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Effect of Cycloamyloses on Apparent Dissociation 
Constants of Carboxylic Acids and Phenols: 
Equilibrium Analytical Selectivity Induced by 
Complex Formation 

KENNETH A. CONNORS” and JOHN M. LIPARI 

Abstract 0 Apparent dissociation constants of organic acids were 
determined by potentiometric titration in the presence of cyclo- 
hexaamylose or cycloheptaamylose. The quantity ApKa’ = pKa’ 
(cycloamylose) - pKa (water) was positive or zero for all carboxyl- 
ic acids studied and negative or zero for all phenols. The term 
ApKa’ can be related to the cycloamylose concentration, K l l O ,  and 
K I I ~ ,  where KII,  and Kllb are 1:l stability constants for com- 
plexes of the acid and the anion, respectively. From the depen- 
dence of JpKa’ on cycloamylose concentration, estimates of K11, 
and Kllb can he obtained. If ApKa’ # 0, then K11, # Kllb; for 
carboxylic acids, KII ,  2 Kllb; for phenols, K l l b  2 K11,. Because of 
variable pKa’ shifts, it is possible to carry out differentiating titra- 
tions of some acid mixtures in cycloamylose solutions, whereas the 
same acids cannot be differentiated in water. If an acid is weak- 
ened by cycloamylose, its conjugate base is strengthened, and some 
carboxylate salts can be readily titrated in the presence of a cy- 
cloamylose. 

Keyphrases Cycloamyloses-effect on apparent dissociation 
constants of carboxylic acids and phenols, stability constants for 
complex formation 0 Dissociation constants, apparent-carboxylic 
acids and phenols, effect of cycloamyloses, complex formation 
Carboxylic acids-apparent dissociation constants, effect of cy- 
cloamyloses 0 Phenols-apparent dissociation constants, effect of 
cycloamyloses 

Cycloamyloses (also called cyclodextrins or Schar- 
dinger dextrins) are cyclic oligomers containing six or 
more D-glucose units linked 1 - 4; they are produced 
by the action of Bacillus macerans amylase on 
starch. The six-unit and seven-unit substances are 
called cyclohexaamylose (a-cyclodextrin) and cyclo- 
heptaamylose (0-cyclodextrin), respectively. These 
molecules are doughnut shaped, and their possession 
of a cavity of fixed size and shape has led to consider- 
able interest in their chemical properties. The pro- 
duction, purification, and chemistry of the cycloamy- 
loses have been reviewed (1, 2). The catalytic proper- 
ties of cycloamyloses, which have been widely studied 

as enzyme models, also have been discussed (3). 
Any molecule smaller than the cavity of a cycloam- 

ylose molecule can enter the cavity and there under- 
go noncovalent interaction with the atoms lining and 
rimming the cavity. The resulting association prod- 
uct is called an inclusion compound or complex. The 
cycloamylose is thus a “host” for the smaller “guest” 
molecule. A 1:l stoichiometry is typical, although 
other ratios have been observed and interpreted as 
the result of another guest molecule lying across the 
cavity opening. The dimensions of the cavity are such 
that many mono- and disubstituted benzene deriva- 
tives can fit into the cyclohexaamylose cavity, but po- 
lysubstituted benzenes may be excluded. 

By forming an inclusion complex with a guest mol- 
ecule, a cycloamylose is capable of altering some 
physical and chemical properties of the guest sub- 
stance; it is by such changes that the complex forma- 
tion is recognized and studied. Among the solution 
properties that can be modified are solubility, chemi- 
cal reactivity, vapor pressure, and the electronic ab- 
sorption spectrum. This capability for changing the 
chemical and physical behavior of solutes through 
complex formation may have analytical potential, 
and the present study examines the effects of cyclo- 
dextrins on the apparent dissociation constants of or- 
ganic acids in aqueous solution. 

It has been well established that many organic 
acids interact with the cycloamyloses (4-lo), al- 
though little is known about the effects of com- 
plexing on acid dissociation equilibria. The potentio- 
metric titration curve of monophenylphosphoric acid 
in the presence of cycloamylose reveals changes in 
pKa values, and even in the stoichiometric consump- 
tion of base, that require specific intermolecular in- 
teractions for their interpretation (2,11).  The pKa of 
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Table I-Apparent Dissociation Constants of Carboxylic 
Acids and Phenols i n  the  Presence of 0.02 M 
Cy clohexaamylos@ 

Compound pKa’ pKa ApKa’ 

Acetic acid 
Propionic acid 
Monochloroacetic acid 
Maleic acid 

Malonic acid 

Benzoic acid 
Salicylic acid 
m-Hydroxybenzoic acid 
p-Hydroxybenzoic acid 
o-Methoxybenzoic acid 
m-Methoxybenzoic acid 
o-Nitrobenzoic acid 
m-Nitrobenzoic acid 
p-Nitrobenzoic acid 
p-Fluorobenzoic acid 
o-Phthalic acid 

Nicotinic acid 
Picolinic acid 
Gallic acid 
Cinnamic acid 
o-Hydroxycinnamic acid 
m-Hydroxycinnamic acid 
p-Hydroxycinnamic acid 
o-Methoxycinnamic acid 
m-Methoxycinnamic acid 
p-Methoxycinnamic acid 
Phenol 
o-Nitrophenol 
m-Nitrophenol 
p-nitro phenol 
p-Bromophenol 
1-Naphthol 
2-Naphthol 

4.83 
5.16 
3.30 
3.40, 

3.69, 

5.20 
3.63 
4.95 
5.83 
4.20 
5.13 
3.20 
3.83 
4.53 
4.98 
3.50, 

4.85 
5.33 
4.53 
5.80 
5.82 
5.64 
5.88 
5.20 
5.76 
6.24 
9.81 
7.21 
8.00 
6.15 
9.20 
9.20 
9.30 

6.38 

5.92 

5.34 

4.76 
4.97 
3.20 
3.32, 

3.60, 

4.11 
3.40 
4.10 
4.58 
4.15 
4.18 
3.19’ 
3.60 
3.74 
4.18 
3.40, 

4.85 
5.31 
4.20 
4.43 
4.69 
4.49 
4.40 
4.70 
4.47 
4.90 
9.81 
7.21 
8.29 
7.09 
9.20 
9.20 
9.40 

6.23 

5.70 

5.20 

+0.07 
+0.19 
+0.10 
+0.08, 

+0.09, 

+1.09 
+0.23 
+0.85 
+1.25 
+0.05 
+0.95 
+0.01 
+0.23 
+0.79 
+O. 80 
+0.10, 

+0.14 
0.00 

+0.02 
+0.33 
+1.37 
+1.13 
+1.15 
+1.48 
+0.50 
+l. 29 
+l. 34 

0.00 
0.00 

-0.29 
-0.94 

0.00 
0.00 

-0.10 

+0.15 

+0.22 

aAt 25.0” in aqueous solution 

p-nitrophenol decreases by one unit upon its com- 
plexation with cyclohexaamylose (12). 

In this study, the apparent dissociation constants 
of carboxylic acids and phenols in the presence of cy- 
cloamyloses were determined by potentiometric ti- 
tration. This experimental approach has been elabo- 
rated into a systematic technique for studying molec- 
ular complexes of acids and bases. 

EXPERIMENTAL 

Materials-Organic acids were from commercial sources and 
were used directly or were recrystallized before use until a satisfac- 
tory melting point was obtained. Purities were established by po- 
tentiometric titration. a-Cyclodextrin’ and @cyclodextrin2 were 
used directly. All water was freshly boiled, deionized, and distilled. 
Cyclodextrin concentrations are expressed on the anhydrous basis. 

Potentiometric Titration-An aqueous solution was prepared 
to contain appropriate concentrations of the sample acid and cy- 
clohexaamylose or cycloheptaamylose. A 25.0- or 50.0-ml portion 
of this solution was transferred to the titration vessel, a glass-jack- 
eted beaker thermostated a t  25O. Through a stopper on the beaker 
were passed an inlet tube for flushing the system with nitrogen, a 
combination glass-saturated calomel electrode3, and a 5-ml buret 
graduated to 0.01 ml. Stirring was accomplished by magnetic stir- 
rer. 

Titration was with 0.07 or 0.1 N sodium hydroxide. The initial 
concentration of acid in the sample solution was in the 0.001-0.01 
N range. 

Eastman Lot No. A4X (mp 262-265’) or Aldrich Lot No. 011747 (mp 

Lot No. 5022, Nutritional Biochemical Corp. 
Corning 476051; the pH meter was a Radiometer model 25SE. 

260-264’). 

Table 11-Apparent Dissociation Constants of Acids in the 
Presence of 0.014 M Cycloheptaamylos@ 

Compound  pKa’ ApKa’ 

Benzoic acid 4.95 +0.84 
o-Nitrobenzoic acid 3.33 +0.13 
p-Nitrobenzoic acid 4.02 +0.28 
o-Methoxybenzoic acid 4.48 +0.28 
Salicylic acid 3.68 +0.28 
Cinnamic acid 5.08 +0.65 
o-Hydroxycinnamic acid 5.33 +0.58 
o-Methoxycinnamic acid 5.48 +0.78 
rn-Methoxycinnamic acid 4.88 +0.41 

Potassium hydrogen phthalate 5.55 +0.17 
p-Methoxycinnamic acid 5.29 +0.39 

p-nitro phenol 6.70 4 . 3 9  
2-Naphthol 9.05 4 . 3 5  

a A t  25.0’ i n  dqueous solution. 

pKa‘ Determination-The apparent acid dissociation con- 
stant, Ko’, was determined using: 

V pKa’ = pH - log ~ 

v e p -  v (Eq. 1) 

where V is the volume of titrant added, pH is the corresponding 
value of pH, and V,, is the volume of titrant required to reach the 
end-point. Alternatively, pKa’ was determined as the pH corre- 
sponding to the midpoint of the titration. The ionic strength 
changed during the titration but was never greater than 0.005 M a t  
the titration midpoint. 

RESULTS 

Dissociation Constants-Equation 2 defines ApKa’, the 
change in pKa value caused by incorporating a cycloamylose in the 
aqueous solution of the acid: 

ApKa’ = pKa’ - pKa 0%. 2) 

where pKa’ is the value observed in the presence of cycloamylose, 
and pKa is the corresponding value in the absence of cycloamylose. 
(Although pKa is itself an apparent constant rather than the ther- 
modynamic constant in water, pKa’ and pKa were determined 
under identical conditions except for the presence or absence of 
the cycloamylose.) 

According to  Eq. 2, positive and negative values of ApKa’ corre- 
spond to a weakening or strengthening, respectively, of the acid by 
the cycloamylose. The term ApKa’ is a function of cyclodextrin 
concentration; but for purposes of screening a large number of 
acids, ApKa’ was measured a t  a fixed cycloamylose concentration. 
Table I shows these results for cyclohexaamylose. Several polypro- 
tic acids with dissociation constants too similar to be readily re- 
solved were not included in Table I; for these acids (citric, oxalic, 
3-nitrophthalic, succinic, and terephthalic), the pH a t  half-neu- 
tralization indicated very small acid-weakening effects by cyclo- 
hexaamylose. This same quantity was about +0.5 for fumaric acid; 
0.12 M dextrose had no effect on the pKa of cinnamic acid. 

Table I1 shows some data for cycloheptaamylose. 
The. dependence of 4pKa’ on cycloamylose concentration was 

studied, and Fig. 1 shows the results for benzoic acid and p-nitro- 
phenol. A quantitative interpretation of these curves is given in 
the Discussion section. ’ 

Potentiometric Titrations-Essentially no alkali was con- 
sumed by the cycloamyloses, and the accuracy and precision of po- 
tentiometric titration in the presence of a cycloamylose were com- 
parable with those observed in its absence. For example, nine ti- 
trations of 0.115 mEq of benzoic acid in the presence of cyclo- 
hexaamylose gave a mean recovery of 99.9% with a standard devia- 
tion of 0.23%. 

One interesting feature of the data in Tables I and I1 is the wide 
variation in ApKa’ values, which do not seem to be simply related 
to pKa. This behavior suggested the possibility of carrying out cer- 
tain differentiating titrations in the presence of cycloamylose, ti- 
trations that would be impossible or difficult in its absence. Al- 
though i t  is generally recognized that successful differentiating ti- 
trations of two acids can be made if the ratio of acid dissociation 
constants is a t  least lo4 (13, 14), useful titrations are possible with 
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Figure 1-Dependence of ApKa’ on total cyclohexaamylose con- 
centration (Lt) for benzoic acid (upper curue) and p-nitrophenol 
(lower curue). The lines were drawn with Eq. 10 as described 
under Discussion. The experimental points are a t  25’ and ionic 
strength 0.002 M. 

much smaller ratios. The accuracy and precision depend upon the 
quality of the data and their treatment. 

Many pairs of the acids included in Table I cannot be differen- 
tiated in aqueous solution; but in the presence of cyclohexaamy- 
lose, the resulting selective shifts of acid strength generate ratios of 
dissociation constants adequate for differentiating potentiometric 
titration. Table I11 shows some of these pairs of acids, none of 
which can be differentiated in water. In 0.02 M cyclohexaamylose, 
however, these pairs of acids can be quantitatively analyzed for 
both components by potentiometric titration. Figures 2 and 3 show 
some of these titrations. 

These data suggest that effective differentiating titrations can 
be performed if the ratio of dissociation constants is about lo2 (ac- 
curacy is also dependent upon the ratio of concentrations and indi- 
vidual strengths-the titration in Fig. 3 exemplifies a borderline 
case), and they demonstrate that this condition sometimes can be 
met simply by incorporating a cycloamylose in the titration mix- 
ture. From the data in Table I it  is easy to predict which acids can 
be successfully differentiated by this means. Percent recoveries of 
the acids in Table I11 were within 1% of theory, except for mixtures 
of benzoic and salicylic acids in a 1:5 ratio. The precision is also 
satisfactory; five titrations of a mixture of 0.114 mEq of salicylic 
acid and 0.119 mEq of p-hydroxybenzoic acid gave standard devia- 
tions of 0.27% (salicylic) and 0.45% (p-hydroxybenzoic). 

If the strength of an acid is decreased by treatment with cy- 
cloamylose, then the strength of i ts  conjugate base should be in- 
creased since pKb = pKw - pKa. Therefore, the salts of some car- 
boxylic acids were titrated potentiometrically with standard acid 
in the presence of cyclohexaamylose (Fig. 4). Evidently, the cyclo- 
hexaamylose treatment gives a simple and accurate analytical 
method for some carboxylate salts in aqueous solution. The pKa’ 
values obtained by titration of the salt with hydrochloric acid were 
in agreement with those found from titration of the acid with sodi- 
um hydroxide. 

DISCUSSION 

ApKa and Complex Stability-The magnitudes and variabili- 
ty of pKa’ shifts given in Tables I and I1 rule out a nonspecific me- 
dium effect, and it is instead assumed that molecular complex for- 
mation takes place between the substrate (acid) and ligand (cy- 
cloamylose). Let HA represent the unionized substrate and L the 
ligand. Suppose only 1:l stoichiometry occurs; then the solution 
may contain the unionized and ionized forms of the substrate, and 
both of these species may be complexed with the ligand. Schemes I 
and I1 show the acid dissociation equilibria for the uncomplexed 
and complexed forms of HA, respectively, and Eqs. 3 and 4 give 
the corresponding dissociation constants: 

Table 111-Pairs of Acids Differentiated by  Potentiometric 
Titration in 0.02 M Cyclohexaamylose 

pKa Difference 

In 0.02 

hexa- 
M CYC~O- 

Acids In Water amylose 

Cinnamic-chloroacetic 1.23 2.20 
Benzoic-o-nitrobenzoic 0.92 2.00 
Benzoic-salicylic 0.71 1.57 
Salicylic-p-hydroxybenzoic 1.18 2.20 
Cinnamic-o-nitrobenzoic 1.24 2.60 
p-Nitrophenol-rn-nitrophenol 1.20 1.85 

HA e H+ + A -  
Scheme I 

HAL + H+ + AL- 
Scheme I1 

(Eq. 3) 

(Eq. 4) 

The complexation equilibria and complex stability constants (K11, 
and Kllb are 1:l stability constants for the acid and anion, respec- 
tively) are as follows: 

HA + L = H A L  
Scheme I l l  

A- + L = A L -  
Scheme IV 

These equations are easily combined to give: 

(Eq. 5) 

(Eq. 6) 

(Eq. 7) 

which shows that only three of the four constants can be indepen- 
dent. Cramer et al. (12) verified Eq. 7 for the p-nitrophenol-cyclo- 
hexaamylose system. 

para- i 

0 0.5 1 .o 1.5 
VOLUME, ml 

Figure Z-Potentiometric titration o f a  mixture of 24.0 mg of sal- 
icylic acid and 13.8 mg of p-hydroxybenzoic acid with 0.1131 N 
NaOH. Key: lower line, in water; and upper line, in 0.02 M cyclo- 
hexaamylose. Arrows indicate end-points in the differentiating 
titration. 
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Figure 3-Potentiometric titration of 15.2 mg of p-nitrophenol 
and 14.5 mg of m-nitrophenol with 0.1131 N NQOH. Key: upper 
line, in water; and lower line, in 0.02 M cyclohexaamylose. Arrows 
indicate end-points in the differentiating titration. 

VOLUME, ml 

In the present study, an apparent constant K,‘ was measured. 
This constant is not identical with KaC, since in the potentiometric 
measurements the substrate is present in both the free and com- 
plexed forms. I t  is necessary to find the relationship between KO’ 
and the ligand concentration. The apparent acid dissociation con- 
stant can be defined by: 

[H+l([A-l + [AL-I) 
[HA] + [HAL] K,’ = 

Then, substitution from Eqs. 3.5, and 6 gives: 

which may also be written: 

(Eq. 8)  

(Eq. 9) 

(Eq. 10) 

In the limit as the ligand concentration becomes very large, Eq. 9 
approaches Eq. 7. The observation of a ApKa’ value significantly 
different from zero implies that  KII, f Kilb. 

To estimate stability constants with the aid of Eq. 10, it is neces- 
sary to know [L], the free ligand concentration. Let Lt and At be 
the total (formal) molar concentrations of ligand and acid, respec- 
tively; then these mass balance equations can be written: 

Lt = [L] + [HAL] + [AL-] (Eq. 11) 

At = [HA] + [A-] + [HAL] + [AL-] (Eq. 12) 

If Lf >>> At, as in many complexing studies, it may be acceptable 
to set [L] = L,. This was not possible in the present study, how- 
ever, since At was in the 0.001-0.01 M range and L, was 0.001-0.07 
M. Expanding Eqs. 11 and 12 with the aid of the equilibrium con- 
stants defined earlier gives: 

Lt = [L] + K1ia[HA][L] + K~KII~[HA][L] / [H+]  (Eq. 13) 

KoKiib[HA][L]/[H+] (Eq. 14) 

Since K11. # Kllb and an increasing fraction of the substrate is in 
the anion form as titration proceeds, the effective stability con- 
stant4 varies throughout the titration and [L] varies according to 
these equations. Therefore, from Eq. 9, pKa’ must vary. 

Experimentally, it is found that pKa’, evaluated with Eq. 1 in 
the buffer region of the titration, does vary but not markedly (0.05 
unit or less while the pH changes more than 0.5 unit; part of this 
variation is an activity coefficient effect). Therefore, it is necessary 

At = [HA] + Ka[HA]/[H+] + Klla [HA][L] + 

The effective stability constant can be defined as K ~ I J , ,  + K l l b f b .  where 
f. and f b  are the fractions of uncomplexed substrate in the acid and anion 
forms, respectively. 

7R 

L 

0 0.2 0.4 0.6 0.8 1.0 1.2 
VOLUME, ml 

Figure 4-Potentiometric titration of 0.0675 mE9 of sodium cin- 
namate with 0.0722 N HC1. Key: lower line, in water; and upper 
line, in 0.02 M cyclohexaamylose. 

to choose a value of [H+] for the solution of Eqs. 13 and 14; the 
reasonable value of [H+] = K,’ was selected. The experimental ob- 
servations were made at this condition, i.e., the titration midpoint. 
With this condition, Eqs. 9, 13, and 14 are combined to yield: 

(Eq. 15) 

where: 

and: 

The procedure is to assign a reasonable value to [L] and, with 
preliminary estimates of Kll, and Kllb, to calculate Lt using Eq. 
15. The corresponding value of ApKa’ is then calculated with the 
relation ApKa’ = log C. This procedure is repeated with additional 
values of [L] until the entire experimental range of Lt is covered. 
The experimental data points then can be compared with the cal- 
culated curve. The constants K11, and Kiib are treated as adjust- 
able parameters, and the calculation is continued until a reason- 
able agreement is achieved. 

Preliminary estimates of K11, and Kllb  can be obtained from 
the data. From Eq. 10, the limiting value of ApKa’ at large Lt is log 
(Kll,,/Kllb); the ratio Klla/Kllb estimated in this way is a mini- 
mum value (if Kilo > Kllb) or a maximum value (if Kllb > KII,). 
Estimates of the individual constants can be made as follows. 
Equation 9 can be written: 

(Eq. 18) 

which can be rearranged into several forms suitable for linear plot- 
ting. Equation 19 shows the common “double reciprocal” (Benesi- 
Hildebrand or Lineweaver-Burk) form: 

The free concentration [L] is not known but may be approximated 
by (Lt - At). From a plot of K,/(K,‘ - K,) against l/(Lt - At), 
the constants are evaluated for use in the calculation as described. 
(If K11, > Kllb, a similar form of Eq. 19 is used.) 

Figure 1 shows the dependence of ApKa’ on cyclohexaamylose 
concentration for benzoic acid and p-nitrophenol. The solid curves 
were calculated as already described. Evidently, Eq. 10 gives a 
quantitative description of the p-nitrophenol system. Agreement 
between the calculated curve and the experimental points is fair 
for the benzoic acid system. For the p-nitrophenol-cyclohexaamy- 
lose system. theseconstantsare found: KII,  = 200 M-’ and Kllb = 
2200 M-I a t  25O. These values can be compared with the values 
KII, = 290 M-’ and Kllb = 2230 M-’ found spectrophotometri- 
cally by Cramer et al. (12) (calculated for 25O from the data of 
Cramer et  al., these are at ionic strength 0.5 M). The benmic acid 
curve yields the constants Kiln = 1400 A 4 - l  and Kllb = 38 M-l .  

382 /Journal of Pharmaceutical Sciences 



0- 0 

NO2- 

Scheme V 

Casu and Rava (9) found Kilo = 1050 M-’ for benzoic acid in 0.08 
N HCl using a spectrophotometric technique. 

The potentiometric method described here appears to be a valu- 
able technique that has not heretofore been applied to the study of 
organic molecular complexes. It is, of course, equivalent to the 
classical potentiometric method for studying complexes of metal 
ions with weak bases (15, 16). The data treatment suggested here, 
in terms of apparent dissociation constants, is different from, and 
rather simpler than, a treatment using the conventional Bjerrum 
formation function. The extension of this method to  systems con- 
taining complexes of higher orders is easy in principle, but much 
more experimental work will be necessary to establish the practical 
value of the technique to these complicated systems. 

Complex Stability and  Interactant Structure-One striking 
feature of the data in Tables I and I1 is the relationship of ApKa’ 
to molecular structure. For several aromatic acids, ApKa’ seems to  
be determined mainly by the location of a substituent group rather 
than by its identity. Such effects are often observed with cycloam- 
yloses, and they have been widely interpreted in terms of inclusion 
complex formation, with the stability of the complex being deter- 
mined in part by the spatial compatibility of the guest molecule 
and the cycloarnylose cavity. Of course, ApKa’ is not a simple mea- 
sure of complex stability (see Eq. 101, and its dependence upon 
both Kl la  and Kllb introduces another possibility for dispersion 
within a series. 

Another notable characteristic of these data is that, for sub- 
stances showing a nonzero value of ApKa’, carboxylic acids have 
positive ApKa’ values and phenols have negative values. That is, 
for carboxylic acids, Kll,, > Kllb (the acid complexes more strong- 
ly than does the anion); for phenols, K l l b  > K11,. Even if this gen- 
eralization should be found to have exceptions, the observation is 
sufficiently arresting in individual examples to  invite discussion. 

For example, p-nitrobenzoic acid (ApKa’ = +0.79 at  0.02 M cy- 
clohexaamylose) can be compared with p-nitrophenol (ApKa’ = 
-0.94). The result for the phenol is the unexpected one; it is un- 
usual for an anion to complex (with a common neutral ligand in 
aqueous solution) more strongly than the uncharged species. 
Viewed another way, the p-nitrophenolate ion “partitions” into 
the cycloamylose cavity to a greater extent than does p-nitrophe- 
nol, in contrast with the reverse situation for the benzoic acid. The 
extensive charge delocalization in the p-nitrophenol anion possibly 
is responsible for this behavior (Scheme V). 

The carboxylic acid anion is incapable of this type of charge dis- 
tribution and may be more strongly solvated than is the phenolate. 
p-Nitrophenol itself is a good hydrogen-bond donor, and its affini- 
ty for the solvent may destabilize its complex with the cycloamy- 
lose. 

If ApKa’ a t  a fixed ligand concentration is taken as a rough mea- 
sure of complex stability, the comparative data of Tables I and I1 
for cycloheptaamylose and cyclohexaamylose seem qualitatively 
reasonable. The cavity of cycloheptaamylose has a larger diameter 
than that of cyclohexaamylose, which will lead to stronger com- 
plexes with substrates (such as some 1,2-disubstituted aromatics 
and naphthols) too large to fit the cyclohexaamylose cavity and to 
weaker complexes with substrates (monosubstituted, 1,3- and 1,4- 

disubstituted aromatics) that fit snugly into the cyclohexaamylose 
cavity. 

Analytical Applications-These applications fall into two 
classes: 

1. Potentiometric titration of aqueous solutions of substances 
whose apparent acid or base strength is increased by the addition 
of a cycloamylose. Some phenols show an increase in acidity, and 
some carboxylate salts become stronger bases. These applications 
may be quite practical, because the analysis of dilute aqueous solu- 
tions of these substances can be difficult. A sample concentration 
range of 0.001-0.01 M is suitable, and the substances for which 
useful effects can be expected are shown or suggested by the data 
in Tables I and 11. 

2. Differentiating potentiometric titration of mixtures of acids, 
with the addition of a cycloamylose being the means of “tuning” 
the pKa’ values of the mixture to  optimize the selectivity. The 
equilibrium selectivity of a process can be defined as log (K2 /K1)  
or pK1 - pK2 (17). This value should be 2 or greater for titrations 
of acids in aqueous solution, and addition of a cycloamylose has 
been shown capable of producing this selectivity. 

Other uses can be expected for these effects. For example, the 
effective buffer ranges of acids are shifted in the presence of cy- 
cloamyloses. The pKa’ shifts could be useful for separating acids in 
aqueous chromatographic systems, as in ion exchange. 
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