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Summary. The solvatochromic and thermochromic behaviour of a series of mixed Ni(II) complexes 
with unsubstituted and substituted [3-diketones and diamines in the solvents 1,2-dichloroethane (DCE), 
acetonitrile (An), acetone (AC), n-butanol (n-BuOH), formamide (FA), N,N-dimethylformamide 
(DMF), dimethylsulfoxide (DMSO) and pyridine (PY) has been studied and characterized on the 
basis of electronic spectra. Spectrophotometric methods have been used to evaluate equilibrium 
constants and their enthalpic and entropic terms for the formation of Ni([J-dik)(diarn)L + and 
Ni(~-dik)(diam)L +. Increasing donor strength of the donor-solvents (L) and (or) increasing elec- 
tronwithdrawing parameters of the substituents at the [3-diketone and the diamine ligands lead to 
increasing formation constants, paralleled by relative increase in the stability of the five-coordinated 
species Ni(f3-dik)(diam)L +. The results are discussed in terms of the extended donor-acceptor concept. 
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Spektroskopische und thermodynamische Untersuchungen an solvatochromen Nickel(II)-Komplexen 

Zusammenfassung. Das solvatochrome und thermochrome Verhalten einer Serie gemischter Ni(II)- 
Komplexe mit unsubstituierten und substituierten [3-Diketonen und Diaminen wurde in den L6- 
sungsmitteln 1,2-Dichlorethan (DCE), Acetonitril (An), Aceton (AC), n-Butanol (n-BuOH), Formamid 
(FA), N,N-Dimethylformamid (DMF), Dimethylsulfoxid (DMSO) und Pyridin (PY) untersucht und 
charakterisiert. Spektrophotometrische Methoden wurden verwendet, um Gleichgewichtskonstanten 
sowie enthalpische und entropische Anteile bei der Bildung von Ni(~3-dik)(diam)L + und von 
Ni(~-dik)(diam)L~- zu bestimmen. Zunehmende Donorst/irke des L6sungsmittels (L) und (oder) 
zunehmende elektronenziehende Eigenschaften der Substituenten am ~-Diketonat- bzw. am Diamin- 
Liganden ftihren zu einer Stabilisierung des ftinffach koordinierten Komplexes Ni(~-dik)(diam)L + . 
Die Ergebnisse werden auf der Basis des erweiterten Donor-Acceptor-Konzeptes diskutiert. 

Introduction 

Mixed Ni(II) complexes with a 13-diketone and a diamine are known to exhibit 
solvatochromism and thermochromism [ 1 -  13]. The former can be described as 
being due to complex formation of donor-solvent molecules (L) with the Ni(II)- 
coordination center according to the equation: 

** On leave of absence from the Faculty of Education, Ain Schams University, Roxy, Cairo, Egypt 
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[Ni(~3-dik)(diam)] + + 2 L,~- [-Ni(~-dik)(diam)L2] +. 
square planar octahedral 
diamagnetic pararnagnetic 
red blue or green 

In s t rong d o n o r  solvents such as D M S O  or  D M F  as well as at low t empera tu re  
the solut ion is blue or  green, whereas  in weak  coord ina t ing  solvents such as D C E  
or  N E  as well as at high t empera tu re  the solut ion is red. In  solvents o f  m e d i u m  
d o n o r  number s  such as a lcohol  or  ace tone  the two species coexist  with in te rmedia te  
colors  [1, 9]. In this pape r  a more  detai led s tudy is p rov ided  including solvent  and  
subst i tuent-effects  [1, 10, 12] b o t h  at  the [3-diketonate and at  the d iamine  ligands. 

Experimental Part 

Chemicals were obtained from Merck and Rathburn Chemicals. Mixed Ni(II) complexes with the 
13-diketones: acetylacetonate (acac), benzoylacetonate (bzac), dibenzoylmethane (dbm), dipivaloyl- 
methanate (dtprn) and trifluoroacetonate (tfac) and the diamines: N,N,N',N'-tetramethylethylendi- 
amine ( tmen), N,N,N'-tri-methylethylendiamine ( Me3en), N,N,N',N'-tetraethylethylendiamine (teen), 
N,N,N'-triethylethylendiamine (Et3en), 1,2-dipiperidinoethane (dipe) and N-methyl-l,4-diacacyclo- 
heptane (medach) have kindly been provided by Prof. Fukuda. The investigated complexes are listed 
in Table 1. 

Solvents have been purified according to standard procedures [14, 15]. Acetone (Ac) was heated 
with KMnO4, refluxed over anhydrous CaSO4, and finally distilled. Pyridine (PY) was purified by 
heating under reflux over potassium hydroxide pellets and then distilled with careful exclusion of 
moisture. 1,2-Dichloroethane (DCE) and Nitroethane (NE) were distilled twice, dried over 3A mo- 
lecular sieve and finally distilled using a 1 000 mm Vigreoux-column. The water content of the used 
solvents was found (except the ketones) to be below 30 mg/1 by means of Karl-Fischer titration. 
Acetonitrile (An), n-butanol (n-BuOH), N,N-dimethylformamide (DMF), dimethylsulfoxide (DMSO) 
and formamide (FA) were of spectral grade. 

Visible spectra were obtained by means of a Tracor Northren TN-1170 spectralphotometer from 
Photo-Applied Physics Corporation and a Hitachi U-2000 Spectrophotometer using a cell with a 
pathlength of 3 cm, thermostated by means of a Haake F4-Thermostat. The temperature within the 
cell was measured before and after recording the spectra. 

To a 3.10 .3 molar stock solution of the Ni-complexes in the solvents DCE or NE the donor- 
solvent (when necessary diluted with DCE or ArE) was added in a titration procedure. Up to ten 
recorded spectra were stored in a multichannel memory unit. The obtained spectral titration curves 
were fitted by means of a combined Marquardt Newton method [16] to evaluate/£1 and K 2 (see 
below) as well as aNiL. 

Results and Discussion 

The  present  invest igat ion is based on  the differences in spectral  proper t ies  o f  the 
square -p lanar  and  the oc tahedra l  species. In the weak  donor -so lven ts  DCE, and  
N E  the complexes  show a s t rong band  near  490 n m  assigned to a 1A2g ~ 1A 1 g (i.e. 
dx2_y2 +-- dxy ) t rans i t ion o f  a square  p lanar  Ni(I I )  complex  [ -17-  19]. In s t rong 
d o n o r  solvents two abso rp t ion  bands  appea r  namely  near  1 000 nm and  near  615 n m  
(Fig. 1) indicat ing an oc tahedra l ly  su r rounded  N i - c o o r d i n a t i o n  center.  These  bands  
can be assigned to a 3T2g ~ 3A2g t rans i t ion  (cor responding  direct ly to A0) and  to 
a 3T~g(F) ~- 3A2g t ransi t ion,  respectively. The  shoulder  near  4 5 0 n m  m a y  be as- 
sociated to the 1T2g(P ) .-- 3Alg t ransi t ion.  In DCE-solutions the spectra  o f  the 
complexes  are similar to those in the solid state. The  small abso rp t ion  band  observed  
for  the oc tahedra l  complexes  at 800 nm m a y  be assigned to a lEg ~ 1A2g transi t ion.  
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Table 1. Position of substituents at the ligands in the investigated mixed Ni(II) complexes 
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R4 

No. Complex Mol. weight R1 R2 R3 R4 R5 R6 

1 Ni(acac)(tmen)B~4 594.28 Me Me Me Me Me Me 
2 Ni(bzac)(tmen)B~4 655.33 Me Me Me Me Me 
3 Ni(dbm)(tmen)Bq~4 717.40 Me Me Me Me @ O~ 

4 Ni(tfac)(tmen)B@4 648.25 Me Me Me Me Me CF 3 
5 Ni(dipm)(tmen)B~ 4 678.44 Me Me Me Me t-Bu t-Bu 

6 Ni(acac)(MeBen)B~ 4 580.25 Me Me Me H Me Me 
7 Ni(acac)(teen)Bq~4 650.39 Et Et Et Et Me Me 
8 Ni(acac)(Et3en)Brb4 622.33 Et Et Et H Me Me 

9 Ni(acac)(dipe)Bq~4 674.41 (CH2)5 a (CH2)5 a Me Me 
10 Ni(acae)(medach)Brb 4 590.25 Me (CH2)2 a H Me Me 

a Bridging substituent 

The d -  d band positions and the corresponding molar absorptions are shifted 
by change of the solvent as well as by change in substituents either at the 13- 
diketonate or at the diamine ligand (see Table 2). 

Fig. 2 shows an example of the spectra obtained in the course of the titration 
procedure of Ni(acac)(dipe)BO94. The absorption value found at the maximum of 
the absorption band of the square planar species decreases on addition of donor- 
solvents and this has been used to evaluate the respective equilibrium constants. 
The isosbestic point near 600 nm holds for all substances and for all solvent-ligands 
investigated. On the other hand the isosbestic point near 450 nm vanishes for some 
of  the substituents, especially when N E  was used as solvent (Fig. 2). This fact as 
well as least-square evaluation of the titration curves show that the coordination 
of donor solvent molecules proceeds via a two-step process involving a five-co- 
ordinated species, 

K1 
[Ni(~J-dik)(diam)] + + L ~ [Ni(~J-dik)(diam)~L + 

and 

K2 

[Ni(13-dik)(diam)J L + + L ~ ENi(13-dik)(diam)J L + . 

The resulting equilibrium constants/£1 and K2 are listed in Table 3. 
The five coordinated intermediate appears to be more stable in N E  than in 

D C E  indicating a weak coordination of N E  towards the coordinating center. The 
five coordinated intermediate is further stabilized by increasing donor-strength of 
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Fig. 1. UV-visible spectrum of Ni(acac)(diam)B~4 in different solvents at 25°C 
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L, as seen from the increase in the ratio K~/K2. This ratio is also increased by 
decreasing donor strength of the diamine and the 13-diketonate ligands, due to 
electron withdrawing substituents (see for example tfac-complexes). 

The UV-visible spectra of Ni(acac)(tmen)Bq)4 in DCE, n-BuOH, AC, An and 
D M F  (Fig. 1) reveal that the concentration of the octahedral species increases in 
the order 

A C < BuOH < An < P Y < FA < D M F  < D M S O .  

In the same order K1,/<2 and [3 are increased (Table 2). With the exception of An 
and P Y  this series is in agreement with the donor number. The greater K-values 
in An may be due to the soft properties of An and hence to the development of re- 
interactions. This interpretation is in agreement with the special differences of 
copper, and nickel complex in An, as Cu 2 + is softer than Ni 2 +. In pyridine/<1 and 
/<2 values are lower than expected. Indeed, pyridine appears to be a weaker donor 
to various metal ions than would be expected on the basis of donor number [21, 
22]. The heats and entropies of transfer of Cu(I) show the same trends for P Y  and 
for An [23]. 

According to the absorption bands of the octahedral species in the region 
between 570 to 670 nm the influence of the diketonate substituents is less pronounced 
than that of the diamine-substituents. 

The effect of the substituents of the 13-diketonate becomes obvious to the naked 
eye when the complexes are dissolved in pure A C  or in n-BuOH. The colour changes 
from blue for solutions of the Ni(tfac)(tmen) + complex to red for the 
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Fig. 2. Spectra of a 2.286 x 10 3 molar Ni(acac)(dipe)B~4 solution in DCE with increasing concen- 
trations of DMFat 25°C in DCE. (DMFconcentrations in mMol/1 : 1 = 0.0, 2 = 1.06, 3 = 2.08, 4 = 3.08, 
5 = 4.05, 6-- 5.00, 7-- 5.92, 8 = 6.82, 9 = 7.69, 10 = 8.544 

Ni(dpm)(tmen) + complex. The values of/<1 and/<2 and hence 13 increase in the 
order  dpm < acac < bzac <~ dbm < tfac and this is the order of the increasing 
electron-attracting and decreasing releasing effects of the groups R5 and R6, as 
shown by plott ing the logari thms of  the equilibrium constants vs. the H a m m e t t  
constants  cy (Fig. 3). The slope in the Hammet t  plots is positive, meaning that  with 
increasing electron withdrawing properties of the substituents (paralleled by de- 
creasing Lewis basicity of  the amine and diketonate ligands) the format ion  constants 
of  the five coordinated and the octahedral  species is increased [24]. The additivity 
rule holds also for changes on both  ligands [with reference to Ni(acac)(tmen) + as 
the unsubst i tu ted species]. The posit ion of  IR-absorpt ion  frequency associated with 
vc = o is linearly related to the equil ibrium constants. With increasing strength of  
the C = O  bond  (Vc=o = 1 550, 1 578, 1 585, 1 591 and 1 606cm -1 measured at the 
solid tmen-complexes with dipm, acac, bzac, dbm, and tfac, respectively, i.e. with 
increasing electron-attracting properties of  the f3-diketonate) the developing oc- 
tahedral  complex is favoured (Fig. 4). The N i - O  bond  strength decreases in the 
same order. Like in the case of  the copper  chelates [25] this sequence is related to 
the order  of  decreasing electron withdrawing or increasing electron releasing prop- 
erties of  the substi tuent groups in the 13-diketonate ions (with the exception of 
dipm). These findings are in agreement with the predictions of  the bond-length 
variation rules [21]. 

In Fig. 5 the spectra of Ni(acac)(diam)B@4 with different substituents at the 
diamine ligands are given in acetone solution: the square planar  complex arrange- 
ment  is favoured by increasing size of  the diamine-group.  
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Fig. 3. Hammett plot for overall equilibrium constant [3= KI*K2 for different coordinating donor- 
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Fig. 5. UV-visible spectrum of different substituted Ni(acac)(diam)Bq)4 in acetone at 25°C 

The substituents at the diamino-ligands are positioned out of plane of the square- 
planar configuration [1, 9]. Fig. 1 shows that this is not reflected in the absorption 
bands in the near IR-region. In D M F  the band near 1 025 nm remains almost 
unaffected from the substituents. It can be concluded that changes of the [3-dike- 
tonate substituents influence the ligand field together with the electron-distribution. 
Change of substituents at the diamines lead to changes in the symmetry of the 
octahedral complexes. This is also reflected in the low formation constants and in 
the low ligand field stabilization energies described below. 

For a given ]3-diketonate (for instance acac) the equilibrium constants in An, 
A C  and n-BuOH decrease with the number and the size of alkyl groups in the 
substituents R 1 -  R4 on diamine, namely in the order Me3en > tmen > dipe > 
Et3en > medach > teen. In the strong donor solvents FA, DMF,  D M S O ,  and P Y  
the order is Me3en > dipe > tmen > Et3en > medach > teen. Increasing size of 
the substituents seems to hinder the solvent coordination. For teen and medaeh the 
octahedral species is formed only in the strong donor solvents. Although this would 
be expected also for the bulky ligand dipe (a ligand weaker than tmen) the values 
of K1, K2 and 13 of [Ni(acac)(dipe)] + are higher than those of the respective teen, 
medach, Et3en, and tmen complexes. The steric hindrance to axial coordination 
appears to be much smaller at the dipe complex [26] than in the comparable teen 
complex. 

The ligand field strength of the diamines estimated from the values of ~L 1 of 
the octahedral nitrate complexes in D C E  [26] decrease in the sequence tmen > 
Et3en > dipe > teen. On the other hand, the destabilizing effect decreases in the 
order teen > medach > Et3en > tmen > dipe. In general a diamine-ligand with 
a strong donor property tends to destabilize the octahedrally coordinated corn- 
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Table 2. d-d-Transition and charge transfer absorption bands (in nm) of Ni([3 -d ik ) (d iam)Bq)4  in 
IA2ge--1A 1 g (i.e. dx2-y2+-dxy) transition of the square planar Ni(II) species; )~4: Charge transfer band 

Complex D C E  ~ A n  A C  

N i ( a c a c ) ( t m e n ) B F 4  k l  - 993 (9.24) 1048 (6.4) 
9~2 - 594 (9.52) 617 (6.29) 
~3 488 (150) - 475 (23.20) 
~"4 3 2 5  ( 2 7 1 2 )  3 0 1  ( 1 0 5 8 )  - -  

N i ( b z a c ) ( t m e n ) B ~ 4  %1 - 989 (8.45) 1025 (4.40) 
)~2 - 595 (9.1) 622 (4.05) 
L3 489 (175) - 490 (23.75) 
~ 4  343 (5353) 331 (1409) 337(11256) 

N i ( d b m ) ( t m e n ) B ~ 4  %1 - 984 (8.11) 1042 (7.00) 
L 2 - -  591 (9.76) 618 (7.30) 
)~3 488 (293) - 490 (16.83) 
L4 374 (11337) 360 (17862) 364 (18600) 

N i ( t f a e ) ( t m e n ) B C b 4  )~1 - 972 (9.82) 1021 (7.23) 
L2 - 592 (16.90) 615 (7.38) 
k 3 493 (142) - 
)~4 312 (5883) 308 (8964) 368 (17239) 

N i ( d i p m ) ( t m e n ) B ~ 4  )~ - 979 (11.65) 1025 (7.14) 
~"2 - -  584 (17.11) 624 (sh) 
)~3 488 (151) - 490 (67) 
9~4 330 (2863) 306 ( - )  342 (sh) 

N i ( a c a c ) ( M e 3 e n ) B f b 4  L1 - 959 (7.92) 1025 (6.53) 
)~2 - 580 (8.44) 604 (7.32) 
)~3 484 (133) - 473 (20.13) 
~4 325 (2658) 302 (9048) 336 (sh) 

N i ( a c a c ) ( t e e n ) B r b 4  k l  - 972 (6.78) - 
~2  - -  - -  - -  

9~3 496 (141) 496 (65.60) 496 (112) 
~"4 317 (2259) 307 (7135) 340 (sh) 

Ni (acac ) (E t3en )Brb  4 k l  - 984 (6.70) 1058 (3,01) 
)~2 - 587 (7.43) 625 (4,61) 
)~3 490 (140) 493 (7.43) 490 (88.12) 
~4 327 (2427) 308 (8225) 342 (sh) 

Ni (acac ) (dpe )Brb  4 )~1 - 1026 (3.31) 1025 (3.23) 
L2 - 622 (4.17) 647 (6.93) 
k 3 496 (89) - 496 (22.56) 
~4 308 (5175) 306 (7299) 383 (sh) 

Ni ( a c a c ) ( m e d a c h ) B ~ 4  ~ I  - -  967 (6.60) - 

~"2 - -  - -  - -  

9~3 472 (137) 474 (62) 473 (114) 
~ 4  322 (3179) 303 (9060) 337 (sh) 

a Absorpt ion of square planar species 
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different solvents. )~1: 3T2ge'3A2g transition (corresponding directly to A0); )~2: 3Tlg°-3Azg; ~3: 
Molar absorption (g) in lmol-1  cm-1 given in parentheses 

n-BuOH FA D M F  DMSO P Y 

956 (2.29) 1026 (8.75) 1025 (8.60) 1055 (8.30) 974 (9.4) 
630 (3.32) 623 (8.87) 621 (7.10) 633 (6.13) 584 (11.22) 
487 (32) . . . .  
304 (9850) 302 (12100) 302 (11710) 303 (12038) 311 (8955) 

956 (3.60) 1025 (4.74) 1025 (7.20) 1048 (8.58) 1007 (12.71) 
630 (5.60) 622 (10.66) 618 (7.20) 634 (8.06) 576 (14.75) 
490 (19.33) . . . .  
335 (13422) 334 (15000) 337 (9916) 341 (13524) 338 (9242) 

1058 (7.43) 1025 (7.78) 1026 (8.84) 1048 (7.67) 983 (8.72) 
955 (4.10) 621 (10.37) 623 (8.84) 630 (7.29) 581 (13.33) 
628 (6.13) . . . .  
363 (19262) 363 (20058) 366 (11046) 369 (18000) 366 (20883) 

1023 (5.91) 989 (12.62) 1025 (13.77) 1024 (10.67) 961 (12.13) 
617 (8.96) 592 (24.22) 616 (20.74) 627 (14.77) 589 (20.50) 

311 (12946) 307 (18060) 310 (6419) 305 (12312) 307 (7358) 

1048 (6.57) 1025 (8.10) 1025 (8.78) 1051 (8.68) 961 (10.47) 
636 (sh) 620 (9.64) 618 (8.12) 632 (7.36) 579 (13.61) 
488 (65) . . . .  
304 (34680) 304 (14048) 305 (11443) 307 (12300) - 

1024 (9,23) 1005 (7.10) 1025 (5.97) 1022 (8.70) 986 (8.55) 
613 (9.00) 604 (8.98) 607 (5.63) 622 (7.25) 586 (8.77) 

308 (sh) 303 (sh) 304 (5204) 302(14052) 379 (1012) 

1053 (3.42) 1025 (0.37) >1100 ( - )  >1100 ( - )  953 (11.57) 
- - 642 (8.24) 670 (6.81) 573 (17.72) 

497 (86.40) 496 (54.20) - - - 
303 (sh) - 304 (5666) 305 (8222) - 

1024 (3.57) 1006 (7.24) 1024 (7.42) 1062 (6.50) 972 (7.99) 
627 (sh) 620 (9.40) 622 (7.11) 634 (5.71) 583 (8.19) 
491 (83) . . . .  
300 (11240) 302 (9931) 305 (7983) 304 (12700) 379 (768) 

> 1100 1025 (3.47) > 1100 > 1100 974 (6.74) 
650 (5.62) 643 (9.02) 645 (4108) 661 (4.05) 589 (7.61) 
496 (23.10) . . . .  
301 (2255) 300 (7867) 305 (6305) 301 (10125) - 

1025 (3.28) 1025 (6.46) 1024 (6.46) 1043 (11.03) 974 (6.74) 
- 622 (8.92) 624 (6.15) 640 (6.18) 586 (6.42) 
472 (87.10) 472 (39.35) - - - 
303 (sh) - 299(11000) 304 (9723) 385 (1378) 
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Table 3. Equ i l ib r ium cons tan t s  K1 and  K 2 at 298 K given in t o o l -  1 enthalpies  (in kJ /mol )  and  ent ropies  (in J / tool  K)  o f  

react ion (2) and  react ion (3), respectively, in d ich lore thane  and  in n i t roe thane  

Complex  

K~ 

An A C BuOH 

K2 K1 K2 KI K2 

Ni(acac)(tmen)B~ 4 K (298 K)  0.138 16.22 0.024 6.50 0.087 

A H  - 28.44 - 25.77 - 44.37 - 53.59 - 36.46 

AS - 1 1 3 . 9  - 6 5 . 1 3  - 1 8 1 . 7  - 1 6 6 . 4  - 1 4 4 . 6  

Ni(bzac)(tmen)B~4 K (298 K)  0.249 29.45 0.046 5.77 0.110 

A H  - 2 4 . 5 4  - 2 8 . 2 3  - 2 4 . 6 1  - 3 1 . 3 5  - 3 5 . 5 8  

AS - 9 5 . 0 0  - 6 7 . 8 3  - 109.6 - 9 1 . 9 5  - 139.4 

Ni(dbm)(tmen)B~4 K (298 K)  0.378 30.93 0.0348 8.90 0.107 

A H  - 19.13 - 2 4 . 9 6  - 7 4 . 4 1  - 10.38 - 3 7 . 4 9  

AS - 71.60 - 54.37 - 278.4 - 16.76 - 144.8 

Ni(tfac)(tmen)B~4 K (298 K)  19.75 265.3 1.86 28.23 3.597 

A H  - 4 9 . 8 2  - 4 6 . 6 2  - 2 2 . 3 9  - 3 1 . 0 6  - 2 8 . 2  

AS - 144.6 - 112.8 - 7 0 . 9 4  - 7 9 . 3 2  - 85.2 

Ni(dipm)(tmen)Bq)4 K (298 K)  0.074 9.21 0.012 2.23 0.028 

A H  - 8 . 3 5  - 9 . 1 9  - 4 2 . 0 0  - 5 1 . 7 6  - 2 3 . 7  

AS - 4 9 . 9 7  - 12.72 - 179.4 - 169.1 - 110.0 

Ni(acac)(Me3en)B~4 K (298 K)  0.295 32.95 0.051 7.16 0.214 

A H  - 26.91 - 23.05 - 33.24 - 40.26 - 62.3 

AS - 101.54 - 4 9 . 3 1  - 136.08 - 120.50 - 2 2 4 . 7  

Ni(acac)(teen)B~4 K (298 K)  . . . . .  

A H  - - - - - 

AS . . . . .  

Ni(acac)(Etsen)B@4 K (298 K)  0.071 4.68 0.0072 1.294 0.04 

A H  - 30.50 - 20.01 - 72.87 - 55.89 - 47.7 

AS - 125.7 - 55.07 - 288.4 - 187.8 - 188.5 

Ni(acac)(dipe)BO 4 K (298 K)  0.161 6.693 0.0246 0.933 0.029 

A H  - 37.63 - 33.59 - 27.41 - 19.51 - 18.15 

AS - 143.40 - 9 8 . 5 1  - 124.15 - 6 6 . 9 7  - 9 1 . 2 3  

Ni(acac)(medach)B~4 K (298 K)  . . . . .  

A H  . . . . .  

AS . . . . .  

N i t r o e t h a n e  

Ni( acac)( tmen)Bq~ 4 

Ni( bzac)( tmen)Bfb 4 

Ni( dbm)( tmen)B@ 4 

K (298 K)  0.097 6.07 0.018 0.894 0.075 

A H  - 20.20 - 9.79 - 13.22 - 32.95 - 27.367 

AS - 8 8 . 3 3  - 1 8 . 3 7  - 7 8 . 3 4  - 1 1 3 . 3 4  - 1 1 4 . 8 7  

K (298 K)  0.137 17.03 0.034 1.24 0.05l 

A H  - 3 8 . 4 4  - 2 9 . 9 6  - 19.56 - 2 2 . 1 4  - 13.36 

AS - 147.43 - 78.59 - 94.66 - 73.74 - 70.03 

K (298 K)  0.319 10.43 0.046 1.754 0.092 

A H  - 2 6 . 6 3  - 4 6 . 3 9  - 13.54 - 2 1 . 6 3  - 2 1 . 0 3  

AS - 100.08 - 138.37 - 7 1 . 6 7  - 6 8 . 7 7  - 9 1 . 3 8  

1 1 . 2 2  

- 33.25 

- 93.35 

15.08 

- 4 1 . 4 2  

- 118.0 

15.66 

- 16.58 

- 32.92 

29.39 

- 1 0 1 . 9  

- 3 1 5 . 9  

3.40 

- 3 9 . 5 5  

- 124.1 

22.92 

- 54.2 

- 158.0 

2.82 

- 3 5 . 1 4  

- 1 1 0 . 7  

1.15 

- 28.53 

- 95.74 

1 . 3 5  

- 3 4 . 1  

- 1 1 3 . 8  

5.954 

- 2 7 . 7 1  

- 79.83 

6.11 

- 29.77 

- 8 6 . 1 8  
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FA D M F  D M S O  P Y O H  

K, K2 K~ K2 & K2 KI K2 

16.17 351 .7  21 .98  

- 35 .60  - 16 .64  - 4 0 . 3 2  

- 9 7 . 8 9  - 7 . 8 5  - 1 1 2 . 5  

19.01 1278 22.31 

- 34 .64  - 2 8 . 4 4  - 24 .06  

- 9 2 . 1 5  - 37 .27  - 55 .43  

16.23 1391 2 3 . 0 6  

- 2 2 . 1 0  - 23 .25  - 30 .86  

- 49 .48  - 16.15 - 76 .39  

1 . 1 " 1 0 4  8 . 9 . 1 0 3  1 . 6 " 1 0 6  

-- 154.1 --99.3 - - 2 1 1 . 1  

- 4 4 6 . 4  413 .3  - 598 .6  

7 .54  137 .4  17.1 

- 2 1 . 5  - 2 8 . 5  - 16.4 

- 5 6 . 1  - 5 5 . 8  - 3 2 . 1 3  

34 .2  1317 33.9  

- 31 .96  - 30 .3  - 25 .9  

- 78 .6  - 4 2 . 6  - 58.91 

0 .465  3 .54  1.49 

- 37 .32  - 75 .40  - 14 .77  

- 134 .62  - 2 4 8 . 2 6  - 4 6 . 8 1  

8 .48  104.0  11 .89  

- 23 .7  - 63 .52  - 14 .35  

- 62 .7  - 176.7  - 27 .8  

2 1 . 7 4  1961 66 .0  

- 2 6 . 1  - 2 8 . 1  - 3 0 . 6  

- 6 5 . 1  - 3 5 . 1  - 6 9 . 6  

1.06 6 .05  1.81 

- 37.31 - 47 .8  - 26 .8  

- 1 2 6 . 3 3  - 1 4 7 . 7  - 8 5 . 0  

415 .9  

- 14.35 

- 0 . 9 1 0  

1457 

- 3 1 . 7 0  

- 47 .25  

2 5 8 4  

- 30 .84  

- 3 7 . 1 5  

1.8 * 104 

173.0 

669.9 

355 .5  

- 2 2 . 8  

- 2 8 . 4  

1422 

- 20 .6  

- 9 . 3  

2 0 . 8 6  

- 27 .88  

- 69 .32  

181.6 

- 4 2 . 2 6  

- 100.1 

2 9 6 2  

- 2 8 . 5  

- 30 .9  

20 .17  

- 2 5 . 1 3  

- 59 .46  

38 .67  

- 23 .75  

- 4 9 . 7 8  

60 .27  

- 1 6 . 1 6  

- 20 .86  

53 .52  

- 4 . 3 3  

1 8 . 8 0  

4 *  106 

- - 2 1 8 . 4  

- - 6 1 5 . 4  

27 .03  

- -  14.4 

- - 2 1 . 3 6  

80 .6  

- 26.9 

- 55 

2 . 3 4  

- 18.85 

- 56 .97  

20 .53  

- 17.8 

- 34 .78  

321 .5  

- 1 8 . 8  

- 1 5 . 7  

4 .63  

- 12 .42  

- 2 9 . 5 2  

733 .3  

- 26 .58  

- 34.91 

2328  

- 24 .62  

- 19.21 

3741 

- 4 5 . 9 2  

- 83 .63  

2 .4  * 104 

98 .2  

417 .8  

4 6 3 . 6  

- 2 1 . 5  

- 2 2 . 0 2  

3334  

- 3 5 . 5  

- 5 3 . 5  

22 .11  

- 1 9 . 5 1  

- 4 0 . 5 6  

4 0 6 . 0  

- 1 6 . 1 7  

- 4 .92  

12173 

- 1 1 3  

- 304 .9  

45 .3  

- 1 8 . 1  

- 2 9 . 7  

13.21 

- 4 2 . 7 1  

- 123.7  

8 .021 

- 2 3 . 8 4  

- 62 .70  

5 .37  

- 22 .40  

- 59 .73  

2 . 1 0 5  

- 179.5 

- 5 7 0 . 0 2  

4 .55  

- 2 3 . 9  

- 67 .9  

38.1 

- 3 1 . 7  

- 77 .5  

6.23 

- 22 .03  

- 59 .65  

1 1 . 7 6  

- 3 6 . 8 5  

- 102 .34  

21 .9  

- 27 .4  

- 67 .8  

13.11 

- 2 4 . 8 1  

- 6 3 . 2  

140.0  

- 28 .38  

- 5 5 . 3 3  

2 1 1 . 0 3  

- 70 .94  

- 193 .84  

277 .8  

- 30 .06  

- 52 .43  

2 *  105 

140.9  

580 .03  

6 9 . 1  

- 34 .6  

- 82 .2  

1 5 6 2  

- 3 6 . 9  

- 64 .5  

233 .9  

- 22 .7  

- 32.3 

282 .3  

- 2 8 . 0 1  

- 4 8 . 1  

695 .7  

- 3 3 . 9  

- 60 .9  

249  ' 

- 25 .7  

- 4 1 . 8  

9 .30  2 4 0 . 6  9 .19  

- 16.53 - 3 0 . 1 0  - 17.43 

- 37 .75  - 57.1 - 41 .02  

16.15 334 .6  16.83 

- 24 .33  - 2 7 . 1 9  - 34 .68  

- 61 .88  - 4 4 . 5 7  - 9 5 . 1 7  

11.25 647 .4  15.98 

- 19.36 - 35 .64  - 37 .60  

- 4 5 . 6 7  - 6 7 . 4 9  - 104.8 

227 .5  

- 2 4 . 5 0  

- 3 8 . 3 6  

4 9 7 . 2  

- 3 6 . 5 9  

- 73 .40  

1334 

- 3 0 . 1 4  

- 4 2 . 8 2  

18.17 

- 20 .73  

- 4 6 . 6 0  

39 .10  

- 2 2 . 2 9  

- 45 .71  

2 7 . 1 4  

- 4 0 . 7 6  

- 1 1 1 . 1  

4 9 8 . 7  

- 2 6 . 1 0  

- 37 .26  

1533 

- 3 6 . 0 1  

- 6 1 . 8 8  

2763  

- 46 .75  

- 92 .96  

w 
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plexes. However, the sequence of equilibrium constants of  the former does not 
coincide with that  of  the latter, and this suggests steric influence of  the bulky 
substituent group at the N-donor  atoms. 

The formation of the octahedral species is exothermic [11, 27]. From Table 3 
it can be seen that this is also the case for the formation of the five-coordinated 
species. The AH values associated with/(1 are in general similar to that  one of/£2, 
but the entropic contributions differ strongly. The investigated equilibria exhibit 
negative entropy changes. The entropic contribution disfavors therefore the co- 
ordination of solvent-ligands and is more or less overcompensated by the enthalpic 
contribution. Positive AS values are found only for Ni(tfac)(tmen) + with FA, DMF, 
DMSO, and P Y  and for Ni(dbm)(tmen) + with DMSO. By coordination of solvent- 
ligands the N i - O  and N i - N  bonds towards the [3-diketones and the diamines 
are weakened. This allows an increase in the mobilities of  the [3-diketonate and the 
diamine ligands by which the loss in entropy due to coordination of the solvent- 
donors is overcompensated. 

Acknowledgements 

Thanks are due to the "Fonds zur F6rderung der wissenschaftlichen Forschung" (Projects 6907 and 
7605) for financial support, to the Ministry of Education of Egypt for their support via their "channel- 
system" allowing A.T. to stay in Vienna for performing this work, and to Professor Yutaka Fukuda 
(Ochanomizu University, Tokyo, Japan) for providing many of the complexes and for the opportunity 
to discuss the results with him. 

References 

[1] Fukuda 
[2] Fukuda 
[3] Fukuda 

Y., Sone K. (in press) Revs. Inorg. Chem. 
Y., Sone K. (1972) Inorg. Nucl. Chem. 34: 2315; (1975) Inorg. Nucl. Chem. 37:455 
Y., Sone K. (1970) Bull. Chem. Soc. Jap. 43:2282 

[4] Fukuda Y., et al. (1976) Bull. Chem. Soc. Jap. 49:1017 
[5] Nga N. T., Fukuda Y., Sone K. (1977) Bull. Chem. Soc. Jap. 50:154 
[6] Hoshino N., Fukuda Y., Sone K. (1981) Bull. Chem. Soc. Jap. 54:420 
[7] Hoshino N, Fukuda Y., Sone K. (1979) Trans. Metal Chem. 4:183 
[8] Saito Y., Takeuchi T., Fukuda Y., Sone K. (1981) Bull. Chem. Soc. Jap. 54:196 
[9-1 SoneK., FukudaY. (1987)InorganicThermochromism(InorganicChemistryConcept, Vol. 10). 

Springer, Berlin Heidelberg New York 
[10] Soukup R. W. (1983) Chemie in unserer Zeit 17:163 
[11] Ogino H., et al. (1982) Abstracts of the VIth International Symposium on Solute-Solute-Solvent 

Interactions, Mino, Japan, No. 5 P -  30 
[12] Linert W., Jedlicka R., Jameson R. F., Gutmann V. (1988) J. Coord. Chem. 17:347 
[13] Gutmann V., Resch G. (1988) Monatsh. Chem. 119:1251 
[14] Porter G. B., Hanten V. (1979) J. Inorg. Nucl. Chem. 18:2053 
[15] Organikum, 16th Edn. (1986) VEB Deutscher Verlag der Wissenschaften, Berlin 
[16] Marquardt D. W. (1963) J. Soc. Ind. Appl. Math. 11:431 
[17] Haberdizl W. (1979) Quantenchemie, Band4: Komplexverbindungen. VEB-Deutscher Verlag 

der Wissenschaften, Berlin 
[18] Mikami M., Nakagawa I., Shimanouchi T. (1967) Spectrochim. Acta 23A: 1037 
[19] Linert W., Pouresmaeil B., Gutmann V., Mafune K., Fukuda Y., Sone K. (1990) Monatsh. 

Chem. 121:765 
[20] Fukuda Y., Cho M., Sone K. (1989) Bull. Chem. Soc. Jap. 62:51 



Solvatochromic Nickel(II) Complexes 339 

[-21] Gutmann V. (1978) The Donor-Acceptor Approach to Molecular Interactions. Plenum Press, 
New York London 

[22] Burger K. (1983) Solvation, Ionic and Complex Formation Reactions in Non-Aqueous Solvents. 
Akademiai Kiado, Budapest 

[23] Persson I. (1986) Pure and Appl. Chem. 58:1153 
[24] Schmid R., Sapunov V. N. (1982) Non-Formal Kinetics. Verlag Chemic, Weinheim 
[25] Fukuda Y,, et al. (1972) Bull. Chem. Soc. Jap. 45:465 
[26] Fukuda Y., Cho M., Sone K. (1989) Bull. Chem. Soc. Jap. 62:745 
[27] Linert W., Jedlicka R., Jameson R. F., Gutmann V. (1988) J. Coord. Chem. 17:347 

Received August 23, 1990. Accepted September 5, 1990 


