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Abstract

The compounds Ni(AcAc),-nL (where AcAc is acetylacetonate; L piperazine (pipz), morpholine (morph), piperidine (pipd),
pyridine (py), 3-methylpyridine (B-pico), 4-methylpyridine (y-pico), 3-cyanopyridine (3-cyanopy), 4-cyanopyridine (4-
cyanopy), 2,2’-bipiridine (bipy) or quinoline (quin), and n=1 or 2) were synthesized and characterized by elemental analysis,
melting points, thermal studies and electronic and IR spectroscopy. The enthalpies of dissolution of adducts, Ni(II) chelate and
ligands in 25% (v/v) aqueous HCI 1.2 N in methanol were measured and, by using thermochemical cycles, the following
thermochemical parameters for the adducts have been determined: The standard enthalpies for the Lewis acid/base reaction
(ArH9 ) the standard enthalpies of formation (AfHe ); the standard enthalpies of decomposition (ADH(9 ), the lattice standard
enthalpies (ApH®) and the standard enthalpies of the Lewis acid/base reactions in the gaseous phase (AH? (g)). The mean
standard enthalpies of the nickel-nitrogen bonds have been estimated. © 1998 Elsevier Science B.V.

Keywords: Ni—N bonds; Ni(I) acetylacetonate; Nickel (II) adducts; Thermochemical parameters; Thermochemistry

1. Introduction their thermochemical parameters exist. Inductive

effects on the energy of the Ni(II)-N bonds due to

Numerous complexes of B-diketone chelates of
divalent 3d-electron elements with several heterocyc-
lic bases are reported in the literature [1-15]. How-
ever, there is a lack of information about the enthalpies
of the transition-element—nitrogen bonds in these kind
of compounds. Adducts of Ni(II) acetylacetonate che-
late with heterocyclic bases were synthesized with the
intention of getting the enthalpies involved in the
formation of these adducts and establishing correla-
tions between the bond energies and other thermo-
chemical parameters. It is possible that correlations
between ligand field parameters of the adducts and
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substitution of one hydrogen atom of the pyridine ring
by the electronic donator methyl group or the electro-
nic withdrawing cyano group, or the substitution of
one carbon atom in the piperidine ring by the more
electronegative nitrogen or oxygen atoms, were also
studied.

2. Experimental
2.1. Chemicals
Ni(IT) acetylacetonate was prepared by the Charles

and Pawlikowski method [16]. The compound was
recrystallized from methanol and dehydrated under
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reduced pressure at 398 K. The quelate was green and
the results of the elemental analysis were: Ni, 22.61;
C, 46.29; H, 5.46 mass percent (theoretical: Ni, 22.85;
C, 46.75; H, 5.49). Piperazine (99%, Aldrich) was
purified by recrystallization from methanol (m.p. 107-
108°C). Morpholine (99% A.C.S. Aldrich), pyridine
(A.C.S. Reagen), 3-methylpyridine (p.a. Baker), qui-
noline (98%, Aldrich) and piperidine (99%, RPE
Analyticals, Carlo Erba), were all purified by distilla-
tion using an efficient column and stored over 4 A
molecular sieves (b.p. obtained 123-124, 111-112,
139-140, 140-141, 111-112/20 mmHg and 103-
104°C, respectively). 2,2’-Bipyridine (99%, Aldrich)
was purified by recrystallization from ethanol accord-
ing to the method described by Gallagher et al. [17]
(m.p. 193-194°C). 3-Cyanopyridine (98%, Aldrich)
and 4-cyanopyridine (98%, Aldrich) were purified by
recrystallization from methanol (m.p. 46-50 and
77-80°C, respectively). Other solvents used in the
synthesis of the adducts were purified by distillation
and stored over Linde 4 A molecular sieves.

2.2. Analytical

Carbon, hydrogen and nitrogen contents were deter-
mined by microanalytical procedures. The nickel
content was determined by complexometric titration
with 0.01 M EDTA solution [18] of the aqueous
solution of adducts samples. The capillary melting
points of the adducts were determined using and
UNIMELT equipment from Thomas Hover.

2.3. Adduct synthesis

The adducts were synthesized by the reaction of
Ni(IT) acetylacetonate and ligands in solution.

To a solution of 1.2 g of Ni(AcAc), (4.7 mmol) in
80 ml of hot methanol, 0.97 g of 3-cyanopyridine
dissolved in 10 ml of hot methanol was added slowly,
dropwise with stirring. The volume was reduced to
30-40 ml and the mixture cooled in an ice bath. The
solid formed was filtered, washed with three portions
of 10 ml of petroleum ether and dried for several hours
in vacuo. The product was stored in a desiccator over
calcium chloride. Nearly all the adducts were prepared
using a donor/acceptor molar ratio of 2/1. Only in the
case of piperidine an excess of ligand was used. In all
cases, methanol was used as a solvent for dissolving

Ni(AcAc), and petroleum ether was used as a solvent
for washing. In the cases of liquid ligands, they were
added directly to the solution of Ni(AcAc),.

2.4. Infrared spectra

Spectra were obtained with samples in KBr matrix
for adducts and solid ligands. For liquid ligands a film
of the ligand sandwiched between NaCl plates was
used. A Perkin—Elmer 1600 series FTIR spectrophoto-
meter in the 4000-400 cm ™' region was used.

2.5. Thermal studies

TG and DSC measurements were obtained in an
argon atmosphere in a Du Pont 951 TG analyser with
samples varying in mass from 8.28 to 13.14 mg (DSC)
and from 9.33 to 14.80 mg (TG-DTG) and a heating
rate of 10 K min ! in the 298-673 K (DSC) and 298
1214 K (TG-DTG) temperature ranges. TG calibra-
tion for temperature was made using metallic alumi-
nium as a standard (m.p. 660.37°C) and calibration for
weight was carried out by using calcium oxalate as a
standard. DSC calibration was made using metallic
indium as a standard (m.p. 165.73°C, A:Hﬂ =
28.4T g7 ).

2.6. Calorimetric measurements

All the calorimetric determinations of the solution
were carried out in an LKB 8700-1 precision calori-
meter as described before [19]. The solution calori-
meter measurements were performed by dissolving
samples of 5-92 mg of the adduct or Ni(Il) acetyl-
acetonate in 100 ml of 25% (v/v) 1.2 N HCI in methanol
and the ligand in this last solution maintaining a molar
relation equal to the stoichiometry of the adduct. The
accuracy of the calorimeter was checked out by
determining the heat of dissolution of tris[(hydroxy-
methyl)amino] methane in 0.1 mol dm > HCL The
result (—29.78+0.03 kJ mol ') is in agreement with
the value recommended by IUPAC [20] (—29.763+
0.003 kJ mol ™).

2.7. Electronic spectra

Spectra of the solid adducts in the region 350-
2200 nm were obtained with a UV-VIS NIR Varian—
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Cary 5G spectrophotometer with a standard reflec-
tance attachment.

3. Results and discussion

All the adducts obtained were solids. The yields
range from 45 to 88%. The yields, melting points,
colours, appearance and analytical data are summar-
ized in Table 1.

3.1. Infrared data

The more important IR bands are reported in
Table 2. The assignments of v ¢y in the 1600-
1500 cm ™! region are based on the works of Pinchas
et al. [21] and Bennke and Nakamoto [22]. Two bands
are observed in this region for the adducts. These
bands are assigned to C—C (1602—-1587 cmfl) and C-
C (1520-1513 cmfl) stretching vibrations. The bands
in the 600-400 cm™' region are assigned to Ni-O
modes [3,6,23,24] The V(c-0), VYc-0) and V(Ni-0)
bands shift to lower frequencies in the adducts relative
to the uncoordinated Ni(II) acetylacetonate, thus indi-
cating that the amines were bonded to the nickel ion.
These shifts are much more marked than those
observed for the formation of Ni(II) acetylacetonate
chelate [9]. Considerable shifts to lower frequencies of
the v(n_n) bands of ligand after coordination are also
observed. This is indicative of coordination of piper-
azine, morpholine and piperidine through the nitrogen

atom of their NH group [25,26]. In the morpholine
adduct, the positive shift of C—O-C stretching vibra-
tion with respect to free morpholine excludes the
possibility of oxygen-to-nickel coordination [25].
The change observed in the H-N-C deformation
region (889-815 cm ') also affords evidence of the
coordination of the nitrogen atom of ligands [27]. The
coordinated pyridine is distinguished from free pyr-
idine by the presence in the adduct of a weak band at
1214 cm™ ! and by the dislocation of bands at 1573,
584 and 431 cm™ ' in free pyridine [28] to higher
frequencies. The last band was observed but two of
the other bands were overlapped by vibrations of the
Ni(Il) chelate in the same region. The infrared spectra
of B- or a-pico adducts show appreciable dislocations
towards higher frequencies of the bands at 1585-1545
and 1206 cm™ ! in the ligands [29],[30]. Only the
dislocation of the last band is observed, the other
two bands being covered by Ni(II) acetylacetonate
bands. For 3- and 4-cyanopyridine adducts this last
band is observed at 1257-1256cm™' (1216~
1216 cm™ ! in three ligands). The infrared data can
be interpreted in terms of coordination of these ligand
through the heterocyclic nitrogen atom to the nickel
ion [28-30].The infrared spectra of the bipy adduct
shows the appearance of new bands after coordination.
Two new bands appear at 1350 and 830 cm ™", both of
which are absent in free bipy and are due to adduct
formation [31]. The infrared spectra of the quin adduct
show dislocation of several bands with respect to the
ligand [4]. A new band is observed at 1260 cm ! after

Table 1
Yield in % on preparation, melting points, appearance and analytical data of the adducts
Compound Yield  Melting Appearance b C H N Ni
point /K

cal. found  cal. found  cal. found  cal. found
Ni(AcAc),-pipz 73 310-312 Lbl.cr 49.02  49.01 7.05 7.22 8.17 828 17.11 16.99
Ni(AcAc),-2 morph 74 205-206 Lbl.cr 50.14 4993 748 7.50 6.50 6.39 1362 13.53
Ni(AcAc),-2 pipd 45 184-185 Lbl.cr 56.23 5598  8.49 8.64 6.56 6.52 1374  13.50
Ni(AcAc),-2 py 57 184-186 bl.cr 57.87 5786 5.83 593 6.75 6.79 1414 1398
Ni(AcAc),)-(B-pico) 63 185-186 l.pu.cr. 59.62  59.84 6.37 6.25 6.32 633 1325 13.19
Ni(AcAc),-(y-pico) 58 185 bl.cr. 59.62 5927  6.37 6.29 6.32 6.05 1325 13.26
Ni(AcAc),-(3-cyanopy), 83 210-211 l.pu.cr 56.81 5697 4.77 4.50 12.04 1210 12,62 1240
Ni(AcAc),-(4-cyanopy), 74 233-235 l.gr.cr 59.81 56.86 4.77 4.58 12.04 1213  12.62 12.64
Ni(AcAc), -bipy 88 232 l.grcr. 58.15 5834 537 5.09 6.78 6.86  14.21 14.31
Ni(AcAc),-2 quim 75 210-211 Lbl.cr 6527 65.07 548 5.28 5.44 533 1139 1136

# Melting with decomposition.

b Key: 1, light; bl, blue; pu, purple; gr, green; cr, crystals.
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coordination. The infrared data of the bipy and quin
adducts can be interpreted in terms of coordination of
these ligands through the nitrogen atom to the nickel
ion [4],[31]

3.2. Thermal studies

Thermogravimetry and derivative thermogravime-
try of the adducts show that the thermal dissociation
process of the adducts were of different types:

L. Ni(AcAc),-2L—Ni(AcAc),-1.3L+0.7L
Ni(AcAc),-1.3L—pyrolysis

I Ni(AcAc),-2L—Ni(AcAc),-L+L
Ni(AcAc),-L—pyrolysis

II.  Ni(AcAc),-2L—Ni(AcAc),-L+L
Ni(AcAc),-L—Ni(AcAc),+L
Ni(AcAc),—pyrolysis

IV.  Ni(AcAc),-2L—Ni(AcAc),-0.8L+1.2L
Ni(AcAc),-0.8L—pyrolysis

V. Ni(AcAc),-2L—Ni(AcAc),-0.75L+1.25L
Ni(AcAc),-0.75L—pyrolysis

VI.  Ni(AcAc),-2L—Ni(AcAc),-0.5L+1.5L
Ni(AcAc),-0.5L—pyrolysis

VII. Ni(AcAc), L—pyrolysis

The adduct of piperazine followed process I. That of
morpholine followed process II. The adduct of piper-
idine followed process III. The adduct of quinoline
followed process IV. The adduct of 3-cyanopyridine
followed process V. The adducts of pyridine, 3-
methylpyridine, 4-methylpyridine and 4-cyanopyri-
dine followed process VI. Finally the adduct of bipyr-
idine followed process VII.

The DSC cures of the adducts are consistent with
TG-DTG data. They present several endothermic and
exothermic peaks. Endothermic peaks due to the
elimination of ligand, elimination of ligand with
melting, melting with pyrolysis of the decomposition
product or melting with pyrolysis of the adduct are
observed. Exothermic peaks due to pyrolysis of the
decomposition residues are also observed. Table 3
lists the thermoanalytical data of the adducts.

3.3. Electronic spectra

Table 4 contains the band maxima assignments and
calculated ligand field parameters for the adducts. The

ligand field parameters were calculated according to
Reedijk et al. [32]. The electronic spectra of the
adducts present four absorption bands: The first (vy)
in the region 10 688-11 145 cm ™', the second (v,) in
the region 12 641-14 898 cm !, the third (v5) in the
region 16467-17 699 cm ! and the fourth (v3) in the
region 26 616-29473 cm™'). According to the num-
ber and position of these bands, and considering the
magnitude of the crystal field parameters as compared
with that of Bolster [33], we conclude that the Ni(II)
ion is pseudo-octahedrally surrounded (due to the
different kind of atoms, nitrogen and oxygen, present).

3.4. Calorimetric measurements

The standard enthalpies of dissolution of Ni(II)
acetylacetonate, ligands and adducts were obtained
as previously reported [19]. Because Ni(AcAc), exists
as a polymer in the solid state [34], a hypothetical
monomer for the calculation of the standard enthalpy
of dissolution of Ni(AcA),)+solvent—Ni(AcAc)ysor
(A1H9 ) was assumed. Table 5 gives the values
obtained for the enthalpies of dissolution of
Ni(AcAc), (AH?), ligand into the solution of
Ni(AcAc), (A,H?) and of the adduct (A;H?). Uncer-
tainty intervals given in this table are twice the
standard deviation of the means of about five replicate
measurements on each compound. Combined errors
were calculated from the square root of the sum of the
squares of the component errors.

From the values obtained for the standard enthalpies
of dissolution, and using appropriate thermochemical
cycles [19],[35], the following thermochemical para-
meters were determined: the standard enthalpies of the
acid/base reactions (ArHH ), the standard enthalpies of
formation (A¢H"), the standard enthalpies of decom-
position (ADH9 ), the standard lattice enthalpies
(AMHG) and the standard enthalpies of the Lewis
acid/base reactions in the gaseous phase (Aerg)).
The ArHeg) values can be used to calculate the stan-
dard enthalpies of the Ni-N bonds [35]. Table 6 lists
the values obtained for all these thermochemical
parameters for the adducts. For the determination of
AFH(’ , it was necessary to assume that the molar
standard enthalpy of sublimation of each adduct was
equal to the enthalpy of sublimation or vaporization of
one mole of ligand [19],[35],[42],[43], as melting
points and thermal studies showed that the adducts
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Table 4

Band maximum assignments * and calculated ligand-field parameters for the compounds Ni(AcAc)nL

Compound vi/kk vo/kk v4/kk v5/kk D, cm™! Bem™! D,/B B!
Ni(AcAc),-pipz 10.69 17.09 28.63 12.83 1069 851 1.26 0.83
Ni(AcAc),-2.morph 10.89 16.47 14.21 1090 629 1.73 0.61
Ni(AcAc),-2-pipd 11.15 16.82 28.85 12.76 1115 639 1.74 0.62
Ni(AcAc),-2py 11.12 17.53 29.47 12.64 1112 810 1.37 0.79
Ni(AcAc),-(B-pico), 11.07 17.16 1107 732 1.51 0.71
Ni(AcAc),-(y-pico), 10.98 17.06 27.97 14.84 1098 736 1.49 0.72
Ni(AcAc),-(3-cyanopy), 11.14 17.70 27.76 14.90 1114 851 1.31 0.83
Ni(AcAc),-(4-cyanopy), 10.81 17.19 26.62 13.44 1082 828 1.31 0.80
Ni(AcAc),-bipy 10.65 16.82 13.57 1065 785 1.36 0.76
Ni(AcAc),-2.quin 10.69 16.82 26.94 13.15 1069 771 1.39 0.75

3 3 3 3 1 3
1 ="Tag"Asg, V2="T1(F)—"Ang, V4= Ege—"As,,

Table 5
Enthalpies of dissolution at 298.15 K

v3="T1(P)—"Azg, B =B/Bo, By=1030 em™'(Ni*").

Compound Calorimetric solvent * Number of AH/(KI mol ™)
experiments
Ni(AcAc), 25% HCI 1.2N in methanol 19 (i=1) —3.73£0.13
pipz 1 : 1 Ni(AcAc),-25% HCI 1.2N in methanol 6 (i=2) —64.89+0.84
Ni(AcAc),-pipz 25% HCI 1.2N in methanol 4 (i=3) —40.05+0.41
morph 2 : 1 Ni(AcAc)»-25% HCI 1.2N in methanol 6 (i=2) —106.37+1.07
Ni(AcAc),-2morph 25% HCI 1.2N in methanol 4 (i=3) —22.65+1.16
pipd 2 : 1 Ni(AcAc),-25% HCI 1.2N in methanol 6 (i=2) 129.93+1.80
Ni(AcAc),-2pipd 25% HCI 1.2N in methanol 5 (i=3) —62.71£1.38
py 2 : 1 Ni(AcAc),-25% HCI 1.2N in methanol 6 (i=2) —43.494+0.86
Ni(AcAc),-2py 25% HCI 1.2N in methanol 5 (i=3) 15.114+0.57
B-pico 2 : 1 Ni(AcAc)»-25% HCI 1.2N in methanol 5 (i=2) —39.224+0.24
Ni(AcAc),-(B-pico), 25% HCI 1.2N in methanol 4 (i=3) 14.60+1.06
y-pico 2 : INi(AcAc),-25% HCI 1.2N in methanol 5 (i=2) —50.31+1.01
Ni(AcAc),-(y-pico), 25% HCI 1.2N in methanol 4 (i=3) 14.91+0.56
3-cyanopy 2 : INi(AcAc)»-25% HCI 1.2N in methanol 6 (i=2) 37.30+0.55
Ni(AcAc),-(3-cyanopy), 25% HCI 1.2N in methanol 4 (i=3) 60.04+1.38
4-cyanopy 2 : 1 Ni(AcAc)»-25% HCI 1.2N in methanol 5 (i=2) 30.45+0.23
Ni(AcAc)2-(4-cyanopy), 25% HCI 1.2N in methanol 3 (i=3) 64.88+0.97
bipy 1 : 1 Ni(AcAc), 25% HCI 1.2N in methanol 3 (i=2) 3.61+0.22
Ni(AcAc),-bipy 25% HCI 1.2N in methanol 5 (i=3) 7.44+0.40
quin 2 : 1 Ni(AcAc),-25% HCI 1.2N in methanol 6 (i=2) —33.69+0.33
Ni(AcAc),-2quin 25% HCI 1.2N in methanol 5 (i=3) 22.08+0.01

#25% (v/v) Aqueous HCI 1.2N in methanol.

decomposed on heating and were not found in the
liquid phase and, probably, not in the gaseous phase.

Based on the ArH9 values for the adducts of the
same stoichiometry, we obtain the basicity sequence:
morph>pipd>y-pico>py>quin>f-pico>4-cyanopy>3-
cyanopy and pipz>bipy. Using the f)< AgN) Values, we
obtain the sequence morph>4-cyanopy>quin>3-cya-
nopy>y-pico>pipd>B-pico>py and pipz>bipy. The

expected order for pyridine and derivatives would
be y-pico>B-pico>py>3.cyanopy>4-cyanopy, due to
an inductive effect of substitution of one hydrogen
atom in the pyridine ring by the electronic donator
methyl group in B-or y-pico or by electronic with-
drawing cyano group in 3- or 4-cyanopy. This causes
the increase or the decrease of the electronic density
available for bonding on the nitrogen atom of the ring
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Table 6

Summary of the thermochemical results (kJ mol ")

Compound AH’ AH’ ASHOAIH® AnH? ApH’ AHg) Dni-ny
Ni(AcAc)ys) —910.642.1* 954

pipzc —45.6+1.6°  842°

morphy, —170.2° 423°¢

pipd) —88.0£1.0°  39.1+£1.8°

YOy 101.240.7°  40.2°

B-pico;, 61.940.5°  44.4+0.°

y-picogr 585+1.1°  453404°

3-cyanopys 8404219  43.0+149

4-cyanopys 77.84£2.3¢ 46.7+1.5¢

bipy(s) 2164+7.4°  81.9340.33°

quingj, 166.1£1.9¢  59.7+1.0¢

Ni(AcAc),-pipz, —28.57+0.94  —984.8+2.8 —208.2+1.7 112.8+1.4 —1240+14  62.0+0.7
Ni(AcAc),-2morph, —87.81+1.58  —1338.8+3.3 —267.842.7 172442.5 —2255429 1128415
Ni(AcAc),-2pipd —70.95+2.27 —1157+3.7 —244.6+4.4 149.2+4.3 205.544.7  102.8+2.4
Ni(AcAc),-2py(s) —6233+1.04  —770.5+2.7 —238.1+1.4 142.7+1.0 187.9+1.4  94.0+0.7
Ni(AcAc),-(B-pico)as) —57.5541.09  —844.4+2.6 —241.8+.1.5  146.4+1.1 197.4+1.5  98.740.8
Ni(AcAc),-(y-pico)a) —68.95+1.16 —86243.3 —255.0+1.7 159.6+£1.4  —209.7+1.8  104.940.9
Ni(AcAc),-(3-cyanopy)ss) —26.47+1.49  —861.148.1 —299.8+459  204.3945.83 —210.846.6 1054433
Ni(AcAc),-(4-cyanopy)a) —38.61+1.01 —867.0+8.1 —300.8+7.1 205.4+7.1 217.248.0  108.6+4.0
Ni(AcAc),-bipys) —7.5640.47 —70147.7 —108.9+1.2 89.49+0.57 —103.0+12  51.5+0.6
Ni(AcAc),-2quing, —59.50+0.35 —~737.9+4.4 2743423 178.941.1  —214.6+2.5 107.3+1.3
* Ref. [36].

® Ref. [37].

¢ Ref. [38].

4 Ref. [39].

© Ref. [40].

fRef. [41].

relative to pyridine. The effect is stronger in p-sub-
stitution than in m-substitution. The order observed
presents inversion between 3- and 4-cyanopy and both
of them are more basic than py and other pyridine
derivatives, if we use the basicity order obtained from
D(Nm) values. Otherwise, it is the expected order. The
basicity order observed could be due to the contribu-
tion of another kind of interaction like hydrogen
bonding between nitrogen atom from cyano groups
and carbon atoms from acetylacetonate ions [39], this
effect being stronger in 4- than in 3-cyanopy. Com-
paring pyridine with quinoline, the latter is expected to
be more basic than the former due to the conjugation
of two aromatic rings that increase the electronic
density available over the nitrogen atom. This is also
observed. The expected basicity order for saturated
heterocycle amines would be pipd>pipz>morph due to
an inductive effect of substitution of one carbon atom
in the ring of pipd by the more electronegative atoms
of nitrogen (in pipz)) or oxygen (in morph), that leads

to the decrease of the electronic density available for
bonding on the nitrogen atom of the ring. We observed
morph>pipd. The inversion of the expected order
could be the contribution to another kind of interac-
tion, such as hydrogen bonding between carbon atoms
from acetylacetonate ions and oxygen atoms from
morpholine ligands. The adduct of pipz has another
stoichiometry and cannot be compared with morph
and pipd adducts. Comparing the ligand field para-
meter D, with the thermochemical parameter D(Ni,N)
for the adducts of the same stoichiometry, we observed
for the adducts of py, B-pico, pipd and 3-cyanopy that
the D, values increase with the increase of D(Ni_m
values, indicating that the splitting of orbitals of Ni(II)
ion is favoured by stronger Ni-N bonds (Fig. 1), as it
was also observed for the Co(II) adducts with the same
ligands [39]. Comparing 3 values with D(Ni_N) values,
we observed for adducts of 3-cyanopy, 4-cyanopy,
quin, y-pico and morph that the B* values decrease
with the increase of the D(Ni,N) values, indicating that
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Fig. 1. Correlation of D, values with D(NQ\U values for the adducts
of Ni(AcAc), with (1) py, (2) B-pico, (3) pipd, and (4) 3-cyanopy.

the covalence of the d-orbitals of the Ni(Il) ion is
higher as the Ni-N bond is stronger (Fig. 2).

In conclusion Ni-N bonds in the adducts of Ni(II)
acetylacetonate are stronger than the Co—N bonds in
adducts of Co(Il) acetylacetonate formed with the
same heterocyclic bases.

1.00

050

T

1 ! i L

80

90 100 10 120
D ni=ny 7 Kj mol™

Fig. 2. Correlation of B values with D(NiN) values for the adducts
of Ni(AcAc), with (1) 3-cyanopy, (2) 4-cyanopy, (3) quin, (4) y-

pico and (5) morph.
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