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Structure of Ni(II)—Creatinine Complex Species Formed in Non-aqueous Media
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Abstract

Three different types of Ni(II)-creatinine com-
plexes are synthesized in organic media, It was
proved that the complexes are formed only in non-
aqueous media and their dissolution in water is con-
nected with immediate dissociation. The three
complexes were studied using spectroscopic (IR,
EPR, ESCA) magnetochemical and thermogravimetric
methods. An octahedral structure and different
contents of creatinine molecules in their inner coordi-
nation spheres were assumed.

Introduction

Our systematic studies on the complexation ability
of the bioligand creatinine (I and II) towards Cu(Il),
Pt(lI), Pt(1II) and Pd(II) [1-5] have shown the
strong influence reaction conditions have on com-
plexation [2—5]. On the other hand our preliminary
investigations proved a rather surprising fact — no
complex formation proceeded between Ni(II) and
creatinine in water medium, Taking into account,
however, the excellent coordination properties of
creatinine [1-7] it was assumed that Ni(ID)—
creatinine complex formation might be realized
through a change of the reaction medium. In the
present paper the data obtained for the formation
of three different Ni(II) complexes and their struc-
tures are reported. Complex formation was studied
in organic solvents with different polarity: methanol,
acetone, acetonitrile (An), methylacetamide (MAA).
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Experimental
Synthetic and Analytical Procedures

[Ni(creat )4,(H,0),](NO3 },+2H,0 (1) (creat =

creatinine) (green)

A total of 0.5 mmol (0.1454 g) Ni(NO,),6H,0
and 3.0 mmol (0.3393 g) creatinine (molar ratio
1:6) was dissolved in 20 cc organic solvent (dried
before use). The mixture was heated to 60—70 °C
with constant stirring for 5—6 h, resulting in the
formation of a green complex. In low polar solvents
(methanol, acetone) it precipitated spontaneously.
The latter was filtered off, washed repeatedly with
acetone and dried over P,O; for two weeks.

Anal. Calc. (found): C, 27.17 (27.88); H, 5.13
(4.58); N, 27.73 (27.30); Ni, 8.29 (8.48)%.

[Ni(creat)3s(H,0)3] «(NOs ), *H, O (2) (blue)

A total of 0.5 mmol (0.1454 g) Ni(NO;),-6H,0
and 2.0 mmol (0.2262 g) creatinine (molar ratio
1:4) was dissolved in 20 cc undried An. The mixture
was heated to 60—70 °C with constant stirring for
5—6 h, resulting in the formation of a blue precip-
itate. The complex was filtered off, washed repeated-
ly with An and dried over P,0; for 1 h. The complex
formed is rather unstable and in several hours its
colour changed to green.

Anal, Calc. (found): C, 24.26 (24.62); H, 4.92
(4.73); N, 25.90 (26.28); Ni, 9.88 (10.00)%.

[Ni(creat )] (NOs ), 4H, O (3) (yellow)

This complex was obtained by dissolving 0.5 mmol
(0.1454 g) Ni(NO3),+6H,0 and 4.0 mmol (0.4525 g)
creatinine (molar ratio 1:8) in organic solvent (dried
before use) and heating the reaction mixture at
60—70 °C with constant stirring for about 24 h,
resulting in the formation of a yellow precipitate**.

**When a solvent with higher polarity (MAA) was used it
was precipitated by adding acetone.
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The latter was filtered off, washed repeatedly with
acetone and dried over P,O; for two weeks.

Anal. Calc. (found): C, 30.85 (3092); H, 5.39
(5.22); N, 30.01 (30.65); Ni, 6.30 (6.74)%.

The composition of the complexes was determined
by elemental analysis. Ni content was determined
complexometrically in ammonia solution with
indicator murexide [8]. The solvents were dried as
described in the literature [9].

Apparatus

The electronic, reflectance and IR spectra were
recorded on Specord UV-Vis (Carl-Zeiss, Jena),
Camag SP 4290 integrator and Perkin-Elmer 983
(Csl disks) spectrometers respectively.

The EPR spectra were obtained on an X-band
spectrometer Brucker B-ER 420. The magnetic
susceptibility measurements were performed in the
130350 K range in an argon atmosphere according
to the Faraday method and the ESCA measurements
on a VIEE-15 spectrometer (energy calibration
according to the C 1s line —285.0 eV). Thermo-
gravimetric analysis was performed on a Perkin-
Elmer TGS-2C machine.

Results and Discussion

The complexes 1 and 3 are formed consecutively
in the course of Ni(Il)—creatinine interaction in
organic media (in absence of traces of water). Firstly
the green complex 1 (An .y = 260; 400; 660; sh ~ 750
nm) was formed. After its isolation from the reaction
mixture and drying it proved to be stable for about
a month. After this period some changes in the com-
position and the EPR spectrum of the complex are
observed connected most probably with ageing
processes. The blue complex 2 is formed under the
same conditions as the green one 1, but only in
undried An (containing some traces of water but not
more than 0.2%). It precipitates spontaneously from
the reaction mixture. The complex proved to be
rather unstable and after 2—4 h in the air its colour
changed to green. The EPR spectrum of the com-
pound formed is very similar to that of the aged
green complex 1. The yellow complex 3 (Apax =
240; 420; 660 nm) is the final reaction product
and proved to be stable for several months.

It should be emphasized that all three complexes
are formed only in organic media and their dissolu-
tion in water leads to immediate dissociation of the
latter: the visible spectra of the corresponding water
solutions are indentical with the Ni(II)-aq spectrum.
Similarly fast dissociation of Ni(NH3)¢2* in excess
of water is observed and ascribed to the significant
kinetic lability of Ni(I) complexes [10].
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The visible spectral data of the complexes are
typical for octahedral Ni(IT) complexes [11, 12].
Taking into account the fact that they are soluble
only in the high-polar solvent MAA (D = 100.3 [9])
and insoluble in methanol, acetone, An, it might
be assumed that they are charged, e.g. only creatinine
and water molecules are included in the inner coordi-
nation sphere of the complexes, NO;~ being in the
outer sphere. Both the analytical and visible spectral
data indicate the difference in the inner coordination
sphere of the complexes. It might be assumed that in
1 two water molecules are included in its inner
sphere, while in 3 all four water molecules are in the
outer sphere. In order to check this assumption
thermogravimetric analysis of the stable 1 and 3
complexes was performed. The data obtained support
the assumption for the presence of water molecules
in the inner sphere of 1. The corresponding temper-
ature ranges of dehydration are 83.6-161.5 °C for
1 and 51.3-124.9 °C for 3. It is evident that in 1
there are water molecules bonded in a stronger way
than in 3, thus supporting the assumption for the
presence of two water molecules in the inner coordi-
nation sphere of 1.

In order to obtain more detailed structural infor-
mation about the complexes studied, magnetochem-
ical, EPR, IR and ESCA measurements were per-
formed. In the temperature range 280-360 K the
Megs Vvalues of the three complexes studied are inde-
pendent of temperature (Fig. 1). These data together
with the pq; values obtained for ambient tempera-
ture (~3 BM) are consistent with an octahedral sym-
metry of the complexes [13]. At temperatures below
240 K a slight temperature dependence of the corre-
sponding pesp values is observed, which might be due
to a change in molecular symmetry. The EPR spectra
of the paramagnetic Ni(Il) complexes were also
recorded in the range 90—300 K. The EPR spectra
of 1 and 3 are singlet lines with temperature depen-
dent g values (Table 1), typical for octahedral Ni(II)
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Fig. 1. Dependence of the effective magnetic moment (uq¢¢)
vs. temperature of three complexes: (a) {Ni(creat)g](NO3),°
4H,0 (yellow), (b) [Ni(creat)4(H,0),]{NO3),+2H,0 (green),
(c) [Ni(creat)3(H30)3](NO3),- 2H,0 (blue).



TABLE 1. EPR parameters of the Ni(II) complexes

T 1 2 3
Ky — ¢
g AHpp (Oe) (20.01) ¢ AH, (Oe)
(£0.01) (=8) (£0.01) (+8)
100 2.22 292 2.05 117
120 2.22 250 2.118 2.10
140 2.23 225 2.13 108
150 g1=217 214
g2 =2.11
g3 = 2.06
160 241 g1 =220
g2 =2.11
g3=2.07
170 241 g1 =224 217 258
g2=2.11
g3=2.07
190 g,=224 2.18
g2=2.11
g3~ 2.07
250 g1=2.25
gy =2.13
g3 = 2.07
290 241 g1=2.27 218 300
g2~ 2.16
g3 =2.05

8Broad singlet line.

complexes [14]. It should be mentioned that below
130-140 K the EPR lines broaden and at 90 K they
are not observed at all. A similar effect has been
observed for Ni(NH;)e2* at temperatures below 76 K
and explained by crystal field distortions [14]. The
disappearance of the EPR spectrum at 7 < 90 K

could be explained in an analogous way with a change
in the structure of the complexes 1 and 3 at low
temperatures. Another peculiarity of these EPR
spectra is their orientation dependence, e.g. variation
of the line shape in dependence of the sample orien-
tation in the magnetic field, most probably due to
the presence of anisotropic centres in the samples.
Similar effects have also been observed for other
Ni(II) compounds [15].

On the basis of all the data obtained it might be
concluded that the three complexes are octahedral,
differing only in their inner coordination sphere.
The information obtained for 1 and 3 show the
presence of four creatinine and two water molecules
in the inner coordination sphere of the green complex
1, while in the yellow complex 3 all six ligands are
creatinine molecules, forming a regular octahedron.
The EPR spectrum of the blue complex 2 differs
significantly from those of 1 and 3 — instead of the
singlet, an anisotropic three<omponent signal is
observed (Table 1). Although a more detailed struc-
tura] investigation on these short-lived intermediate
species is hampered, the difference in the visual and
EPR spectra again indicates a difference in the inner
coordination sphere of 2 in comparison with 1 and 3.

Taking into account the conditions for its forma-
tion (presence of traces of water in the solvent used)
and the analytical data obtained it might be suggested
that these paramagnetic octahedral species contain
three water and three creatinine molecules in their
inner sphere. The presence of two different types of
ligands in the inner sphere of 1 and 2 causes some
deviations from the regular octahedral structure of
the complexes.

In order to obtain additional information concern-
ing the coordination mode of the ligand, IR and
ESCA spectra of the complexes were recorded. The
IR spectra of the complexes are very similar to those

TABLE 2. Selected IR data for the free creatinine and its Ni(II) complexes

Complex v(H,0) vas(NH3) vg(NH7) 8(NH,) 5(H,0) v(C=0) NOj vibrations?
vy vy v3 v4

Creatinine 3254 3040 1660 1685

1 (green) 3300br 3380br 3160br 1660 1650 1705 1050 850 1360 718
1715 896
1740sh

2 (blue) 3300br 3370br 3169br 1660 1650 1695 1040 858 1358 720
1704 895
1720sh

3 (yellow) 3300br 3380br 3180br 1665sh 1640 1698 1050 850 1355 720
1710 850
1725sh

2Assignment according to Nakamoto [16].



of the monomeric Pt(IT) and Pd(I) complexes with
creatinine [3,4]. Selected IR data are represented
in Table 2. The IR data obtained show the presence
of creatinine in the complexes with its amino form
(I). Evidently the <C=0 group is not involved as
far as in the Ni(II) complexes 1, 2 and 3; its vibration
is observed at higher frequences (above 1700 ¢cm™*)
compared with the free ligand. Coordination with
the amino group seems unlikely too, although both
—NH, vibration bands are rather broad. Most prob-
ably they participate in H bond formation. Analogous
results were obtained for Pt(II) and Pd(II) complexes
with creatinine [3,4] where using X-ray diffraction
analysis it was proved that coordination is realized
only through the endocyclic N atom, the >C=0
and —-NH, groups not being involved in the coordina-
tion. It might be assumed, therefore, that in the
Ni(IT) complexes coordination is also realized only
through the endocyclic N atom of the ligand.

The data obtained for NO,™ vibrations are typical
for ionic components, thus confirming the presence
of NO;™ in the outer sphere of the complexes.

The ESCA data obtained for 1 and 3 are in agree-
ment with this assumption. The binding energies for
Ni 2p (8568 £ 0.5 eV and 8558 + 0.5 eV for 1 and 3
respectively) and N 15 (4004 + 0.5 ¢V and 399.6 *
0.5 eV for 1 and 3 respectively) are typical for Ni(II)
complexes with N-containing ligands [17].

On the basis of all experimental data obtained it
might be concluded that in organic media three
different types of Ni(II)—creatinine complexes are
formed, unstable in water solution. The complexes
are paramagnetic with an octahedral structure and
differ only in the content of their inner coordination
sphere. The IR data indicate coordination through
the endocyclic N atom of the ligand. It should be

noted that in the course of the reaction a stable
radical is formed (g = 2.0036) and isolated together
with the yellow complex.
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