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Abstract — Solvation and complex formation of nickel(ll) with benzoig,chlorobenzoic, ang-methoxy-

benzoic hydrazides in aqueous-dioxane media were studied. The mean coordination numbers of water and
1,4-dioxane in Ni(ll) solvation complexes, the formation constants of mono- and biscomplexes of nickel(ll) of
the listed hydrazides at dioxane contents €0.865 mole fraction, as well as the free energies of transfer of

the ligands from water to agueous-dioxane solvents were determined. An important role the basicity and sol-
vation of the ligands play in te stability of Ni(ll) complexes with benzoic hydrazides was demonstrated.

Proceeding with our studies on complex formation Here Kg is the outer-sphere contribution into the
of nickel(ll) with p-chlorobenzoic and isonicotinic spin-spin relaxation factor anck is the concentration
hydrazides in aqueous-DMSO media [1], in the preof solvent S. Therewith, the contributidfd®(c,/c,)
sent work we turned to solvation and complex formainto the factor cMsz‘Q (c4/cd,) form outer-sphere
tion of nickel(ll) with benzoic (L), p-chlorobenzoic dioxane molecules for the aqua anion Ni@-)%*
(L?), andp-methoxybenzoic (f) hydrazides in water was set equal to 207 mdlls™ (n,, 0), the factor
1,4-dioxane medium. The comparative study of(l/cMng) (cdolcgo) for Ni(do)%* (in pure dioxane), to
hydrazides £-L° was undertaken for assessment of750 motts™ (n,, 6), and the factors (&,T52°)-
the rqle of electronic factor_s in the stability of the (cy o/c% o) for Ni(HZO)é" and Ni(doﬁ* were esFt)ima-
resulting complexes, since ligand bhas in thepara 2 2 st )
position the electron-acceptor chlorine substituent€d at 1844 and 0 molls, respectively. The result-
while ligand L3, the electron-donor methoxy group, N9 data are listed in Table 1.

To assess the effect of ligand solvation in the complex , .
formation, by the solubility method we determined . NOte that throughout the entire range of composi-
the free energies of transfer of ligand5and L from tion of the binary solvent the sum of the mean co-

water to aqueous-dioxane solvents. ordination numbers of water and dioxamg,  + Ny)
Resolvation processeslhe method for determina- 7
tion of mean coordination numbers in nickel(ll) solva- >0 1 1800~
tion complexes, proposed in [1], is also valid for & 00°%00 _0C00C%00 4 s
dioxane media. Actually, the symmetry of the coor-== | o 1700 ¢&
dination polyhedron Ni@ in all the complexes > _ *1600 <
remains unchanged and, consequently, the protor spin= '» 100 ° 5000;8
spin relaxation time for each solvent (S) in the inner= ; i 1 3
coordination sphere of any solvation complé) ==& S e 1400=
can be taken constant. Figure 1 shows the dependencés 8 500 o  S&
of the parameters (&4 T35,) (c/c9) on the composition < 2 [°00%
of the solvent in the system Ni(HH,O-dioxane (do). 0 RN T fozc?oé
From these dependences by the procedure in [1] we
estimated by Eq. (1) mean coordination numbers for Cdor VOI %

both components of the solvennd]. Fig. 1. Dependences of reduced spin-spin relaxation

= - factors @) (LieyT5zC) (ch, o/ o) and @) (LcyTH9).
_kS, N _ksS_,n 12 . p
1 =K5+ —Cg —Tls =Kg + % const. (1) (cqdcYo) on the composition of the solvent in the system
2M Ni(Il) -H,O-dioxane.cyj2+ 2x 102 M, 298 K (300 MHz).
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Fig. 2. Dependences of the extinction factors of solutions
(e) on pH in the system Ni(lhp-methoxybenzoic hyd- Fig. 3. Dependences of the extinction factors of solutions
razide (L3)—H20—dioxane (80 vol %, 0.45 mole fraction). (e) on pH in the systems Ni(lBHNO3-H,O-dioxane
cnizt 5.00x102 M; ¢35 M: (1) 5.50x1072 and [(2) 80 and ) 90 vol %]. cyj2+ 5.03x 102 M, 2 600 nm,
(2) 0.120; &, nm: (1) 640 and ) 600; 298 K. 298 K.

remains invariable within 6.000.24. As judjed from -0.19+0.12 and lod3 0.57+0.07 for dioxane contents
the inconsiderable varuation in the relation factors foof 80 and 90 vol %, respectively. The fact that Ibg
water protons at the dioxane fractiogg < 80 vol% much increases when the concentration of 1,4-dioxane
(Fig. 1), the coordination sphere of the metal ion doesncreases from 80 to 90 vol % can be explained by the
not contain dioxane molecules. These results are nabnsiderable decrease in the dielectric constant of the
consistent with data in [2, 3]. Note that the fraction ofmedium [7]. As follows from the calculation results,
coordinated dioxane moleculég, = Ny/(Ny.o + Ny  the accumulation of the nitrate complexes can be
is much lower than the dioxane content of the solutiomeglected at pH > 1 and pH > 1.5 at 80 and 90 vol %
expressed in mole fractionX{,) (Table 1). This find- dioxane, respectively. Since the wate#-dioxane
ing can be explained by the lower donor number okolutions with dioxane contents &f70 vol% have
dioxane (14.8) compared with th#ulk donocity’ of  higher dielectric constants, the accumulation of ni-
pure water (33) [46]. However, when the content of ckel(ll) nitrate complexes in them under the condi-
the organic component attains 95 vol%, thg and tions of the determination of stability constants for the
X4o Values come closer together. As with aqueoushydrazide complexes can be neglected.
DMSO solutions [1], as the concentration of dioxane
is increased above 0.65 mole fraction, progressive As seen from Table 2, the hydrazides in question
cleavage of hydrogen bonds betweegOHmolecules form with nickel(ll) 1:1 and 1:2 metaligand com-
takes place, and thébulk donocity’ of water de- plexes. In the aqueous and aqueous-dioxane solvents
creases, approaching, finally, the donor number oftudied the stability constants of the mono- and bis-
molecular water (18.0). As a result, in coordinative
ability dioxane comes closer to water, a¥ig) comes Table 1. Mean coordination numbers of watew () and
closer to Xy, dioxane ;) molecules in the system nickel(Hyater-
1,4-dioxane byH NMR data (298 K)

Complex-formation equilibria. The dependences
of the extinction factorse) on pH for the systems Dioxane Dioxane 4| TNad
nickel(ll)-hydrazide ~(2-L3-water-1,4-dioxane at content, | content, mole Mo | Nao "H,0 (Ny,0+
high dioxane contents (80 or 90 vol%) are curves vol% | fraction (Xy) Ndo Nyo)
with a minimum (Fig. 2). The increase mwith in-
creasing acidity of the medium to pH < 1 may imply 50 0.17 6.00| 0 6.00 | O
formation of nickel(ll) complexes with nitrate ion. To 60 0.23 6.00| O 6.00 | O
check this assumption, we obtained dependences of 70 0.32 6.00| 0 6.00 | O
on the concentration of nitric acid in the aquoeus-di- 80 0.45 5.90| 0.34| 6.24 | 0.05
oxane solutions of nickel(ll) with dioxane contents of 85 0.55 5.31| 0.46| 5.77 | 0.08
80 and 90 vol% (Fig. 3). Both dependences are fairly 90 0.65 356|221| 577 | 0.38
modeled by a single equilibrium of formation of the 95 0.81 151| 4.71| 6.22 | 0.76

complex Ni(NQ)* with the stability constants lofy
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Table 2. Formation constants (lo§+0.10) of nickel(ll) complexes with benzoic 1), p-chlorobenzoic (B), and
p-methoxybenzoic (B) in aqueous-dioxane media (298 K)

Content of 1,4-dioxane, mole fraction
Equilibrium

0 0.05 | 008 | 012 | 017 | 023 | 032 | 0.45 | 0.65
NiZ* + LI = NiLH?*| 3.00 2.76 2.95 2.96 2.99 3.09 3.12 | 3.68
Ni2* + 2L &= Ni(LYh3* | 5.23 | 4.59 5.00 5.49 5.39 5.42 5.54 | 6.61
Ni?* + L2 = Ni(L»?* 2.57 2.76 2.77 2.84 2.93 3.02 | 3.43
Ni2* + 212 == Ni(L?)3" 4.61 4.95 4.99 5.03 514 | 6.32
NiZ* + L3 = Ni(L®?*| 3.09 2.91 2.99 2.96 3.14 3.17 3.33 3.31 | 3.82
Ni2* + 213 &= Ni(L33" | 5.40 5.12 5.28 5.36 5.63 5.76 5.83 6.21 | 7.12

Table 3. Step stability constants of nickel(ll) complexes with benzoi&)(lp-chlorobenzoic (£), andp-methoxybenzoic
(L) hydrazides in aqueous-dioxane media (298 K) (charges are omitted)

Content of 1,4-dioxane, mole fraction
Ligand Constant

0 0.05 0.08 0.12 0.17 0.23 0.32 0.45 | 0.65

L! log B'Ni(Ll) 6.49 6.06 6.00 5.88 5.68 5.57 5.26 | 5.20
log KNi(Ll) 3.00 2.76 2.95 2.96 2.96 3.09 3.12 | 3.68

log KNi(Ll)z 2.23 1.83 2.05 2.44 2.43 2.33 242 | 2.93

log (KNi(Ll)/KNi(Ll)Z) 0.77 0.93 0.90 0.52 0.59 0.76 0.70 | 0.75

L2 log B'Ni(LZ) 5.87 5.81 5.69 5.56 541 5.16 | 4.95
log KNi(LZ) 2.57 2.76 2.77 2.84 2.93 3.02 | 3.43

log K,\“(Lz)2 1.85 2.18 2.15 2.10 212 | 2.89

log (KNi(LZ)/KNi(LZ)Z) 0.91 0.59 0.69 0.83 0.90 | 0.54

L3 log B'Ni(L?') 6.58 6.21 6.19 6.01 6.06 5.89 5.72 5.45 | 5.34
log KNi(L3) 3.09 291 2.99 2.96 3.14 3.17 3.24 3.31 | 3.82

log KNi(L3)2 2.31 2.21 2.29 2.40 2.49 2.59 2.50 2.90 | 3.30

log (KNi(L3)/KNi(L3)2) 0.78 0.70 0.70 0.56 0.65 0.58 0.74 0.41 | 0.52

complexes vary in the same ligand ordér4.L* < L3  tion of L) do not remain constant with no one of the
as their acid dissociation constantsKfp [8]. This ligands (Table 3). This may point to an important role
finding points to an important role the basicity of theof ligand solvation in the complex formation.

ligands (electronic factor) plays in the stability of the

hydrazide complexes. The fact that the formation ITO _estlmatehthe COﬂtII’IbU]EIOHS Qf ligand land L
constants of the complex Nif)?* increases with solvation in the complex-formation processes, we

increasing dioxane content can not be explained isf{stlmated, from the solubilitiles of the ligands, the

T free energies of transfer of their molecular forms
E%;nsisz metal dehydration in the course of reac[AG}\,(L')] from water to agueous-dioxane media. The

calculations were performed as described in [9] with

[NI(HZO)G]%+ + L'S = [NI(HZO)B—m(L')]%+ use Of Eq (4)

+ mH,0, 2) AGL (L) = -2.30RTog (cdc,)
|Og B"\“(L')2+ = |Og BNi(L')2+ + mlog [Hzo] (3) + 2303?1109 {([H 20] + [S])/5556} (4)
Here L is the common label for ligands™LL>, Herec, andcg are the solubilities of hydrazides in

Actually, with variation in the composition of the aqueous and aqueous-organic solvents, respectively,
solvent, logBy 2+ at m = 2 (for bidentate coordina- [H,O] and [S] are the concentrations of water and
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Table 4. Solubilities €5, M) and free energies of transfeA®;, kJ/mol) of benzoic (E) and p-methoxybenzoic (B
hydrazides in aquoeus-dioxane media (298 K)

Content of 1,4-dioxane, mole fraction
Parameter
0 0.05 0.08 0.12 0.17 0.23 0.32 0.45 0.65 1.00
Cs (Ll) 0.2132| 0.2262 0.2678 0.2864 0.2898| 0.2961| 0.3192| 0.3213 0.3360 0.2898
Cs (L3) 0.0707 | 0.4130 0.5932 1.018§ 1.0513 1.0762 1.3505 1.4490 1.2993 0.7297
AG}\,(Ll) 0 -0.5 -1.2 -1.6 -1.9 -2.3 -2.9 -3.4 4.2 -4.6
AG}\,(L3) 0 4.2 -5.9 -7.5 -7.9 -8.3 -9.2 -9.9 -10.3 -9.7

dioxane (M). The calculatetunitary” AG§(L") values

are listed in Table 4.

As seen from Table 4, as the content of dioxane

EXPERIMENTAL

in complete agreement with the weak coordinating
ability of 1,4-dioxane.

increases, the free energies of ligand tranafB (L")

decrease, indicating stabilization of. Therewith, the Nickel(ll) nitrate of analytical grade was used. The
AGy (L") values for L are much lower than forLover hydrazides were synthesized by a standard procedure
the entire range of compositions, probably due t¢11] with subsequent recrystallization from water and
additional hydrophobic interaction between the {CH ethanol and drying at 6C. 1,4-Dioxane was purified
group of ligand I and the four hydrophobic CH by the procedure described in [12]. pH measurements
groups of dioxane, which does not hinder interactionere performed on a pH-673M instrument. The glass
of the dioxane oxygens with water molecules.electrode was preliminarily calibrated for every con-
However, such hydrophobic interaction of the ligandcentration of dioxane [13]. Required pH values were
L remote from the coordinating hydrazide fragmeniset up by means of titrated solutions of nitric acid.
may also involve the Iigand"Lbound with nickel(ll). The optical densities were measured on an SF-46
Therefore, the additional stabilization of* Lwith spectrophotometer to an accuracydfo. The proton
respect to £ should not substantially affect variations spin-spin relaxation timesT§) for H,0 and dioxane

in log Byyz+ for L3, produced by increasing contentwere determined from the NMR spectra measured on
of dioxane, compared with'L This is indeed the case a Varian Unity-300 spectrometer (300 MHz) by the
(Table 3). Similarly we can assume that differenthalf-widths-at-half-heights of the corresponding
solvation in the periphery of ligands'land L* will  signals pv,,, = (xT,)™] to an accuracy of &%. The

not appreciably affect their complex-forming ability. compositions and stability constants of the complexes
Consequently, the decrease/A} (L") is the primary were calculated by the CPESSP program [14] from
reason for the deacrese in 18g;, 2+ with increasing the pH dependences of the extinction factors of the
dioxane content for all the three ligands (Table 3)solutions £) at various metal-to-ligand ratios. The con-
Thus, the peaked shapes of the dependences sthnts of acid dissociation of protonated forms of the
log By y2+ on dioxane content (Table 2) are explainechydrazides () in aqueous and agueous-dioxane
by the opposition of two tendencies: (1) decrease imedia, required for calculation of the complex-forma-
the stability constant of Ni()** as the result of de- tion parameters, were taken from [8] (parenthesized
crease in the free energies of transfer afAG\(L)  are the mole fractions of dioxane)*13.27 (0), 2.84
(stabilization of L); (2) increase in the stability con- (0.05), 2.84 (0.12), 2.80 (0.17), 2.89 (0.23), 2.89
stant due to dilution. (0.32), 2.99 (0.45), and 3.31 (0.65)%13.03 (0), 2.78

, - .05), 2.67 (0.12), 2. A7), 2.7 .23), 2.73
Comparison of the step stability constantsgg_gggl 2.861 (0(215),)and %?9&&0(0.6)5)?:L3.037(?O),3%%.08

log Kyiyz- of the complexes (Table 3) shows that the o) 3,01 (0.12), 2.99 (0.17), 2.99 (0.23), 3.09
ratio log Ky yz/Kyjyz+) is almost independent on (0.32), 3.22 (0.45), and 3.42 (0.65).

the composition 01g the medium is close to the
statistically expected value for binding of bidentate REFERENCES

ligands in the absence of steric effects (0.68 [10]).

This circumstance allows us to neglect the steric re-1. Bychkova, T.l., Shtyrlin, V.G., Sadykova, E.R., and
pulsion between two ligands kBnd dioxane molecules Zakharov, A.V., Zh. Neorg. Khim.,2000, vol. 45,
in the coordination sphere of nickel(ll). The latter is no. 3, pp. 401406.
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