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ABSTRACT. The comelation was investigated between the observed heat of ligation and calculated quantum
chemical quantities for octahedral [M(H.O)¢{NH;),]"*(M=Fe(Il), Ni(Il)) complexes by EHMO(Extended Hiickel
Molecular Orbital) and ZINDO/1(Zemner's Intermediate Neglected of Differential Overlap)method. The net charge
of Fe** and N#* ion of octahedral [M(H0)s(NH,), P(M=Fe(Il), Ni(I)) complexes(x=0, 1, ---, 6) decreased with
substituting NH; for HO molecules. It has found that a good cormelation exists between the observed heat of
ligation and the calculated quantum chemical quantities such as net charge of central atom, enthalpy of formation,
and total dissociation energy. From this finding, we have obtained the following semiempirical linear equation
AH,=-0.2858q5,+0.8813(r=0.97), AH,,,=-0.8981qy;+1.7929(r=0.95), AH,=-0.0031H ., +0.5725(1=0.97), AH,p.=
-0.0095H0;#+0.9193(r=0.97), AH,,=0.0476E 5., +0.6434(r=0.94), AH ,=0.1401E gieiqi+1.1393(r=0.93).
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Table 1. EHT, ZINDO/1 net charge of Fe, Ni, N, O-atom and total energy for Fe(Il) and NI(II) complexes

Values EHT ZINDO/1
Total E net charge Total E net charge
Complexes (V) GFeNi qx 90 (eV} qFe N AN do
[Fe(H:0) " - 104861 105 -065 -3583.02 050 -0.34
[Ni(H,0)]** -1080.96 143 -067  -4091.74 (.37 -0.34
[Fe(H,0)s(NH,))™ -1037.33 097 -032 -068 -343194 042 -030 -034
[Ni(H;0)s(NHJ** -1069.56 132 -021 -074 -394061 028 -028 -034
cis-{Fe(H;0)y(NHa )™ -1026.06 089 -033 -0.69 -328083 034 -030 -034
cis-[Ni(H,0)(NHz),]* ~1058.13 126 -029 -084 -378932 020 -028 -034
trans-[Fe(H.0)(NHy), [ ~102603 094 -039 -065 -328082 034 -030 -034
wans-[Ni(H,0)(NH), 7 - 105855 125  -028 -077 -378942 021 -027 -033
fac-[Fe(H,0)(NHz))** - 101480 080 -0.33 -0.69 -312969 026 -030 -034
fac-[Ni(H0)5(NH3). -104613 127 -030 -084 -3637.77 014 -030 -034
mer-[Fe(H,0):(NH;): P -101476 086 -033 -069 —312968 026 -030 -034
mer-{Ni(H;0);(NH.);]** -1047.04 121  -D31 -081 -363808 013 -028 -@35
cis-[Fe(H:0):(NHy) ™ ~100351 077 -033 -069 -297850 018 -030 -034
cis-[Ni(H;0);(NHs),|** -1034.93 121  -029 -078 -348656 006 -030 -034
rans-[Fe(H,OL(NH;).]"" - 100347 083 -039 -065 -297848 018 -030 -034
trans-[Ni(H,O)(NH;),]** -103553 117 -037 -084 -348676 005 -028 -034
[Ni(H,O}NH:)s | -992.21 0.74  -033 -069 -282728 011 -030 -034
[Ni(H:O)NH;):)** ~102308 115 -036 -084 -333513 -001 -027 -036
[Fe(NH:),)** -980.92 071 -040 -2676.01 004 -0.30
[Ni(NH3)s** -101057 112 -047 -3183.39 -005 -027
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Table 2. ZINDO/1 binding energy (Eniag). net charge of Fe, Ni (qeeni), enthalpy of formation (Hp), van der Waals
volume (Vias), and observed heat of ligation {aHa,) for Fe(ll) and Ni(II) complexes

w Epinding He Vi AHg

Complexes (eV/mol) Grens {eV/mol) (AY) (eV/mol)
[Fe(H;0)]™* - 100.95 0.50 -5401 484.98 0.74
[Ni(H-0)e]** -104.99 0.37 -5791 456.88 148
[Fe(H:0)(NH;)]** -112.79 0.42 -61.28 488.48 0.76
{Ni(H,0)(NH,)]** - 116.79 0.28 ~65.13 460.92 1.54
cis-[Fe(H:0)(NH;)]** - 124.61 0.34 - 68.52 492.93 -
cis-[Ni(H20)(NHs), |~ -128.43 0.20 -72.19 460.04 -
trans-[Fe(H;0)(NHa), ] ~124.61 0.34 - 68.50 49285 0.79
trans-[Ni(H;0).(NHa),]"* - 12853 0.21 -72.28 465.19 1.63
fac-[Fe(H,On(NH;),J™ -136.40 0.26 -75.72 498.52 -
fac-[Ni(HO)(NH31 ] - 139.80 0.14 - 78.98 468.38 -
mer-[Fe(H;0)5NH.)s ™" - 13638 0.26 - 75.71 496.86 0.81
mer-[Ni(H,0):(NH:):)™" - 140.11 0.13 -79.29 470.71 1.64
cis-[Fe(H,0)x(NHa),J* -148.13 0.18 -82.88 500.32 -
cis-[Ni(H,0):(NHa))™* - 151.52 0.06 - 86.12 474.84 -
trans-[Fe(H:0),(NH). " - 148.11 0.18 - 82.86 502.22 0.82
trans-[Ni(H:OR(NH;). )™ - 151.72 0.05 -86.31 476.96 1.67
[Fe(H-OXNH1)s]"" -159.83 0.11 -90.00 505.53 0.83
[Ni(H-O)(NH.)s]™" -163.02 -0.01 -93.04 479.88 1.80
[Fe(NH)J*" -171.49 0.04 -97.08 508.92 0.89
[Ni(NHz)s)™* -174.21 -0.05 - 99.65 484.94 1.91

“ref. 14.
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Table 3. EHT reduced bond energy partitioning {Eum.o, Enne EmoL), total dissociation energy (Eui}, and AHgs for Fe(Tl)

and Ni(ll) complexes

Values Ereri-o Eronion Ereni-v Euis AHoosa
Complexes (eV) (eV) (eV) (eV) {eV/moal)
(Fe(H.0)]** -031 - 1.86 1.86 0.74
[Ni(H20)]™* -037 222 2.22 1.48
[Fe(H,0)s(NH)I™* ~0.29 -1.08 -2.53 2.53 0.76
[Ni(H:0)s(NH3)]** ~0.35 ~1.14 -2.89 2.89 1.54
cis-[Fe(H;0)a(NH,),** -0.26 -1.03 -3.10 3.10 -
cis-[Ni(H;0)(NHa)]™* -0.32 -1.09 -3.46 3.46 -
trans-[Fe(H.0),(NH,)J** -0.26 -1.01 -3.06 3.06 0.79
trans-[Ni(H,0)o(NHa), ]** ~0.32 -1.07 -342 3.42 1.63
fac-{Fe(H:0):(NH3):]" -0.24 -0.94 -3.54 3.54 -
fac-[Ni(H;0):(NHz)s)™* -0.30 - 1.00 -390 3.90 -
mer-[Fe(H,0),(NH3);}>* -0.24 -0.96 -3.60 3,60 0.81
mer-[Ni(H,0)s(NH3)s )" -0.30 -1.02 -396 3.96 1.64
cis-[Fe(H:0)(NH;)]™* -023 -0.89 -4.02 402 -
cis-[Ni(H-On(NH;)q)** -0.29 -0.95 -438 438 -
trans-[Fe(H,O(NHs).|** -0.24 -0.88 -4.00 4,00 0.82
trans-[Ni{H;0)(NHz),]** -030 -094 -4.36 436 1.67
[Fe(H;OXNH1)s)** -021 -082 -431 431 0.83
(Ni(H,OXNH2)<)™* -0.27 -0.88 -4.67 4.67 1.80
[Fe(NHa)s]* -0.75 -4.50 450 0.89
[Ni(NHz)s]™* -0.81 -4.86 4.86 191

*ref. 14.
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atoms for [Fe(H:0)x(NHsk)™" and [Ni(H2O) (NH3})J*

complexes.
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Fig. 7. Relation between AHu, and calculated dissociation
energy (Eus) for [Fe(H20)%.(NH3)J** and [Ni(H:Q)ex-
(NH3))J** complexes.
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Table 4. The predicted ligation enthalpy (AHpeq) of trans-[Fe(NH:)4(X)s] and trans-[Ni(NHz)(X)] complexes by ZIN-

DO/1 methods

Values AHprea H; Qre N Viaw

Complexes (X 10° - eV/mol) (eV/mol) A
[Fe(NH;)o(CN);] 88.06 -9937 —-0.27 531.49
[Ni{NH:),(CN);) 189.35 - 10255 -025 492.79
[Fe(NH;),(NO:),) 87.73 -98.31 -007 514.70
[Ni(NH3)(NO,):] 188.20 - 101.34 -0.17 507.00
[Fe(NH;)o(NH;)]” 87.35 -97.08 0.04 509.42
[Ni(NH;)o(NH;), ) 186.60 - 99.65 -0.05 484.33
[Fe(NH)o(H:0), ) 82.94 - 82.86 0.18 502.54
[Ni(NH;)4(H,0)]** 173.92 -86.31 0.05 477.02
[Fe(NH;),Cl,] 81.72 -78.94 0.22 502.43
[Ni(NH3),Cl,] 169.11 -81.24 0.15 469.50
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