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The ground state optimized structures of some radical adducts of a-phenyl-N-tert-buthyl nitrone (PBN)
in water and benzene solutions were calculated by using DFT (B3LYP, B3PW91 and PBEPBE) and HF
methods with 6-311++G(d, p), 6-31G(d, p) and LanL2DZ levels. As trapped radicals, F, Cl, Br, H, OH, CN,
NCO, and N3 were used. The calculated isotropic hyperfine coupling constants of all the trapped radicals
were seen to be in good agreement with the corresponding experimental data. The hyperfine coupling
constant due to the B proton of nitroxide radical was seen to be effected with the opposite spin density of

ﬁ?’;gﬁgﬁi constant oxygen nucleus bonded to the nitrogen. From all the calculated data it was concluded that for hyperfine
Radical calculations the DFT method is superior relative to the HF method. Also the geometrical parameters for
EPR the ground state optimized structures of all the radical adducts were listed, and the binding energies of
DFT all the trapped radicals were obtained.

HF © 2014 Elsevier B.V. All rights reserved.

1. Introduction

Electron paramagnetic resonance (EPR) is a sophisticated spec-
troscopic technique that detects free radicals or inorganic com-
plexes in chemical and biological systems. Unfortunately the
lifetimes of most radicals generated with chemical reaction, irra-
diation or some other methods are short to be detected by EPR. So,
the spin trapping method is used to increase of their lifetimes, and
to detect them. There are two kinds of spin traps; nitrose and
nitrone compounds. In nitrose compounds such as MNP (2-methyl-
2-nitrosopropone) the radicals are trapped directly to the nitrose
nitrogen while in nitrone compounds such as (PBN) a-phenyl-N-
tert-butyl nitrone they are trapped to carbon adjacent to the ni-
trogen [1].

The characteristic feature of trapped radical by PBN is the triplet
and doublet hyperfine splitting due to the N nucleus and P
hydrogen nucleus, respectively. Hyperfine coupling constants of
some spin adducts are tabulated in Ref. [1]. Typical PBH—OH spin
adduct has ay = 14.66 G and aE[ = 3.1 G characteristic features. The
hyperfine coupling constant (hfcc) due to the B proton of nitroxide
radical can be obtained by the relation ag = By + Bjcos? 6 [2]. Where
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By is the spin polarization contribution (0—3.5) and B; the hyper-
conjugative contribution (~50), and f is the angle between the P,
orbital of the nitrogen and the projection of the CH bond to the P,
orbital plane.

The isotropic hfcc’s are very sensitive to the spin density at
nucleus position, so, are very difficult to compute in a quantitative
agreement with the experimental data [3]. The correlation of
radical structure with spin adducts parameters was studied by
Lawrence and et al. [4]. The hyperfine parameters of some radicals
were studied by using the density function theory (DFT) and
configuration-interaction (CI) methods [5]. Some authors have
calculated the g-tensors of some organic radicals by Hartree—Fock
(HF) method [6]. EPR parameters (g and a tensors) of sulfur
centered radicals have been calculated wusing multi-
configurationally self consistent field (MCSCF) response and DFT/
B3LYP methods [7].

Since only a few hfcc’s of trapped radicals can be observed by
EPR, the determination of structures of radical adducts is difficult.
Therefore, theoretical calculations should be used for this. The
calculation of hfcc’s of all nuclei in a radical structure, some being
agreement with the experimental data, may contribute to interpret
the properties of radical. These calculations may also yield to
further knowledge about the other properties (spin density, bond
length, bond angle, binding energy of radical, i.e.) being difficult to
observe, experimentally. So, in this study, the optimized structures
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Fig. 1. PES graph of PBN—H spin adduct.
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Fig. 2. Optimized structures of PBN—X spin adducts (X; F, Cl, Br, H, OH, CN, NCO, N3).

and hyperfine coupling constants of some radical adducts of PBN
were calculated by using DFT(B3LYP, B3PW91 and PBEPBE) and HF
methods with 6-311++G(d, p), 6-31G(d, p) and LanL2DZ levels. The
calculated results were compared with the experimental data. The
binding energies of all the trapped radicals were also determined.

2. Computational details

The structures of radical adducts of PBN were optimized in
water and benzene solutions by using spin-unrestricted DFT(B3LYP,
B3PW91 and PBEPBE) and HF methods with 6-311++G(d, p), 6-
31G(d, p) and LanL2DZ basis sets implemented in the polarizable
continuum model (PCM) [8,9]. All calculations were performed
using Gaussian 03 package [10] and Gauss-View molecular visual-
ization programs [11] on the personal computer. In the calculations

Table 1
Some selected geometrical parameters of PBN—X radical product calculated at DFT(B3LYP) 6-311++G(d, p) level in water and benzene solutions.

PBN—X

Benzene Water

F Cl Br H CN OH N3 NCO
Dihedral angle (°)
C(17)—C(4)—N(3)—C(1) —141.5 14.0 -15.2 -26.1 26.2 -25.7 140.0 459
C(25)—C(4)—N(3)—C(1) -21.0 -107.3 106.3 -1424 -95.5 145.1 -101.3 -75.2
C(21)—C(4)—N(3)—C(1) 99.9 134.0 -135.0 95.2 145.6 95.7 19.7 165.2
C(4)—-N(3)—C(1)—C(6) 71.8 —153.7 63.2 —~78.9 —148.6 -81.1 —68.6 -105.8
0(5)-N(3)—C(1)-H(2) -23 164.5 -11.9 -151.3 171.2 -159.3 113 -150.5
0(5)-N(3)-C(1)-X 111.0 -84.9 96.3 -36.0 73.0 —45.2 -105.4 -344
N(3)—C(1)—C(6)—C(7) 46.6 114.9 128.0 120.8 96.7 125.4 —49.9 1314
N(3)—C(1)—C(6)—C(8) -137.6 -64.9 55.2 -60.4 -81.9 -56.4 133.7 -49.8
Angle (°)
H(20)—C(17)—C(4) 1123 1121 1125 1124 111.8 1124 110.8 111.2
H(26)—C(25)—C(4) 1109 1111 110.8 110.8 1115 1108 109.4 109.6
H(22)—C(21)—C(4) 110.9 111.0 111.2 111.2 110.9 1113 112.2 111.0
C(4)-N(3)—0(5) 117.0 116.6 1154 1174 117.3 117.6 116.5 119.8
0(5)-N(3)—C(1) 1155 118.7 113.9 116.5 116.1 1158 115.0 116.8
H(2)—C(1)—N(3) 104.2 109.2 104.3 109.1 107.6 107.5 102.8 107.8
X—C(1)—C(6) 110.1 109.7 1141 1104 1125 113.16 110.5 111.5
C(7)—C(6)—C(1) 119.0 117.7 115.6 1203 118.7 119.0 118.2 119.0
C(1)—C(6)—C(8) 121.3 1229 125.3 120.8 121.6 121.8 1223 1214
Bond length (A)
H(20)—-C(17) 1.090 1.093 1.082 1.091 1.094 1.092 1.092 1.092
H(28)—C(25) 1.090 1.091 1.082 1.089 1.091 1.090 1.092 1.092
H(22)—-C(21) 1.091 1.093 1.084 1.091 1.092 1.092 1.090 1.092
C(25)—C(4) 1.536 1.539 1.533 1.536 1.539 1.537 1.540 1.540
C(4)-N(3) 1.513 1.518 1.500 1.506 1.515 1.507 1.515 1.509
N(3)—-0(5) 1.283 1.273 1.259 1.284 1.273 1.281 1.284 1.275
N(3)—C(1) 1.460 1.439 1.440 1.478 1.497 1.496 1.485 1.494
C(1)-H(2) 1.091 1.082 1.075 1.089 1.089 1.088 1.096 1.091
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Table 1 (continued )
PBN—X
Benzene Water
F Cl Br H CN OH N3 NCO
C(1)—X 1.409 1.908 1.998 1.092 1.474 1.406 1.485 1.448
N—-C 1.153 0O—H 0.981 N—N 1.230 N—-C 1.209
N—N 1.132 C-01.172
C(1)—C(6) 1515 1.502 1.522 1.520 1.521 1.523 1.520 1.525
C(6)—C(7) 1.398 1.398 1.394 1.398 1.397 1.398 1.400 1.396
C(7)—-H(10) 1.085 1.086 1.076 1.088 1.086 1.088 1.087 1.088
C(8)—H(12) 1.083 1.082 1.072 1.086 1.084 1.086 1.084 1.085
X---0(5) 3.221 3.364 3.600 2.428 2.976 2.692 3.272 2.677
Table 2

Hfcc’s and energies for the ground state optimized structures of PBN—X radical products in benzene solution, and the binding energies of the radicals.

Hyperfine coupling constants (Gauss)

Energy
(Hartree/particle)

Binding energy of radical/
BSSE corrected (kcal/mol)

c(1) H(2) N(3) o(5) X
PBN—F Exp. [1] 1.18 12.20 45.60 '°F
DFT/B3LYP 6-311G+-+(d, p) -095 039 824  -10.85  43.99 —658.142907 95.10
6-31G(d, p) 024 088 1206  -16.99  32.07 —657.975623 97.09
LanL2DZ —049 021 1367 —2948 4251 —657.891446 86.77
DFT/B3PW91  6-311G++(d, p) -0.86 031 6.96 -721 4350 —657.883545 95.35
6-31G (d, p) 011 069 1142  -1598  34.53 —657.729545 96.75
LanL2DZ -077 020 13.05 -2826 4273 —657.648068 86.62
DFT/PBEPBE 6-311G++(d, p) 163  0.00 5.99 —-427 5363 —657.330988 94.24
6-31G (d, p) 274 045 1005 -11.60  41.08 —657.164240 95.54
LanL2DZ 259 -020 1118  —21.71 5528 —657.101930 85.98
HF 6-311G++(d, p) -747 095 1722 —4143  28.90 —654.138840 95.07
6-31G (d, p) -546 098 1830  —41.01 2214 —653.997454 98.19
LanL2DZ -630 074 1663  —6500 2228 —653.830237 89.15
PBN—CI Exp. [1] 0.75 12.12 6.05, 4.88 °Cl, 37Cl
DFT/B3LYP 6-311G++(d, p) 564 127 692 -1007 7.53 —~1018.497534 49.67
6-31G (d, p) 572 066 971 -1654  7.60 —~1018.335699 49.97
LanL2DZ 386 149 10.18  —2801  0.00 —572.988042 38.94
DFT/B3PW91  6-311G++(d, p) 516 111 6.00 -651 722 -1018.223723 53.53
6-31G (d, p) 520 063 957 -1555  7.39 -1018.073782 53.63
LanL2DZ 366 147 1011 -26.83  0.00 —572.806604 42.44
DFT/PBEPBE 6-311G+-+(d, p) 1068  1.02 454 -358 957 —1017.580815 50.02
6-31G (d, p) 1136 039 748  -1071 993 —~1017.423360 49.69
LanL2DZ 1020 096 750 -1932  0.00 —572.286607 38.39
HF 6-311G+-+(d, p) -580 115 1529  —40.88  3.26 —1014.177048 62.88
6-31G (d, p) -538 074 16.16  —4156  3.20 -~1014.037652 64.03
LanL2DZ -662 072 1256  —65.14  0.00 —569.087780 56.86
PBN—Br Exp. [1] 11.30 32.4,34.9 "Br, 8'Br
DFT/B3LYP 6-311G++(d, p) 336 036 727  -1004 2541 —3132.413241 46.37
6-31G (d, p) 454  0.08 1026  -1632  33.75 —3129.846850 4578
LanL2DZ 133 040 1165 -28.06  0.00 —571.199614 40.89
DFT/B3PW91  6-311G++(d, p) 320 041 6.15 -652 2572 —3132.177049 49.19
6-31G (d, p) 431 011 995 -1536  33.82 ~3129.651509 48.66
LanL2DZ 136 041 1135 -26.88  0.00 —517.017990 4419
DFT/PBEPBE 6-311G++(d, p) 911  -022 4.80 —-364  35.18 —3131.286788 48.14
6-31G (d, p) 1021  -052 818  —10.67 4452 —~3128.731285 45.82
LanL2DZ 858  —044 881 -1997  0.00 —570.204598 4133
HF 6-311G++(d, p) —1028  2.04 16,55  —4053  9.97 —3127.031231 58.18
6-31G (d, p) -749 165 17.15 757 1484 —3124.444850 56.93
LanL2DZ -1159 220 1536  —64.17  0.00 —567.303052 53.51
PBN—H Exp. [1] 7.13 14.25
DFT/B3LYP 6-311G+-+(d, p) -510 428 1037 -1028 563 —558.875137 108.75
6-31G(d, p) -428 433 1351 -1585 541 —558.763620 109.41
LanL2DZ —543 434 16.75  —27.41 503 —558.644710 112.39
DFT/B3PW91  6-311G++(d, p) -547 523 9.16 -687 544 —558.663414 108.97
6-31G (d, p) —446 432 1281 -1482 587 —558.533151 107.85
LanL2DZ -598 460 1669  -2554 568 —558.445910 111.31
DFT/PBEPBE 6-311G++(d, p) —385 429 8.66 -397 591 —558.149620 98.55
6-31G (d, p) —272 344 1257 -1058  6.65 —558.019922 97.71
LanL2DZ -398 399 1488  -1998 552 —557.939155 101.11
HF 6-311G++(d, p) —1224 497 2118  —3981 5.8 —555.254334 132.42
6-31G (d, p) -1024 472 2192  -3865 522 —555.142370 133.28
LanL2DZ ~11.60  4.83 2450 —62.08 433 —554.969761 141.86

(continued on next page)
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Hyperfine coupling constants (Gauss)

Energy

(Hartree/particle)

Binding energy of radical/

BSSE corrected (kcal/mol)

C(1) H(2) N(3) 0(5) X
PBN—CN Exp. [1] 1.94 14.96
DFT/B3LYP 6-311G++(d, p) —-0.95 0.84 10.95 -10.43 ac =13.83 —651.129921 100.35
ay = 0.33
6-31G (d, p) —4.50 1.86 13.70 -16.39 ac = 5.08 —650.971793 113.73
ay = —0.02
LanL2DZ 237 0.42 16.39 —28.53 ac = 13.52 —650.851951 101.08
ay = 0.18
DFT/B3PW91 6-311G++(d, p) -1.39 0.58 9.47 —6.82 ac = 13.63 —650.867116 102.24
ay = 0.31
6-31G (d, p) —4.57 220 13.54 -15.33 ac = 4.85 —650.723658 116.36
ay = —0.02
LanL2DZ -2.97 0.42 15.67 -27.18 ac = 13.86 —650.606923 102.88
ay = 0.17
DFT/PBEPBE 6-311G++(d, p) 0.75 1.61 9.66 -4.01 ac = 14.39 —650.305519 93.87
ay = 0.29
6-31G (d, p) -3.10 1.74 12.72 -10.92 ac =5.10 —650.151609 106.90
ay = 0.00
LanL2DZ -0.53 0.88 14.97 —20.85 ac = 14.73 —650.051753 93.60
ay = 0.26
HF 6-311G++(d, p) -12.35 240 19.28 —40.64 ac =722 —646.997660 132.96
ay = —0.47
6-31G (d, p) -10.48 2.69 2041 —40.16 ac=7.01 —646.865473 135.59
ay = —0.66
LanL2DZ -12.12 2.99 21.01 —63.75 ac = 10.83 —646.655604 136.49
any = —1.94
Table 3
Hfcc’s and energies for the ground state optimized structures of PBN—X radical products in water solution, and the bonding energies of the radicals.
Hyperfine coupling constants (Gauss) Energy Binding
(Hartree/particle) energy of
) H(2) NG3) 0(5) X radical/BSSE
corrected
(kcal/mol)
PBN—OH Exp. [1] 2.74 15.49 0.604 'H
DFT/B3LYP 6-311G++(d, p) -5.30 340 10.43 -10.23 ap = —0.36 ag = —0.29 —634.133942 114.74
6-31G(d, p) —4.55 4.59 13.34 -15.68 ap = —0.01 ay = —0.29 —633.972416 99.46
LanL2DZ —5.90 5.19 17.09 —26.46 ao = 0.27 ay = —0.30 —633.863029 87.95
DFT/B3PW91 6-311G++(d, p) —5.58 530 8.67 -6.97 ap =0.25ay = -0.34 —633.877504 103.44
6-31G(d, p) —4.62 5.99 13.04 -14.84 ao = 0.35 ay = —0.39 —633.729583 105.79
LanL2DZ —6.18 5.49 16.59 —25.27 ao =0.30 ay = —0.32 —633.630378 98.20
DFT/PBEPBE 6-311G++(d, p) —4.25 3.75 8.30 -4.11 ap = —0.43 ag = —0.31 —633.338542 96.45
6-31G(d, p) -9.15 299 21.44 —38.64 ap = —032 ay = —0.53 —629.999461 104.12
LanL2DZ —4.40 3.57 14.84 -19.42 ap = —0.39 ay = —0.31 —633.096864 91.28
HF 6-311G++(d, p) -13.43 4.09 22.68 —38.78 ap = —0.02 ay = —0.44 —630.142888 106.63
6-31G(d, p) -9.14 299 2144 —38.64 ap = -0.39 ag = —0.31 —629.999461 114.08
LanL2DZ -12.88 3.97 26.30 —61.09 ap = —0.06 ay = —0.23 —629.819500 113.40
PBN—N;3 Exp. [1] 2.25 14.91 225 19N
DFT/B3LYP 6-311G++(d, p) -2.25 030 9.82 -10.39 any =343 ay = -0.16 ay = 0.19 —722.505679 76.11
6-31G(d, p) -0.77 0.24 12.99 -16.28 an = 2.80 ay = —0.14 ay = 0.32 —722.323286 56.54
LanL2DZ -3.59 0.47 15.79 -27.75 an = 2.87 ay = —0.21 ay = 0.55 —722.183997 55.87
DFT/B3PW91 6-311G++(d, p) —2.06 0.30 8.38 -7.03 an = 3.60 ay = —0.13 ay = 0.10 —722.214941 59.13
6-31G(d, p) —-0.76 0.27 12.44 -15.28 an =299 ay = —0.14 ay = 0.32 —722.050131 58.29
LanL2DZ -3.69 0.47 15.04 —26.81 an = 3.04 ay = —0.18 ay = 0.52 —721.909066 58.02
DFT/PBEPBE 6-311G++(d, p) 0.85 0.14 7.79 —4.09 an =413 ay=-0.12 ay = 0.11 —721.631040 55.09
6-31G(d, p) 2.05 0.02 11.20 -10.70 an = 3.75 ay = —0.04 ay = 0.35 —721.458236 47.59
LanL2DZ -0.29 0.20 13.24 —-20.15 an = 3.81 ay = —0.08 ay = 0.67 —721.336752 53.43
HF 6-311G++(d, p) -11.35 1.36 21.09 —40.09 an = 2.26 ay = —0.72 ay = 0.42 —717.973443 70.75
6-31G(d, p) -9.07 1.22 21.62 -39.49 any =143 ay = —0.77 ay = 0.58 —717.820772 70.06
LanL2DZ -11.71 1.80 23.75 —62.89 an = 2.26 ay = —0.57 ay = 0.10 —717.566766 71.22
PBN-NCO  Exp.[1] 321 15.91 1.89 1“N
DFT/B3LYP 6-311G++(d, p) -2.92 4.35 10.63 -10.15 an = 0.55 ac = —0.22 ap = —0.25 —726.410709 88.45
6-31G(d, p) -2.05 3.78 14.12 —-15.90 an = 0.60 ac = —0.13 ap = —0.39 —726.222990 93.05
LanL2DZ -3.77 2.75 16.78 —26.97 an =139 ac = 0.24 ap = —0.39 —726.096178 85.65
DFT/B3PW91 6-311G++(d, p) -3.12 4.05 9.04 -6.93 an = 0.60 ac = —0.28 ap = —0.20 —726.117320 59.13
6-31G(d, p) -2.76 5.56 13.93 -14.89 an = 030 ac = —0.11 ap = —0.31 —725.952099 93.39
LanL2DZ -3.92 2.58 16.17 —25.84 an = 147 ac = 0.24 ap = —0.40 —725.819047 88.06
DFT/PBEPBE 6-311G++(d, p) -0.94 4.25 8.77 -4.10 an = 0.46 ac = —0.19 ap = —0.26 —725.516742 90.96
6-31G(d, p) -0.64 5.83 13.36 -10.62 an = 0.16 ac = 0.20 ap = —0.38 —725.339295 90.39
LanL2DZ -2.07 4.00 15.21 -19.11 an = 0.76 ac = 0.18 ap = —0.53 —725.233854 85.65
HF 6-311G++(d, p) —12.54 4.80 22.87 —38.88 an = 0.84 ac = —0.37 ap = —0.40 —721.908681 102.37
6-31G(d, p) —10.08 4.59 24.09 —38.99 an = 0.75 ac = —0.25 ap = —0.42 —721.747161 102.38
LanL2DZ -7.31 0.37 21.46 —64.36 an = 3.96 ac = 1.04 ap = 0.45 —721.511022 87.80
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Table 4
Correlation coefficients (R?) estimated for the linear regressions between the
experimental and calculated hfcc’s of all the considered radical products.

Method Basis set R?
DFT/B3LYP 6-311G++(d, p) 0.9554
6-31G(d, p) 0.9412
LanL2DZ 0.9754
DFT/B3PW91 6-311G++(d, p) 0.9254
6-31G (d, p) 0.9509
LanL2DZ 0.9791
DFT/PBEPBE 6-311G++(d, p) 0.8867
6-31G (d, p) 0.8871
LanL2DZ 0.9691
HF 6-311G++(d, p) 0.5841
6-31G (d, p) 0.5396
LanL2DZ 0.5693

the molecular structure was firstly taken with a torsion angle C(6)—
C(1)—N(3)—C(4) which we have designed as a characteristic angle
for these structures, and scanned around this angle from 0° to 360°
at increments of 20° by using DFT/B3LYP 6-31 G(d) method. Po-
tential Energy Surface (PES) scans of the radical adducts of PBN
showed one or two minimum-energy structures. These minimum
structures were chosen to obtain the further optimized ones. As an
example, the PES graph of PBN—H spin adduct are given in Fig. 1.
The graph shows two minimum energy structures with a relative
energy of 0.0086 eV and a barrier energy of 3.76 eV between them.
The binding energies of all the trapped radicals were calculated
using supramolecular approach corrected for basis set super-
position error (BSSE) according to Boys counterpoise method [12]
at the optimized levels. Natural bond orbital (NBO) analysis [13—
15] has been performed to evaluate natural population analysis
(NPA) charges at the B3LYP/6-311++G(d, p) level of theory.

3. Results and discussion

The calculated ground state optimized structures of the radical
adducts of PBN are shown in Fig. 2. The some selected geometrical
parameters (bond length, bond angle and torsion angle) calculated
at the B3LYP/6-311++G(d, p) level of theory in water and benzene
solutions are given in Table 1, in accordance with the atom num-
berings in Fig. 2. As seen from the table there are slight differences
between them. As we expect that while the electronegativity of
halogen trapped by PBN decreases the distance C(1)—X increases,
and this causes some relative geometrical differences. In addition
the bond length O---X for the radical product with the most
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Fig. 3. Correlation graph between the calculated and experimental hfcc’s of all the
considered radical products (B3LYP/6-311++G(d, p)).
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Fig. 4. Varying graph of the hfcc’s due to the B proton of the nitroxide radical with
angle between the P, orbital of the nitrogen and the projection of the CH bond to the P,
orbital plane.

electronegative atom F is the shortest (3.221 A) but, is the longest
(3.600 A) for the one with the least electronegative atom Br
depending on the atomic radius of the halogen atom.

The hfcc’s and energies for the ground state optimized struc-
tures of PBN—X radical products in water and benzene solutions are
tabulated in Tables 2 and 3. For comparison the experimental hfcc’s
are also given in the tables [1]. Taking into account that the
calculated results based on a single molecule may not match to the
experimental one in which multiple interactions takes place, there
is reasonable agreement between the calculated and experimental
values. To show the interrelation the correlation coefficients (R%)
between the experimental and calculated hfcc’s of all the consid-
ered radical products were obtained and given in Table 4. As an
example the correlation graph between the experimental and
calculated (B3LYP/6-311++G(d, p)) values is given in Fig. 3. From
the R? values in Table 4 it can be concluded that for hyperfine cal-
culations the DFT method is superior relative to the HF method, and
in addition, that the DFT/B3LYP/6-311++G(d, p) level of theory is
generally more suitable than the others since the LanL2DZ basis set
gives zero for hfcc’s of heavy atoms (see Table 2). In Tables 2 and 3
are also given the binding energies of all the trapped radicals by
PBN calculated at the optimized levels. As seen the most tight-
binding radical between the trapped halogens is the F radical.

The variation of the hfcc’s due to the  proton (H(2)) of the
nitroxide radical (N(3)) with the angle # between the P, orbital of
the nitrogen and the projection of the CH bond to the P, orbital
plane is found as ag = 0.1663 + 17.899cos? 6 (Fig. 4). In here we used
together the hfcc’s of the f protons calculated in the different so-
lutions since it was experimentally found that the hfcc due to the
proton of nitro radical anion is insensitive with solvent change [16].

Table 5

Hfcc’s due to B proton of nitrogen radical and the angle between P, orbital of ni-
trogen and projection of CH bond to P, orbital plane calculated at DFT(B3LYP) 6-
311++G(d, p) level.

PBN—X 6(°) afiz)

NCO 60.5 4347
H 61.0 4126
OH 69.3 3.404
a 745 1.269
CN 81.2 0.836
F 923 0.388
Br 100.1 0.364
N3 101.3 0.305
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Fig. 5. Definition of the angle # between the P, orbital of the nitrogen and the pro-
jection of CH bond to the P, orbital plane.

When we compare this equation with the McConnell relation of
ag = Bog + Bqcos? § where Bo, as we mentioned before, is the spin
polarization contribution (0—3.5) and B; the hyperconjugative
contribution (~50) [2] we see that the value of By is agree, but By is
somewhat low. This can be attributed to the opposite spin density
of the oxygen O(5) nucleus (aps)y ~ —10 G) bonded to the nitrogen
N(3). Table 5 shows the values of the H(2) hfcc’s and 6's for all the
radical products. The ¢'s are obtained by the help of the dihedral
angle of C(4)—N(3)—C(1)—H(2) (Fig. 5). In Fig. 6 the single occupied
molecular orbital (SOMO) graph (such as half-filled HOMO of a
radical) for the PBN—F spin adduct is given. The graph shows that
the sign of the charge density on the N(3) and O(5) atoms is
opposite. The NPA charges and Mulliken spin densities of the N(3)
and O(5) atoms for all PBN—X spin adducts are given in Table 6. The
NPA charges also show a higher negative charge on the oxygen
atom and a nearly positive charge on the nitrogen atom. From

Fig. 6. SOMO plot for PBN—F spin adduct.

Table 6
Mulliken atomic spin densities and NPA charges calculated at DFT(B3LYP) 6-
311++G(d, p) level.

PBN—X Mulliken atomic spin NPA atomic charges

densities

0(5) N(3) 0(5) N(3)
H 0.471504 0.508745 —0.459 —-0.012
NCO 0.473975 0.499753 —0.458 —0.002
OH 0.477403 0.498846 —0.488 -0.017
N3 0.492666 0.488142 —0.462 0.001
Br 0.523082 0.395741 -0.410 —0.034
F 0.532917 0.447141 -0.420 —-0.051
CN 0.539522 0.442649 —0.408 -0.010
a 0.540362 0.386205 -0.397 —-0.026

Table 6 we can also say that the spin density on the N atom de-
creases while the one of the O atom increases, and this causes a
lower hfcc for the  proton H(2).

4. Conclusions

The optimized ground state structures of some radical adducts
of a-phenyl-N-ter-buthyl nitrone (PBN) in water and benzene so-
lutions were determined by using DFT(B3LYP, B3PW91 and
PBEPBE) and HF methods with 6-311++G(d, p), 6-31G(d, p) and
LanL2DZ levels. Selected radicals are F, Cl, Br, H, CN, OH, N3 and
NCO, respectively. The calculated isotropic hyperfine coupling
constants were seen to be in agreement with the experimental
results. From all the calculated data it was seen that in hyperfine
calculations the DFT method is better than the HF method. Also the
calculated geometrical parameters (bond length, bond angle and
torsion angle) for all the radical products were listed, and the
binding energies of all the trapped radicals were determined. The
hyperfine coupling constant due to the [ proton of the nitroxide
radical was found to be affected with the spin density on the oxy-
gen nucleus bonded to the nitrogen.
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