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Biscrown stilbeneS forms complexes of 1:1 and 2:1 composition with bisammonium viologendlin
acetonitrile solution. Both of the complexes exhibit spectroscopic behavior typical of molecular electron donor
acceptor complexes. The 1:1 compl&\]** has a very high thermodynamic stability (I&g= 9.08), which

is due to simultaneous interaction of the two ammonium groupg*6fwith the two 18-crown-6-ether units

of S. The 2:1 complex (lok = 12.28) B-V-§** likely has a sandwich-type layered structure in which the
acceptor salt is located between two complexed molecules of the biscrown stilbene.

Introduction CHART 1

Molecular electron donefracceptor complexes, i.e., ground- (\0/\
state charge-transfer (CT) complexes, play an important role in 0 o)
chemical and photochemical reactidnsn molecular self- S [ O (\O/ﬁ
assembly?, and in biological system&In addition, they have o o & O ° o]
potential for use as organic conductoasid photoconductofs, K/O\) o o
and as second-order nonlinear optical matefiaRecently, K/od
ground-state CT complexation has been employed for the
development of optical sensors for iohi.was shown that in v NH NN
acetonitrile complexation of biscrown stilbeBé¢Chart 1) with W = ,3’_/—\]”.43
bisammonium viologen salt** takes place through two-center
host-guest bonding. This complexation results in total lumi-
nescence quenching from both components and in the appear-
ance of a new absorption band in the visible region. Metal ions BV e N
are able to displace the bisammonium salt complexed with the 7 N\ N_/—
biscrown stilbene, leading to disruption of the CT complex and
to the appearance of intense fluorescence from the metal-
complexed biscrown stilberle. X2

In this communication, we report evidence for the formation P2
of a termolecular CT complexSfV-S]**, betweenS and V4" P2
in acetonitrile and describe the results of spectroscopic measure- P
ments of stability constants for CT complexesSivith V4+,
compared with the reference dicationic salts, i.e., derivatives shifted and its intensity increases as the excess afer V4+
of diethyl viologen,EV2™, and alkyldiammonium perchlorate  increases from~10"4 to ~10-2 mol dnt3 (Figure 1). In
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salts,P1?*—Ps?* and Ps?*. contrast, the addition of4* to an equimolar solution o and
. . V4t (~1073 mol dnm3, which is the solubility limit for\V4")
Results and Discussion did not influence the position or intensity of the CT absorption
In dilute (~10-5 mol dm3) acetonitrile solution, mixingd band. This spectroscopic behavior enabled us to postulate the

andV4* produces solely a 1:1 complé#t higher concentra- formati04r1 of a termolecular CT complexS:/-S*", betvx./een
tions, the maximum of the CT absorption band is markedly red- S @ndV*" according to the following reaction scheme:
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Figure 1. Absorption spectra in acetonitrile solution containivifj

at a concentration of 4.6« 10~* mol dnT3 and S at concentrations
ranging from 1x 107 to 0.01 mol dm3. The dashed curves are the
calculated spectra of complexeaV]** (1) and B-V-S]** (2) derived
from the equilibration model discussed in the text.

The set of absorption curves shown in Figure 1 was
constructed from these complexation equilibria using a matrix
modeling method. The model gave very small residual error
for optical density,op < 0.001, whenKyy > 107" mol~t dm?
andKyy = 1.6 x 10° mol~! dm?. Variation ofKjy in the stated
range had virtually no effect on the value I§gy or on the
calculated spectra of th&{V]*" or [S:V-S]*T complexes, Figure
1. In addition, the calculated spectrum 8fY]4" agreed exactly

with the experimental spectrum measured when a large excess

of V4T overSwas used. These facts, especially the small value
of op, support the assigned complexation stoichiometries.
Attempts to measure the equilibrium constiéng using direct
spectrophotometric or fluorescence titration in dilute solution
were unsuccessful because of the extremely high thermodynami
stability of the 1:1 §-V]*" complex in acetonitrile. Therefore,
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TABLE 1. Thermodynamic and Spectroscopic Parameters
for the Complexes of S with \A*, EV2*, P2, P21, P2t
and Pg2t 2

€max X 1(T3,
log KP Amax, NM mol~* dm? cm?
S 336 37.5
[SV]* 9.08 502 0.39
[SV-g+ 12.28 519 1.02
[SEV]?* 1.13 527 0.57
[SPy2* 5.83 336 34.9
[Pr-S-P]* 8.48 332 38.8
[S-P)2t 6.78 336 36.4
[SP3]?" 7.58 3345 37.0
[S-Ps]2* 8.59 3335 38.7

a|n acetonitrile, 22+ 2 °C. ° For [S'V-S]*", K = KyyKyy, and for
[P1:SP1]*t, K = K;Kzp. The stability constants are reproducible to
within about+20%.
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Figure 2. Relative concentration of the 1:1 charge-transfer complex

C[S-V]“* as a function of the relative concentration of acceptor\é&it

in the presence of excess @ 1072 mol dnT3) P2" (@), P*" (a),
P52+ (#) andPs2" (M) overS (Cs= 2.0 x 10~ mol dn3). Solid curves

a competing reaction methodology was employed to assess thisyre from the fits to eq 5.

constant. To find a suitable competing reactant, complexation

of Swith alkyldiammonium perchlorate salBs?", P,2", P3?T,
and P52t was studied. The absorption spectra obtained from
solutions containing at a constant total concentration and each

observed upon 1:1 complexation with?" (Supporting Infor-
mation, Figure S2) andP,?". In fact, the magnitude of the

observed spectral changes in the series decreased upon decreas-

of the alkyldiammonium perchlorate salts at various concentra- ing the length of the alkyl chain in the perchlorate ",

tions were analyzed using the same matrix modeling method.

With P,2*, P32T, and Ps?T, the spectroscopic data indicated a
1:1 complexation$-Py]2" betweerS andP,2" over the explored
concentration ranggWith P,2*, a 1:2 complex involving one
molecule of the biscrown stilbene with tw@y2" salts P;-S

probably because of an increase in the steric hindrance for
effective two-center bonding in the corresponding 1:1 com-
plexes. InP,2*, the very large difference in the thermodynamic
stability of the 1:1 (5-P1]?") and 1:2 (P1-S-P1]*") complexes

of Swith P2+ indicates that two-center bonding is still possible

P,]*" was also formed when the salt concentration approachedin the 1:1 complex, despite the relatively short length of the
103 mol dm3. The concentration-dependent spectra measuredalkyl chain in P;2*.

for Swith P,2* were constructed from the following complex-
ation model:

Kip
S+ P> =[P @3)

K
[SPJ? + Py == [PySP]* @)
whereKip andKzp are the equilibrium constants.

The model gave a small residual error for optical density,
op < 0.002, wherK;p= 10°—10° mol~1 dmd andKop = 4.5 x
1% mol~1 dmd. For the alkyldiammonium sal&,2", P3?*, and
Ps?t, estimates foK,p were derived from the 1:1 complexation
model (eq 3), yieldind1p = 10°—10" mol~* dm? for P>" and
Kip > 107 mol~t dm? for Pzt and Ps?". We failed to obtain
more accurate estimations of the constéfiis because of the
very high stability of the 1:1$-Py]* complexes wittPz?* and
Ps2™ or because of the very small changes in the spectrug of

For P,2", a good estimation oK;p (Table 1) was derived
from fluorescence titration experiments. The fluorescence
intensity from a solution o5 was measured as a function of
P,2" concentratiod® On complete binding of the biscrown
stilbeneS with P, as a 1:1 complex, the emission intensity
dropped by a factor of 2.6 (Supporting Information, Figure S1).
The equilibrium constant was then obtained from nonlinear
fitting of these data to a theoretical curve corresponding to a
single equilibrium, as in eq 3.

To determineKyy for complex B-V]*" and Kyp for the
complexes ofS with P127, Ps2™, andPs?", the concentration,
Csv, of the donor-acceptor 1:1 complex3V]*" was measured
as a function of the concentratio@y, of the acceptoV** in
the presence of a large excess of the alkyldiammoniuniPgait
over S The resulting data (Figure 2) were fit to eq 5,

csvzé(x—«/xz—mscv), x=Cs+C, +CR (5)
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where Cs and Cp are total concentrations o& and Pp",
respectively, andR = Ky, 1Kp for the complexation model
involving the equilibria of eqs 1 and 3 & = Ky Kyp(1 +
K2eCp) for the model involving the equilibria of egs 1, 3, and
4. Equation 5 is derived from the law of mass action and the

material balance of the corresponding equations, provided that

Cs<Cpand [§] < Csy + Csp+ Cpsp WhereCspandCpspare
concentrations of$P,]2" and [P,-S-P,*", respectively. This
condition is valid under the given experimental conditibhs.
The parameterR obtained from these fits were used, together
with the known values oK3p for P,2" and Kop for P;2*, to
derive the equilibrium constants sought.

The equilibrium constant for complexation betwegrand

EV2+ was also measured to evaluate the possible contribution

of CT interactions on the thermodynamic stability 8]**.
The addition of large amounts &fto a solution ofEV2* led to

the appearance of an absorption band with the maximum at 527

nm (Supporting Information, Figure S3), indicating tisand
EV2" also produce a CT complex. The set of CT absorption
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SCHEME 1

[SeV]*

[S*VeS]*#

one of the ammonium groups ¥f being switched to a crown-

spectra measured at various concentrations of the biscrownether unit of the second molecule $fas shown in Scheme 1.

stilbené? was reconstructed wellof < 0.001) from a 1:1
complexation model. These calculations gave the stability

The resulting significant gain iAG for 2:1 complexation can
be explained only if one assumes that the geometnBof J*+

constant as well as the spectroscopic characteristics for complexXs far from optimal for the two-center hestuest bonding

[S-EV]2*.

required in the 1:1 complex and that shifting to tigs\[-S]**

The data derived from these spectroscopic studies arecomplex leads to a release of steric strain, thereby producing

collected in Table 1. Among the compounds studied, bisam-
monium viologenvV4* gives the strongest 1:1 complex with the
biscrown stilbeneS, with a Gibbs free energy for complex
formation of—12.2 kcal mot?. The relatively high thermody-
namic stability of B-V]4" indicates that strong CT interactions
between the complex components contribute significantty@o
The entropy loss upon CT complexation i&Y]*" is lower
than that in 5 EV]?* because CT interactions are also encoun-
tered within the preorganized hegjuest complex. Therefore,
the contribution from CT interaction taG for [S'V]*" is likely
to be larger than thé\G value (-1.5 kcal mot?) found for
[S'EV]?'.

It is more difficult to rationalize the unexpectedly high
thermodynamic stability of the higher-order compl&y[-S]**,
for which the Gibbs free energy is16.5 kcal mot!. Some
information on the structure ofsfV-S]** can be derived from
a comparison of spectroscopic properties®#]*" and [5-V-
S|**. Generally, the expected spectroscopic shift of the CT
complex absorption spectrum upon going from a bimolecular
to a termolecular system is a red shift of the absorption
maximum and an increase in intensi®yThis behavior is typical
of both symmetrical (B-A—D) and asymmetrical (BD—A)
donor D-acceptor A complexe¥. These same shifts are
observed, as expected, for the complexeS wfith V4. From
theoretical estimation,the increased absorptivity for-ED—A
complexes should be less than 2. In the caseSo¥ {5]**,

however, the absorptivity increased by a factor of 2.6, suggesting

that this complex probably has a symmetrical structure.

The interaction of the crown units & with the ammonium
groups ofV4*+ plays a principal role in the formation o${V-
S)**, which is evidenced by the fact that no spectral changes
indicative of higher-order CT complexes are observed when a
large amount of 3,4.3¢-tetramethoxy stilberié instead ofS
was added to a solution of the 1:$V]*" CT complex. The
possibility that each of the ammonium groups interacts simul-
taneously with two crown-ether units withisV-S]*" seems
to be unlikely because of steric reasons. Instead, it is most likely
that the formation of$V-S]*" occurs via the disruption of two-
center hostguest bonding in the 1:1S}V]*" complex, with

significant enthalpy gain.

Conclusions

Thus, bis(18-crown-6) stilber@forms a strong 1:1 complex
with the bisammonium viologen sat*+ and with the bisalkyl-
ammonium perchlorate salt3;?>", P,2", P2", and Ps?" in
acetonitrile via two-center hosguest bonding. The 1:1 complex
betweenS and V4" has an increased thermodynamic stability
because of strong charge transfer through a geometrically
optimized interaction. Compoundsand V4" are also able to
form a termolecular CT complex§fV-S)**, which is likely to
have a sandwich-type layered structure in which the acceptor
salt is bound between two molecules of the biscrown stilbene.
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