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sOLVAlKJCHTa3nISM OF NON-POLAR cXJHC3ES 
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SunnARY 
The solvatochromism of various, formally non-polar, ccnplexes is analysed 

using the McRae equation. The solvatochrcmism of the dinuclear species, 
[MKO)rlzbpm 04 = no, W; bps = 2,2*-bipyrimidine) is found to result from the 
individual dipoles of each half of the molecule interacting with the solvent. 
This is contrary to previously published explanations. The solvatochromisn of 
non-polar Ro(MBSq)s (DTSSq = 3,5-di-t-butylsemiquincne) is also found, 
unexpectedly, to correlate with the polar terms of McRae's equation. Possible 
reasons for this are discussed. 

INTF?3DUCl'ION 

Solvatochromi5 provides a probe of both ground end excited state electronio 

structures and solvent-solute interactions. It is particularly important 

because it is one of very few probes of the Prenck-Condon excited state. 

Sclvatcchromism is observed in meny different complexes, but it is most 

pronounced for molecules which have a large net dipole monent, particularly 

those in which the transition moment is parallel or anti-parallel thereto.1 The 

solvent molecules are then strongly oriented around the ground state dipole 

(Fig. la). 
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Fig. 1. Sinplediagramshowingsolvaticcl of apclar molecule in the gruxid (a) 
end PranckCcndon excited (b) states. The dipole Pcoent chenges direction upon 
excitation. 

If the dipole marent decreesas in the excited state, or chenges its direction, 

the excited state will be destebilised in polar solvents relative to non-polar 

(Fig. lb). This is the usual cese for charge transfer transitions. If the 

excited state has a lerger dipole m-t in the sem direction es that in the 

ground state the transition will red-shift in pcler solvents. 

Nm-polar complexes areusuallyruchless solvatochrmic then polar ones. 
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Their solvatochromism is nomally due to differences in polarisability of the 

ground and excited state molecules, or to the presence of a dipole in the 

excited state.2 

We discuss here som examples of non-polar complexes which are unusually 

solvatochroaic; firstly the dinuclear carbony complexes, [M(O3)4]zbpm (M = Ho, 

W; bps = 2,2'-bipyrimidine), which will be coqared with their monmucleer 

analogues, and secondly Rn(DTBsS)a (DlBSq = 3,5_di-t-butylsemisuinone). 

[M~PY)~]~+ (bpy = 2,2'-bipyridine) is also discussed briefly for comparison. 

The solvatochromism of a number of dinuclear carbcnyls haa been reported 

previously.a-14 The origin of their solvatochromipn haa not been clearly 

identified end has been attributed by some authors to differences in 

polarisability between the ground end excited states. a.13 We have recently shown 

that this latter explanation is incolnpatible with the experimental data for 

CW(CO)s]apyrazine and with theory.15 

WKX94bpm (Wbpm) and [W(CO)41zbpe1 NbpmW) were prepared by Petersen's 

method.4 and the MO analogues (Mobpm and MobpmHo) by a similar method using 

toluene instead of xylene as the solvent. Mononuclear ccaplexes ware 

recrystallised from toluene (Ho) or tetrahydrofuran (W) and dinuclear complexes 

from acetone. Elemental analyses were satisfactory and solar absorption 

coefficients were in agreement with literature data (where availsble).4.e These 

complexes were stored in a freezer and spectra were run imediately after waking 

up the solutions to avoid decomposition. Pu(DTBSq)s was prepared by reaction of 

Ruz(OAc)4Cl with 3,5-di-t-butylcatechol.ie 

Spectra were obtained using a Perkin Elaer-Hitachi Model 340 

spectrophotmeter (carbonyls) or a Guided Wave Inc. Optical Waveguide Spectrum 

Analyzer Model 1CQ (Ru complex). 

Solvents, generally of spectroscopic or analytical grade, were dried using 

activated molecular sieves before we. Acetonitrile, cyclohexanone. 

dimethylsulphoxide, piperidine and tetrahydrofuran were dried (by literature 

r&hods)17 and distilled before use. 

THmRY 

In the absence of H-bonding, HcPae's equaticn (l)m can be used to detemine 

the origin of solvatochromisa in different systecs. This equation is baaed on 

the reactim field acdel. The mlecules are treated as point dipoles within 

spherical cavities in the solvent. 

Av = A(D=~i)/GlDcs+l) + B(Dop-l)/GDap+l) 

+ CC(DI-~)/(D~+~) - (Dap-lY(Dce+2)1 (1) 

The quadratic Stark effect tern is n~lectal here. AV is the difference between 
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the energy of the optical transition in the solvent and in the gas phase, A, B 

and C are constants characteristic of the solute, D op is the optical dielectric 

constant (refractive index squared) and DI is the static dielectric constant. 

The first term describes the contribution to the solvatochromism due to 

changes in dispersion forces. This term is normally small and negative snd 

contributes for all mo1eoules.s A involves sums of all electronic transitions in 

the molecule in the ground and excited states. The second term represents the 

interaction between solute dipoles and solvent induced dipoles and is non-zero 

if either the ground ~11 excited state has a dipole moment. The third term is 

the dipole-dipole interaction term, end is non-zero enly if there is a dipole 

moment in the ground state. 

B = (IQ - Lba)/ae (2) 

C = 2l&o*t - vs)/aa (3) 

a is the effective cavity radius of the solute and ue and IL (vectors) are the 

ground and excited state dipole moments of the solute molecule. 

The dispersion force term is difficult to calculate using IMae's expression 

because electronic transitions of the excited state are not normally known. An 

alternative expression, given by Baylies.le results in values of less then 100 

cm-l for the first term, e.g. 80 cm- 1 for Mo(cO)&pm in hexane (assuming a = 5.2 

A, f = 0.1). 

FEXILTS AND DISCUSSION 

1. Trisorutheniun( 

The solvatochromism of [ku(bpy)a] 2+ has been discussed by both Meyer end 

co-workersao and Milder.af Q 

- I i.e. there is a goad correlation with DPP (R = 

O.W), which is not improved by including a term containing D.. The shift 

observed in the metal to ligend charge transfer (HICT) bend is approximately 300 

or+, though the range of solvents for this complex is limited by its positive 

charge. Two conflicting interpretations of the data have been given. Meyer et 

al. have concluded that the shift is too large to be accounted for by dispermion 

forces alone, therefore the excited state is polar due to the excited electron 

being localised on one ligand. so Milder, on the other hand, has shown that the 

solvatochromism is less than that of one of the bpy internal n+rzL transitions 

in the complex and in the bpy free ligend. Since neither of these transitions 
should give a polar excited state only dispersion forces (first term of HcRae'e 

equatim) ten be respcnsible for the solvatochromism.a1 

Assuming that the solvent effect on the rr+v? transition in [Ru(bpy)s]* is 

due to dispersion forces. the expected solvent effect, A, for the MfCl' band due 

to dispersion forces csn be calculated. This is based cm the ratios of the 

osoillator strengths (a maximum value of 0.25 was used for the MLCI transition) 



and frequencies of the two transitions, using Baylies' exoreseion.ls The value 

calculated for A is the same, within experimental error, as that observed by 

Myer, suggesting that Milder's conclusion21 is correct. 

The complexes [M(CO)4]abpm have Dan symmetry and are formally non-polar, 

being composed of two polar h(CD)r(diimine) groups with their dipole moments 

opposed (negative ends lie along the x exis between the trans 03 groups). The 

polar mononucLear analogues, M(M)&m, are discussed here for oomparison. 

Spectra of the MO mono- end dinuclear complexes are shown in Fi%. 2. 
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Fig. 2. Top: 1.5x10-4 N Mo(CC)&pm in butyl acetate - (A) and acetmitrile 
--- (B). Bottom: 1.5x10-* H [Mo(CO)r]ab~m in butyl acetate - (C) and 
acetonitrile --- (D). 

Two intense MLCf bands are observed in the visible-near W region of the 

electronic spectrum.s*d*e Both bands comprise more than cne MU3 transition and 

the higher energy band is bvperimposed on aligand field (LF)transition. In 

thecavmononuclear species the lower energy band (HILT 1) is mainly a 



z-polarised H-bps transition (bz+bP?, with a weaker x-polarised transition 

at slightly higher energy (Fig. 3) .*e The higher energy baud (MLCl' 2) consists 

of a z-polarised (a_e--+az?) and an x-polarised (be--+&) IILCI transition;ea the 

latter is expected to be more intense due to better overlap. 

The assignments in the dinuclear species depend on whether there is a strong 

interaction between the two metal centres. If there is no interaction, the two 

metals can be treated independently in their local CZV symmetry and the 

assignments are as above for the mononuclear systems. If, however, there is an 

interaction, the symmetry, Den, of the whole molecule suet be considered, metal 

orbitals of both cdd and even parity result, end centrosymsetric selection rules 

apply. Again, two transitions to each of the bps LUhO and SLUM0 (seccnd lowest 

unoccupied molecular orbital) are allowed. If there is significant interaction 

between the two halves of the moleoule the two cosponents of each band will be 

more widely separated than in the mononuclear species (Fig. 3). 
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Fig. 3. Qualitative M diagram to show allowed &yaaaetry and overlap) 
transitions in mononuclear (CZV) and dimclear (Dzh) canplmes, assuming .s- 

M-M interaction in the dinuclear species. The h and &, orbitals are not 
degenerate. Not to scale. 

Deconvolution of representative spectra of mono- and dinuclear species skws 

the expected two transitions under each band, but there does not sees to be a 
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significant increase in the separation of the two ccmponents of each bend in the 

dinuclear species. 

TABLE1 

Spectroscopic data for molybdenum and tungsten bipyrimidine cmlexes= 

WCO)&?m W(co)&m 

Solvent MLCfl uLCr2 MLCTl lum2 

Dimethylsulphoxide 
Propylene carbonate 
Acetonitrile 
Dimethylacetamide 
Acetone 
Butanone 
Cyclohexenone 
Ethyl acetate 
Tetrahydrofuran 
3-Heptanone 
n-Butyl acetate 
Piperidim 
Diethyl ether 
n-Butyl ether 
Cyclohexene 
Hexme 

21950sh 
21700 
21600 
21550 
21250 
20850 
20700 
20450 
20400 
20300 
20200 
19750 
19400 
18800 
16950,182OO 
16850,183OO 

27150 
27100 
27100 
27100 
26900 
26750 
26600 
26600 
26500 
26500 
26500 
26250 
26200 

21DDOsh 
21CIDOsh 
210DOsh 
21DOo 
20600 
20250 
2OlDo 
19750 
19750 
19550 
19400 
19000 
18600 

,26050 18000 
2345Osh;25450 16350,17650sh 
22950sh,25650 

27150 
27050 
27050 
26900 
26750 
26600 
26600 
26450 
26500 
28250 
26300 
26200 
24050sh,262OD 
244OOsh,25650 
23900,254DDsh 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Dimethylsulphcxide 18750 263DO 17400 24050sh,26050 
Propylene carbonate 18400 2625Db 16900 24050,259oo 
Acetonitrile 17800 262Oob 16400 23700,259OOah 
Dimethylacetemide 16600 26100 17300 24000,259DD 
Acetone 17900 2595oe 16400 23600,25750sh 
Butanone 17700 259DOb 16306 23300,255DDsh 
Cyclohexancme 17800 2575Ob 16300 23250,25550sh 
Ethyl acetate 17050 236DDsh,26450 15750 23100,254OOsh 
Tetrahydrofuran 16850 24050sh,25900 15450 23050,259OOsh 

10. 3-Heptanone 17350 239OOsh,25750 15900 24150,254DOsh 
11. n-Butyl acetate 16600 23900,257DD 15550 23000,2550&h 
14. n-Butyl ether 15450 22300,2565D 
15. Cyclohexane 15400 224oD,25400 15350 221DO,254OOsh 

a) Data in cm-l. b) Shoulder to low energy side. sh = shoulder. 
Solubility of these cc@exes decreases in the order Hobpm > Wbpm > Hob@o> 
WpmW. Blank spaces above indicate insufficient solubility. 

There is also a third LUHO CfLDM3) of bse symetry which is accidentally 

degenerate with the SLlJtlD in the absence of interactions with the metal.e,*s 

Transitions to this orbital are forbidden if there is no metal-metal 

interaotion, but allowed from &r and bzu if there is a M-M interaction. These 



transitions are expected to the high energy side of MLCP 2, the stronger the M-H 

interaction the greater the difference between WILY 2 and transitions to the 

TLUMC. No extra trwsitions are observed in the near UV region, and the sum of 

the oscillator strengths of WLCI' 1 end WILY 2 in MobpmWo is exactly double the 

sum of the oscillator strengths of MLCI 1 and KLCI 2 in tlobpm~ (the cum was used 

because of the overlap of the two bands and the consequent uncertainty in 

deconvolution). These observations suggest (but do not prove) that there is 

little interaction between the two metal centres. 

Data for all four colqplexes in 12-16 solvents (depending on solubility) are 

given in Table 1. Aprotic, non-chlorinated, non-aromatic solvents were used, 

i.e. "select solvents" as defined by Kemlet et al.24 Where the two components of 

the bands are resolved average values are taken (note that the deconvolutim 

indicates that the solvatochromism of the two components of KLCI 1 is similar) 

except in the case of [W(CO)r]zbpm MLCP 2. In this latter case the bends are 

resolved in all solvents and the higher energy band appears as a shoulder which 

varies very little with solvent, probably due to the influence of the ligend 

field transition underneath. 

The solvatochromism of both WLCI bands of the mono- end dinuclear MO end W 

complexes has been fitted to McRae's equation using a dual paremeter fit. 

Correlations with the D,, term alone, which are expected for non-polar species, 

give R c 0.5. The results of the two-paremeter fits are given in Table 2; 

reasonable correlations are obtained in all eight cases, though there is 

considereble scatter for the W dinucleer complex. Representative plots of 

calculated versus observed transition energies are shcun in Fig. 4. 

TABLE 2 

Fits to McRae's equation- 

Com@lex 

now hbpm 

W(cO~rbpm 

Band 

i%E 

MIcrl 
l4xcr2 

const .b &B‘= 00 Rd 

16950 43DD(f6500) 549O(f365) 0.973 16 
24700 -15(S400) 3620(f357) 0.943 16 

16750 2200(f6100) 5420(f366) 0.971 
23300 7500(f6000) 3260(+360) 0.929 

CMowhlzbP~ MET1 11250 19500(+7100) 4610(*409) 0.964 
nLcr2 22100 72DO(ff%400) 372D(f370) 0.954 

CW(alhl2bpm 10550 22OOO(i6100) 2670@525) 0,662 
20550 79OD(~6600) 255O(f430) 0.694 

N- 

15 
15 

13 
13 

12 
12 

a) Data in cm-l. b) Calculated gas phase transition energy. c) Figures in 
parentheses are standard errors. d) Correlation coefficient. a) Number of 
solvents. 
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Fig. 4. Calculated versus observed transition energies for HICT 1: 
(a) ho(CCJ)&m (b) CMoEWrlzbpm. Energies are calculated from esuaticm 1 
using parameters in Table 2. Solvents are numbered as in Table 1. 

The variation in the (AtB)(Dw-1)/(2Dw+1) term with solvent is m small that 

tha errors are very large (changing the selection of solvents can cause large 

charges) and the fits are not siguificantly improved by including it, except for 

HLCI' 1 in the dinucleax species. It is included in the data preseuted hare 

because it has physical significance and including or neglecting it makes little 

difference to the value of C or the constant. By contrast, C and the oonstent 

term (gas phase transition energy) are well defined and change very little if 

the selection of solvents is varied, e.g. using cnly the first 12 solvents for 

the momclear species. 

For comparison the solvent sensitivity of a particular band is moat easily 

measured by the magnitude of C or by subtracting the baud energy in a nm-polar 

solvent(cyclotmxane) frm that inthemostpolar(DHS0). Using either measure 
the solvatc&romim decreases in the order tlotpm = Ubpm > !lotgmHo > wbaw for 

MLCI 1. The solvatoohromism of MLCT 1 is greater thm that of ML/3 2 for a 
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given complex. This result contradicts that of Kaim et al. who reported a very 

large solvent sensitivity for hobpmlio WLCI 2.6 This seems to be largely due to 

the very low energy they obtained for MU3 2 in toluene which differs from our 

own measurements by at least 1500 cm-l. 

The large values of (AtB) for MLCf 1 in the dinuclesr species are consistent 

with the results obtained for [W(CO)a]zpyrazinela and appear from the statistics 

to be significant. However, the reason for these results is unclear. These 

large numbers preclude calculation of effective values of w snd pro because 

imsginary numbers sre obtained if B > C. 

The most important observation is that the solvatoohromism of the mono- and 
dinuclear species is very similar, although the dinuclear complexes have no net 

ground state dipole moment. The mononuclear species are known to be highly 

polar; dipole moments of "8-10 Debye have been measured for related complexes 

such as Mo(CXl)4bpy.*s The correlation with Ds indicates that there must be some 

ground state (dipole-dipole) interaction, and the lack of correlation with Dop 

rules out an explanation based on dispersion or dipole-induced dipole forces. 

2ven if (~98) is very large it is still the yari&&n in the dipole-dipole term, 

involving Dw, that dominates the solvatochrcmism. It osn therefore be concluded 

that the dinuclear complexes should be regarded as polar entities as far as 

solvent-solute interactions are concerned. 

McRae pointed out in his original paper that it was not realistic to assume 

that the electric field, created by the ordering of the solvent molecules around 

a polar solute, would be zero if the solute (or solvent) contained highly polar 

groups whose mcments cancelled. Thus the two polar halves of the dinuclear 

complex must be considered to interact at least semi-indepeudently with the 

solvent. The extent of the ordering of solvent around each half of the 

dinuclear complex seems, from the solvatochromism, to be comparable to that in 

the mononuclear species. 

Interpretation of the fits to McRae's equation for the dinuolear conplexes is 

not straightforward and depends on whether the excited states are looalised on 

one metal (I) or delocalised over both (II), as assumed by Mm et al.en2s 

66 + - hv (co)r-M-~-i4-(~)4 - hv 
&r-"-b:-&(&)a - 

is- 5t - Be is- 
KC)r-H-bpr-M-(CD)4 

-- f-+ +f- 

(I) (II) 

If there is no M-II interaction in the ground state the FranckCondon excited 

state is almost certainly localised on cme metal. At present there is 

insufficient evidence to decide between these two possibilities. The 



cunsecluences of the localisation/delocalisation problem for solvatochromism are 

discussed in more detail elsewhere.ie 

The solvent-sensitivity of the dinuclear species appears to be slightly less 

than that of the mononuclear analogues, contrary to the findings of Kaim.e,ls 

However, when the the errors are taken into account the differences can become 

very small. The exception to this is [W(a)4]2k#pD W 1 which is both the 

least soluble complex and the one with the most scattered correlation. Thus the 

differences are not worthy of further discussion until more data are available. 

3. Tris(semiauinone)ruthenium 

Comparison of the solvatochromiem of this species with that of the 

structurally similar [Ru(bpy)s]s+ is revealing. The "semiquinone" complex is 

smbiguous es far as oxidation state is concerned. It contains three non- 

innocent ligands (they may exist as catecholate, semiquinone or quinone) and a 

metal which may reasonably be in any oxidation state from II to VI. Since the 

crystal structure shows all three ligands to be equivalent and nearer to 

semiquinones than catecholates, 25 it is s-lest to regard it es FUrr(DTBSq)s. 

However, all the electrons are paired so there is no hole in the "tyrM set to 

allow typical ligand to metal (ts@) charge transfer transitions to occur. A 

molecular orbital description must therefore be used (Fig. 5).se 

L 
3.e 

DTS%(rc*) 

es (HOnO) 

I 
2al 

WQd) 2e 

Fig. 5. Qualitative MO diagram to show expected transitions in F.u@TB%)s. 
Orbital9 are labelled according to Da symmetry. Not to scale. 

Transitions are expected between three sets of molecular orbitals, deriving 

mainly from r(u(tw), MBSq oxygen lone pairs (n) end IYlBSq(rr*). A rather 

complex spectrum results (Fig. 6). Host importantly the complex is quite 

strongly solvatochraic in spite of the fact that the ground state is apparently 

non-polar. The electronic spectrum in the solid state is not very different 
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(except for some relative intensities) from that in polar solvents. As shown in 

Fig. 6 the shape of the band envelope in the visible region changes with solvent 

polarity. Deconvolutim of spectra in several solvents (although rather 

uncertain) shows that this is probably due to the solvatocbronism of the 

strongest visible region band, at around 600 nm.ls This band is mm-e 

solvatochrmic than those either side of it and the amount of overlap with these 

bands varies, changing the overall shape of the spectrum. There is no evidence 

for the appearance of new bands in any solvent and irreversible decomposition of 

the complex can be ruled out as an explanation. 

500 700 900 1100 1300 1501 

Wavelength (nm) 

I 
3 

Fig. 8. Electronic spectra of 1.5x10-Q M Ru(DTBSq)s in hsxam - (A) and 
acetonitrile --- (B). 

The 600 nm transition is tentatively assigned to "n--m?", with both of these 

levels havkig significant Ru character. Evidence for this comes from cor@xrison 

with the spectrum of Ru(bpy)(DTBBq)z (isoelectronic with Ru(DTB%)s) where a 

transition having similar energy and intensity is found.27 

The visible region peak maxium is uswd here as it corresponds reascmbly 

well with the energy of the strongest and most solvatochromic transition. A red 

shift of about 1000 cm-1 is found on going from non-polar to polar solvents. 

This is opposite to the normal behaviour of most solvatochromic com~lsxes.~ 

Surprisingly, there is a goal correlation with functions of DI and none at all 

with functions of Dam alms. A good correlation (R = 0.966, 10 solvents) is 

obtained with I4cRae's equation for the select solvents (excluding acetonitrile), 

both (AtB) and C bem negative (equation 4). 

\I = 20100 - 12000(f2200)(Dop-l)/(2D~+l) - 1550(fllO)C(D.-1~/~D2~ 

- U&-1MDop+2)1 (4) 

InclukAon of alcohols or aromatics in the correlation does not significantly 

affect the results. It is interesting that the chlorinated aliphatic solvents 
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emear to lie on a separate line with dichloroethane giving a larger red shift 

then the most polar solvent used (D&D). A plot of the calculated versus the 
observed results is shcwn belcw (Fig. 7). Note that in this case both the (A+B) 

and C terms of equation 1 contribute significantly to the solvatochromisa. 

18.0 

.-._, 
160 l&l li0 li5 

Obsd MLCT(cm-' Y 10-3) 

18.0 

Fig. 7. Calculated versus observed X- for Ftu(DTSSq)s. aergies are 
calculated from equation 4. Solvents are numbered as in Table 1, with 17 = 
dimathylfo-ide, 18 = methanol, 19 = ethanol, 20 = 1-prcpanol, 21 = 1-butanol, 
22 = toluene, 23 = 1,2_dichlorobenzene, 24 = 1,2_dichloroethane, 25 = 
dichloromethane, 26 = trichloromethane, 27 = tetrachlorosethane. 

The negative values of (A+B) amI C are as expected for a complex with a polar 

ground state and a aore polar excited state, with both dipole moments in the 

seme direction. The correlation with D. indicates some gromd state 

intera$?tion, other than random, of polar solvents with the ccsplex. Since the 

ground state of the molecule is non-polar, sod does not contain polar ~~CXIPS, 

this behaviour is unexpected and furaianerkally different from that of 

C~u(bpY)31=+. 

The red shift in polar (and chlorinated alkane) solvents indicates either 

destabilisation of the ground state or stsbilisatioo of the excited state. 

Similar solvatochroaism is not observed in the spectra of the analogous Rh(II1) 

complex.ae The most obvious difference between the Ru snd Rh species is the 

extent of delocalisatioa in the bonding. Since there are many possible 

electronic structures for the Ru complex, and the system is probably highly 

delocalised, the electrooic distributicn may be sensitive to small variations in 

the enviroment, such as changes in solvent. A solvent-induced change in 

electronic structure of a related complex has been reported previously.ae In 

particular the amount of nixing of the orbital5 of e symmetry, aad thus their 

energies, may be affected. In the extreme case a localised, polar aleotronic 

structure in which the ligands are no longer equivalent say result, e.g. 
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RlP(DTBss>z(m) or Ru~“KnBcat)(wl3s4)2 (R q quinone, cat = oateohol), 
although IR spectra in various solvents show no shifts in the most intense band 

(w(C-0)) as would be expected if the ligands became inequivalent. 

The solvent effect may arise from a specific solvent-solute interaction in 

the ground state, involving either the oxygen lone pairs or semiquincne w 

system. For such a case in which the nature of the ground state varies with Dm 

&Rae's equation no longer applies. A more complex correlation night be 

expected and the good fit above (4) may be fortuitous, though it does provide 

some useful information. Further studies are now in progress on this system. 

cONCLUDINGCDMKENTS 

It is evident that considerable solvatochrmism way be exhibited by species 

which are formally non-polar and that more than one cause way be responsible for 

this. &Rae's equation nay be used with care in such cases to provide some 

insight into the solvent effects. More detailed interpretation of correlations 

with &Rae's equation requires sore cosplementary information on the nature of 

the excited states involved. Aa our understanding of this phenomenon isproves 

we can expect to use it wore reliably to answer Questions such as those 

associated with localised and delocalised bonding in the ground and various 

excited states. 
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