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Fig.1 Conformations of substituted benzoic acid
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Table 1 Hirshfeld charges of H1, O2 and O3 atoms calculated by BLYP

p-X-PhCOOH m-X-PhCOOH
No. X a, Ty
H1 02 03 H1 02 03

1 H 0.00 0.00 0.1678 -0.1683 -0.2695 0.1678 -0.1683 -0.2695
2 Cl 0.23 0.38 0.1698 -0.1664 -0.2662 0.1711 -0.1631 -0.2630
3 Me -0.14 -0.10 0. 1665 -0.1707 -0.2728 0. 1669 -0.1695 -0.2706
4 OMe -0.27 0.12 0.1653 -0.1734 -0.2785 0.1675 -0.1676 -0.2693
5 NO, 0.81 0.71 0. 1746 -0.1592 -0.2563 0.1751 -0.1575 -0.25%
6 CMe, -0.15 -0.09 0. 1663 -0.1710 -0.2731 0. 1665 -0.1698 -0.2716
7 Br 0.29 0.39 0.1705 -0.1651 -0.2633 0.1718 -0.1618 -0.2601
8 S0, Cl 1.00 0.87 0.1759 -0.1570 -0.2514 0.1768 -0. 1549 -0.2536
9 F 0.15 0.33 0.1693 -0.1678 -0.2686 0. 1709 -0.1643 -0.2644
10 OH -0.22 0.12 0.1662 -0.1724 -0.2768 0. 1655 -0. 1664 -0.2682
11 SH 0.01 0.23 0.1678 -0.1693 -0.2697 0. 1699 -0. 1644 -0.2628
12 NH, -0.58 -0.16 0.1631 -0.1777 -0.2828 0. 1659 -0.1714 -0.2703
13 NHOH -0.34  -0.04 0. 1656 -0.1737 -0.2778 0.1673 -0.1700 -0.2684
14 CCly 0.46 0.40 0.1714 -0.1636 -0.2614 0.1720 -0.1618 -0.2628
15 COCI 0.69 0.53 0.1740 -0.15% —-0.2557 0.1741 -0. 1586 -0.2598
16 CN 0.66 0.56 0.1733 -0.1615 -0.2592 0.1741 -0.1598 -0.2598
17 N=C=0 0.19 0.27 0.1694 -0.1674 -0.2687 0. 1709 -0.1637 -0.2644
18 COOH 0.45 0.37 0.1714 -0.1631 -0.2622 0.1717 -0.1608 —-0.2655
19 NHMe -0.84 -0.30 0. 1620 -0.1795 -0.2855 0. 1653 -0.1723 -0.2711
20 NMe, -0.83 -0.21 0.1616 -0.1798 -0.2863 0. 1647 -0.1725 -0.2722
21 Ph -0.02 0.06 0.1672 -0.1700 -0.2716 0. 1680 -0.1679 -0.2692
22 SMe -0.05 0.14 0. 1666 -0.1708 -0.2725 0. 1689 -0.1652 —-0.2645
23 CHO 0.52 0.43 0.1723 -0.1617 -0.2612 0.1720 -0.1617 -0.2630
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Continued
p-X-PhCOOH m-X-PhCOOH
No. X a, a,
H1 02 03 H1 02 03

24 PMe, 0.13 0.10 0.1676 -0.1687 -0.2670 0.1688 -0.1657 -0.2638
25 NHNH, -0.55 -0.02 0.1636 -0.1772 -0.2817 0.1652 -0.1693 -0.2735
26 CH, CH,4 -0.13 -0.08 0. 1665 -0.1705 -0.2730 0. 1668 -0.1697 -0.2708
27 CH(CH3), -0.15 -0.07 0. 1664 -0.1707 -0.2729 0.1668 -0. 1699 -0.2707
28 I 0.28 0.50 0.1711 -0.1640 -0.2599 0.1724 -0. 1606 -0.2570
29 IF, 0.83 0.85 0.1744 -0.1593 -0.2535 0.1763 -0.1538 -0.2532
30 ICl, 1.11 1.10 0.1765 -0.1565 -0.2491 0.1772 -0.1529 -0.2514
31 IF, 1.15 1.07 0.1772 -0.1553 -0.2475 0.1783 -0.1530 -0.2493
32 CH,Cl 0.19 0.14 0. 1696 -0.1659 -0.2653 0.1700 -0.1653 -0.2648
33 NHPh -0.59 -0.12 0.1637 -0.1769 -0.2815 0.1671 -0.1703 -0.2685
34 N(C;3H;), -0.93 -0.26 0. 1607 -0.1815 -0.2886 0. 1645 -0.1727 -0.2728
35 C Cls 0.24 0.25 0. 1698 -0.1657 -0.2647 0.1704 -0.1644 -0.2645
36 CeH,-3-F 0.10 0.15 0.1682 -0.1687 -0.2693 0. 1689 -0.1670 -0.2674
37 COMe 0.43 0.38 0.1705 -0.1652 -0.2621 0.1703 -0. 1605 -0.2666
38 COF 0.70 0.55 0.1737 -0.1603 -0.2572 0.1713 -0.1593 -0.2611
39 CONH, 0.31 0.35 0. 1699 -0. 1664 -0.2634 0.1710 -0.1608 -0.2673
40 S0,CN 1.26 1.10 0.1774 -0.1551 —-0.2485 0.1782 -0.1535 -0.2517
41 COPh 0.40 0.36 0.1702 -0.1644 -0.2655 0. 1706 -0.1618 -0.2674
42 P(CF;), 0.69 0.60 0.1744 -0.1590 -0.2521 0.1745 -0.1593 -0.2549
43 PPh, 0.16 0.39 0.1678 -0.1679 -0.2665 0.1711 -0.1634 -0.2648
44 P(O) Ph, 0.42 0.38 0.1703 -0.1644 -0.2591 0.1702 -0. 1644 -0.2612
45 PCl, 0.61 0.54 0.1724 -0.1616 -0.2569 0.1731 -0.1597 -0.2577
46 PH, 0.24 0.05 0. 1686 -0.1672 -0.2650 0.1687 -0.1671 -0.2650
47 SCN 0.52 0.53 0.1722 -0.1627 -0.2616 0.1748 -0.1581 -0.2561
48 10, 0.78 0.70 0.1754 -0.1578 -0.2508 0. 1766 -0.1554 -0.2516
49 NO 0.91 0.62 0.1740 -0.15% -0.2568 0.1740 -0.1597 -0.2613
50 C=CH 0.22 0.21 0.1689 -0.1674 -0.2680 0. 1698 -0. 1648 -0.2665
51 CH=CH, -0.02 0.06 0.1673 -0.1698 -0.2715 0. 1681 -0.1679 -0.2691
52 C=CCF, 0.51 0.41 0.1724 -0.1627 -0.2611 0.1733 -0. 1609 -0.2610
53 C(Me)=—CH, 0.05 0.09 0.1670 -0.1701 -0.2721 0.1676 -0.1680 -0.2696
54 N, 0.15 0.27 0. 1688 -0.1689 -0.2695 0. 1708 -0.1637 -0.2645
55 N=CdCl, 0.13 0.21 0. 1690 -0.1676 -0.2675 0. 1706 -0.1637 -0.2640
56 Cyclopropyl -0.21 -0.07 0.1658 -0.1723 -0.2746 0. 1667 -0.1703 -0.2703
57 Cyclobutyl -0.15 -0.13 0. 1664 -0.1708 -0.2729 0. 1668 -0.1701 -0.2704
58 Cyclohexyl -0.13 -0.15 0. 1663 -0.1710 -0.2732 0. 1666 -0.1698 -0.2715
59 1-Cyclohexenyl -0.08 -0.10 0. 1661 -0.1714 -0.2738 0. 1666 -0. 1696 -0.2712
60 5-Primidinyl 0.39 0.28 0. 1700 -0.1663 -0.2662 0. 1708 -0. 1649 -0.2645
61 3-Pyridyl 0.25 0.23 0. 1685 -0.1683 -0.2688 0. 1695 -0. 1657 -0.2671
62 Maleimide 0.27 0.33 0.1702 -0.1674 -0.2683 0.1703 -0.1635 -0.2665
63 3-Thienyl -0.05 0.09 0.1675 -0.1690 -0.2686 0. 1685 -0. 1667 -0.2649
64 2-Furyl 0.02 0.09 0. 1664 -0.1717 -0.2732 0.1681 -0.1661 -0.2693
65 Gely 0.97 0.85 0.1765 -0.1562 -0.2481 0.1775 -0. 1544 -0.2495
66 GeBry 0.73 0.66 0.1744 —-0.1588 -0.2518 0. 1750 -0.1572 -0.2534
67 SnMe; 0.18 0.24 0.1689 -0.1661 -0.2618 0.1688 -0.1661 -0.2613
68 SiCly 0.56 0.48 0.1735 -0. 1600 -0.2534 0.1737 -0.1591 -0.2555
69 SeOCF; 0.83 0.81 0.1740 -0.1590 -0.2556 0.1753 -0. 1547 -0.2567
70 BF, 0.48 0.32 0.1725 -0. 1609 -0.2564 0.1722 -0. 1609 -0.2601
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Fig.2 Linear relationship between Hammett constant and the charges of H1, O2

and O3 atoms calculated by B3LYP
(A) 0,=T74.45 +152.47 x Hl g5, R=0.980; (B) o, =63.48 +91.70 x O2yp,, R=0.987; (C) 0, =21.72 +37.23 x O3ypg, R =
0.992; (D) 0, =27.31 +77.72 x Hly,, R =0.882; 02 mulliken charge; (F) o, =11.32 +31.61 x 03y,,, R=0.977.
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Fig.3 Linear relationship between Hammett constant and the charges of H1, O2
and O3 atoms calculated by BLYP
(A) 0,=20.76 +123.69 x Hly,, R =0.993; (B) 0, =12.95 +76.46 x 02y,, R =0.995; (C) o, =13.82 +51.04 x 03,
R=0.9925 (D) 0, = =25.99+101.09 x Hl ,, R=0.964; (E) o, =28.59 +66.15 x 02y, R =0.950; (F) o, =17.39 +39.95 x
03y R=0.985.
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Table 2 Linear relationship between Hammett constant and Hirshfeld and Mulliken charges of H1, 02
and O3 atoms calculated by BP and PWC”

BP PWC
Atom Hirshfeld Mulliken Hirshfeld Mulliken
A B R A B R A B R A B R
H1 -21.57 125.58 0.995 -29.36 106.31 0.961 -20.98 116.71 0.995 -28.18 95.28 0.961

02 12.73 78.01 0.994 29.64 69.23 0.957 11.99 76.27 0.991 28.95 68.07 0.945
03 13.72 51.20 0.992 17.3 41.31 0.990 13.01 49.03 0.991 16.17 40.10 0.990
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Fig.4 Linear relationship between Hammett constant and the charges of H1, O2 and
03 atoms of 70 substituted benzoic acid compounds calculated by BLYP
(A) 0,=20.14 +120.12 x Hly,, R =0.986; (B) o, =12.99 +76.12 x 02y;,, R =0.987; (C) o, =12.84 +47.44 x O3y,
R=0.974; (D) o, = - 15.11 +90.30 x Hly;,, R=0.967; (E) o, =10.37 +61.57 x 02y;,, R =0.581; (F) o, =13.19 +
48.88 x 03y;,, R=0.925.
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Linear Relationship Between the Partial Charges of H and O Atoms
in Carboxyl of Substituted Benzoic Acid and the Hammett Constants

LI Hua-Yi", HU You-Liang

(Joint Laboratory of Polymer Science and Materials, Key Laboratory of Engineering Plastics,
Institute of Chemistry, Chinese Academy of Sciences, Betjing 100190, China)

Abstract The linear dependence between the partial charges of H1, 02 and O3 atoms in carboxyl of substi-
tuted benzoic acid and Hammett constants was analyzed by density functional theory( DFT). Different density
functional and partial charge computation methods [ BALYP/6-311G™/( NBO, Mulliken), ( BLYP, BP,
PWC)/DNP/( Hirshfeld, Mulliken) ] were used to evaluate the above linear relationship. It was found that
BLYP/DNP/Hirshfeld had high accuracy and high computational speed. Seventy substituted benzoic acid com-
pounds were computed. The results show that the linear correlation coefficient between the partial charges of
HI, 02 and O3 atoms and o, and o, is higher than 0.98. The best linear relationship occurred between the
partial charge of O2 atom and Hammett constant. The partial charge of 02 atom could be used as substitute of
Hammett constant in the quantitative structure property analysis and to predict Hammett constant.

Keywords Hammett constant; Density functional theory; Atom charge; Benzoic acid (Ed.: Y, I)
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