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The halochromism of the negatively solvatochromic pyridi- 
nium N-phenoxide betaine dye 1 has been measured in ace- 
tonitrile solution and linearly correlated with the effective 
charge of the cations of the added alkaline and alkaline earth 

salts. The observed negative halochromism of betaine dye 1 
constitutes a new type of true halochromism, in contrast to the 
trivial halochromism found for the first time by Baeyer and 
Villiger in 1902. 

Pyridinium N-phenoxide betaine dyes are solvatochromic, ther- 
mochromic, piezochromic, halochromic, and possibly chiro-solva- 
tochromic. That is, the longest wavelength, intramolecular charge- 
transfer (CT) absorption band of their UV/Vis solution spectra 
depends on the polarity of the solvent, the temperature of the so- 
lution, the external pressure, the nature and concentration of added 
salts (electrolytes; ionophores), and possibly - in the case of homo- 
chiral betaine dyes - on diastereomorphic solute/solvent interac- 
tions with pairs of enantiomorphic solvent  molecule^[^-^]. The ex- 
ceptionally large negative solvatochromism of 1 has been used to 
define an empirical parameter of solvent polarity, the Ed30) values, 
which are known for numerous organic solvents and many binary 
solvent mixtures[3-51. The better water-soluble tris(methanesu1fon- 
y1)-substituted betaine dye 2 recently enabled us to determine ET(30) 
values of aqueous electrolyte solutions[61. The chance to determine 
empirically the polarity of aqueous and nonaqueous electrolyte so- 
lutions by means of the solvatochromic standard betaine dyes l 
and 2 has recently led to increased investigations by  US[^-^] and 
 other^[^-'^] of the halochromism of 1 and 2, caused by the addition 
of ionophores["I to solutions of 1 and 2 at room temperature. 

1 [ R z H )  
2 (R 1 SO,CH,) 

The study of the ionophore-induced halochromism of solvato- 
chromic dyes other than 1 and 2 has also been intensified in recent 
years[19-24~ 

In this paper we report on the ionophore-induced halo- 
chromism of 1 in acetonitrile solution at 25 "C. Acetonitrile 

was chosen because of its good solvency for salts, its rather 
high relative permittivity (E,  x 36), thus promoting the dis- 
sociation of ion pairs, and its non-hydrogen bond donor 
(non-HBD) character, thus avoiding specific solute/solvent 
interactions such as intermolecular hydrogen bonding. 

The addition of alkaline and alkaline earth iodides as well 
as magnesium perchlorate - up to a tenfold excess or up 
to a saturated salt solution - to a lop4 M solution of 1 in 
acetonitrile leads in all cases to a hypsochromic shift of its 
long-wavelength CT band by ca. 31 -213 nm (depending 
on the nature of the added ionophore; cf. Figure 1 and Table 
l), without substantially changing its shape. Only with tetra- 
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Figure 1. Long-wavelength UV/Vis absorption CT band of betaine 
dye 1, measured in acetonitrile a t  25 "C, without and with addition 
of an excess of alkaline and alkaline earth salts [c(betaine) 1: 1 . 

mol/l]; the intensity of absorption, 
E,,, decreases slowly after the addition of salt; therefore, the ex- 
tinction coefficients E of the salt-containing betaine solutions are 
only approximate, measured relative to the absorption intensity of 

the salt-free betaine solution (cf. Table 1) 

mol/l; c(salt) 1: 1 . 
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n-butylammonium iodide is the hypsochromic shift negli- 
gible (AL = -2  nm). All hypsochromic shifts are accom- 
panied by a decrease of the intensity of the halochromic CT 
absorption band of 1 (cf. Figure 1). 

By analogy with the definition of solvat~chromisrn~~~, we 
have suggestedF7] the term "negative (positive) halochro- 
mism" for such a hypsochromic (bathochromic) shift of the 

Table 1. Maximally measurable alkaline and alkaline earth salt- 
induced hypsochromic shifts ("negative halochromism") of the 
longest wavelength intramolecular CT absorption band of the stan- 
dard pyridinium N-phenoxide betaine dye 1, measured in aceto- 
nitrile at 2 5 T ,  after addition of ( ~ B u ) ~ N + I - ,  Lil, NaI, KI, RbI, and 
CsI, as well as Mg(C10&, ,Ca12, %I2, and Ba12; including the effec- 
tive ion radii and effective ion charges of the corresponding cations M"+. mol/l; salt concentra- 
tion: in each case ca. 1 . lop3 mol/l, except NaI, KI, RbI, and CsI 

(saturated solutions) 

, betaine dye concentration: ca. 1 . 

- Without salt 626.3 45.6 - 
- ( ~ - B u ) ~ N + I -  [c,dl 625.8 45.7 - 

LiI ['I 533.0 53.6 76 13.2 
NaI Iel 546.8 52.3 102 9.8 
KI Ie1 584.7 48.9 138 7.2 
RbI["' 594.8 48.1 152 6.6 
CSI 608.9 47.0 167 6.0 
Mg(C104)2" (413.3) (69.2) 72 27.8 

Sr12["' 490.0 58.3 118 16.9 
Ba12 496.0 57.6 135 14.8 

CaI,['] 468.2 61.1 100 20.0 

R. D. Shannon, Acta Crystallogr. Sect. A:  Cryst. Phys., Dl;fsr., 
Theor. Gen. Crystallogr. 1976,32, 751 -767; see also N. N. Green- 
wood, A. Earnshaw, Chemie der Elemente, VCH Verlagsgesellschaft, 
Weinheim 1988, Appendix 5, p. 1652 (effective Pauling cation radii 
of ions with coordination number 6). - Ib1 Effective cation charge 
= ion charge/Pauling cation radius. - ['I c(sa1t) = ca. 1 . 
mol/l, corresponding to a tenfold excess of salt relative to the be- 
taine dye concentration; at this salt concentration, the maximally 
measurable La, shift has been already achieved. - Id] Even at a 
100-fold excess of ( ~ B u ) ~ N + I -  [c(salt) = ca. 1 . lop2 mol/l; I,,, = 
624.2 nm], only a rather small hypsochromic band shift of Ah = 
2 nm (relative to the absorption of the salt-free betaine dye solution) 
has been found. - lel  c(sa1t) = saturated solution, corresponding 
to 1.26 mol/l (NaI)kl, 4.44 . lop3  mol/l (KI)Ihl, 4.35 . mol/l 
(RbI)Ih1, and 4.25 . lop3 mol/l (CSI)'~]; at lower salt concentrations 
of ca. 1 . lop3  mol/l, the A,,, shifts are of the order of only 0- 11 
nm; with these four salts, the maximally measurable hypsochromic 
band shifts have been observed in salt-saturated acetonitrile solu- 
tions only. - VI The h,,, and ET(30) values given in parentheses 
have been calculated from the correlation equation given in Figure 
2; in this case, the h,, value cannot be measured directly because 
the Mg++-induced hypsochromic band shift is at c[Mg(C104),] = 
1 . mol/l already so large, that the less intensive long-wave- 
length CT absorption band of 1 is largely hidden by the more 
intensive UV absorption bands at h = 375 ( E  x 9200) and 302 nm 
( E  x 40000) (cf. the complete UV/Vis spectrum of 1, measured in 
acetonitrile, in the DMS-UV Atlas organischer Verbindungen, But- 
terworths, London, and Verlag Chemie, Weinheim, 1968, Vol. IV, 
spectrum no. G12/1); the added Mg(C104)2 contained traces of acid 
which, by protonation of the betaine dye 1, led to a complete dis- 
appearance of its long-wavelength CT absorption band; therefore, 
before addition of the magnesium salt to the betaine solution, one 
drop of ethyldiisopropylamine as base has been added; the addition 
of this non olar solvent does not alter the ET(30) value of aceto- 
nitrile. - P T. PavloDoulos. H. Strehlow. Z .  Phvs. Chem. 1954.202. 
474-479. - Ih1 D. q. S. Jain, B. S. Lark, P. K. Nayyar, Indian 
Chem. 1970, 8, 73 - 75. 

UV/Vis absorption band of a dissolved compound with in- 
creasing ionophore concentration. Since the CT absorption 
band of 1 lies within the visible region of the electromagnetic 
spectrum (cf. Figure l), its halochromism can be easily fol- 
lowed by eye: the addition of salts to the turquoise-coloured 
solution of 1 in acetonitrile changes the colour to blue, red, 
orange or yellow, depending on the nature and concentra- 
tion of the added ionophore. 

For the solvent given, the ionophore-induced hypso- 
chromic band shifts of 1 increase in the order Cs+ < Rb+ 
< K +  < Na+ < Li+ and Ba++ < Sr++ < Ca++ < 
Mg + +, i.e. obviously proportional to the charge-to-size ra- 
tio of the cations (cf. also ref.[9,102'3"41). The effective cation 
charges (ion chargelion radius) have been calculated by us- 
ing Pauling's cation radii and included in Table 1. Surpris- 
ingly, there exists an excellent linear correlation between the 
salt-modified molar transition energy ET(30) of 1 and the 
effective charge of the respective alkaline and alkaline earth 
cations, as shown in Figure 2 (cf. also ref.[141). This linear 
correlation has been used to calculate the La, value of 1 in 
the CH3CN/Mg(C104), solution, which is not available di- 
rectly because of the extreme Mg + +-induced halochromic 
band shift (cf. Figure 1 and footnotero of Table 1). 
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Figure 2. Correlation between the molar electronic excitation en- 
ergy ET(30) of betaine dye 1, measured in acetonitrile at 25°C after 
addition of an excess of salt, and the effective charge of the respec- 
tive alkaline and alkaline earth cation M"+; the correlation equa- 
tion is 

ET(30) = 0.992 . [(n+/rM.+) . lo3] + 41.6 
with pairs of values n = 8; correlation coefficient r = 0.989; stan- 

dard deviation of the estimate s = 0.85 

These results clearly demonstrate that not only the po- 
larity of pure solvents and binary solvent mixtures can be 
empirically determined by means of halochromic dyes such 
as 1, but also the polarity of ionophore solutions (cf. for 
example ref. E 1 0 -  13% 16,171 ). For a more systematic study, there 
are some limiting factors: the often poor solubility of salts 
in organic solvents, sometimes a salting-out of the betaine 
dye by the added saltr6], the decrease in absorption intensity 
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of 1 with increasing salt concentration, and occasionally 
salt-induced aggregation of the halochromic dyes with con- 
comitant changes in the UV/Vis absorption. 

the ET(30) values of binary solvent 
mixtures can be empirically described by the two-parameter Eq. (I), 

According to Langhals 

E~(30) = E~.ln(c~/c* + 1)  + E~(30)” (1) 

in which ET(30)” is the value of the less polar solvent, cp the molar 
concentration of the more polar solvent, and ED and c* are ad- 
justable parameters specific for the solvent mixture under investi- 
gation. It has been recently shown by Rezende[I6] that, at least for 
alcoholic solutions, Eq. (1) can be equally applied to the binary 
system “solvent + salt” to give Eq. (2), 

E~(30) = A.ln(c/c* + 1) + E~(30)” (2) 

in which ET(30) and ET(30)” represent the polarity values for the 
ionophore solution and the pure solvent, respectively, c is the molar 
concentration of the added salt, and A and c* are again adjustable 
parameters. 

Obviously, the addition of ionophores to solutions of 1 leads to 
similar hypsochromic band shifts as the addition of more polar 
solvents to the betaine solution. How can this be explained with 
respect to the structure of 1 and the type of its long-wavelength 
solvatochromic and halochromic absorption? 

The long-wavelength absorption of dyes such as 1 and 2 
results from an intramolecular charge transfer from the elec- 
tron-donating phenoxide part to the electron-accepting pyr- 
idinium ring of the nonplanar betaine molecule (interplanar 
angle between pyridinium and phenoxide moiety: 65” [261). 

This follows from the dramatic decrease of the permanent 
ground-state dipole moment on excitation (kg = 49 . lop3’ 
cm[27al h . v  , pc = 20 . 10W3’ Cm[27b1;Ap = 29 . Cm 
= 8.7 D) and from recent quantum-chemical HMO 
calculations[**I. The position of such CT absorption bands 
depends on the ionization energy of the electron donor and 
on the electron affinity of the electron acceptor[291. Thus, the 
introduction of electron-withdrawing substituents into the 
4-phenylpyridinium ring of 1 increases its electron affinity 
and causes a bathochromic shift of the CT band of lL3’I, 
whereas hydrogen bond donor (HBD) solvents increase, by 
hydrogen bonding to the oxygen atom, the ionization energy 
of the phenoxide part of 1, with an enhanced hypsochromic 
band shift as 

In the light of these facts, the negative halochromism of 
1 can be best explained by loose ion-pair formation between 
the negatively charged phenoxide part and the cation of the 
added ionophore, according to Eq. (3). The electrostatic 
Coulomb interaction between the electron donor part of 1 
and the cation increases the ionization energy of the phe- 
noxide part, resulting in the experimentally observed hyp- 
sochromic CT band shift. Eventually, protonation of the 
phenoxide oxygen atom leads to a complete disappearance 
of the CT band of 1. 

This line of reasoning is supported by the following find- 
ings: 

(a) As a function of salt concentration, the halochromic effect of 
1 and 2 is to induce a hypsochromic band shift in the sample UV/ 
Vis spectrum, without substantially changing its shape. This resem- 

3‘ Ar 

Ar 

Ar hAr 
( 3 )  

1 :Amn, = 626nrn (CH3CN) 

2:Amax 509nrn (H20) [‘I 

bles analogous shifts observed with the same sample in pure organic 
solvents by adding a more polar solvent (cf. Figure 1 and ref.”’). 

(b) With given solvent and salt, the salt-induced hypsochromic 
band shift of 1 and 2 increases with increasing salt concentration, 
finally leading to a maximally measurable shift which corresponds 
to a kind of saturation, i.e. complete ion-pair formation (cf. Table 

(c) With a given solvent and different salts, the salt-induced hyp- 
sochromic band shift is directly proportional to the effective charge 
of the cation, i.e. its charge-to-size ratio (cf. Figure 2 and ref.[’41). 
With LiC104 in nonpolar solvents such as diethyl ether and te- 
trahydrofuran, 1 : 1 complex formation between 1 and lithium ions 
according to Eq. (3) with very high association constants of up to 
lo6 has been found[131. The cation-complexing capability of 1 can 
be increased even further by means of crown ether rings surround- 
ing its phenoxide part[*]. 

(d) With tetraalkylammonium salts, i.e. salts containing large cat- 
ions of low effective charge, prone to poor ion-pair formation with 
anions because of steric hindrance, the salt-induced hypsochromic 
band shifts are negligibly small (cf. Table 1 and There is 
obviously no ion-pair formation between 1 and the tetra-n-butyl- 
ammonium cation according to Eq. (3), which explains the only 
small halochromic band shift observed. 

(e) In comparison with the strong cation influence on the salt- 
induced band shifts of 1 and 2, the nature of the corresponding 
anion seems to be of minor importance for the halochromic shifts 
observed (cf. ref. [6,10,161). However, further systematic measurements 
are necessary to clarify this point. 

In  conclusion, the negative halochromism of 1 in aceto- 
nitrile stems mainly from the specific dye/cation interaction 
according to Eq. (3), thus reflecting salt-induced perturba- 
tions in the molecular-microscopic environment of the phen- 
oxide part of the betaine dye, in accordance with the findings 
of Rezende et al. [17]. However, additional nonspecific halo- 
chromic effects due to salt-induced changes in the structure 
of the bulk solvent (i.e. interruption or  reinforcement of the 
intermolecular solvent/solvent interactions with concomi- 
tant consequences for the betaine dye solvation) cannot be 
entirely excluded. Such nonspecific, indirect halochromic ef- 
fects should be preferably found in highly structured solvents 
such as ~ a t e r [ ‘ ~ ~ ~ ’ ~ ~ .  In less structured solvents such as ace- 
tonitrile (its Trouton constant is with 94 close to the normal 
value of 88 J . mol-’ . K-lr3I), this nonspecific halochromic 
effect can be neglected. 

The halochromism of betaine dyes such as 1 and 2 con- 
stitutes a fundamentally new type of halochromism, in con- 
trast to the trivial halochromism first described by Baeyer 
and Villiger in 1902[311. According to Baeyer[”’ and authors 
of recent text b o o k ~ [ ~ ~ - ~ ~ l ,  halochromism means the colour 

Am,= 413nrn [CH$N +Mg(CLO,),I 

Amox= 480nrn IH,O t Mg(CL0,),I[61 

1. 1 and ref,[6x10,16.171 
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change of a dissolved compound on addition of acid (or 
base) during which a chemical reaction (e.g. ion formation) 
transforms a colourless compound into a coloured one with 
different UV/Vis absorption. 

Historical examples for this are the Brernsted acid/base reactions 
of triphenylmethanol and dibenzalacetone with concentrated sul- 
furic acid according to Eq. (4) and (5)[3'3371, with concomitant 
changes of their UV/Vis a b s o r p t i ~ n [ ~ ~ - ~ ' I .  

colourless yellow 

A,,,= 331 nm lEtOH)[Lol 

yell0 wish 

More recent examples of halochromic compounds the halo- 
chromism of which is also based on pH-dependent salt formation 
can be found in ref.[42,431. 

This type of halochromism is a trivial one because addi- 
tion of acid (or base) to a base (or acid) solution always 
leads to a chemical reaction giving products the UV/Vis 
absorption of which is usually different from that of the 
starting compound. If the absorption band of the product 
accidentally lies in the visible region, then its predecessor is 
called halochromic according to Baeyerf311. 

In contrast t o  this trivial halochromism, the true or gen- 
uine halochromism of dyes like 1 and 2 refers to a colour 
change on addition of an ionophore[''' to the dye solution 
not accompanied by a change in the chemical structure of 
the dissolved dye. In contrast to Eq. (4) and (9, the ion-pair 
formation according t o  Eq. (3) does not destroy the chemical 
identity of the betaine dye. We have suggested the term 
"negative (positive) true halochromism" for a hypsochromic 
(bathochromic) shift of the UV/Vis absorption band of a 
dissolved compound on increasing electrolyte concentra- 
tion, when this shift is not caused by a chemical change of 
the chromophore[n. This definition of halochromism is not 
restricted to  salt-induced shifts of absorption bands within 
the visible region only, but holds for electronic transitions 
in the whole UV/Vis/NIR region. Since ion-pair formation 
as shown in Eq. (3) is temperature-dependent, the halo- 
chromism of such dyes should be temperature-dependent 
too, i.e. halochromic dyes should also be t h e r m o ~ h r o m i c [ ~ . ~ ~ ] .  

This work was supported by the Deutsche Forschungsgemein- 
schaft, Bonn, and the Fonds der Chemischen Zndustrie, Frankfurt 
(Main). 

Experimental 
The UV/Vis spectra were recorded with a Hitachi U-3410 spec- 

trometer with thermostated 1-cm quartz cells. Acetonitrile (Chro- 
masolv G from Riedel-de Haen, D-3016 Seelze; purity > 99.9%) 

was used without further purification. The inorganic salts employed 
were of analytical reagent quality and were dried before use over 
P4Ol0 in vacuo. The betaine dye 1 was synthesized according to 
ref.[51; it is now also commercially available[441. 

Part XVIII: C. Reichardt, M. Eschner, Liebigs Ann. Chem. 1991, 

['I S .  Asharin-Fard, Dissertation, Univ. Marburg, 1992. 
[31 C. Reichardt, Solvents and Solvent Effects in Organic Chemistry, 

Second, completely revised and enlarged edition, VCH Ver- 
lagsgesellschaft, Weinheim, 1988, p. 363 ff.; and recent transla- 
tions into Russian (publishing house MIR, Moscow, 1991) and 
Chinese (publishing house of the chemical industry, Beijing, 
1987). 

[41 For recent reviews on the solvatochromism, thermochromism 
halochromism, and chiro-solvatochromism of pyridinium N- 
phenoxide betaine dyes see: [4a1 C. Reichardt, Chimia, 1991, 45, 
322-324. - [4b1 C. Reichardt, Chem. SOC. Rev. 1992, 21, 

[51 The Transition Energy ET(30) is defined as: ET(30) [kcal . mol-'1 
= h . c . S . N A  = 28591/h,,, [nm]. In the first publication of 
this series, the standard betaine dye 1 had by chance the formula 
number 30. Therefore, the number 30 was added in order to 
avoid confusion with ET used in photochemistry as abbreviation 
for triplet energy. Cf. K. Dimroth, C. Reichardt, T. Siepmann, 
F. Bohlmann, Liebigs Ann. Chem. 1963, 661, 1-37. 

['I C. Reichardt, G. Schafer, P. Milart, Collect. Czech. Chem. Com- 
mun. 1990, 55, 97 - 118. 

17] C. Reichardt, E. Harbusch-Gornert, G. Schafer, Liebigs Ann. 
Chem. 1988, 839 - 844. 

[*I C. Reichardt, S .  Asharin-Fard, Angew. Chem. 1991, 103, 
614-616; Angew. Chem., Znt. Ed. Engl. 1991, 30, 558-559. 

[91 G. Hollmann, F. Vogtle, Chem. Ber. 1984, 1 17, 1355 - 1363. 
[lo] I. A. Koppel, J. B. Koppel, Org. React. (USSR) (Engl. 

Transl.) 1984, 21,98-123 [Chem. Abstr. 1985, 103, 37044~1. - 
[lob] I. A. Koppel, J. B. Koppel, V. 0. Pihl, Org. React. (USSR)  
(Engl. Transl.) 1984, 21, 144-159 [Chem. Abstr. 1985, 103, 
12232kl. 

["I R. Braun, J. Sauer, Chem. Ber. 1986, 119, 1269-1274. 
['*I P. Nagy, R. Herzfeld, Acta Phys. Chem. 1987,33,53 -67 [Chem. 

Abstr. 1989, 1 1  1 ,  96 563 v]. 
[I3] Y. Pocker, J. C. Ciula, J.  Am. Chem. SOC. 1989, ill, 4728-4735. 

H. Bock, H.-F. Herrmann, Helu. Chim. Acta 1989, 72, 

W. B. Harrod, J. Pienta, J.  Phys. Org. Chem. 1990, 3, 534-544. 

C. A. Rodrigues, E. Stadler, M. C. Rezende, J. Chem. SOC., 
Faraday Trans. 1991,87, 701 -705. - [17b1 C. C. Lopes de Oli- 
veira, M. C .  Rezende, J. Braz. Chem. SOC. 1991, 2, 21 -24. - 
[17c1 V. Gageiro, M. Aillon, M. C. Rezende, J. Chem. SOC., Faraday 
Trans. 1992, 88, 201 -204. 

[lgl Zonophores are ionic compounds (e.g. Na'Cl-) which - in con- 
trast to ionogens - consist of ions in the crystal, in the melt, 
and in solution. Ionogens (e.g. H-Cl) are compounds with mo- 
lecular crystal lattices which produce ions only when dissolved 
in appropriate solvents; cf. R. M. Fuoss, J. Chem. Educ. 1955, 
32, 527, and ref.[31. Somewhat unfortunately, a new definition of 
ionophores has been given recently, according to which iono- 
phores are neutral macrocyclic molecules (or parts of molecules) 
which form complexes with ions, and as carriers transport them 
through biological membranes; cf. B. C. Pressman, "Alkali 
Metal Chelators - the Ionophores", Znorg. Biochem. 1973, I, 
203-226 [Chem. Abstr. 1975, 83, 23537hl. In this paper, we 
use the term ionophore according to the definition first given by 
Fuoss. 
[19a1 J. E. Gordon, J.  Phys. Chem. 1966, 70, 2413-2416. - [19b1J. 
E. Gordon, The Organic Chemistry of Electrolyte Solutions. 
Wiley, New York, 1975, p. 94ff. 

['01 S. J. Davidson, W. P. Jencks, J. Am. Chem. SOC. 1969, 91, 

["I M. Mohammad, E. M. Kosower, J.  Phys. Chem. 1970, 74, 
1153 - 1154. - [21b1 D. Huppert, V. Ittah, E. M. Kosower, Chem. 
Phys. Lett. 1989, 159, 267-275. 

["] I. Koppel, A. Paju, M. Karelson, Yu. Koppel, Org. React. 
(USSR) (Engl. Transl.) 1976,13,455-476 [Chem. Abstr. 1977, 
87, 133342fJ 

[z31M. De Vijlder, J. Chem. SOC., Faraday Trans. 1 1983, 79, 

1003 - 1012. 

147-153. 

1171 -1185. 

[''I M. C. Rezende, Tetrahedron 1988, 44, 3513-3522. 
[17] 

225 - 234. 

155-161. 
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[241 C. F. Chapman, M. Maroncelli, J. Phys. Chem. 1991, 95, 

1251 [25a1 H. Langhals, Angew. Chem. 1982, 94, 739-749; Angew. 
Chem. Int. Ed. Engl. 1982, 21, 724-733. - [25b1 H. Langhals, 
Description of Properties of Binary Solvent Mixtures, in Simi- 
larity Models in Organic Chemistry, Biochemistry, and Related 
Fields (Eds.: R. I. Zalewski, T. M. Krygowski, J. Shorter), El- 
sevier, Amsterdam, 1991, Chapter 6, p. 283 - 342. 
R. Allmann, Z .  Kristallogr. 1969, 128, 11 5 - 132. 

[271 These are values for 2,6-di-tert-buty1-4-(2,4,6-triphenyl-l -pyri- 
dinio phenoxide, which is free from water of crystallization; 
~ f . [ * ~ “  A. Schweig, C. Reichardt, Z .  Naturforsch., Teil A:  Astro- 
phys., Phys., Phys. Chem. 1966, 21, 1373-1376. - [27b1 W. Lip- 
tay, H.-J. Schlosser, B. Dumbacher, S. Hiinig, Z.  Naturforsch., 
Teil A: Astrophys., Phys., Phys. Chem. 1968, 23, 1613- 1625. 
[28a1 S. Dahne, F. Ritschl in Recent Developments in Molecular 
Spectroscopy (Eds.: B. Jordanov, N. Kirov, P. Simova), Pro- 
ceedings 10th National Conference on Molecular Spectroscopy, 
Blagoevgrad/Bulgaria 1988, World Scientific, Sin a ore, New 
Jersey, London, Hongkong, 1989, p. 549 - 576. - 8b S. Dahne, 
Chimia 1991, 45, 288-296 (particularly p. 291). 

[291 [29a1 R. Foster, Charge-Transfer Complexes, Academic Prcss, 
London, New York, 1969. - R. Foster, J. Phys. Chem. 1980, 

[301 C. Reichardt, R. Miiller, Liebigs Ann. Chem. 1976, 1937-1952. 
[’’I A. Baeyer, V. Villiger, Ber. Dtsch. Chem. Ges. 1902, 35, 

1189-1201 (particularly p. 1190). 
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