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ABSTRACT  

The binding dynamics of the trans-1-methyl-4-(4-hydroxystyryl)pyridinium cation (HSP+) to 

cucurbit[6]uril (CB[6]) in the presence of Na+ cations was studied to establish the effect of the 

relative concentrations of the system’s components (HSP+, CB[6], and Na+) on these dynamics. 

The formation of the HSP+@CB[6] complex was temporally uncoupled from the 

photoisomerization of trans-HSP+, while a nonlinear effect of the Na+ cation concentration on the 

HSP+@CB[6] dynamics was observed. This nonlinearity is a consequence of Na+ having the 

opposite effect on the association and dissociation rate constants for the HSP+@CB[6] complex, 

creating a conceptual framework for using such nonlinearities to control multistep reactions in 

cucurbit[n]uril chemistry.  

INTRODUCTION 

Cucurbit[n]urils (CB[n]s) are versatile macrocycles that, as hosts, bind hydrophobic guests with 

positive charges,1-4 leading to changes in the guest’s chemical properties, such as changes in pKa 

values5-9 and shifts in redox potentials.10-11 The broad range for the equilibrium constants of guest–

CB[n] complexes (102–1017)1-3, 12 makes CB[n]s suitable for studies of systems where competitive 

pathways for guest binding are desirable. Examples include studies of self-sorting systems,13-17 

applications for drug delivery18-22 including pretargeting strategies for spatial control of drug 

release,23 and uses in signaling cascades,24 tandem enzymatic assays,25-26 relay switch design,27 

and the dissolution of gel wound dressings.28 A different type of competition in guest–CB[n] 

chemistry is the binding of metal cations to the carbonyl groups located at the portals of CB[n] 

cavities.3, 29-30 This metal binding has been used to control the concentration of free CB[n]3, 29-30 or 
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the stoichiometry of guest–CB[n] complexes.31 Metal binding has also been shown to switch the 

CB[n] binding mechanism for a ditopic guest.32 

CB[n]s are used to alter chemical reactivity and are applied in particular for catalysis.4, 12, 33-37 

Understanding how CB[n] complexation affects coupled or sequential reactions will provide 

mechanistic information to help design and control the reactivity of systems using a 

supramolecular approach. In this respect, we chose to study a photoisomerization reaction that 

could be initiated on demand and the binding of one of the isomers to CB[6]. 

As the guest, the 1-methyl-4-(4-hydroxystyryl)pyridinium cation (HSP+) was used. The key 

feature for the photoisomerism of this molecule is that protonated HSP+ undergoes photochemical 

trans-to-cis and cis-to-trans isomerizations, whereas deprotonated cis-HSP is thermally unstable 

and reverts readily to trans-HSP (Scheme 1).38 This property allowed for the design of kinetic 

experiments that were initiated by having only deprotonated trans-HSP present in solution at the 

start of the experiment. This design enabled the determination of the time domains for the guest–

CB[6] binding dynamics and the photoisomerization reaction, and established a conceptual 

framework enabling the future design of orthogonal controls for the reactivity of coupled reactions 

modulated by the concentration of metal cations.  

 

 

 

 

 



 4 

Scheme 1. Structure of cucurbit[6]uril (CB[6]), and protonation and isomerization of the 1-methyl-

4-(4-hydroxystyryl)pyridinium cation (HSP+). The trans-HSP+ structure shows the numbering of 

the aromatic protons. The irradiation wavelengths typically are: hn >350 nm and hn’ <300 nm. 

 

EXPERIMENTAL SECTION 

Materials: The synthesis of trans-HSP was based on a previous procedure39 with the quantity of 

aldehyde reduced, simplifying the purification via crystallization.40 CB[6] (C24H12N24O12) was 

synthesized according to the literature with some modifications.41-42 Standardized volumetric 

solutions of HCl (Anachemia, ACS reagent grade), standardized volumetric solutions of NaOH 

(Anachemia, ACS reagent grade), methanol (Caledon Laboratories, spectral grade, > 99.8%), 

NaCl (BDH), D2O (Cambridge Isotope Laboratories, Inc., 99.9%) and DCl (Cambridge Isotope 

Laboratories, Inc., 99.5% isotopically pure, 35% in D2O) were used without further purification. 

Deionized water (≥17.8 MΩ cm) was prepared on a Barnstead NANOpure deionizing system and 

was used for all experiments except NMR studies. 

Sample preparation: HCl (1.000 M) and NaOH (1.000 M) stock solutions were prepared by 

dilution, and NaCl stock solutions (2.000 M) were prepared by dissolving the solid in water. 
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Solutions with lower concentrations of HCl, NaOH and NaCl were prepared by dilution of the 

respective stock solutions. CB[6] stock solutions (4.00 mM) were prepared by dissolving the solids 

in 0.1 M NaCl solutions, since binding of Na+ to CB[6] aids in the solubilization of CB[6]. This 

concentration of Na+ ensured that CB[6] was soluble in NaCl/water in the stock solution and for 

the highest CB[6] concentration used in the experiments (1 mM, [Na+] ≥0.05 M). Stock solutions 

of trans-HSP (1.00 mM) were prepared by dissolving the solid in methanol where only trans-HSP 

was present, since cis-HSP is not stable in methanol.38 The separate samples of trans-HSP and 

CB[6] were prepared by diluting the respective stock solutions into NaOH (1 mM)/NaCl and HCl 

(3 mM)/NaCl solutions. The Na+ cation concentrations were the same for the CB[6] and trans-

HSP solutions. The presence of 1 mM NaOH in the trans-HSP solution ensured that trans-HSP 

was fully deprotonated. cis-HSP was not present in this solution since cis-HSP would be readily 

isomerized photochemically and thermally (Scheme 1).38 Unless otherwise stated, the 

concentration of HCl in CB[6] solutions (3 mM) was higher than the concentration of NaOH 

(1mM) in the trans-HSP solutions, leading to a final H3O+ concentration of 1 mM when equal 

volumes of these two solutions were mixed. This concentration differential ensures that trans-HSP 

was fully protonated after the mixing of equal volumes of trans-HSP/NaOH/NaCl and 

CB[6]/HCl/NaCl solutions in the stopped-flow experiments. Moreover, the CB[6] and trans-HSP 

solutions were mixed in the dark and were immediately used for UV-Vis and steady-state 

fluorescence measurements.  

For 1H NMR measurements, DCl solutions were prepared by diluting a 35% DCl/D2O solution 

with D2O. NaCl solutions were prepared by dissolving the solid in D2O. The trans-HSP+ solution 

was freshly prepared in the dark by dissolving the trans-HSP solid into DCl (2 mM)/NaCl (0.06 

M) in D2O. The trans-HSP+@CB[6] solution was freshly prepared in the dark by dissolving the 
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CB[6] solid into the trans-HSP+ solution. After measuring the 1H NMR spectra for trans-HSP+ 

and trans-HSP+@CB[6] solutions, these samples were irradiated at 368 nm (10 nm bandwidths) 

for 10 min by placing them in the sample holder of the fluorimeter. The irradiated samples were 

then used to determine the 1H NMR spectra for the samples at the photostationary state.  

Instruments: A Cary 100 was employed to determine the UV-Vis absorption spectra. A PTI QM-

2 fluorimeter was employed to measure the steady-state fluorescence spectra. The excitation 

wavelength was 374 nm with monochromator bandwidths of 2 nm. The emission spectra were 

measured from 400 to 700 nm with monochromator bandwidths of 2 nm. The samples were placed 

in 10 mm × 10 mm quartz cells and equilibrated to 20.0 ± 0.1 °C in the dark for 15 min before the 

collection of absorption and fluorescence spectra. All spectra were corrected by subtracting the 

respective baseline spectra, which contained all chemicals except trans-HSP+.  

1H NMR spectra were recorded with a Bruker Avance500 spectrometer (500.1 MHz for 1H) at 

room temperature. Proton chemical shifts (δ) are expressed in parts per million (ppm) and are 

calibrated according to the solvent residual peak (4.79 ppm for DOH). 

A SX20 stopped-flow system (Applied Photophysics) was employed to measure the 

fluorescence changes over time after the mixing of solutions. The samples were excited at a 

wavelength of 368 nm using a mercury-xenon lamp (Hamamatsu). The dependence of the 

irradiation beam width on the photoisomerization kinetics was studied using excitation 

monochromator slit widths ranging from 0.1 to 4 mm. For stopped-flow experiments, the slit 

bandwidths of the excitation monochromator were set to 0.19 nm or 1.2 nm corresponding to slit 

widths of 0.04 mm and 0.26 mm, respectively. Fluorescence was collected using a 400 nm cut-off 

filter (Schott GG 400) placed in front of the detection photomultiplier. The same voltage was used 

throughout one experiment to ensure that intensities could be compared and the signal intensity 
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for the fluorescence was lower than 6 V. The trans-HSP/NaOH/NaCl and the CB[6]/HCl/NaCl 

solutions were contained separately in the two injection syringes and were equilibrated at 20.0 ± 

0.1 °C for at least 15 min before measurements were performed. A 1:1 mixing ratio was employed. 

The final concentrations of trans-HSP+ and CB[6] correspond to half of the concentrations of the 

solutions contained in the syringes. At least 66 kinetic traces were averaged to increase the signal-

to-noise ratio. The following control experiments were performed: (i) Injection of water against 

water to determine the zero intensity value for the system to be subtracted from intensity values 

for solutions containing trans-HSP+ but not CB[6]; (ii) injection of CB[6] against water to 

determine the baseline value to be subtracted from all intensities measured for solutions containing 

CB[6]; (iii) injection of trans-HSP+ against water to determine the emission intensity of trans-

HSP+ in the absence of CB[6]. The values for controls (i) and (ii) are very similar and are less than 

4% of the emission intensities measured for 2.5 µM trans-HSP+ in experiments (iii) when the 

monochromator bandwidth was set to 0.19 nm (0.04 mm). The concentrations of HCl, NaOH and 

NaCl for the control experiments were the same as those for the kinetic experiments for the trans-

HSP+@CB[6] complex formation. 

The kinetic data from stopped-flow experiments determined in the range of 0.25–150 s or within 

the first 50 ms were respectively fit with an exponential decay (eq 1) or with an exponential growth 

(eq 2): 

 

𝐼 = 𝑎$%& × 𝑒)*+,-. + 𝐼0 + 𝐼1 (1) 
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where aiso, kiso, I∞ and Iw represent the amplitude, the isomerization rate constant, the 

fluorescence intensity of the solutions at the photostationary state, and the fluorescence intensity 

of the baseline solutions, respectively. 

 

𝐼 = 𝐼2 + 𝑎&3%(1 − 𝑒)*-7,.) (2) 

 

where aobs, kobs and I0 represent the amplitude, the observed rate constant for the fluorescence 

change, and the fluorescence intensity at time 0, respectively. 

 

RESULTS and DISCUSSION 

The binding of trans-HSP+ to CB[6] led to changes in the absorption (Figure S1), fluorescence 

(Figure S1), and 1H NMR spectra for trans-HSP+ (Figure 1). All peaks in the 1H NMR spectrum 

for trans-HSP+ or for the mixture of cis- and trans-HSP+ at the photostationary state are sharp in 

the absence of CB[6] (Figure 1a, b). The binding of trans-HSP+ to CB[6] led to peak broadening 

(Figure 1c) that is indicative of slow exchange on the NMR time scale between free and CB[6]-

bound trans-HSP+. The peaks associated with the hydroxybenzene moiety exhibit the smallest 

peak broadening, which suggests that this moiety protrudes from CB[6], while the 

methylpyridinium moiety is encapsulated by the CB[6] cavity. The 1H NMR spectrum for a 

mixture of both HSP+ isomers and CB[6] shows sharp peaks for cis-HSP+ with their positions 

unchanged by the addition of CB[6], whereas the peaks for trans-HSP+ are broadened (Figure 1d); 

this observation indicates that CB[6] does not form a complex with cis-HSP+. 
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Figure 1. Aromatic region of the 1H NMR spectra for (a) trans-HSP+ (see Scheme 1 for 

assignments), (b) trans- and cis-HSP+ at the photostationary state (lex = 368 nm), (c) trans-HSP+ 

and CB[6], and (d) trans-HSP+, cis-HSP+, and CB[6]. [HSP+]total = 0.25 mM, [DCl] = 2 mM, and 

[NaCl] = 0.06 M for all spectra, and CB[6] = 0.5 mM for spectra c and d. The signals for trans-

HSP+, cis-HSP+, and trans-HSP+@CB[6] are labeled respectively in red, blue, and green. 

The kinetics was studied by stopped flow using fluorescence detection with samples under 

continuous irradiation after fast mixing (≤1 ms). The designed pH jump experiment minimized the 

photoisomerization of trans-HSP+ other than during the experiment, because the guest solution of 

trans-HSP prepared in 1 mM NaOH ensures that all HSP molecules are in the stable deprotonated 

trans form before mixing occurs. The CB[6] solution was prepared in 3 mM HCl. When the two 

solutions are mixed in the stopped flow, resulting in a final hydronium ion (H3O+) concentration 

of 1 mM, the protonation of trans-HSP happens instantaneously within the mixing time of the 

experiment. Therefore, the formation of trans-HSP+ can be considered as a pre-equilibrium 

process that was complete before the onset of trans-to-cis isomerization and host–guest 

complexation. NaCl was added to enhance the CB[6] solubility43-47 by binding cations to the CB[6] 
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portals. The concentration of H3O+ used is sufficiently low to ensure that less than 0.1% of CB[6] 

is bound to H3O+ but high enough to protonate all trans-HSP (pKa = 8.57,48 Table S1).  

The trans-to-cis photoisomerization depends on the photon flux, whereas the binding kinetics of 

trans-HSP+ to CB[6] is independent of this flux. The photoisomerization rate was controlled by 

the width of the irradiation beam used for fluorescence detection on the stopped-flow apparatus 

(Figure S2). No photoisomerization occurred with a beam width of 0.1 mm, whereas the maximum 

rate was achieved with a beam width of 3 mm or wider, reaching the photostationary state within 

10 s. The formation of the trans-HSP+@CB[6] complex occurred on a faster time scale (≤50 ms) 

with a rate that was at least 200 times faster than the photoisomerization rate. Therefore, the two 

processes are temporally uncoupled.  

 

 

Figure 2. Kinetics for the mixing of trans-HSP/NaOH/NaCl with CB[6]/HCl/NaCl solutions 

([trans-HSP+]final = 2.5 µM, [H3O+]final = 1 mM, [Na+] = 0.05 M, lex = 368 nm, irradiation beam 

width of 0.26 mm). Trace “a” (green) corresponds to the baseline of NaOH/NaCl mixed with 

HCl/NaCl. Inset: Kinetics over the first 50 ms. The CB[6] concentrations indicated are final ones. 
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At the excitation wavelength of 368 nm used for the stopped-flow experiments, the molar 

absorptivity of trans-HSP+ is higher than for cis-HSP+,38 leading to a decrease of the emission 

intensity when cis-HSP+ is formed (Figure 2). In contrast, complexation of trans-HSP+ to CB[6] 

leads to an increase in the emission intensity (inset Figure 2, Figure S1). Therefore, the growth 

kinetics for HSP+@CB[6] formation is followed by the decay kinetics for the photoisomerization 

(Figure 2). The kinetics for trans-HSP+ photoisomerization and HSP+@CB[6] complex formation 

can be analyzed separately because of the temporal uncoupling of these two processes. 

The decays for the photoisomerization reaction fit adequately to a monoexponential function (eq 

1, Figure S3) between 0.25 and 150 s, indicating that photoisomerization occurred through a single 

relaxation process. The observed rate constant (kiso) for the photoisomerization reaction decreased 

from 0.0895 ± 0.0002 s-1 in the absence of CB[6] to 0.0731 ± 0.0002 s-1 in the presence of 1 mM 

CB[6], showing that the formation of trans-HSP+@CB[6] slows the trans-to-cis 

photoisomerization (Table S2). 
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Figure 3. (a) trans-HSP+/CB[6]/Na+ binding mechanism expressed by equations 3 to 5, where “•” 

and “@” represent binding to the CB[6] portals (exclusion complex) and in the CB[6] cavity 

(inclusion complex), respectively. (b) Kinetics for the mixing of trans-HSP/NaOH/NaCl with 

CB[6]/HCl/NaCl solutions ([trans-HSP+]final = 2.5 µM, [H3O+]final = 1 mM, [Na+] = 0.1 M, 

irradiation beam width of 0.04 mm). (c) Dependence of kobs on the CB[6] concentration (eq 6) for 

the mixing of trans-HSP/NaOH/NaCl with CB[6]/HCl/NaCl at different Na+ ion concentrations 

([trans-HSP+]final = 2.5 µM, [H3O+]final = 1 mM, irradiation beam width of 0.04 mm). The error 

bars correspond to standard deviations (≥3 independent experiments); nonvisible error bars are 

smaller than the data points. (d) Dependence of 𝑘:;;<  on the Na+ concentration. The black line 

corresponds to the fit of the data to eq 8 with 𝐾2> = 780 M-1. Inset: Dependence of 𝑘:;;)  on the 
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Na+ concentration. The solid black line corresponds to the fit of the data to eq 7, whereas the 

dashed line is the extrapolation of this fit.  

The kinetics for trans-HSP+@CB[6] formation became faster and the amplitude for the kinetics 

was larger at higher CB[6] concentrations (inset, Figure 2), consistent with a bimolecular reaction. 

These kinetic studies are consistent with a mechanism (Figure 3a, eq. 3-5) where Na+ cations bind 

sequentially to CB[6], as previously shown for a CB[7] complex,29 and trans-HSP+ binds with 

CB[6]•Na+ releasing the Na+ cation. The kinetics data (Figure 3b) fit well to a monoexponential 

function (eq 2, Figure S4), showing that one relaxation process occurs for the formation of the 

complex. Na+ cation binding to CB[6] is in fast equilibrium and the concentration ratios for CB[6], 

CB[6]•Na+, and Na+•CB[6]•Na+ are constant throughout the kinetics. The observed rate constants 

(𝑘&3%) depend linearly on the CB[6] concentration (eq 6, Figure 3c). The apparent association 

(𝑘:;;< ) and dissociation (𝑘:;;) ) rate constants (eqs 7 and 8) depend on the Na+ cation concentration 

(see derivations in the SI and eq S31). 

 

𝑘&3% = 𝑘:;;< ?CB[6]EF + 𝑘:;;
)  (6) 

𝑘:;;) = 𝑘2GG) [Na<] (7) 

𝑘:;;< =
𝑘2GG<

1 + 𝐾2>[Na<]
 

 (8)  

The concentration of free CB[6] is negligible (Table S1) and no binding of trans-HSP+ to free 

CB[6] occurs for the Na+ cation concentrations used (50–125 mM). All the kinetic traces are 

monoexponential and kobs depends linearly on the CB[6] concentration (Figure 3c). Thus, the only 

host species available to bind trans-HSP+ is CB[6]•Na+, as Na+•CB[6]•Na+ does not bind the guest. 
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The key observation supporting the binding of the guest to CB[6]•Na+ is the increase of the 

intercept, which corresponds to 𝑘:;;) , with the Na+ ion concentration (Figure 3c). This increase is 

consistent with a dissociation process that involves Na+ in a bimolecular reaction. In contrast, 𝑘:;;<  

decreases (slope in eq 6, Figure 3c) as the Na+ cation concentration increases because CB[6] is 

occupied as Na+•CB[6]•Na+. Thus, Na+ cations play opposing roles in the association and 

dissociation dynamics of trans-HSP+@CB[6].  

The dissociation of trans-HSP+ from trans-HSP+@CB[6] could potentially also occur through a 

unimolecular process (𝑘22G) ) without the participation of the Na+ cation (eq 9, Scheme S2). The 

binding of the guest solely to free CB[6] is inconsistent with the results, as in that case, 𝑘:;;)  would 

not depend on the Na+ cation concentration.29 The value for the unimolecular dissociation rate 

constant without Na+ participation (𝑘22G) ) is 3 ± 15 s-1 (inset, Figure 3d), while the rate constant for 

the bimolecular reaction with Na+ (𝑘2GG) ) is (2.0 ± 0.2) × 103 M-1 s-1.  The value for the unimolecular 

dissociation rate constant is small and suggests a negligible contribution from this Na+-

independent reaction considering the Na+ concentrations used. Therefore, equation 9 can be 

simplified to eq 7. 

 

𝑘:;;) = 	𝑘22G) +	𝑘2GG) [Na<] (9)  

 

The association rate constant of HSP+ with CB•Na+ (𝑘2GG< ) is (4.87 ± 0.09) × 107 M-1 s-1 (eq 8, 

Figure 3d), with an assumed K02 value of 780 M-1. This K02 value corresponds to 25% of the K01 

value (3.1 × 103 M-1),49 and is, on statistical grounds,50 the upper limit for K02. Varying the assumed 

K02 value (Figure S5) gave adequate fits for values between 310 and 780 M-1, leading to an 

uncertainty of a factor of 2.5 for 𝑘2GG<  (Table S3). For the remainder of the analysis, the upper limit 
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for K02 was assumed based on previous studies where the binding constant for the second Na+ 

cation to CB[7] was shown to be close to its upper theoretical limit.29  

The equilibrium constant for the formation of trans-HSP+@CB[6] (eq 5, Figure 3a) corresponds 

to the ratio of the rate constants for the bimolecular association (𝑘2GG< ) and dissociation (𝑘2GG) ) 

reactions. This calculated equilibrium constant is (2.4 ± 0.3) × 104. 

 

 

Figure 4. Dependence of calculated kobs on the Na+ concentration (eqs 6–8, 𝐾2> = 780 M-1, 𝑘2GG< 	= 

4.87 × 107 M-1 s-1, 𝑘2GG)  = 2.0 × 103 M-1 s-1). Inset: Dependence of experimental kobs on the Na+ 

concentration at a constant [CB[6]]/[trans-HSP+] ratio of 20 when mixing trans-HSP/NaOH/NaCl 

with CB[6]/HCl/NaCl solutions. The solid lines correspond to the fits of the data using eqs 6–8 

with the above-mentioned parameter values. The dashed line corresponds to the fit of the data for 

the binding of only one Na+ to CB[6] (eq S79). 

The binding of one or two metal cations to CB[n]s is an ongoing mechanistic question.3, 29, 51-53 

If CB[6] binds only one Na+, a linear relationship is expected between kobs and the Na+ cation 

concentration (eq S79), which disagrees with the results (inset, Figure 4 and Figures S6 and S7 for 

fits at the higher HSP+ and CB[6] concentrations). The nonlinear behavior of kobs with the Na+ 
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cation concentration (Figure 4) reflects the opposing effects of this cation on the apparent 

association (𝑘:;;< , eq 8) and dissociation (𝑘:;;) , eq 7) rate constants. This nonlinearity is a 

consequence of the sequential binding of Na+ to CB[6] to form CB[6]•Na+, which binds the guest, 

whereas Na+•CB[6]•Na+ does not bind a guest and suppresses the association rate. At low Na+ 

cation concentrations, kobs increases because the relative concentration of Na+•CB[6]•Na+ is low. 

In contrast, at high Na+ cation concentrations, kobs is predominantly determined by the dissociation 

process, leading to a linear dependence of kobs on the Na+ cation concentration (Figure 4). The 

nonlinearity is less pronounced when lower trans-HSP+ and CB[6] concentrations are used and for 

Na+ concentrations above 70 mM. This dependence on the relative concentrations of guest, host, 

and metal cation may explain why the binding of only one metal cation to CB[n]s has been 

proposed in some studies. 

No unifying mechanism for guest binding to CB[n]s exists. Metal cations can have a passive 

role in modulating the concentration of CB[n] that can bind the guest or an active role by 

interacting directly with the guest–CB[n] complex. In the latter role, metal cations can enhance the 

binding dynamics by speeding up the dissociation or association processes,32, 54 or the cation can 

slow down the binding dynamics by forming ternary complexes where the metal cation caps the 

complex (guest@CB[n]•metal cation).32 Comparisons between studies are difficult because the 

effect of metal cations has not always been studied (see SI for a reanalysis of data and mechanistic 

comparisons). The trans-HSP+–CB[6] system has a similar mechanism to the binding of 4-

methylbenzylammonium to CB[6], where in the presence of K+, a nonlinear dependence on the 

metal cation was observed.55 In the case of cyclohexylmethylammonium cation56 and 4-amino-4′-

nitroazobenzene57 binding to CB[6], a ternary complex was formed in the presence of Na+ and 

H3O+, respectively. A reanalysis of the previous data56-57 (Figures S8 and S9) showed that the 
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association rate constant for trans-HSP+ with CB[6] is at least 100 times higher than those for 

these other guests. A direct comparison of the 𝑘2GG)  values to the dissociation rate constants for 

other reported systems is not possible because, unlike the unimolecular dissociations reported 

elsewhere,56-58 the dissociation for trans-HSP+@CB[6] is a bimolecular process. Nevertheless, the 

apparent dissociation rate constant (𝑘:;;) ), which ranged from 100 to 250 s-1 for Na+ cation 

concentrations between 50 and 125 mM, is significantly higher than the unimolecular dissociation 

rate constants for other guest–CB[6] systems in aqueous solution.56-58 The comparisons of the 

different guest–CB[6] systems shows that the binding dynamics of guests with CB[6] can occur 

over different time domains and by different types of mechanisms. 

The original objective of this work, which was to study the coupling of the complexation kinetics 

with a photochemical reaction, could not be achieved because of the slow photoisomerization rate. 

However, the nonlinear effect of Na+ on the guest complexation kinetics with CB[n]s can in future 

be explored to change the rate-limiting step of coupled reactions between complex formation and 

a second reaction of interest for the CB[n]-bound guest. At low and high metal cation 

concentrations, guest complexation is fast and the reaction of interest will be rate limiting. 

However, at intermediate metal cation concentrations, corresponding to the minimum in Figure 4, 

the rate of complexation could become rate limiting, potentially changing the outcome of 

competitive reactions. The results of this study show that by exploring the nonlinearity of the 

kinetic behavior for a guest–CB[n]–metal cation system with the concentration of one of the 

components, the mechanistic outcome of the system can be controlled. This type of control is the 

ultimate goal in the development of functional supramolecular systems. 

 

CONCLUSIONS 
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A guest–CB[6] system was designed to study the kinetics of complex formation in the presence 

of a competitive reaction for the guest that could be initiated on demand. Photoisomerization of 

trans-HSP+ was slower than the formation of trans-HSP+@CB[6], and these reactions are 

temporally uncoupled. trans-HSP+, but not cis-HSP+, binds to CB[6]•Na+ with the release of the 

cation. Na+ cations have an opposing effect on the association and dissociation rates leading to the 

nonlinear dependence of the observed rate constant on the Na+ concentration. This nonlinearity 

depends on the concentration ratio of the systems components, trans-HSP+, CB[6], and Na+, and 

linear dependencies with the metal cation concentration can be obtained over narrow concentration 

ranges for the system’s components. The nonlinear dependence observed provides a framework to 

control the reactivity of systems where guest–CB[6] complex formation is coupled with a reaction 

of the guest either in the aqueous solution or within the complex. 
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