pH values
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