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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
Iow—spin(D‘h) 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 equilibriumm constants
could be explained by the dielectric constants of solvents and the reaction entropies.
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22y tetraamined 24}=2 ¥ AlTHH
o) &9l iy ¥ HaolAY WA sig A
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Sulgto) 1279 eper} FUY 4 ek o
ol ate} o]F el F4 YUB= KL fold
A Y7ke Apols] &y wiAUAA FY A
7} %e] 2.3 (Mochizuki, 1984) slo] $ic}t. #
s 349 4339 4o 4rlE 5449
U el Hage] o] & FY+ =AUt &
o)&9) ol2igt FAYA AEel MAFe]l U F
4 golold Fojiasl i Aol sl A=
HssA ok azEd $oiRAsl Yol
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25w apolgnl EAYch tetraamines| AR
o Folge 444 HO9 2 AYA
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gL AUt 449 o AYEH ARy
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3.8}y tetraamine 2]7t=F e Karn and Bus-
ch(1978)o si¥] M¥ §48 L=2, 12-dimethyl-
3,7, 11, 17-tetraazabicyclo (11,3,1) heptadeca
-1(17), 2,11,13, 15-pentaene(CR)=} Ni(I) 7t
9] #o)& NiCR™ & §Wiol 213 A=
o ezi=sle] sieAgEAE dTsed 2
of S4E2 o8¢ 4 Stk o] Yol A2 o
A Adnzja§gs) Y4 X4 (Poon, 1978)
o} Zoixs) Jj% o7 (Barefield, 1986)el 7
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2, 12-dimethyl-3, 7, 11, 17-tetraazabicyclo -

(11.3.1) -heptadeca-1(17), 2,11, 13, 15~ pentae-

nenickel (1) perchlorate,(NiCR(CIO,).)¢] %4
€ oju] ¥l 2any vulel Fel(Karn and
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propylamine, acetone & AF =t HFAI%
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Yz R Wi4% (DN=2 7) (Huheey, 1983)
Asl gt 8= Yol gk mela
NICR"S] Jezofggdel e o83} NC-
R" #olgzts] 424g§ FAY 4 gong
AR T2 NCR® 2eles] R4YF4a0E
Y A% 4 Ut Fig 1904 ¢ 4 31%o] NiC-
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03t
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Wavelength/nm

650

Fig. 1. Absorption spectra of [NICR] (CIO.), (1
X10™* mol dm™) nitromethane at 25°C.
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Fig. 2. Absorption spectra of [NICR] (CIO.).
(2x10°* mol dm™) in acetonitrile (1) and
water (2) at 20°C and 1.0M NaClIO,.
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Fig.3. Absorption spectra of [NiCR] (CIO.),

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

CR] (CIO,), : 2X10* mol dm™

(NaClO,), M 0.05 0.10

0.15

0.25 0. 40 0.60 0.78

K 9.31 7.95

6.61

4.09 3.15

Table 2. Electrolyte and Temperature Effects
on Equilibrium Constants in

Acetonitrile, [NiCR] (CIO,), : 2x10°
mol dm™*

(N ag]o/x‘ I/M 283 288 293 298 303
0.04 11.94 10.68 9.8 8.93 8.17
0.08 11.17 10.23 9.15 8.30 7.57
0.16 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
0.80 6.8 6.35 58 530 489

Table 3, Electrolyte and Temperature Effects
on Equilibrium Constants in

Aocetone. [NiCR] (CIO,),: 8%x10™
mol dm™
/K 283 288 293 298
(NaClo,)/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

=27 $¢4% WYAdd dY ANy x4
x3e o aA JelgAn, Hysast 4y
$E=E InK=k (NaClO,)¥9] A2 A2 v

# stgdch ol=gt WAL ARNAY FEs Fo
U45 NCR* olest A#3, &g HAR
#}ole] el¥o} F7lsled NiCR* ato) 2 §ofs}
9 Yol Anez otz wEola ¢ 4
2t

ol2| ¢ AYA=AE ol43lH binding forcer}
2g FoldMe ANYD ¥x, F cleB=E
A28 =AY o ¢4 AAYEFS F429
2L ¢ 4 dde A% ¢ 4 Uk = Fig
Bell Al & 4 AXel ()8 HY4sol Y
A FEdYL olMZo| vt ofiE
EqdoA o Z3A depsch. S99 F4<)
donor number(°}ME :17, F:18 c°lMEVE
H:14 D8 $HA(PME:20.7, F:82 o}
AEYER :36) 3(F, 1987+ vlag of NiC
R* 2tol&3} £ol¥A(S)7Hs) AgAL A

2k
o an I
o 0 TCH
® Acetons x |
e !
3z CE
b {NaClOg]T
1CH Nd

g
2

55 8 8

L

| PP

Qa2

3z 05 of:}
[NaC104]/ mol -3

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 [NICRY] (CIO.),(2X10™ mol
dm™) in acetonitrile at 1.2M NaCIO,.
(1:283, 2:288, 3:293, 4:298,

5 : 303K)

08

o
o

Absorbance

450 550 650 7<0
Wavelength/nm

Fig.8. Temperature effects on absorption
spectrum of [NICR] (CIO,),(8X10™ mol
dm™) in acetone at 0.12M NaCIO,.
(1:283, 2:288 3:293, 4:238K)

2, NiCR* Zol&s] 431744l 398nmol4 &
=(10-300) e e FFE9) WH2 ¥ 23
%ich. NiCR* #ol&-¢ g4 0.1M NaClO, &
Aol A L WA HEA & FiamMey
+ Fig. 731 84 Jeldigicl o] F42aduygg
29 640nm ¥eodM FEFHE el 25
% 7tell a2} NiCR*™ ao|9] 3= (1 =398nm)
€ F718 A NiCRS," Aoles] FRE(41=
720nm)€ 2395t Fig.9, 104 2 oldx
e, ofME fAddN HYASo L uAE=
ANASY ol ARl 2F 5% F UF
#a ok FYY K7b Y844 godd InKvs.
T'el4] Fig.9, 103 F& AYHAE 4% 4
flene ARWHAFe XA=R(F, 1987), 398
nmeld FARAMFS FFATFE FART ¢
€ Table 1,2,39) K+ A8¢ ozt ¢ 4 9l
c}.

[NaClO.1=0.04M

i

2.3
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19

1
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150 . "
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Fig.9. Plots of InK against T"' for [NiCR]
(C10,) ;—acetonitrile system at various
ionic strength.
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(NaClO,] =002M

1
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1
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34 35
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Fig.10. Plots of InK against T for [NiCR]-
(ClO,),~acetone system at various ionic

strength.

Y 24 gl T A e
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o] 27| o Eole} ¥ 4 Slch Table 44 4%
¥ AU (AH)S 27l olME, oHEY
Eggdod As) uxdinz 5 FodM K3t
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4 A (k3 #, 1987). ¥4 Z AL F=
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9 W golsd ¢ 4 Ut

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

Reaction (1)
solvent (CH,),CN (CH,),CO
AHay /10 Jmol™ 1.26 1.32
ASav/JK™ mol™ 25.01 54. 90
3 3

% oHMEUEY, AL 9 JEz g4y
Ni(I)-tetraamine 2§49 S4AY§ $A4=
P& olf3ld Ay JARAL.

Ni(I)-tetraamine e}&s] W& 2¥(D,)
T2 ¥& 2%(0) T2} HYe] Yu2o
i Ay § oAM=y, ojME §do4
vepytch, 24 §ho4 £xst (NaCiOJ7t 57
g 4% o] gs WYL Fadgc

7 SofelA fEAgss pidued: 4
9 A 2seydo] oig 228 P& ¥4

o244 AR

0, #xql triplet Sttt Y44, otdEY
Egs olME fdd4 GEARNH, /10T
mol') ¢ {4d=23(S /] K' mol')E 2%
1.26, 1.32, 23]l 25.01, 54.90°1%1c}.
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