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Conformational stabilities of the transition metaimplex of the [Ni(er]Cl, was studied using Density Functional Theory
(DFT). The deformational potential energy profil@EPS), pathways between the different isomeridazorational energies
were calculated using B3LYP/6-31G. Relative confational energies ofthe( ), ( ), ( )and ( ) were 0.04, 0.36,
0.17, 0.0 kcal ma, respectively, which were small compared to theidaheights for the reversible phase transiti6fsl2,
50.48, 49.64 kcal md| respectively. The frequency assignment was chwigt by fitting Fourier transform infrared (FTIR)
spectra and using Gaussian and GaussView compuatgrams. The theoretical vibrational circular dikm (VCD) absorption
spectra are presented for all conformations inrémge of 400-3500 cth Calculated electron paramagnetic resonance (BPR)
tensor parameters of the [Ni(g}@l,, o= 2.69, g= g, = 2.71, are well compared to the correspondingeerental values and
indicate a spherical electronic structure for thefdm in this compound.

Keywords: Tris(ethylenediamine)nickel(ll) chloride, Confortizaal stabilities, Fourier transform infrared spac Vibrational
circular dichroism, Electron paramagnetic resonance

INTRODUCTION appropriate mirror images [1-4]. In theconfiguration, the
ring conformation is achieved when the carbon-cadband is
Five-membered ethylenediamine chelate rings ha@ t nearly parallel to the threefold axis and the ring
possible conformations known asand . When three such conformation is assigned where this bond forms htuse
chelates form a tris complex, the metal centehisatand will  angle with the C3 axis. Due to the identical confational
have two possible enantiomeric configurations kncagn stabilities of their mirror image set, the followimiscussion
and . Combining all the structural possibilities resukbsen  will be limited to only the first set of four confmers in the
for the simple symmetrical chelate ethylene-diareéng in a  above list (Fig. 1).
total of eight isomers: (), ( ), ( ), ( ) and The transition metal complexes of the general form
( ), ( ), ( ), ( ). Inanon-chiral medium, the M(en)"™ are ideal host lattices for single crystals. Many
discussion can be limited to the first four of thésomers with  studies have investigated their electron paramagnet
the realization that all arguments apply elyuaéll to their  resonance (EPR), reversible phase transitions, aptital
activities for electronic dichroism spectroscopyC{® and
*Corresponding author. E-maltrahemi@yahoo.com vibrational dichroism spectroscopy (VCD) [5-9].
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Fig. 1. The B3LYP/6-31G optimized structure of the Ni@g1).a) ( ),b) ( ),c¢) ( )andd) ( )
conformations, displayedwialong the @symmetry axis.

The tris(ethylenediamine)nickel(l) [Ni(efj* lattice  underlying theory was the Kohn Sham approach to [IST
(where en = ethylenediamine) has already been asedhost which uses one particle Schrodinger equation antbipes
to study the electron paramagnetic resonance (EPR)etal  self-consistent field (SCF) procedures. The Vodkik and
tris(eny complex [10,11]. The phase transition of theNusair (VWN) [14] formula for local density approxation
[Ni(en)s]** lattice was first observed in the EPR spectréhef t and for general gradient approximation (GGA), B&kB3)
[Mn(en)]** complex, although the overlapping spectra of thg15] for exchange correction term and Lee-Yang-RaxP)
many magnetically distinct sites at low temperatorecluded [16] for correlation correction term, all with B3IPrfunctional
a full analysis. Later, it was realized [11] theet[Ni(en}]**  and with a reasonable large basis set of 6-31G uszd. The
complex was a better structural probe of the hsisice the g-tensor values were calculated using the DFT/GhA&hods
absence of nuclear hyperfine interactions greathpkfies the by the B3LYP/6-31G and B3LYP/6-31G** level as
EPR spectra. Consequently, axially symmetric spirimplemented in Gaussian 03.

Hamiltonian parameters were found which were imttgd as
arising from the fast interconversion of conformesth EXPERIMENTAL
orthorhombic symmetry. EPR g-tensor parameters haf t
[Ni(en)s]** with two unpaired electrons were also calculated The tris(ethylenediamine) nickel(ll) chloride, [n)]Cl,,
for the electronic structure determination of Norat In this  was prepared by adding excess ethylenediamine &ma@ous
work, we employed computational studies as a comgigary  solution of nickel chloride. When the product ppiited
technique to aid us to become acquainted with tbetrenic  from solution upon the addition of acetone, it wamediately
and geometric structures of the nickel complexesectically, filtered [17,18] and dried.
we made some calculations on the relative stabiihd KBr tablets of [Ni(enj]Cl, were prepared and the FTIR
transition state pathways between various conféamat  spectrum in the 400-4000 ¢hmegion was taken using the FT-
isomers of the coordination compounds. Their VCD &R IR Thermonicolet, Nexus-670 spectrophotometer.
absorption spectra are reported for [Nigg@l),.
RESULTS

THEORETICAL AND COMPUTATIONAL
DEVELOPMENTS Transition State Pathways

The Z-Matrix of [Ni(en}]** was constructed using five

The computer program used was the Gaussian 03\ [12lummy atoms, two alongsGxis and three along,@xes, for
and all calculations were made at tDhET level. The the symmetry adjustments. The B3LYP/6-31G optations
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of the complexes were done with an acceptable acguthe
selected bond lengths and bond angles values a&en gn
Table 1. The minor differences can be attributedht® fact
that the calculated values have been obtainedhégas phase
while the corresponding experimental values aretliersolid
state [19]. While calculating the conformationattpeays, it
was found that variations of two dihedral anglesNHi-X
(D2) and H-C-N-H (D5) were required. Other variableere
carefully designed to adjust themselves to D2 aBdHExcept
for D2 and D5, all other bond lengths and bond esdlid not

and D5 were varied step by step (35 separate surge point
calculation) to calculate conformational pathwagrgies. The
pathway between different conformers of [Ni@f) is
presented in Fig. 2. Conformational energies anersible
phase transition barrier heights are listed in @&abl The
calculated order of the stability of the [Ni(glij isomers are

( )> (C )> ( )= ( )within a fraction of 1 kcal
mol® jump between the corresponding conformations.
Therefore, the appearance of various isomers iferdift
crystalline structures, having high reversible gh&mnsition

change significantly from one conformer to the otbae;
therefore, mean values were calculated and takeraircount
in the potential energy profile calculations. Unforately,
running a grid scan for both angles at the same tiras not
possible due to the instability of the complex iarge
deviations from the optimized conformations.efidfore, D2

barriers of about 41.50 kcal miplwere rather accidental.
Similarly, the same calculations were made for
[Ni(en)s]Cl, in free space. The results are given in Tabled? an
Fig. 2. By comparing the calculated results for(fXis]*>" and
[Ni(en)s]Cl, it was concluded that the inclusion of the chlerin
atoms elevated the barrier height for about @ kwl*. The

Table 10ptimized Bond Lengths (A) and Bond Angles (°}té Tris(ethylenediamin)nickel(ll)

B3LYP/6-31G**

Geometry ( ) ( ) ( ) () Expt. [16]
Bond length (A)

Ni-Cl 3.90 3.87 3.82 3.78

Ni-N37 2.18 2.17 2.18 2.18 2.18(1)
Ni-N31 2.18 2.17 2.18 2.18 2.17(1)
Ni-N25 2.18 2.17 2.18 2.18 2.16(2)
N-C (all) 1.48 1.48 1.48 1.48 1.48(3)
CN-CN(all) 1.51 1.52 1.52 1.53 1.47(4)
Bond angle (°)

N13-Ni-N25 167.95 168.66 170.62 172.62 170.5(0.6)
N7-Ni-N37 167.95 170.17 170.62 172.62 170.5(0.6)
N19-Ni-N31 167.95 170.17 172.13 172.62 170.5(0.6)
N13-Ni-N25 79.33 80.53 79.33 79.33 79.8(0.6)
N7-Ni-N37 79.33 80.53 79.56 79.33 79.8(0.6)
N19-Ni-N31 79.33 80.24 79.56 79.33 79.8(0.6)
Ni-N-C 108.32 108.32 108.32 108.32 108.1(1.5)
N-C-C 109.72 110.19 109.72 109.47 108.9(2.4)
N-C-C 109.72 110.19 110.02 109.47 108.9(2.4)
N-C-C 109.72 110.96 110.02 109.47 109.9(1.9)
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Fig. 2. Relative conformational path ways between isomers:
() Ni(enkCl, and ( ) Ni(en)?*.

Table 2.Relative Conformational Energies and Barriers
Heights of [Ni(eiCl, and Ni(eny¥* Using
Optimized Geometry Variables

most stable conformer within a fraction of kcal thaokas

¢ )

IR and Vibrational Circular Dichroism Spectra

The FTIR spectrum of the complex in 400-4000'cm
region is shown in Fig. 3. Calculation of the vifwaal
frequency spectrum of a nonlinear molecule contginN
centers led to 3N-6 true vibrational normal modés.these
are usually not localized motions of a small paft tle
molecule, assignment of the individual modes cantiqularly
in larger systems, be somewhat difficult. Severategies can
be used to facilitate the assignment systems: Tietional
band assignments could be set by: (1) construdtiegIR
absorption spectrum of the [Ni(gfQl, using Lorenzian line
shape fitted to the experimental spectrum, (2) Asting
Gaussian output vibrational bands using Gaussview a
Hyperchem (Fig. 4 and Table 3).

The optical activity of dissymmetric molecules
explained when a plane polarized radiation padsesgh an
active medium. The plane of the emergent planerizeld

is

Conformer Ni(eny’", solid [Ni(en}|Cl, radiation rotates by an angle. The plane polarbEsainm can be
I{1])} 0.63 0.04 considered as a superposition of two oppositelyatig
barrier 1 41.48 51.12 circularly polarized components. The absorbancéficamt is
D(”O.D 0.17 0.36 defined [20] asDe = g - & and the line shape is nearly
barrier 2 41.02 50.48 Gaussian. The absorbance coefficient of the W&Qfiven by
D(ldd) 0.01 0.17
barrier 3 40.97 49.64 - 2
_ 2VIn2Rn m-n, 1)
D(ddd) 0.00 0.00 e= MEXD 4In(2) p
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Fig. 3. The FTIR transmittance spectrum of the solid N{El.
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Fig. 4. The Ni(en)}Cl, FTIR spectra is decomposed theoretically for fezgpy assignments (Bptween
400 c2000 cnt, (b) between 2000 ch3600 cn.

Table 3.Frequency Assignment of the Ni Complex Be adeg, Ro = Rocking, Tw = Twisting, Sc = Scissorirtr = Stretching, Wa =

Wagging and E, A, By M, are Irreducible Representations of the Corredipon D; and G Symmetry Point Groups. Scalling
Factor of 0.97 are Used

B3LYP/6-31G B3LYP/6-31G

Tris(ethylenediamin)Nickelchloride/Ni(esgl, Tris(ethylenediaminNickel (1)/Ni(en)s*

I(Il)} D(lld) D(ldd) D(ddd) I(Il)} D(lld) D(ldd) D(ddd) Expt.
No. Assignment
1 NiCl,, Be 63.5 58.1 554 61.1
2 NiCl,, Be 63.6 67. 56.7 61.1
3 NiCl,, Be 86.2 71.0 66.2 65.7
4 NiCl,, Be 86.2 89.8 66.5 65.7
5 NiCl,, Str 98.4 100.1 99.6 92.9
6 NiCl,, Str. 110.2 105.3 103.8 104.8
7 NiNC, Be 1115 110.1 106.1 104.8 48.7 64.8 656 296
8 NiNC, Be 1115 111.9 1115 112.1 48.7 67.8 69.6 296
9 NiN,, Tw 148.6 138.9 132.2 134.8 56.9 79.9 84.7 78.5
10  NiN,, Tw 148.6 148.8 144.2 134.8 89.2 95.1 88.1 90.7
11  NiNC, Be 158.6 153.5 151.9 149.8 89.2 98.3 91.9 90.7
12 NiNp, Tw 162.9 163.1 162.5 159.1 102.4 109.8 105.6 n13.
13 NiN,, Wa 209.0 191.0 180.2 1794 153.8 157.7 156.6 3157.
14 NiN,, Wa 209.0 205.8 192.5 1794 161.5 163.4 157.0 3157.
15  NiN,, Wa 2131 218.7 220.2 206.7 161.5 168.8 160.2 4167.
16  NiNy, Str 2245 219.8 220.7 225.3 184.9 190.1 190.1 3.119
17 NiNy, Str 2245 225.9 2239 226.5 2054 204.4 204.9 211
18  NiN,, Str 231.2 2274 2254 226.5 2054 209.8 207.4 211
19  NiNy, Str 272.3 263.2 2534 2515 259.2 259.6 253.8 251
20 NiNy, Str 272.3 275.8 259.6 2515 259.2 260.2 259.5 5251
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21 NiN,, Str 291.6 285.3 285.0 262.2 267.0 270.2 274.9 872

22 NCC, Be 291.6 293.5 287.2 293.2 267.0 276.7 @77. 272.8

23 NCC, Be 307.6 302.2 300.1 293.2 278.0 278.6 278. 273.7

24  NCC, Be 308.0 306.6 308.8 308.2 284.6 287.3 ®83. 286.8

25 NiN,, Sc 393.7 393.9 400.1 403.7 366.4 367.5 365.4 4365.

26 NiN,, Sc 393.7 398.8 403.0 403.7 366.4 369.6 368.3 4365.

27  NiN,, Sc 418.7 420.7 425.3 427.6 394.7 394.4 396.8 6400.

28 CH, NH; Ro 497.6 503.2 513.4 521.9 468.6 476.7 485.3 8493. 520
29 CH, NH, Ro 529.3 523.4 521.6 521.9 508.8 4955 488.3 8493. 530
30 CH, NH, Ro 529.3 530.7 529.1 532.9 508.8 512.5 507.7 4504. 530
31 CH, NH; Ro 615.3 601.6 600.5 581.5 531.1 548.3 558.4 7575. 590
32 CH, NH, Ro 615.3 621.2 607.2 606.2 531.1 552.9 568.5 7587. 608
33 CH, NH, Ro 692.5 650.4 615.8 606.2 629.2 621.5 604.2 0688. 608
34 NH, Tw+CH,,Ro 704.2 688.2 664.7 630.3 640.4 630.5 605.7 588.0

35 NH,Tw+CH,,Ro 724.6 722.0 710.4 705.3 640.4 645.3 661.8 687.5 713
36 NH, Tw+CH,,Ro 724.6 732.7 730.6 705.3 657.9 678.2 686.0 687.5 759
37 NC+CC, Str 859.7 857.6 857.8 857.5 847.6 8445 43.8 843.0 859
38 NC+CC, Str 859.7 859.2 858.7 857.5 847.6 846.4 47.18 843.0 859
39 NC+CC, Str 863.4 862.8 860.8 860.0 851.2 850.2 50.38 849.7

40 NC+CC, Str 866.3 862.8 863.3 860.0 851.2 851.1 50.8 849.7 860
41 NC+CC, Str 866.3 864.2 864.5 861.4 851.8 870.1 52.8 852.1 860
42  NC+CC, Str 875.7 873.3 931.9 870.7 853.4 856.2 58.8 859.4 900
43  CH,Ro0+NH,, Tw 961.5 956.4 953.9 953.3 955.5 957.3 960.9 959.6 958
44  CH,Ro+NH,, Tw 961.5 962.5 959.1 953.3 955.5 960.6 961.4 959.6 958
45  CH,Ro+NH,, Tw 969.1 967.9 968.4 963.1 964.4 965.1 966.1 964.1

46 NC+CC, Str 1024.5 1023.3 1022.8 1022.8 996.8 096 996.9 996.21 1022
47 NC+CC, Str 10245 1023.8 1023.3 1022.8 996.8 .97 997.2 996.6 1022
48 NC+CC, Str 1025.3 1024.6 1024.9 1024.3 997.8 897 997.4 996.6 1025
49  CH,Ro+NH, Tw 1029.8 1028.2 1027.4 1027.8 1008.1 1008.2 1009. 1012.2 1029
50 NC+CC, Str 1029.8 1029.3 1029.6 1027.8 1008.0 09®0 1010.0 1012.2 1029
51 NC+CC, Str 10455 1046.1 1048.9 1052.7 1025.3 251 1025.9 1028.8

52 HCC + HNC, Be 10755 1074.5 1072.2 1070.8 1075.41080.2 1079.7 1079.3 1075
53 HCC +HNC, Be 1077.8 1079.6 1077.3 1070.8 1083.81083.5 1085.2 1079.3 1078
54 HCC + HNC, Be 1077.8 1082.8 1087.8 1096.9 1683. 1086.2 1090.0 1129.2 1100
55 NH,, Wa 1143.2 1134.8 1128.8 11321 1130.8 1131.0 J129 1133.1 1132
56 NH,, Wa 1143.2 1135.6 1132.9 11321 1130.8 1131.2 J132 1133.1 1132
57 NH,, Wa 11571 11475 1140.8 1135.4 1144.4 11434 0.814 1149.1 1135
58 NH,, Wa 11571 1158.5 11454 11354 1144 .4 1147.9 8148.1149.1 1136
59 NH,, Wa 1169.7 1168.0 1164.6 1156.9 1145.6 1148.1 1.015 1150.8

60 NH,, Wa 12015 11955 1186.3 1169.3 1168.2 1168.1 J167 1173.1 1170
61 HCC+HNC, Be 1275.9 1264.6 1259.7 1258.3 1282.21282.4 1283.1 1283.7 1258
62 HCC+ HNC, Be 1275.9 1275.2 1266.5 1258.3 1282.21283.5 1283.8 1283.7 1258
63 HCC+ HNC, Be 1281.8 12815 1279.3 1274.2 1285.91287.9 1288.7 1288.5

64 CH +NH,, Tw 1299.2 1289.7 1286.8 1285.6 1297.0 1297.1 1297 1297.8 1285
65 CH, +NH,, Tw 1299.2 1299.8 1289.8 1285.6 1297.0 1298.9 ¥98 1297.8 1285
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66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

CH, +NH,, Tw
CH, +NH,, Tw
CH, +NH,, Tw
CH, +NH,, Tw
CH,, Wa

CH, Wa

CH, Wa

CH,, Wa

CH,, Wa

CH,, Wa

CH, Sc

CH, Sc

CH, Sc

CH, Sc

CH,, Sc

CH,, Sc

NH,, Sc

NH,, Sc

NH,, Sc

NH,, Sc

NH,, Sc

NH,, Sc

CH,, Sym Str
CH,, Sym Str
CH,, Sym Str
CH,, Sym Str
CH,, Sym Str
CH,, Sym Str
CH,, Asym Str
CH,, Asym Str
CH,, Asym Str
CH,, Asym Str
CH,, Asym Str
CH,, Asym Str
NH,, Sym Str
NH, Sym Str
NH, Sym Str
NH,, Sym Str
NH, Sym Str
NH, Sym Str
NH, Asym Str
NH,, Asym Str
NH,, Asym Str
NH,, Asym Str
NH,, Asym Str
NH,, Asym Str

1306.2
1339.2
1339.2
13441
1389.7
1389.7
1393.4
1393.6
1393.6
1394.0
1498.1
1498.7
1498.7
1499.7
1500.7
1500.7
1666.8
1676.2
1690.2
1690.2
1695.9
1695.9
2947.6
2047.7
2047.7
2959.5
2959.5
2960.4
2994.7
2994.7
2994.9
3014.3
30145
30145
3109.2
3109.2
3115.2
3115.2
3164.4
3170.3
3409.8
3409.8
3410.4
3410.4
3410.5
3410.7

1304.6

13231

1339.2

13431

1388.0
1389.9
13925
1393.0
1395.9
1396.1
1497.2
1497.6
1500.1
1500.7
1500.9
1501.4
1660.7
1672.9
1682.4
1684.4
1692.7
1697.1
2946.0
29475
2947.6
2955.4
2959.3
2959.9
2986.3
2993.7
2993.8
3005.9
3013.5
3013.6
3085.1
3091.0
31241
3130.0
3257.2
3259.2
3409.4
3409.8
3411.2
3413.2

3434.8

3435.2

1303.9

1318.9

1324.2

13421

1387.7
1391.2
1393.2
1393.8
1396.0
1396.9
1500.0
1500.6
1501.4
15015
1502.5
1503.6
1657.9
1670.3
1671.8
1673.2
1690.3
1690.9
2945.2
2945.4
2946.3
29545
2954.9
2957.9
2984.6
2984.8
2990.2
3004.3
3004.4
3009.6
3083.2
3089.7
3235.1
3237.3
3248.3
3250.6
3409.1
3409.5
3431.1
3431.3
3432.1

3432.4

1290.3
1317.8
1317.8
1326.3
13915
13915
1393.4
13934
13971
1397.2
1500.1
1500.1
1500.8
1501.5
1501.5
1501.5
1662.1
1666.1
1666.1
1677.1
1677.1
1678.2
29443
29443
2944.6
2953.9
2953.9
2954.7
2983.1
2983.1
2983.5
3003.4
3003.4
3003.6
3216.5
3216.5
3219.2
3219.2
3236.1
3238.4
3431.3
3431.3
3431.8
3431.8
3431.9
3432.5

1300.0
1335.2
1335.2
1336.6
1398.4
1398.4
1398.4
1408.8
1408.8
1409.9
1499.2
1499.6
1499.6
1502.3
1503.4
1503.4
1653.4
1664.0
1670.1
1670.1
1677.1
1677.1
2985.8
2985.9
2985.9
2985.9
2986.1
2986.1
30290
3029.0
3029.2
3040.5
3040.5
3040.5
3352.3
3352.3
3352.7
3352.7
3353.1
3354.0
3428.7
3428.7
3429.6
3429.6
3430.7
3431.4

1300.6
1336.1
1336.5
1339.4
1398.4
1398.6
1399.5
1408.4
1408.4
1409.7
1499.2
1499.3
1501.7
1503.1
1503.7
1504.5
1653.8
1667.1
1671.3
1672.1
1680.3
1684.2

302
1336
837
340
5398
¥399
2401
.B407
1409
Y409
6499
2499
.2503
8504
.2504
.2506
.8656
1669
4672
5673
.8682
.0684

2983.72983.9
2984.72984.0
2986.12985.2
2986.22985.3
2986.32986.0
2986.42986.1
3027.83027.4
3}28. 3027.5
3028. 3028.3
338. 3038.7
3040. 3038.7
3040. 3039.9
3352.03350.7
3352.43350.8
3353.33351.6
3353.53351.8
3353.63352.1
3353.83352.3
I;28. 3427.6
3429. 3427.7
P30. 3429.3
3430. 3429.3
3431. 3430.0
$31. 3430.3

1302.9
1338.1
1338.1
1340.2
1398.4
1398.4
1401.9
1407.8
1407.8
1410.7
1498.1
1498.2
1498.2
1501.2
1501.2
1501.6
1665.1
1671.4
1671.4
1677.2
1679.8
1679.8
29845
29845
29845
2984.8
2984.8
2085.1
3027.1
3027.1
3027.2
3038.6
3038.6
3038.6
3352
3352
3352.0
3352.1
3352.2
3351.3
3430.1
3430.3
3430.6
3430.6
3430.9
3430.9

1318
1318
1328
1390
1390

1393
1400
1401

1498.7
1500
1501
1501
1511
1665

1668
1677
1677
1678
2975
2975
2985
2985
2988

2998
2998

3044
3045
3005
3217
3219
3219
3221

3350
3429
3429
3430
3430

3431.5
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where R is the rotational strength a@g, is the full width at 60
the half height. Through reading the rotational stant from 50 | @
Gaussian output, and using the constant full lingdtlwof 20
cm® similar to the IR absorbance spectra, VCD absompti < a0t
spectra were constructed (Figs. 5-7). 5 30 f

When the complex, [Ni(eglCl,, was due to the flipping of ;9-, 2t
the C-C backbone in one of the ethylenediaminentigafrom <

to form, the resulting ( ) to ( ) conformational 10

change reduced the symmetry to,. CThis type of 0
conformational change, even if it did not move thatom but 3300 3350 3400 3450 3500
influenced the electronic properties as a changbarNi-N-C
angle, can influence the direction of the bondingilitals. Frequency (cm™)
Small amounts of " bent bonding " were requiradthe
interpretation [21] of the circular dichroism of eth
[Ni(en)s]Cl,. % p

The vibrations appeared in groups of three or six, 20 A

depending on ring deformations or functional grolils CH,
or NH, stretching or bending activities. The major freome
shifts among different conformations were in theaa400-700 0

10

cm?, where the ChH+ NH, rock, CH twist + NH, rock occur. -§ 1033 340
And in the area 1600-1700 &émNH, and CH scissorings g T

occur. In the bending area, almost all of the Hretovere g 20t

moving; therefore, assignments were rather uncertai !

However, the most dominant and active modes wesigrasd.

Unlike functional frequencies, the skeleton frequies for -40

different conformers, as expected, were shifted anthe Frequency (cm-)

appeared with different intensities. )
Fig. 5.(a) IR spectra (b) VCD spectra of Mkymmetry and

asymmetry stretching modes. Series (), ---

DISCUSSIONS b( )--c ( )and..d ( )conformations.

The VCD measurements were more analytical than the

corresponding IR experiments due to the experinheetings  modes, and it was expected that the combinatioBHf and
Eq. (2), where alien errors accumulated in the WR{ NH, bending to be affected by the conformational cleang

cancelled out in the VCD. vibrational modes for all four conformations excelt,
wagging at 1133 and 1173 ¢pHCC + HNC bending at 1079
IR; =L+ R (2)  cm' and the 400-700 chm area appeared in the same
frequencies and intensities, but VCD band polaopat
VCD; = L-R changed giving a detailed structural modes, easy fo
conformational distinction.
In the geometry optimization, both dihedral angtés\- Different areas of the [Ni(es]f* complex were magnified

Ni-X and H-C-N-H had the major roles from one to investigate the behavior of the involved vibwadl modes
conformation to the other. These two angles coglsaly be  with respect to the right and left polarizationsi Nasymmetry
considered to be the H-N-C and H-C-N out of pldvending  stretching at 3430 cifor the conformations (), ( ),
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-400 v v '

-600
-800 |
Fig. 6.(a) IR spectra (b) VCD spectra of Mlidcissoring Frequency (cm™)
modes. Seriesa (), b ( ),-—-c ( )
and ...d( ) conformations. Fig. 7.(a) IR spectrgb) VCD spectra of Ni-N skeleton

modes. Seriesa ( ),---b ( ),--¢ ( )
and ...d( ) conformations.
( )to ( ) lostright polarization intensities by about %
and gained left activity for each step of deformiadil change.
NH, symmetry stretching at 3352 ¢nior all conformations forthe () complex and ended at the reverse for the )
appeared at the same frequency and intensity fibr Bband  conformation.
VCD, suggesting invariance according to the poéatifight Unlike Fig. 5, there was no frequency shift fromeo
(Fig. 5). isomer to the other one for the Midcissoring bands at 1665
CH, asymmetry stretching at 3028 and 30387cfor  cm®and 1679 cil. These two bands were in fact combination
() conformation was right polarized whereas for ,CH of six (1665, 1671, 1671, 1677, 1679 and 1679%)cm
symmetry stretching at 2985 ¢nwas left polarized. The transitions. The intensity of the outer bands desed and the
() structure lost about % of the corresponding isitees  inner bands gained intensity in each conformatiarrenge
and gained opposite polarization, and the sitmatontinued from ( )to ( ) complexes and finally only one strong
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band appeared at 1666 ¢r(Fig. 6). While in VCD, the band
at 1665 crit from left polarization died out in a step of ¥, the
band at 1672 cthfrom right polarization died in a slower rate.
The same behavior as for gHtretching was seen for GH
scissoring at 1501 ch

NH, wagging at 1133 cthshifted to higher frequency by a
step of about 3 cthfrom ( )to ( ) and HCC + HNC
bending at 1079 cih shifted to lower frequency. Shifting
frequency and polarization gave a complex behatgothe
VCD spectra. Chlwagging at 1399 cthhad trends similar to
the conformation changes (Table 3).

NH,+CH, twisting 1297 and at 1340 ¢imand C-C+C-N
stretches, area 843-1028 tnthe frequency shift was about 1
cm* for each step of the conformational change, butttie
example optical activity of the band at 1297 cof ()
conformer from right polarization lost about %2 imdy to

() conformer and changed to the left polarization fo
( )and ( ) (Table 3).

The area, 175-400 ¢hNi-N stretch, where optical activity
did not change, intensity changed froth )to ( ). The
skeleton area, 400-675 €nfFig. 7), due to the appearance of
many transitions which occur in a small area, isign

changes, shifting and overlapping frequencies, igdeal _ o _
interesting features. Fig. 8.(a) The variation Nklwagging (b) VCD spectra The

variation HCC+HNC bending of thg and ,g with
the conformation change.

The combination of the NHand CH twisting and rocking
modes, occurred in the 400-700 tmegion where one expects
some frequency shifts among different isomers. Jdméation
of the ,, and »9 with the conformation change f&ddd,
D(ddl), D(dIl ) andD(lll ) are plotted in Fig. 8.

The calculated EPR g values from g-tensor paramete
(Table 4) of the [Ni(en]** show that 6-31G** basis sets give
better trends compared with the experimental value
Assuming that polarized orbital was a better chaic&EPR
calculations foiX(lll ) conformer, we have g= ( &+ g,)/2 =
2.70 and g = g, = 2.71, which indicate that the nature of
chilate bonds in the complex causes Ni to resusalihost
spherical symmetry. The calculated g values [ddd
conformer of [Ni(enj)?*, [Ni(en)]Cl, are g = 2.69, 9=q
2.71, and the experimental values of the [Ni{gN)Os), are g
= 2.68, g = g, = 2.71 within the calculated and experimental
accuracy are the same, therefore, anion role in &#gilation
of this type of complex is negligibly small.

CONCLUSIONS

The calculated relative conformational energies of
JNi(en)g]Clz fell within 0.17 kcal mof. However, the ()
conformer had the lowest energy and the next highesrgy
isomer wasD(ddd. They occurred in two-thirds of the
reported structures presumably because it was the
configuration which was easily stabilized by hydengoonds.
Conversely, the solitary example of tB¢ddl) and D(dIl )
configurations indicated that it was the higherrggeésomers.
Furthermore, the large number of strong hydrogendbo
found in theD(ddd structure supported this assignment. The
results forD(ddl) and D(dIl ) were a bit ambiguous. This
relative rarity warranted placing these configumasi as the
second highest energy isomer. We thus proposefdiifeving
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Table 4Theg-Tensor Values for [Ni(eg)Cl, and Ni(eny" Using B3LYP/6-31G and B3LYP/6-31G** Levels of

Computations

g-Tensor Ni(en)?"

Expf

Ni(en)Cl, [Ni(en)s] (NO3).

order

6-31G

Ox 2.71 2.70 2.70 2.69 2.66
Oy 2.71 2.70 271 2.69 2.66
(o8 2.69 2.71 2.69 2.71 2.66
6-31G**

Ox 2.69 2.69 2.70 2.69 2.69
Oy 2.71 2.70 2.70 2.70 2.71
0, 2.71 2.7C 2.6¢ 2.7C 2.71

of the relative conformational energies oé tfour [7]

uniqueD configuration isomersD(ddd < D(ddl) < D(dll ) <

¢ )

The structural optimization of the complex was eaising

B3LYP/6-31G. Then,

components were calculated using the same apprdem,

g-tensor was diagonalized using Matlab computegnam for

the g,

and g within £0.04 unit, were the same, reflecting the[11]

spheri

g, and g components. The g tensor componenRtsyg

cal structure of the complex.

(12]
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