103
"Cheju National University Journal Vol 29 (1989)

Ad el o] & (NiL*) 2 &

o
e 2949079 B3

2 el (D.) &t
%3

TN Rt

Equilibria between Low-spin State (D,,) and High-spin State (O,)
of Macrocyclic Ligand Complex lon (NiL**)

Byun Jong-chul* and Han Sung-bin**

Summary

The chemical equilibria of Ni{I)-tetraamine(tetraamine=L, 2, 12-dimethyl-3, 7, 11, 17-tetraazabicyclo-
11. 3. 1-heptadeca-1(17), 2. 11,13, 15-pentaene) complex ion in water, acetonitrile, acetone and
nitromethane were investigated using spectrophotometric method, respectively. The equilibria between
low—spin(Dm) and high-spin(Oh) structures of Ni-tetraamine complex ion were presented in water,
acetonitrile and acetone, but not in nitromethane.

The equilibrium constants, the reaction enthalpies and the reaction entropies were determined from
analysis of the temperature dependence of the electronic spectra. The formation of the triplet species
(Oh) was found to be exothermic. The solvent and electrolyte effects on the equilibrium constants
could be explained by the dielectric constants of solvents and the reaction entropies.
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Fig. 1. Absorption spectra of [NICR] (CIO,), (1
X107 mol dm™) nitromethane at 25°C.
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Fig. 2. Absorption spectra of [NICR! (ClQy),
(2167 mol dm™) in acetonitrile (1) and
water (2) at 20°C and 1.0M NaClO,.
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Fig.3. Absorption spectra of [NiCR] (CIO,),

2X10° mol dm™) in water at various
concentrations of NaCIO, and 25C.
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Fig. 4. Absorption spectra of [NICR] (ClO.).(2
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various concentrations of NaClO, and
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Fig.5. Absorption spectra of [NIiCR] (CIO.). (8
X10"' mol dm™®) in acetone various
concentrations of NaClO, and 25°C.
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Table 1. Electrolyte Effect on Equilibrium Constants of Reaction (1)} in Water at 20°C. [Ni

CR] (0104)1 : 2XIO_’ mol (‘.’l’ﬂ_3

(NaClO.}, M 0.05 0.10

0.15

0. 40 0.78

K 9.31 7.95

6.61

3.15

Table 2. Electrolyte and Temperature Effects
on Equilibrium Constants in

Acstonitrile.  [NiCR] (CIO,), : 2X 10
mol dm™
T/K
| [NaCI0.) /M 283 288 293 298 303
& 04 11.94 10.68 9.86 8.93 8.17
C. 08 11.17 10.23 9.15 8.30 7.57
0.186 10.63 9.51 8.8 7.8 7.02
0.24 9.00 833 7.63 7.12 6.65
0.36 8.46 810 7.15 6.63 6.12
0.52 7.71 7.21 6.59 5.93 5.55
.80 6.88 6.35 580 530 4.89

Table 3. Electrolyte and Temperature Effects
on Eaquilibrium Constants in

Acetone. [NiCR] (CIO,),: 8X10°*

mol dm™
T/K

283 288 293 298
(NaCl0,}/M

0.02 0. 42 0.38 0.35 0.33
0. 06 0.39 0.36 0.33 0.31
0.12 0.38 0.34 0.31 0.29
0.18 0.35 0.32 0.29 0.27
0.24 0.35 0.32 0.29 0.26
0.30 0.34 0.31 0.28 0. 26
0.36 0.33 0.30 0.28 0.25
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Eqeld o FZaA Jelgdcl g9 B4al
doncr number(o}4) & : 17, & :18, olMEUE
14D FA4F (AR 207, 5:82 o}
AEUEY :36) Zh(F, 1987)§ slmY = NiC
R* 2ol £oj¥A(S)7el FYAHE HAQ
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Qe 08
{NaCl04)/ mol gu-}
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Fig.6. Electrolyte dependency of equilibrium

constants (K) for reaction (1) in acetonitrile,
water and acetone at 20C.
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Fig.7. Temperature effects on absorption
spectrum of [NiCR] (Cl0,),(2X10° mol
dm™) in acetonitrile at 1.2M NaClO..
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Fig.8. Temperature effects on absorption
spectrum of [NiCR] (CIO,); (8% 10 mol
dm™) in acetone at 0.12M NaCiO..
(1:283, 2:288, 3:293, 4:2%8K)
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Fig.9. Plots of InK against T for INIiCR]
(Cl0,) ,—acetonitrile system at various

ionic strength.
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Table 4. Average Values of Thermodynamic
Parameters, —AH,, and AS,, for

Reaction (1)
T !
solvent |' (CH,),CN (CH,),CO
!
: &Hav/lol.]mol-: 1.26 1.32
L.Sav/JK ' mol'’ 25.01 54.90
4 g

T oMMEUEY olME 9 Y=rzoelesy
Ni{I)-tetraamine g9 Huyyg Luas
e ol#3td 24 Bysgo

Ni(I)-tetraamine #}o]-&9 vl 23 (D)
TE4 w290, F279 HYel Y 2o
BE AL B, olHMEUEY, olHE fofoy
Hebstel 2 geloll4 &2 9} (NaClO,)7t 27}
U 4% o Wee WY4LE Basac

7 gl whglgisl wigole s wE A
29 Aat avledo] oy Lo Pyg v 4
oz A}

O, T2< triplet B3] Y44, ofaxy
£ ol4E Fololy gl (H, /10]
mol™) o w3 E2 (S, /] K mol')e 237}
1.26, 1.32. =&z 2501. 54.90e]¢ic}.
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