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SOLVATOCHROMISM OF RON-POLAR COMPLEXES
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SUMMARY

The eolvatochromizn of variows, formally non-polar, complexes is snalysed
using the McRae equation. The solvatochramism of the dinuclear species,
(H(CO)a)abpm (M = Mo, #; bpm = 2,2 -bipyrimidine) is found to result frem the
individual dipoles of each half of the melecule intermcting with the solvent.
This is contrary to previously published explanations. The selvatochromism of
nen-poalar Ba{DTBSq)s (DIBSg = 3,5-di-t-buiyisemiquinone} is also found,
unexpectedly, to correlate with the polar terms of ¥WcRre's equation. Possible
reasons for this ere discussed.

INTRODUCTION

Solvatochromism provides a probe of both ground and excited state alectronic
strictures and solvent-scicte interactions. It iz partiemiarly important
because it is one of wvery few probes of the Franck-Condon excited state.
Solvatochremisw is observed in meny differsnt complexes, hbat it is wmost
pronounced for molecules which have a large net dipols moment, particularly
those in which the trangltion moment is parailel or anti-parallel therato.® The
solvent molscules are then strongly orisnted sround the grownd state dipole
(Fig. 1a).
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Fig. 1. Sirple disgram showing sclvation of a polar molecule in the ground (a)
and Franck-Condon excited (b) states. The dipole mament changes direction upm
axcitation.

If the dipole moment decresses in the excited state, or changes its direction,
the excited state will be destabilised in poler solvents relative to non-polar
(Fig. 1b). This is the usual case for charge transfer transitioms, If the
excitad state has a2 Isrger dipole nwoment in the s=me direction ss that in the
ground state the transition will red-shift in polar solvente.

Hon-polar complexes are ususlly puch less solvatochromic than polar ones.
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Their solvetoehromiszm is normdlly due to differences in polsrisability of the
ground s=nd excited state wmolscoles, or to the presence of a dipole in the
excited state 2

We diecuss here some exmamples of non-polar complexes which are unnsually
solvatochromic; firstly the dimoclesr carbonyl complexes, [M(CO)ajzbpm (M = Mo,
W; bpm = 2,2 -bipyrimidine), which will be compsred with their wmonopuclear
anglogues, and secondly FRu(DTBSq)a (DTBSq = 3,5-di-t-butylsemiquinone).
[Fulbpy)al)2+ (bpy = 2.2 -bipyridine) is alsc discussed briefly for comparison.

The solvatochromism of a number of dinuclear carbonyls has been reported
previously.2-14 The origin of their sclvatochromizs has not been clearly
identified snd has been attributed by sowe acthors to  differsnces  in
polarisability between the ground snd excited states. 9.313 ¥e have recently showm
that this latter explanation is incompatible with the experimsntal data for
[W({CO>slzpyrazine and with theopy. 15

EXFERIMENTAL

W(CD)abpn (Wbpm) Bnd [W(CO)4lzbem (WopaW) wers prepared by Petersen's
method ,4 and the Mo snalagues (Mobpin and MobpeMo) by B similar method using
toluene instead of xylene as the solvent. Mononuclear complexss wWere
recrystallised from toluene (Me) or tetrahwdrofuran (W) and dinuclear complexes
from ocetone. Elerental enalyses were satisfactory snd molar ebsorption
coefficients were in agreement with litersature data {(where savaileble).4.8 These
conplexes were storad in a freezer and gpectra wers Tun immedimtely after meiing
up the solutions to avoid decowpesition. Ru(DTBSq)s waa prepared by reaction of
Ruz(DAc)aCl with 3,5-di-t-tutyicatechol 1@

Spectra were obtained wusing & Perkin Elber-Hitachi Hodal 340
gpectrophotometer {carbonyls} or a Guided Wave Inc. Optical Waveguide Spectrum
Analyzer Hodel 100 (Ru complex).

Selvents, generally of spectroscopic or mnalyticel grade, were dried using
asctivated molecuisr sieves before ume. Aostonitrile,  gvelohexanone,
dimetiylsulphoxide, piperidine and tstreahydrefuran were dried (by literature
pethods)27 and distilled before use.

THEOEY

In the absence of H-bonding, McRae’'s eguation (1)1® can be used to determine
the origin of solvatochromism in different mystems. Thie equation is based on
the reaction field model. The molecnles are treated am point dipolem within
spherical cavities in the solwent.
Av = ADon-1)/{Dac+l) + B(Daw—1)/(Lop+l)

+ Cl(Da-1)/(Dat2) - (Dow—1)/(PDeet2) ] (1)

The quadratic Stark effect term is naglectad hare. A4v im tha diffsrence between
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the energy of the optical transition in the solvent and in the gas phase, &, B
and © are constants characteristic of the salute, Dee is the optical dielectric
constant (refractive index squared) and Dae is the static dielectric constant.

The first term describes the comtribution to the =clvatochromism due to

changes in dispersion forces. This term is normelly small and negative and
contributes for all molecules.2 A involves sums of all electronic transitions in
the wmolecule in the ground snd excited states. The second term represents the
interaction between solute dipoles and molvent induced dipoles and is non-zero
if either the ground or sxcited state hes a dipole moment. The third teem is
the dipole-dipels interaction term, and is non-zero onlv if there is a dipole
mement in the ground state.
B = (Uw? - uaZ)/a3 (2)
C = 2ua(pe ~ La)/a (32
a iz the effective coavity radius of the solute and pg and pe (vectors) sre the
ground and excited state dipole moments of the solute molecule.

The dispersion force term is difficult to calculate using HeRse's expresaion
because electronic transitions of the excitad stete are not normally knowm. An
alternative expression, given by Bayliss,1® results in values of lsss than 100
co ! for the first term, e.g. 80 cm for Mo(CO)abpm in hexane (sssuning a = 5.2
E t=-01).

RESULTS AND DISCUSSION
1. Iris(bipyridinejruthenivg(Il)

Tha solvatochromiem of [Ru(bpy)al]2+ hae been discussed by both Neyer and
co-workers29 and Milder.2! The bebavipnr is as esoocted for a comelax with no
Eround state dipole moment, i.e. there is a good correlation with Dae (R =
0.84}, which is not improved by ineluding a term containing De. The shift
cbgerved in the metal to ligsnd cherge trensfer (MLCT) bend is approximately 300
cw-1l, though the range of solvents for this complex iz limited by its positive
charge. Two conflicting interpretations of the datm have been given. Heyer et
al. have concluded that the shift is too large to be acommted for by dispersion
forcas alone, thersfore the excited state is polar dues to the excited electron
being localised on one ligsand.2° Hilder, on the other hand, has shown that the
solvatochromism is less than that of one of the bpy internal m—mw* transitions
in the complex and in the bpy free ligand. Since neither of these transitions
should give a polar excited state cnly dispersion forces (first term of McBRae's
equation) can be responsgible for the solvatochromism. 21

Assuming that the solvemt effect vn the m—sn™ trensition in [Ru(bpy)al2+ is
due to dispersion forces, the expected solvent effect, A, for the MLOT bend due
to dispergion forces can be calculsated. This is besed on the ratios of the
oscillator strengths {a meximum value of 0.25 was used for the MLCT trensition)
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and frequencies of the two transitions, using Baylias® expression.® The valve
calenlated for A is the same, within experimentml error, as that observed by
Kever, suEsgesting thet Milder s conclusion®® is correct.

2. B inid] 3
The complexes [K(CO)4)zhod heve Dan sympetry and are formelly non-polar,

being composed of tuo polar M{CO)a{diimine) groupe with their dipole nomepts
cpposed  (negative ends lie along the 2 exis between the trsns OO groups). The
polar mononuclear analagues, M{CDYebpm, =&re dimcussed here fTor coEparison.
Spectra of the Mo mono- and dinuclesr complexes are shown in Fig. 2.
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Fig. 2. ‘Top: 1.510-¢ H Ho(CD)ebpm in butyl acetate — (A) and soetonitrile
--- (B)}. Bottom: 1.5x10-% M [Ko(CO)alabom in butyl acatate — (C) and
poetonitrile —-- (D).

Tuo intense MLCT bands are observed in the visible -near UV region of the
electronic spechrum.®.4.€ Both bands cowprise more than one MICT trensition and
the higher energy band is superipposed on a ligesd field (LF) transitiom. 1In
the Czv mononuclear species the lower enmergy band (MICT 1) iz wmainly e
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z-polerised M—bpwm transition (bz—bz*), with 2 weaker x-polarised transition
at slightly higher energy (Fig. 3).22 The higher energy band (MiCT Z2) consists
of a z-polarised (sz-—as*) snd an x-polarized (bo-—es*) HILT trensition;2E the
latter is expected to be more intense due to better overlap.

The assignments in the dinuclemr species depend on whether there is & strong
interaction between the two metzl centres. If there is no intermction, the two
metals can be treated independently in their locsl Cav symmetry and the
assignments are Aaa above for the moncmuclear systems. If, howewer, there iz  an
interaction, the symmetry, Dzn, of the whole molecule must be considered, metal
orbitals of both odd ard even parity result, and centrosymmetric selection rules
apply. Again, two transitions to each of the bpm LUMD and SLIMO (secomd lowest
uncecupied moleculsr orbitel) are allowed. IF there is significsnt intersction
batween the two halves of the molaculs the two components of sach band will be
more widely separated than in the mononuclesr species (Fiz, 3).

bpm(w*) az*
bag™ bem{w™ )
au® bpo(m™)
bpm( = bz*
baa* bpm(w*3
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Z¥d A
biu I
ar bag
Med) § b o, 2 x H(d)
az bz
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Fig. 3. Gualitative MO disgren to show allowed (syvmmetry snd overlep)
trapsitions in monomiclear {Cazv) and dimuclear (Dan) complexes, assuming some
H-H interaction in the dinuclear species. The ag and m=ms orbitals are not
degensrate. Not to scale.

Deconvolution of representative spectra of mono- spd dinuclear species shows
the expected two transitions under each band, but timre does not seem to be a
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significant increase in the separaticn of the two components of esch bend in the
dinuclesr species.

TABLE 1
Spectroscopic dats for molybdenum and tungsten bipyrimidine complexes=

Honeouciear complexes Ho(CO )abpm W(CO)4bpm

Selvent MICT 1 MLCT 2 MLCT 1 MLCT 2

1. Dimethylsulphoxide  21850sh 27150 21000sh 27150

2. Progylene carbonate 21700 27100 21000=h 27050

3. Acetonitrile 21800 27100 21000sh 27050

4, Dimethylacetemide 21550 27100 21000 28900

5. Acetone 21250 26300 20800 28750

B. Butanone 20850 28750 20250 26800

7. Cyelohexanone 20700 28800 20100 2800

B. Ethyl acatate 20450 26800 13750 28450

9. Tetrahydrofuran 20400 26500 19750 26500

10. 3-Heptanone 20300 Z6500 18530 28250

11. n-Butyl acetate 20200 26500 19400 28300

12. Piperidine 18750 28250 18000 26200

13. Diethyl ether 19400 26200 18800 24050=h, 26200
14 n—Butyl ether 18600 24050sh, 28050 18000 24400sh, 25850
15. Cyclohexane 16850,18200  23450sh, 25450 15350,17650sh 23800,25400sh
165, Hexane 166850, 18300  22950sh, 25850

Dinuclear complexes [(Ho{C0)e]=bpm [W{00 )« Jzbpm

Solvent MLCT 1 MilT 2 MICT 1 MICT Z

1. Dimethylsulphoxide 18750 26300 17400 24050=h, 26050
2. Propylene carbonmste 15400 282500 16800 24050, 25900
3. Acetomitriis 17800 262000 16400 23700, 25800ah
4. Dimethvlacetsmide 18500 26100 17300 24000, 25900
3. Acetone 17300 25800 16400 23800, 25750sh
6. Butancne 17700 259000 16300 23300, 25500sh
7. Cyelohexanons 17800 25750 168300 2325], 25550sh
B. Ethyl acetate 17050 23800sh, 28450 15750 23100, 254008h
3. Tetrahydrofuran 16850 24050sh, 25800 15450 23050, 25800sh
10, 3-Heptancne 17350 23800sh, 25750 15900 24150, 253400sh
11. n-Butyl acetate 1686800 23300, 25700 13550 23000, 253208h
14. n-Butyl ether 15450 22800, 25850

15. Cyclohexsne 15400 22400, 25400 15350 22100, 25400sh

a) Data in em~%*. b) Shoulder to low energy slde. sh = shoulder.
Sclubility of these complexes decreases in the order Hobpm * Whpn » Mobpedor
Wopa¥ . Blsnk spaces sbove indicate insufficient aolubility.

There iz also a third LUMO (TLUMO) of bag symmetry which is accidentally
degensrate with the SLUMO in the shsence of Iinteractions with the metsal.®.23
Transitions to this orbital ware forbidden if there is no metal-netal
interaction, but allowed from su and bzy if there 1s a M-M intersction. These
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transitions are expected to the high energy side of HLOT 2, the stronger the M-M
interaction the greater the difference between WLCT 2 and transitions to the
TLUMD. No extra traneitione are observed in the near UV region, and the =um of
the oecillator strengths of MLCT 1 and KLCOT 2 in MobpeMo iz sxsctly double the
sum of the oscillator strengths of MICT 1 and MLCT 2 in Hobpm (Lhe sum was used
becasuse of the overlap of the two bands and the conssquent uncertainty in
deconvolution). These obgervations suggest (but do not prove) that there is
little interacticon between the two metal centres.

Data for ell four complexes in 12-16 polvents (depending on solubility) are
given in Table 1. Aprotic, non-chlorinated, non-arometic solvents were used.
1.e. "selert solvents” as defined by Eamlet ef al.2?4 Where the two componente of
the bands sare resolved average values sre teken (note that the decoavolution
indicates that the solvetochromisa of the two components of MICT 1 is similar)
except in the pase of [W(CO)a]zbpm MICT 2. In this latter case the bands are
resolved in all solvents snd the higher energy bund sppears ss & shoulder which
variee very little with =olvent, probably due to the influence of the ligand
field traneition undernesth.

The solvatochromism of both MLCT bands of the mono- and dinuclear Mo and W
complexes has beep fitted to McBRas's equation using a dual paremeter fit.
Correlationg with the Do term alonm, which are sxpected for non-polar species,
give R < {.5. The resiltz of the two-parameter fits sre given in Table 2;
reasonable correlations are obtained in all waight cases, though there is
congidersble scatter for the W dinuclesr complex. Hepresentative plots of
caloulated versus observed transition energies are shown in Fig. 4.

TAELE 2
Fits to HoBae' s aguationm

Comp lax Band const. B MBe [l R4 H=
Mo (CO jabpm MLCT 1 169560 4306(16500) 2480¢(1365) D.973 16

MICT 2 24700 -15¢+6400) 3520{+3577 0.843 16
W0 ) abom HLCT & 18750 220081007 8420(1388) 0.971 15

HLCT 2 23300 7500(18000) 3280(+330) a.528 15

[Ho(C0)a]2bpm MICT 1 11250 18500(+7100) 4B10{+408) 0,964 13
MLLCT 2 22100 7200(£6400) 3720{%370) 0.9%4 13

[W(CO e ) =bpm MLCT 1 10550 22000(+£8100) 26870(2525) 0.e82 12
MLCT 2 20550 7900¢18800) 2550(4430) 0.B94 12

5) Data in emi. b)) Calculated gas plmss trangition energy. ¢y Figures in
parentheses are standard errors. d) Correlation coefficient. e) Number of
sclvents.
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Fig. 4. fCalculsted versus observed tranaition enmergiss for HICT 1:
{a} Ho{OD)abpm, (L) [Ho(CDdalzbpm. Energies are calculated from egustion i
using parspetears in Table 2. Solvents are numberad as in Tabie 1.

The variation in the (AHBY(Dop-1)/({ZDnp+l) term with solvent is so soall that
the errors are very large (changing the selection of solvents can cause large
changes) and the fite are not significantly iwproved by including it, except for
HLCT 1 in tha dinvclesr species. It is included in the data presented bere
beceaze it hes physicel significance and including or neglecting it makes little
difference to the valus of G or the constant. By contrest, C and the constant
term {(gas phage trangition energy) sre well defined and change wvery little if
the selection of solvents i veried, . g, using only tha first 12 solvemts for
the monoruclear spscies.

For comparison the solvent semsitivity of a perticolsr bemd is wost easily
neasured by the magnitoude of C or by subtracting the band energy in a non-polsr
solvent. (cyclohexans) from that in the most polar (OHED). Using eithar weasors
the solvatochromism decreases in the order Hobpn = Wiem > MobpwMo » WhoeW for
HMLCT 1. The solvatochromism of MLCT 1 is grester thsn that of HICT 2 for a
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given complex. This result contradicts that of Kaim et al. who reported a  very
large aolwvent sensitivity For HobpmMo MLCT 2.8 This seeme to be largely dus to
the very low ensrgy they cbtained for MICT 2 in toluene which differs fram our
own measurements by at jeast 1500 cm—2.

The large velues of (AHB) for MLCT 1 in the dinvclesr specles are comsistent
with the results cbtained For [W(CD)m]opyrazinel® amd mppear from the statisties
to be significsnt. However, the resson for these results ie unclear. These
large numbers preclude caleculation of effective values of g and e because
imsginary muobers are obtained if B » C.

The most importsnt observation is that the solvatochromism of ths mono- and
dinuclear species is very similar, although the dinuclear complexes have no net
ground state dipole moment. The mononuclear specles are knotm to be highly
polar; dipole mcments of “8-10 Debye have been: wessured for related complexes
such as Mo(COj4bpy.22 The correlation with De indicates that there must be some
ground state {dipele—dipole) interaction, and the lack of correlation with Doo
rulez ocut an explanetion based on dispersion or dipole-induced dipole forces.
Even if {AB) io very large it is still the wvaristion in the dipole-dipole term,
involving Dw, thet dominetes the solvatochromism. It can therefors be concluded
that the dinuclear complexes should be regarded as poler entities as far as
solvent-soluta intersctions are concerned.

McRee pointed out in his original peper thet it was not realistic to sssume
that the electric field, created by the ordering of the solvent molecules sround
a polsr solote, would be zero if the solote {or solvent) contained highly polar
groups whose moments cancelled. Tios the two poler halves of the dinuclear
complex must be considered to interact at least semi-independently with the
solvent. The extent of the ordering of scivent arcund each half of the
dinuelear complex seems, from the solvatocchromism, to be comparsbls to that in
the moncnuclesr species.

Interpretation of the fits to McRas’'m squation for the dinuclear cocmplexes is
not straightforwerd and depends on whether the excited states ere localised on
ne netal (I) or delocalised ovar both (II), as assumed by Keim et sl.%.23

&8 + - §- hy &- o 23 f- hy 85— &5 - &+ Bb-
(O)ra-H-tpm-M-{CO}e ——— (COYa-H-bpw-M-(CD)a ——> (C0)¢-H-tpn-¥-{C )y
—_— — — — — —

(I (11}

If thers is no M-H interaction in the ground =stats the Franck—Condon axcitsd
state i almost certainly localised on one metal, At present there is
insufficient evidence to decide between these twao possibilities. The
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consequences of the localisation/delocslisation problem for solvatochronism are
digoussed in more detail elsewhere.l5

The solvent-sensitivity of the dinuclear species appemrs to be slightly less
than that of &he mononuclear snelogues, contrary to the Findings of Kain.®.32
However, when the the errors are taken into sccount the differsmces can become
very small. The exception to this is [(W(00)elzbem MICT 1 which is both the
least soluble complex and the one with the most scattersd correlation. Thus the

differences are not worthy of further discussion until more data sre availsble.

3. Tris(semigninone)rthenivm

Compariscen of the solvatochromism of this species with that of the
structurally similar [Ru(bpy)al®+ is rewealing. The “semiquinone” complex is
ambiguons as far =8 oxidation state is concerned. It contains three non-
innceent ligands (they may exist as catecholate, semiquinone or qguinche) and a
metal which may reasonshly be in any oxidation etate from FI to VI. Since the
crystal structure shows all three ligands to be equivalent and nearer to
semiquinones than catecholetes,25 it 13 simplest to regard it ss RuiIZ{[TBSq)a.
However, all the electrons are paired so0 there iz no hole in the "tzg" =et to
allow typical ligend to metsl (tzg®) charge transfer transitions te occur. A
wolecular orbital description mist therefore be used (Fig. 3).20

E 3=
DTBSq (%) {
a2 (HCHO?
Z2a1
Bud4d) { 2e
a1
DIESain) l _——— e

Fig. 5. GQualitative MO diegram to show expected transitions in Ru(DTBSg)a.
Orbitals are labellsd sccoxding to Da symmetry. Hot to scale.

Transitions are expected batween three sets of molecular orbitals, deriving
mainly from Ru(tzag), DTBSqQ oxygen lone pairs (n) and DIBSq(m*). A rather
complex  spectrum  resslts (Fig., 8. Most  importantly the cosplex is quite
strongly solvatochromic in spite of the fact that the ground state is spparently
non-polar. The electronic spectrum in the solid state is not very different
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(except for soms relative intensities) from that in polar solvents. As showm in
Fig. E the shape of the band &nrvelope in tha visibie region changes with solvent
polarity. Deconvolution of spectra in seversl solvents (although rather
uncertain) shows that thim 4is probably doe to the asolwvatochromimn of the
strongest visible region band, at sround 600 nn.2® This band ir more
golvetochromie than those either =ide of it and the amount of overlap with these
hards  waries, changing the overall shape of the spectrum. There is no evidence
for the sppearance of new bands in any solvent snd irreveraibls decomposition of
the complex can be riled out a= an explenation.
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Fig. 8. Electronic spectra of 1. 5%10-¢ M Bu(DTBSq)a in hexans — (A) and
acotonitrile —-- (B).

The BOD nm transition is tentatively assigned to "n--»n*", with both of these
levels having significant Bu character. Evidsnca for this comes from comparison
with the spectrim of Ru(bpy)(DTBSq)2 (imoelectronic with Ru(DTBEq)=z) where a
transition having similar energy and intensity is found. 27

The visible region pesk meximm is used here as it corresponds reasconably
well with the energy of the strongest end most solvatochromic transition. A red
ghift of about 1000 om 1 is found on going from non-polar to polar solvants.
This is opposite to the normal behaviour of most solvatochromic complexes.l
Surprigingly, there is s good corralation with Punctions of De and none at all
with functions of Dop alone. A& good correlation (R = 0,888, 10 solvents) is
obtained with HcRae's squation for the select solvents (excluding acetonitrile),
both (AB) and € being negative (equation 4.

v = 20100 - 12000(+22003(Dep—1)/(ZDeptl) ~ 1550({£110)[(Du-1)/(Dut2)

= (Dap=1)/(Dep+23] (4
Inclufion of alcohols or sromatice in the correlamtion does not significantly
affect the results. It is interesting that the chlorinated sliphatic scolvents
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sppear to lie on a sepsrate line with dichloroethspe giving a iarger red shift
than the most polar solvent used {(DMS0). A plot of the calculated vermia the
ohsarved results is showm below (Fig. 7). Hote that in this case both the (&B)
and C terms of eguation 1 contribute significently to the solvatochromism.
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Fig. 7. Calculated versus observed Jmex for BRu(DTRSq)s. Energies are
caloulated From equation 4. Solvents mre numbered as in Teble 1, with 17 =
dimethy}formamide, 18 = methanol, 19 = ethancl, 20 = l-propancl, 21 = l-butanol,
22 = toluens, 23 = 1,2-dichlorcbenzene, 24 = 1,2dichloroethsne, 25 =
dichloromethane, ZB = trichloromethane, Z7 = tetrachloromethsne.

The negative values of (AB)Y and € are az expactead for s complex with a polar
ground state snd s more polar exeited state, with both diponle moments in the
same  direction. The correlstion with De  indicates some ground state
intera~tion, other then rendom, of polar sclvents with the complex. Since the
ground state of the molecule ls non-polar, end does not contain polar groups,
this behaviour is unexpected and fundspentslly different from that of
[Fa(bpylal2r,

The red shift in polar {and chlorinated alkane) golvents indicatee either
destabilisation of the ground state or stebilisation of the excited state.
Similer solvetochromism ie not observed in the spectra of the snalogous Rh(III)
complex.2® The most cbvious difference between the Fu and Rh species is the
extent of delocalisstion in the bonding, Since there ere mpany possible
electronic structurss for the Ru complex, and the system is probably highly
delocalised, the elactronic distribution may be sensitive to small variations in
the environment, such as change®s in solvent. A 3zolvent-induced change in
electronic structure of = related complex has been reported previoualy.?® In
particular the smount of mixing of the orbitals of e symmetry, and thus their
energies, may be sffectad. In the extreme case a localised, poler electronic
structure in which the ligands are no lcnger equivalsnt may reselt, o.g.
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RufT(DTB5q »2(UTBA) or FRu™v(DTBCAL)(UTBEq)2z (A = gquincne, Cat = catechol),
althoogh IR spectra in various selvents show na shifts in the most intense band
(w(C-0)} as would be expected if the ligands becsme inequivalent,

The solvent effect mey arise from a spocific solvent-solute interaction in
the ground state, involving either tlw oxygen lone pairs or semiguinone w
system. For such o case in which the nature of the ground state veries with De
McBae's eguation ne longer applies. A more complex rcorrelstion wight be
expected and the good fit above {4) may be fortuitous, though it does provide
some ugseful informetion. Forther studies are now in progress on this system.

CONCLUDING COMMENTS

It is evident that considersble solvatochromi=m may be exhibited by species
which are formally non-polar and that more thsn one ceuse may be responsible for
this. McRee's equation msy be used with care in such cases to provide some
insight into the solvent effects. Hore detailed interpretation of correlations
with MeBae's eguation requires more complementary informstion on the nature of
the excited states involved. As our understsnding of this phenomenon improves
we cAn expect to use it more reliably to anewer guestions such as those
associated with localised and delocalised bonding in the ground and verious
excited states.
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