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Second-sphere coordination was investigated spectrophotometrically and electrochemically with various rathenium
ammine complexes with crown ethers in acetonitrile solution. Spectrophotometric results revealed that the acidity
of the ammine ligands of the complex, which depends on the valence of the metal center, predominantly affects
the second-sphere coordination of the crown ether to the rutheranmmine complexes. This fact explains the
difference in the stoichiometry between the adducts of ruthenium(ll) and ruthenium(lll) complexes with 18-
crown-6 ether. It was found that the number of ammine ligandsgtbkectron acceptability of ancillary ligands

of the complex, and the flexibility of the crown ether ring affected the change in the redox potential of the
complexes caused by second-sphere coordination of crown ethers.

Introduction the interaction sites involved in the adduct formation were
evaluated:* Such factors are very important in designing the
supramolecular species. In order to examine factors influencing
'the magnitude of the change in redox potential of complexes
caused by adduct formation, the adduct formation was inves-

A variety of transition-metal complexes form adducts with
organic substrates via weak interaction, e.g., hydrogen bonding
hydrophobic interaction, electrostatic interaction, or van der
Waal_s fo_r ce§._ These weak interactions may play an Important tigated for various rutheniumammine complexes with different
role in biological systems. .Such second-sphere coordination ‘(inds of crown ethers in this study.
corresponds to the microenvironmental changes around the meta
complex in biological systems and brings about a perturbation gxperimental Section
of the electronic state of the metal complexes. This modifies
the properties of the metal complexes. We have been investi- Materials. Ruthenium-ammine complexes were prepared by
gating the second-sphere coordination focusing on the modifica-iterature methods™® or analogous methods and isolated as the

tion of the properties of metal complexes, especially redox hexafIL_Jorophosphate. _The complexes were characte_rlze_d spectropho-
properties tometrically by comparison of th&nax and emax values with literature

o values*'#24 If those values were not known, the complexes were
Crown ethers are capable of functioning as second-spherejgentified by atomic absorption analysis of the ruthenium content and

ligands for metatammine complexeks.® Being inert and elemental analysis of the carbon, hydrogen, and nitrogen contents. The
having a variety of redox potentials, ruthenium complexes are atomic absorption analysis of ruthenium was carried out according to
very suitable for detailed studies of the redox properties of the Rowston’s methotf by means of a Jarrell-Ash AA-855 spectropho-
complex caused by second-sphere coordination. The adductometer. 18-Crown-6 ether was purified from acetonitrile and stored
formation has been investigated for rutheniszammine com- under nitrogen before use as mentioned previotisl@-Crown-4 ether
plexes with 18-crown-6 ether (18C6 abbrd* Ruthenium- (1_2C4), 15-crown-6 ether (15C5), benzo-18-crown-_6 ether (B18C6),
ammine complexes form an adduct with 18C6 through hydrogen dicyclohexano-18-crown-6 ether (DC18C6), and dibenzo-30-crown-
bonding between the ammines coordinating to the metal and (©) Fergusson, J. E.. Love, J. lhorg. Synth 1972 13, 208
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; ; ichi C. V. Inorg. Synth 197Q 12, 5.
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Table 1. Abbreviations for the Ligands Used in This Study constants could not be evaluated owing to the small magnitude

ligand abbreviation of their shifts. However, the magnitude of the shift of their
pyridine oy CT b_ands can be considered as a tentative measure of the
4-aminopyridine ampy stab|I|t_y of the|r_ adduct. Table 4 summarizes the magr_utude of
4-(dimethylamino)pyridine dmapy the shift of their CT bandsAvmax in cm! units on adding a
isonicotinamido isn 100-fold excess of 18C6. The values APmax appear to be
2,2-bipyridine bpy significantly different among the complexes. Any trends in
4,4-bipyridine 4,4-bpy Avmaxare not clear for individual ruthenium complexes because
4,4-dimethyl-2,2-bipyridine Me-bpy - g
5-nitro-1,10-phenanthroline Nphen of their small values. However, it is clear that th,_naX]
2,2 2"-terpyridine trpy caused by the adduct formation is larger for ruthenium(lll)
4-(dimethylamino)benzonitrile dmabn complexes than for ruthenium(ll) complexes in the tetraammine
pyrazine pz and pentaammine complexes. Namely, a ruthenium(lll) com-
N-methylpyrazinium Mepz plex interacts more strongly with 18C6 than a ruthenium(Il)
C’;}:ﬂfggg;]m'daZOIe ,\Telm complex does. This implication is understandable in terms of

the stronger acidity of ammine ligands coordinating to the
10 ether (DB30C10) were purchased from the Aldrich Chemical Co. ruthenium(lll) metal center and is consistent with the stoichi-
and dicyclohexano-24-crown-8 ether (DC24C8) was purchased from ometry of the adduct formation reported previously.

the Nippon Soda Co. Dibenzo-18-crown-6 ether (DB18C6) and  Ag previously mentioned? such adduct formation causes a
dibenzo-24-crown-8 ether (DB24C8) were purchased from the Aldrich change in the redox potentials of the ruthenium complexes.

Chemical Co. and the Nippon Soda Co., respectively, and were . . .

recrystallized twice from tolsgne and from ethanoﬁ, respe)(/:tively. The Vanou_s factors, which originate from the natures of I.OOth the

absence of oxidative impurities in all crown ethers was confirmed as ruthenium compl_exes and/or the crovyn ethers, may Infll_Jence

mentioned previously. Other chemicals were reagent grade and were the redox potentials. Thus, changes in the redox potentials of

used without further purification. the ruthenium complexes were examined with respect to adduct
Measurements. Electronic spectra were measured by means of an formation for a series of various ruthenigrammine complexes

Hitachi 228 spectrophotometer. Electrochemical measurements wereand a series of several crown ethers.

carried out with a Nikko Keisoku NPGS-301 potentiogalvanostat  adduct formation with a representative crown ether 18C6
combined with an NF Circuit Design Block FGN-121B function ¢ elactrochemically investigated for those complexes in Table
generator. Cyclic voltammograms were measured in acetonitrile , . . .

4 in acetonitrile. The cyclic voltammograms of those complexes

solution containing 0.10 mol dm tetrabutylammonium hexafluoro- o .
phosphate, using a three-electrode assembly: an Ag/Agbférence exhibited a couple of redox peaks in the range-6f2 to+1.0

electrode, a glassy carbon working electrode, and a platinum coil ¥ VS (Ag/Ag). The redox couple is symmetrical and shows a
auxiliary electrode. All measurements were performed &6 the peak separation of about 60 mV for all complexes in this study,
dark. which corresponds to the Ru(lll)/Ru(ll) redox process. When
18C6 was added to the solution of the complex, the redox couple
shifted continuously toward a more negative potential with
Table 1 shows abbreviations of the ligands of ruthenium increasing 18C6 concentration, while maintaining its revers-
complexes used in this study. The analytical data and spectralibility. The dependence di, on the 18C6 concentration was
characteristics of the prepared ruthenium Comp|exes are Sum.determinEd in detail for the ruthenium Complexes in Table 4.
marized in Tables 2 and 3. For ruthenium@land ruthenium-  Figure 1 shows typical examples of the dependence of the
(1) —ammine complexes shown in Table 4, adduct formations change in redox potentiabEi 2, on 18C6 concentration. The
with 18C6 were examined spectrophotometrically in acetonitrile limiting change in the redox potentialE,/7(lim), was evaluated
solution. These complexes show the MLCT [transition from from the dependence &E,/, by curve fitting of the data to an
the bg orbital of ruthenium(ll) to the ligand LUMO] or LMCT  exponential function and extrapolation to infinite 18C6 con-
[transition from the ligand HOMO to the unfilledgtorbital of centration. The obtainedE;;(lim) values are summarized in
ruthenium(lll)] band in the visible region. When 18C6 was Table 5.
added to the solution of the complex, the MLCT band of the  The correlation betweeAE;(lim) and the formation con-
ruthenium(ll) complexes shifted toward a longer wavelength stantsK, of the 18C6 adduct was examined for the ruthenium-
and the LMCT band of the ruthenium(lll) complexes shifted (Il)-ammine complexes which involve ancillary ligands with
toward a shorter wavelength with increasing 18C6 concentration mere pyridine moieties. The formation constants of the ad&luct
for each complex. This suggests that the ruthenium(Bnd were obtained by Miyajima’s methét8using HPLC. Figure
ruthenium(lll)-ammine complexes in Table 4 form an adduct 2 shows the plot ofAE;;(lim) against logK for [Ru(NHz)s-
with 18C6 through hydrogen bonding between the ammines (py)](PFs)2, [RU(NHz)a(bpy)l(PFs)2, [RU(NHs)s(trpy)](PFs)2,
coordinating to ruthenium and the ether oxygen of 18C6, as [Ru(NHs)2(bpy)](PFs)2, and [Ru(NH)(trpy)(bpy)](PR).. The
well as the rutheniumammine complexes reported previously.  plot shows a good linear correlation and implies th&t »(lim)
The shifts of the CT bands offer information about the equilibria parallels the stability of the adduct regarding the ruthenium
of adduct formation with 18C86. Unfortunately, the equilibrium complexes which involve ancillary ligands with a similar

Results and Discussion

Table 2. Analytical Data for Prepared Complexes

found % (calcd %)
complex C H N Ru
trans-[Ru(NHa)(dmapy}](PFs)s 19.37 (19.82) 3.81(3.80) 12.88 (13.21) 11.95 (11.91)
trans-[Ru(NHs)a(ampy}](PFs)s-2H,0 14.10 (14.50) 2.91 (3.41) 13.34 (13.53) 12.48 (12.20)
trans[Ru(NHs)4(isn)](PFs)2 20.55 (20.49) 3.43 (3.44) 15.86 (15.93) 14.34 (14.37)
cis-[Ru(NHs)s(dmapy}](PFs)s 19.98 (19.82) 3.76 (3.80) 13.26 (13.21) 12.67 (11.91)
cis-[Ru(NHs)s(ampy}](PFs)s:3H0 13.35(14.19) 3.10 (3.57) 13.62 (14.19) 12.21 (11.94)
cis-[Ru(NHs)s(Mex-bpy)](PFs)2:2H.0 20.03 (21.79) 3.66 (3.96) 13.03 (12.71) 16.18 (15.28)
mer[Ru(NHs)s(trpy)](PFs)2 26.77 (26.68) 3.06 (2.98) 12.45 (12.44) 15.82 (14.96)
[Ru(NHs)(trpy)(Me:-bpy)](PFs)2 39.43 (39.28) 3.04 (3.17) 9.22(10.18) 12.10 (12.25)
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Table 3. Spectral Characteristics of Prepared Complexes in

Aqueous Solution

complex

AmadNM (€maymol~ dm® cm™)

trans-[Ru(NHs)4(dmapy}](PFs)s 627 (1.79x 104

trans-[Ru(NHz)4(ampy}](PFes)a*

2H,0
trans-[Ru(NHz)a(isn)](PFe)2

cis-[Ru(NHz)s(dmapy}](PFs)s

cis-[Ru(NHsz)s(ampy}](PFs)s*
3H,0

cis-[Ru(NHs)a(Mez-bpy)](PFs)2

2H,0?
mer[Ru(NHs)s(trpy)](PF)2?

267 (3.04x 107
538 (1.01x 10
339 (1.28x 10%)
494 (2.17x 10%)
621 (5.31x 109
274 (2.34x 109
534 (3.78x 109
257 (1.83x 10%)
524 (4.51x 10°)
294 (3.83x 10
620 (sh)

492 (4.05x 10%)
318 (3.56x 109
232 (2.17x 109

364 (2.12x 109

350 (sh)

248 (2.08x 107
258 (7.07x 109
338 (7.81x 109

323 (6.69x 109

363 (7.78x 10°)
249 (1.22x 10%
542 (4.1 10%)
374 (4.69x 109
275 (2.37x 10

[Ru(NHz)(trpy)(Mex-bpy)](PFs)2 502 (sh) 480 (9.2% 10%)
313 (3.63x 10f) 280 (3.93x 10/)
230 (sh)

a|n acetonitrile.

Table 4. Values ofAmax of MLCT or LMCT Bands for
Ruthenium-Ammine Complexes andvmax On Addition of a
100-fold Excess of 18C6 in Acetonitrile

Avimad
complex L, L Amafnm? et x 10°
[Ru(NHz)s(L)1(PFs)s dmapy 595 (16.81) 0.76
ampy 514 (19.46) 0.62
Mepz 540 (18.52) 0
[RU(NHs)s(L)](PFe)2 py 408 (24.51) —0.18
4.,4-bpy 474 (21.10) —0.14
isn 468 (21.37) —0.18
pz 458 (21.83) —0.09
cis-[Ru(NHs)4(L)](PFe)2 Me,-bpy 524 (19.08) —0.33
bpy 524 (19.08) —0.32
NO,-phen 515 (19.42) —-0.41
Cis[RU(NHz)4(L)2](PFs)s  dmapy 620 (16.13) 0.56
ampy 534 (18.73) 0.69
Cis[RU(NHz)4(L)2J(PFs)2  py 409 (24.45) —0.18
isn 469 (21.32) —0.09
trans[Ru(NHs)4(L)2J(PFs)s dmapy 636 (15.72) 0.20
ampy 538 (18.59) 0.10
trans[Ru(NHs)a(L)2J(PFs)2  py 423 (23.64) —0.06
isn 482 (20.75) —0.09
mer[RU(NHs)s(L)](PFes)2  trpy 541 (18.48) —0.43
cis[Ru(NHs)2(L),](PFs).  bpy 491 (20.37) —0.13
[RUNHs)(L)(L)I(PF)>  trpy, Me-bpy 462 (21.65) 0
trpy, bpy 458 (21.83) —0.04
[Ru(L)3](PFs)2 bpy 452 (22.12) 0

aThe values in parentheses asgyxin cm™ x 10° units.? In ref 4.

acidity. Accordingly, the factors influencing the change in redox
potential were discussed based &B;/(lim).

Returning to Table 5, the value @E;;(lim) varies from
—169 mV for the hexaammine complex te32 mV for the
monoammine complexesAE;;(lim) seems to be primarily

dependent on the number of ammine ligands. Figure 3 shows

the plot of AEy»(lim) against the number of ammine ligands.
In a roughly linear mannerAE;(lim) decreases with the
number of ammine ligands; the relationship is especially linear
for the complexes with ligands including only pyridine moieties
in addition to the ammines. This tendency is rationalized as
follows. AE;j(lim) is proportional to the difference between
the stabilities of the ruthenium(ll) and ruthenium(lll) complexes
due to adduct formation with 18C6. The negative value of

(26) Ando, I.; et al. Unpublished data.

(27) Miyajima, T.; Yoza, N.; Ohashi, $nal. Lett 1977 10, 709.

(28) Miyajima, T.; Ibaragi, M.; Yoza, N.; Ohashi, 3. Lig. Chromatogr
1981 4, 259.
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Figure 1. Dependence oAE;;, on 18C6 concentration for [Ru(Nji-
(pP2)](PR)2 (O) and [Ru(NH)s(trpy)](PFs)2 (0). Solid lines are the
exponential regression lines of the data.

Table 5. Limiting Values of Change in Redox Potential,
AEy(lim), for Ru(lll)/Ru(ll) Redox Couples of
Ruthenium-Ammine Complexes Caused by Addition of 18C6 in
Acetonitrile*

Eaof AEq(lim)/

complex L V vs (Ag*/AQg) mV
[Ru(NHs)e](PFe)s —0.186(3) —169(2)
[Ru(NHs)s(L)](PFe)s cl- -0.518(2) —162(3)
dmapy —0.142(3) —121(2)

Melm —0.141(2) —128(3)

ampy —0.127(4) —-131(2)

[Ru(NHs)s(L)I(PFe)2 bpy 0.060(4) —129(2)
4,4-bpy 0.096(5) —129(3)

isn 0.118(5) —133(2)

dmabn 0.146(2) —173(2)

pz 0.237(3) —131(3)

[Ru(NHs)s(L)1(PFe)s Mepz 0.661(6) —105(2)
Cis[RU(NHg)s(L)I(PFe)2  Mex-bpy 0.174(4) —124(2)
bpy 0.260(3) —122(1)

NO,-phen 0.361(4) —111(2)

cis[RU(NH3)4(L)2](PFs)s  dmapy —0.124(2) —96(5)
ampy —0.077(2) —116(4)

cis[RU(NH3)4(L)2](PFs)2  py 0.280(3) —99(7)
isn 0.386(5) —120(3)
trans[RUu(NH3)4(L)2](PFs)s dmapy —0.139(4) —68(3)
ampy —0.112(3) —97(12)
trans[Ru(NHz)4(L)2](PFe)2  py 0.253(4) —91(6)
isn 0.353(2) —124(5)

mer[Ru(NHz)s(L)](PFe).  trpy 0.486(3) —70(1)
cis-[Ru(NHs)z(L)2J(PFs)2  bpy 0.616(4) —57(1)
[Ru(NHz)(L)(L)I(PFe)2 trpy, Mex-bpy 0.730(4) —32(9)
trpy, bpy 0.786(6) —-32(1)

[Ru(L)s](PFe)2 bpy 0.990 0

2 The values in parentheses are the standard deviation in mV units.
[complex]= 5.0 x 10~* mol dnT3,

AE1(lim) indicates that the stabilization by adduct formation
is greater for the ruthenium(lil) complex than for the ruthenium-
(I complex. It is reasonable because the greater acidity of
ammine ligands coordinating to ruthenium(lll) makes the
hydrogen bond stronger than that in the ruthenium(ll) complex.
In addition, the ruthenium(lll) complex forms hydrogen bonds
at thecissammines and at thieansammine in the 18C6 adduct,
whereas the ruthenium(ll) complex forms a hydrogen bond only
at thetransammine in its adduct. Therefore, the greater the
number of ammine ligands, the greater will be the stabilization
of ruthenium(lll) complexes by adduct formation. Namely,
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Figure 2. Relation betweemE;(lim) and logK for [Ru(NHz)n(L)- Figure 4. Plot of PL againstAHsus for [Ru(NHs)s(L)]** (L = Nz,
(LY](PFs)2 {n =110 5; L, L' = py, bpy, and/or trpy. DMSO, pz, isn, py, and imidazol).

distributed over the whole complex to some extent. By
formation of a hydrogen bond of the coordinating ammine with
18CS6, the electron density of the coordination center increases.
However, a net increase in their electron density may be affected
by the acceptability of ther-electron of L. Accordingly,
AE1»(lim) should be closely related to theelectron accept-
ability of L acting as ar-acid. In order to investigate the
relation of AE;;, to the m-electron acceptability of L, it is
necessary to prepare a measure ofsthelectron acceptability
of L available for the complexes in this study.

The enthalpy changé\Hs,p for the substitution reaction in
agueous solution

AEl/z(lim) / mV

[RU(NH5)5(H,0)]*" + L = [Ru(NH,)s(L)]*" + H,O

is known to correspond to the stabilization witkback-donation

estimated directly from spectroscopic investigai®nThus

AHgypis useful as a measure afelectron acceptability of L,

but these values are poor for the complexes in this study. Pickett
0 2 4 6 and Pletcher defined the ligand constd®t, which stands for

Number of Ammine Groups the contribution of L to the redox potential of the complexes,

Figure 3. Plot of the limiting change in redox potential caused by as?

adduct formation,AEy;(lim), against the number of coordinated

ammines. Solid circles denote the point for the complexes with ligands P =E,{[Cr(CO)(L)]} — E,,{[CR(CO}]}

including only the pyridine moiety in addition to the ammine ligands.

If its use on behalf oAHgis possibleP, is a more favorable
AEy(lim) becomes more negative depending on the number measure for thet-electron acceptability of L, because it is
of ammine ligands. readily determined under the same conditions as those in this
On the other hand, ligands other than ammines in the complexstudy. Figure 4 shows the plot dP. against AHsy, for
also contribute ta\Ey5(lim). Because ligands such as pyridine pentaammineruthenium(ll) complexes. The valueB\oivere
behave as electron-acceptingacids, the contribution of those  calculated, usings for [Ru(NHs)s(H20)]?>* as a standard, from
ligands toAE;(lim) is opposite to that of the ammine; thus, Ey» for pentaammine complexes which was estimated from
AE1(lim) becomes more positive with increasing pyridine ligand parameters, , proposed by Leve: The plot in Figure
moieties. A detailed comparison between the individual 4 shows a linear relationship betwenandAHsu,and reveals
complexes involving various ligands is discussed below. that P. can be utilized as a measure of theelectron
The plot in Figure 3 shows thatEy«(lim) is differentamong ~ acceptability of L; a ligand with a largB. value has a large
the complexes with the same number of ammine ligands: acceptability forz-electrons.
AEy(lim) varies from—105 to —173 mV and from—68 to In order to investigate the effect of theelectron acceptability
—124 mV for pentaammine complexes and tetraammine com- Of L upon AEyy(lim) caused by adduct formation with 18C6,
plexes, respectively. NamelpEy . (lim) is also dependent to . .
a certain extent on the ancillary ligand, L. The existence of (29) Y‘S’)'Sszazrg 32-9';; Taube, H.; Breslauer, K. J.; Isied, SinBrg. Chem
MLCT or LMCT bands in the ruthenium complexes implies (30) pickett, C. J.; Pletcher, D. Organomet Chem 1975 102, 327.
that the dr-electron of the ruthenium-coordination center is (31) Lever, A. B. PInorg. Chem 1990 29, 1271.

-200 ' : L —
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Figure 5. Plot of AEy(lim) againstP. for pentaammineruthenium
complexes.

AEj»(lim) was plotted againsP.. The values ofP_. were
calculated usingE;, for the complexes in Table 5.
[RU(NH3)s(CH3CN)](PFs)2 (Exz = 0.173 V vs (Ag/Ag)) was
used as a standard complex in the calculatioRoinstead of
[Ru(NHs3)s(H20)](PFs)2, because the aqua ligand in [Ru(§H
(H.0)](PR;), is gradually substituted by acetonitrile as the
solvent. The plot ofAE;/»(lim) againstP_ for pentaammine
ruthenium complexes is shown in Figure 5. The plot shows
that AEs»(lim) increases with increasirig_ in a linear manner;

that is, the change in redox potential caused by the adductadding a 200-fold excess of crown ether.

formation is smaller for the complex involving L with greater

m-electron acceptability. Such a tendency is also found for
tetraammine-ruthenium complexes with a bidentate ligand and
monoammine-ruthenium complexes. Hydrogen bonding be-

Ando et al.

Table 6. Values of AEy; for the Ru(lll)/Ru(ll) Redox Couple of
[Ru(NHs)s(py)](PFs)2 on Adding a 200-fold Excess of Crown EthRer

crown ether AEjo/mV
12C4 —27(2y
15C5 —123(5p
18C6 —130(5)
B18C6 —89(2F
DC18C6 —92(5y
DC24C8 —109(4y
DB18C6 —15 —6(2y
DB24C8 —29(2y —12(2y
DB30C10 —143 —59(3y

2The values in parentheses are the standard deviatigeemplex]
=5.0x 10 mol dnT3. ¢[complex]= 1.0 x 1074 mol dnT3. ¢ These
values are normalized by use of the ratio of bath,, values for the
DB24C8 system under the conditionsimandc.

that those crown ethers also coordinate to [Ru{digy)](PFs)2

in the second sphere to form an adduct. The electrochemical
behavior of [Ru(NH)s(py)](PFR). was examined in the absence
and presence of various crown ethers by cyclic voltammetry.
In the absence of the crown ether, a reversible redox couple
was observed at 0.060 V vs (AtAg) which corresponds to
the Ru(lll)/Ru(ll) redox process. This couple shifted toward a
negative potential by addition of each crown ether, while
maintaining its reversibility. The redox potential shifted
continuously to a more negative potential with increasing
concentration of the crown ether. Table 6 summarizes the
change in redox potential\E;/,, of [Ru(NHs)s(py)](PFs)2 on

The values of
AE15(lim) were also evaluated from the dependence\&f,

on the crown ether concentration. Their values wefie0 +
4,92+ 2, —87 £ 2, and—115+ 3 mV for 15C5, B18C6,
DC18C6, and DC24C8 systems, respectively, and differ slightly

tween the coordinating ammines and the ether oxygen of 18C6from their AEy,; values in Table 6. Because theE;y(lim)

causes an increase in the electron density on the rutheniumvalues for 12C4 and dibenzocrown ether systems could not be
center; AEy(lim) becomes negative. This can be interpreted evaluated due to their small values and/or the small solubility
in terms of Gutmann’s idea of a doneacceptor interactiof? of the crown ethers, the crown ether effect was discussed based
However, a net increase in electron density on the ruthenium on AE;;, values on adding a 200-fold excess of crown ether.
center is affected by the-electron acceptability of L, because  The absolute values &E, increase with the size of the crown
the electron around the ruthenium center is redistributed throughring in each series of crown ethers: 12C4 to 18C6, DC18C6 to
dr—pr back-donation over the whole complex. Therefore, DC24C8, and DB18C6 to DB30C10. For a series of crown
AEyy(lim) is influenced by ther-electron acceptability of L. ethers having the same ring sizAE; ;| decreases in the order
This tendency ofAE5(lim) is also interpreted energetically. 18C6 > DC18C6 > B18C6 > DB18C6 and DC24C8>
Both ruthenium(ll) and ruthenium(lll) complexes are stabilized DB24C8. When a cyclohexano and a phenyl ring are introduced
by the adduct formation with 18C6. The stabilization of the into the crown ether, the values gAE;/| decrease. A large
ruthenium(lll) complex is greater than that of the ruthenium- decrease iHAEy| was brought about by the introduction of
(I) complex because of the stronger acidity of ammines the more rigid phenyl ring. The ring size and the introduction
coordinating to ruthenium(lll). AccordinglyAE(lim) be- of a cyclohexano and a phenyl ring affect the flexibility of crown
comes a negative value. In addition, the-ghrr back-donation  ethers and hence causes the variatidr\By ;. A more flexible
contributes to stabilizing the whole system in the ruthenium- crown ether gives a greatdAE;;,| on forming adducts,
(I1) complex. ThereforeAEy,(lim) depends on the degree of  presumably because more flexible crown ethers are able to adopt
the z-electron acceptability of L. In this study, the adduct a more favorable configuration for hydrogen bonding with the
formation was not discussed with respect to equilibrium ammines coordinating to the ruthenium.
constants, becauset, ;(lim) reflects the net change in electron 1, ¢oncjusion, the adduct formation of ruthenium complexes

?hens?(/jattth%.ruthenuam genter but not the true stabilization of with 18C6 is governed by the valence at the metal center. The
€a huc Sh ISEUSSGI above. ine th . ... change in the redox potential of the ruthenium complexes caused
On the other hand, in order to examine the factor originating ., aqquct formation is affected by the following factors: (i)

frc;]m crown ether _|tselfc,j adduct rf\ormahon for s_everalhcro_wn the number of ammine ligands coordinating to ruthenium, (i)
ethers was Investigated using the representative ruthénlum .o o ejectron acceptability of a ligand not interacting with

ammine complex [Ru(Nbjs(py)l(PFe)2. This complex shows 1806 anq iii) the flexibility of the crown ether ring. Combina-

an MLC.T band at 408 nm in acetonltrllg so]utlon (in Table 4). tions of those factors make it possible to design a supramolecular
On addition of every crown ether used in this study, the MLCT species with a range of redox potentials

band of the pyridine complex shifted toward a longer wavelength
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