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Abstract—Coordination compounds of iron(II) and nickel(II) with 3-amino-4-ethoxycarbonylpyrazole (L),
Fel,A; (A= CI™ (I), C,N; (II)), [FeL,(NCS),(H,0),] (IIT), and NiL,Br, (IV), are synthesized. The com-
pounds are studied by X-ray diffraction analysis, IR spectroscopy, and UV spectroscopy (diffuse reflectance
spectra). A single crystal is observed for complex III, and its crystal structure is determined by X-ray structure
analysis (CIF file CCDC no. 1857220). It is shown that L coordinates to the metal via the monodentate mode
by the N(2) atom of the pyrazole cycle. The study of the temperature dependence U.(7) in a temperature
range of 2—300 K shows exchange interactions of the antiferro- or ferromagnetic character between the M>*
ions in the complexes. The type of exchange interactions depends on the composition of the compound.
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INTRODUCTION

Coordination compounds capable of giving a
response to a change in the external conditions attract
attention of researchers. This class includes metal
complexes with nitrogen-containing heterocyclic
ligands. The spin crossover !4, — 3T, is observed in

the 3d metal complexes with the d*—d’ electronic con-
figuration of the octahedral or pseudo-octahedral
structure of the coordination polyhedron. In these
compounds the spin multiplicity changes at a certain
ligand field strength under the action of the tempera-
ture, pressure, or light of a certain wavelength [1—3].
Exchange interactions of the antiferromagnetic and
ferromagnetic character are observed between
unpaired electrons of the metal ions in the Co(Il),
Ni(I1I), and Cu(II) complexes with nitrogen-contain-
ing ligands of the oligo- or polynuclear structure.

Cooperative interactions observed in the solid
phase of the complexes are among the necessary con-
ditions for magnetic phase transitions to occur. To
obtain compounds with such properties, the paramag-
netic centers should be connected by bridges: a chain
of atoms or one bridging atom (ion). These chains
(exchange channels) should not be extended in order
to the distance between the metal ions would not be
too long [4—6]. The search for new molecular ferro-

magnets is an important task of the modern chemistry.
In A.L. Buchachenko’s opinion, “ferromagnets
belong to materials that constitute the foundation of
modern civilization” [7]. A trend of the synthesis and
study of the magnetically active metal complexes with
paramagnetic ligands is developed in the works by
R.Z. Sagdeev and V.I. Ovcharenko [6]. We searched
for new magnetically active transition metal com-
plexes containing diamagnetic polynitrogen-contain-
ing ligands.

Polynitrogen-containing heterocycles form a
promising class of ligands for the synthesis of magnet-
ically active compounds. In particular, the representa-
tive series of the 3d metal complexes with 1,2,4-tri-
azoles were synthesized and studied. 1,2,4-Triazole
and its derivatives, which have no substituents in the
side chain capable of coordinating, attach to the metal
predominantly via the bidentate-bridging mode due to
which oligo- and/or polynuclear compounds are
formed [3, 8, 9]. Spin crossover is observed in the
iron(II) complexes with the ligands of this group [1, 3,
8], and the cobalt(II), nickel(IT), and copper(II) poly-
nuclear complexes manifest exchange interactions [6,
9]. These interactions are most often antiferromag-
netic. At the same time, exchange interactions of the
ferromagnetic character were found in a series of com-
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pounds, in particular, in the Cu(Il) and Ni(Il) com-
plexes with unsubstituted 1,2,4-triazole and 4-ethyl-,
4-amino-3,5-diphenyl-, and 4-(3,4-dichlorophenyl-
1,2,4-triazoles [10—13].

Pyrazoles without substituents capable of coordi-
nating attach to the metal predominantly via the
monodentate mode by the N(2) atom of the heterocy-
cle (unlike pyrazolate ions coordinating via to the
bidentate-bridging mode similarly to 1,2,4-triazoles).
Thus, atoms or groups of atoms potentially capable of
exhibiting the bridging function are necessary for the
preparation of oligo- and polynuclear compounds.
The synthesis and study of the di- and tetranuclear
copper(Il) complexes with the pyrazole derivatives
with antiferromagnetic exchange interactions were
reported [14]. We have previously synthesized and
studied the chloride compounds with 3-amino-4-
ethoxycarbonylpyrazole (L) of the compositions
ML,Cl, (M = Co(II), Ni(II), Cu(Il)) and CuL,Br,
[15, 16]. The complexes have the polynuclear chain
structure due to the bridging function of the chloride
and bromide ions. The study of the u.(7) dependence
in a temperature range of 2—300 K showed the ferro-
magnetic exchange interactions in the ML,Cl, chlo-
ride complexes between the M?" paramagnetic ions,
whereas the transition to the magnetically ordered
state with the Curie temperature 7, ~ 10—12 K was
observed for CoL,Cl, and NiL,Cl,. The replacement
of the chloride ion by bromide in the Cul,Hal, com-
position changes the character of the exchange inter-
actions from ferromagnetic in Cul,Cl, to antiferro-
magnetic in Cul,Br,.

It seemed reasonable to continue investigations in
this direction. For this purpose, we synthesized and
studied the magnetic properties of new Fe(Il) and
Ni(II) complexes with 3-amino-4-ethoxycarbon-
ylpyrazole.

EXPERIMENTAL

The following reagents were used for the synthesis
of the complexes: NiBr, - 3H,0 and KNCS (reagent
grade), FeCl, - 4H,0 and FeSO, - 7H,O (Acros
Organics), 3-amino-4-ethoxycarbonylpyrazole (L)
and NaC,N; (Aldrich), and ethanol (rectificate).

Synthesis of FeL,Cl, (I). Ascorbic acid (0.2 g) and
FeCl, - 4H,0 (0.001 mol, 0.20 g) were dissolved
together in a mixture of ethanol (5 mL) and water
(2 mL), and the solution was acidified with concen-
trated HCI (2 droplets). Ligand L (0.002 mol, 0.31 g)
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was dissolved in ethanol (5 mL), and the solution of
the ligand was added to the solution of FeCl,. The
resulting solution was evaporated in a water bath to the
precipitation onset and cooled in a crystallizer with
ice. The white precipitate formed was filtered off on
the Schott filter (16 pores), washed two times with
small portions of ethanol, and dried in air. Other pre-
cipitates were filtered off and dried similarly. The yield
was 0.36 g (82%).

For C12H13N604C12Fe (I)
Anal. calcd., % C, 33.0
Found, % C, 331

H, 4.2
H, 4.3

N, 19.2
N, 194

Synthesis of FeL,(C,N3), (II). Ascorbic acid (0.2 g)
and FeSO, - 7H,0 (0.001 mol, 0.28 g) were dissolved
together in water (8§ mL) on heating, NaC,N;
(0.006 mol, 0.53 g) was added to the solution, and the
resulting mixture was stirred to the complete dissolu-
tion of NaC,N;. Then a solution of L (0.002 mol,
0.32 g) in ethanol (6 mL) was poured. The solution
was evaporated to 1/2 of the initial volume in a water
bath and cooled in a crystallizer with ice. The white
precipitate formed was filtered off and washed with
water and ethanol. The yield was 0.44 g (88%).

For ClﬁHISN 12O4Fe (II)
Anal. caled., % C, 38.6
Found, % C,384

H, 3.6
H, 3.5

N, 33.7
N, 33.6

Synthesis of [FeL,(NCS),(H,0),] (III). Ascorbic
acid (0.2 g) and FeSO, - 7H,0O (0.0005 mol, 0.14 g)
were dissolved together in water (5 mL) on heating,
KNCS (0.003 mol, 0.29 g) was added to this solution,
which was stirred to the complete dissolution of
KNCS, and a solution of L (0.003 mol, 0.47 g) in eth-
anol (6 mL) was poured. The solution was evaporated
to 1/2 of the initial volume and cooled in a crystallizer
with ice. The white precipitate formed was filtered off
and washed with water and ethanol. The yield was
0.27 g (52%). Single crystals of the complex were
obtained from the mother liquor by the slow evapora-
tion of the solvent.

For C4,H,,NzO¢S,Fe (IIT)
Anal. calcd., % C,324
Found, % C, 32.7

H, 4.3
H, 4.2

N, 21.6
N, 21.5

Synthesis of NiL,Br, (IV). Nickel salt NiBr, - 3H,0
(0.003 mol, 0.82 g) was dissolved in ethanol (7 mL),
and L (0.003 mol, 0.47 g) was dissolved in ethanol
(5 mL) on heating. The solutions were mixed, and a
solvent excess was removed by evaporation to 1/3 of
the initial volume in a water bath. The yellow-green
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Table 1. Positions of the observed reflections in the diffraction patterns of the polycrystalline samples of compounds I-IV

in the 20 range 5°—20° (CuK,)*

Sample 20, deg
I <5.00; 9.56; 14.12; 14.36; 16.32; 16.61; 19.85
I 12.59; 13.08; 13.48; 14.53; 15.80; 16.56; 17.14; 18.52
111 12.34; 14.12; 15.09; 16.42; 17.55; 18.88; 19.76
v 5.08; 9.64; 10.20; 13.04; 13.20; 13.70; 14.48; 15.36; 16.58; 19.10; 19.97

* Intense reflections are given in bold.

precipitate formed was filtered off and washed with
water and ethanol. The yield was 0.24 g (43%).

FOT C12H18N604Br2Ni (IV)
Anal. caled., % C,273
Found, % C,26.9

H,3.4
H, 3.6

N, 159
N, 15.4

Elemental analyses of the complexes were carried
out on a EURO EA 3000 instrument (EuroVector,
Italy) at the Analytical Laboratory of the Nikolaev
Institute of Inorganic Chemistry (Siberian Branch of
the Russian Academy of Sciences).

The X-ray diffraction analysis of polycrystalline
samples was conducted on a Shimadzu XRD 7000 dif-
fractometer (Cuk, radiation, Ni filter, scintillation
detector) at room temperature. The samples were trit-
urated in heptane and deposited on the polished side
of the quartz cell. Detection was carried out in an
angular range of 5°—60° with an increment of 0.03°
and an exposure of 1 s/point. Narrow diffraction peaks
indicating the crystalline phases were observed on all
diffraction patterns. The positions of the observed
reflections in the 20 range from 5° to 20° are presented
in Table 1. The experimental diffraction patterns and a
number of diffraction patterns calculated from the
known structural models are compared in the Topas
Academic version 6 program [17]. All diffraction pat-
terns have no diffraction reflections from the structur-
ally characterized starting reactants (CIF files CCDC
nos. 631805 (L) and 143569 (NaC,N;); ICSD
nos. 16589 (FeSO, - 7H,0) and 9198 (FeCl, - 4H,0))
and possible inorganic reaction products of the ion
exchange and a change in the hydrate number (ICSD
nos. 15597 (FeCl, - 2H,0), 249781 (Na,SO, - 7H,0),
249782 (Na,SO, - 8H,0), and 30505 (Na,SO, -
10H,0). The diffraction pattern of compound III is
consistent with that calculated for the structure of
Fel,(NCS),(H,0), described in this article with the
unit cell parameters a = 22.459(7), b = 7.041(2), ¢ =
14.912(4) A, B =105.63(3)°, and V'=2271(1) A3.

The X-ray structure analysis of the crystal of com-
pound III was conducted using a standard procedure
on a Bruker APEX Duo automated four-circle diffrac-
tometer with a two-coordinate CCD detector (MoK,
A = 0.71073 A, graphite monochromator). The main
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crystallographic data and refinement details are pre-
sented in Table 2. The data were processed using the
APEX 2 program package [18]. An absorption correc-
tion was applied empirically from equivalent reflection
intensities (SADABS). The structure was solved by a
direct method and refined by full-matrix least squares
for F? in the anisotropic approximation for all non-
hydrogen atoms using the SHELXTL program pack-
age [18, 19] and the OLEX2 graphical shell [20]. The
hydrogen atoms of 2-methyl-1,2,4-triazolo[1,5-
albenzimidazole were specified geometrically and
refined by the riding model. The hydrogen atoms of
the water molecules were localized from the difference
Fourier synthesis and refined in the isotropic approx-
imation with the fixed values U;,(H) = 1.5U,,(O). The
coordinates of atoms and thermal parameters were
deposited with the Cambridge Crystallographic Data
Centre (CIF file CCDC no. 1857220; http://www
ccdc.cam.ac.uk/data_request/cif).

IR absorption spectra were recorded on Scimitar
FTS 2000 and Vertex 80 spectrometers in a range of
4000—100 cm~'. The samples were prepared as sus-
pensions in Nujol, fluorinated oil, and polyethylene.
Diffuse reflectance (DR) spectra were recorded on a
UV-3101 PC scanning spectrometer (Shimadzu) at
room temperature.

The magnetic properties of polycrystalline samples
were studied on an MPMS-XL SQUID magnetometer
(Quantum Design) in a temperature range of 2—300 K
and a magnetic field of 5 kOe. Diamagnetic correc-
tions were applied according to Pascal’s additive
scheme to calculate the paramagnetic component of
the molar magnetic susceptibility (y). The effective
magnetic moment (W) in the paramagnetic region
was determined by the equation

3k
“’eff = [
NAHZB

where k is the Boltzmann constant, N, is Avogadro
number, and ug is Bohr magneton.

1/2
XTJ = @),

RESULTS AND DISCUSSION
Complexes I-IV were isolated from aqueous-etha-
nol solutions at different M : L ratios (depending on
the metal and anion). The iron(II) compounds were
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Table 2. Main crystallographic experimental data for the structure of compound III

Parameter Value
Fw 518.36
a, A 22.411(10)
b, A 7.0325(3)
c, A 14.7646(8)
B, deg 104.611(2)
Space group C2/c
VA 4
Crystal size, mm 0.32 x 0.16 x 0.10
v, A3 2251.7(2)
Pealed> &/cm’ 1.529
u, mm~! 0.903
Number of measured/ 7417/2907
independent reflections
Number of refined parameters 157
Rt/ Rs 0.0234/0.0309
GOOF 1.079
R, /wR, for I > 26(1) 0.0362/0.0794
R,/wR, for all data 0.0486/0.0856
Residual electron density (min/max), e A3 —0.30/0.54

obtained in the presence of ascorbic acid as a reducing
and a weakly acidifying agent.

According to the X-ray structure analysis data,
the iron(II) ion in the molecular complex
[FeL,(NCS),(H,0),] (Fig. 1) is located in the inver-
sion center. The coordination mode FeN,O, with the
geometry of a weakly distorted octahedron is formed
by the nitrogen atoms of two pyrazole ligands (N(11)
and N(1) of the pyrazole cycle according to the
IUPAC numeration), the N(1) nitrogen atoms of the
thiocyanate ions, and two O(1) oxygen atoms of the
water molecules. According to the symmetry, all
ligands of the same type exist in the trans positions.
Selected bond lengths and bond angles in the structure
of compound III and a comparison of them with the
CCDC data [21] are presented in Table 3. The average
values and standard deviations of the bond lengths are
given to search for the Fe(II) complexes with the pyr-
azole-containing ligands (Fe—N(L)), the Fe(1I) com-
pounds with NCS and the coordinated nitrogen atom
(Fe—N(NCS)), and the Fe(IT) complexes with the
aqua ligands (Fe—0). The Fe—O distance in complex
III is typical of the Fe(II) complexes with the aqua
ligands. The Fe—N(INCS) distance is a slightly longer
than the distances known at the moment. The Fe—
N(L) distance falls onto the second maximum of the
bimodal distribution indicating the high-spin state of
Fe(II) in complex II1. The geometric characteristics of
ligand L are close to those determined earlier for the
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complexes with other central atoms [22]. The elonga-
tion of the atomic shift ellipsoid for the nitrogen atom
of the amino group indicates the absence of a com-
plete conjugation with the aromatic system, which is
characteristic of other studied structures with similar
fragments [22] and is confirmed by the quantum
chemical calculations [23]. The conformation of
ligand L in complex III is stabilized by the intramolec-
ular hydrogen bond between the amino group and car-
boxylic oxygen atom (Fig. 2a).

The structure of compound III contains chains
formed by the hydrogen bonds between the carboxylic
oxygen atom and hydrogen atoms of the amino group
and pyrazole ring arranged along the crystallographic
direction b (Fig. 2a). A strong intermolecular interac-
tion can be assumed between the amino groups of one
chain and carboxyl groups of another chain leading to
the formation of layers parallel to the ab plane consist-
ing of the hydrogen-bonded chains (Fig. 2b). The
shortest distances between the non-hydrogen atoms of
two adjacent molecules 4 and B from the same layer
are C(144)—N(13B) 3.459(4) and O(124)—N(13B)
3.574(3) A (Fig. 2¢). A similar interaction between the
molecules from different layers are less favorable, most
likely, because of approaching two amino groups
and two carboxyl groups: N(134)—N(13B) 4.111(4),
O(124)—0(12B) 3.838(3), and O(124)—C(14B)
3.793(3) A (Fig. 2d).
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The vibrational frequencies and their assignment
for the functional groups of ligand L and complexes I—
IV are presented in Table 4. The high-frequency range
of the IR spectrum of L contains the narrow v(NH,)
band at 3480 cm~! and also a broad structured band in
a range of 3300—2400 cm™! indicating the presence of
hydrogen bonds, whose formation can involve the
NH, NH,, and C=0 groups. In the spectra of all com-
plexes, the v(NH) bands undergo a high-frequency
shift compared to their positions in the spectrum of
ligand L, most likely, due to a change in the character
of the hydrogen bonds upon complex formation. The
v(C=0) bands also shift to the high-energy range
indicating no coordination of the C=0 groups to the
metal ion. The character of the spectra in the range of
ring vibrations and the appearance of the bands in the
low-frequency range, which were absent from the
spectrum of ligand L (Table 4), which can be assigned
to v(M—N), indicate the coordination of the nitrogen
atoms of the pyrazole ring to the metal. In the IR spec-

trum of complex II, the v(N(CN),) bands of the
anions shift to both the low- and high-frequency
ranges indicating that this anion enters into the com-
position of the coordination mode of the Fe?" ion. The
IR spectrum of complex III exhibits the splitting and
noticeable shift of the v(NCS™) band to the range of
high energies compared to the spectrum of salt KNCS
[24]. This indicates the coordination of the thiocya-
nate ion to Fe?", which is consistent with the X-ray
structure analysis data.

The bands at 173 and 145 cm™! assigned to the
v(M—Cl) and v(M—Br) vibrations, respectively, are
observed in the low-frequency spectral ranges of com-
plexes I and IV. The positions of these bands assume
the bridging coordination mode of the halide ions to
the metal ions and the formation of chain polynuclear
compounds I and IV. This is indicated by a substantial
shift of the v(M—Cl) and v(M—Br) bands in the IR
spectra of compounds I and IV in a range of 600—
100 cm™! to the range of low energies compared to
their positions in the spectra of the complexes con-
taining coordinated terminal halide ions.

The DR spectra of iron(II) complexes I—III
exhibit the bands that can be assigned to the d—d tran-

Fig. 1. Structure of the [FeL,(H,0),(NCS),] complex.
Atomic shift ellipsoids are presented for 50% probability.

sition 3T, — °E in a weak distorted octahedral ligand
field (Table 5). The positions of maxima of these
bands at 10638 (I), 11669 (II), and 11933 cm~' (III)
agree with the published data for the high-spin octa-
hedral iron(IT) complexes with the nitrogen-contain-
ing ligands [3, 25]. Our data obtained earlier for the
M(I) complexes with L (including the X-ray struc-
ture analysis data [16]), the determination of the crys-
tal structure of complex III in this work, and the pres-
ent analysis of the IR spectra of complexes I-1V indi-
cate the monodentate coordination mode of L in all
compounds. The coordination modes in compounds
I, II, and IV are supplemented to octahedral ones due

to the bridging function of the CI-, N(CN),, and Br~
ions, respectively.

An analysis of the spectra of NaN(CN), and com-
plex II and a comparison with the literature data for
the complexes with the nitrogen-containing ligands
and dicyanamide ions in which the anion is coordi-

Table 3. Selected bond lengths and bond angles in the structure of compound III compared with the published data [21]

Distributions in CCDC
Bond length/angle 4, A/ ®, deg (number of correspondences in braces)

Fe—N(L) 2.151(2) 1.98(3) and 2.18(4) {603}
Fe—N(NCS) 2.140(2) 1.90—2.12 {3}
Fe—O 2.142(2) 2.11(6) {267}
N(L)FeN(NCS) 90.33(6)/89.67(6)
N(L)FeO 92.47(6)/87.53(6)
N(NCS)FeO 92.20(7)/87.80(7)
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Fig. 2. (a) Hydrogen-bonded chains along the b axis and the differences in intermolecular contacts between the organic ligands
from different chains: (b) the view along the hydrogen-bonded chains, (c) the —=NH,...—COO-— contacts between the chain from
the same “layer,” and (d) the —NH,...—NH; and —COO—...—COO- contacts between the chains from different layers.

nated to the metal via the bidentate-bridging mode
[26—29] show that the character of band shifting upon
anion coordination to the metal indicates the biden-
tate-bridging coordination mode of this anion.

The u.(7) and 1/¢(T) dependences for complex I
are presented in Fig. 3. At 300 K p.4 = 5.55 ug. With
decreasing temperature U, gradually increases to
14.15 ug at 14 K after which decreases sharply to
9.73 ug at 5 K. The 1/%(7) dependence in a tempera-
ture range of 300—50 K is described by the Curie—
Weiss law with the optimum values of the Curie (C)
and Weiss (0) constants equal to 3.51 K cm?/mol and
29.7 K, respectively. The high-temperature value of
U and the Curie constant are somewhat higher than
the theoretical spin-only values equal to 4.90 ug and
3.00 cm?/mol, respectively, for the Fe*" ion. An
increase in U with decreasing temperature and the
positive Weiss constant indicate exchange interactions
of the ferromagnetic character in compound I. A
decrease in p. at temperatures lower than 14 K can be
related to the saturation effects in the magnetic field
and/or weaker exchange interactions of the antiferro-
magnetic character.
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The p.(7) dependence for complex III is pre-
sented in Fig. 4. The value of u. at 340 K is 5.19 ug
and remains almost unchanged with decreasing tem-
perature to 290 K, after which a slight decrease (to
5.10 up) is observed at 230 K. On further cooling s
remains unchanged down to 50 K and then decreases
to 4.25 ug at 5 K. The high-temperature value of u
agrees with the theoretical spin-only value equal to
4.97 ug for one Fe?* ion with spin S = 2 at a g factor
of 2.

The p,(7) and 1/x(7) dependences for com-
plex IV are presented in Fig. 5. At 300 K u = 2.90 ug,
and with decreasing temperature U, gradually
increases to 3.27 ug at 5 K. The 1/x(7) dependence in
a range of 300—50 K is described by the Curie—Weiss
law with the optimum values of the Curie (C) and
Weiss (0) constants equal to 1.02 K cm?®/mol and
8.4 K, respectively. The high-temperature value of [
and the Curie constant are well consistent with theo-
retical spin-only values of 2.83 ugz and 1.00 cm?/mol,
respectively, for the Ni2* ion.
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Table 4. Main vibrational frequencies in the spectra of L, complexes I-IV, Na(N(CN),), and KNCS
v, cm™!
L I I III v NaN(CN), KNCS Assignment
3480 3483 3496 3491 3457 Vv(NH,)
3295 sh 3461 3376 3371 br 3424 v(NH)
3238 3355 3344 3322 sh 3353 v(OH) + v(NH)
3203 3335 3280 3211 3314 (for 3)
3049 3088 3080 3074 3079 V(CH)ing
2980 2978 2995 2997 2989 V(CH)oc 1,
2905 2925 2959 2964 2934
2861 2859 2901 2899 2857
2292 2287 Vit v, (C—N)
2237 2233 Vos(C=N)
2175 2182 v(C=N)
2106 2053 v(NCS™)
2057
1672 1694 1686 1667 1685 v(C=0)
1621 1623 1627 1628 1619 O(NH,)
1557 1571 1561 1562 1561 Riing
1521 1545 1548
1502
229 247 234,255 246 v(M—N)
173 145 v(M—Hal)
Table 5. DR spectral parameters for complexes I-IV
Compound Amax> NM Band assignment
FeL,Cl, (I) 940 3Ty = °FE
FeL,(C,N5), (IT) 857 STy - SE
[FeL,(H,0),(NCS),] (II) 838 STy - SE
NiL,Br, (IV) 722 34, = 3T, (F)
1292 3/42 N 3T2

An increase in u.(7T) with decreasing temperature
and a positive value of the Weiss constant indicate the
predomination of exchange interactions of the ferro-
magnetic character between spins of the Ni?* ions.

Thus, we synthesized and characterized a series of
new Fe(Il) and Ni(II) complexes with 3-amino-4-
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ethoxycarbonylpyrazole. The exchange interactions of
the antiferromagnetic character are observed in com-
plex III between the Fe?* ions, and the exchange inter-
actions of the ferromagnetic character are observed in
complexes I and IV between the Fe?' and Ni*" ions,
respectively.
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