
FUNCTIONALIZED CROWN ETHERS AS lONOPHORES 

IN ION SELECTIVE ELECTRODES 

by 

CHARLES VICTOR CASON, B.S. 

A THESIS 

IN 

CHEMISTRY 

Submitted to the Graduate Faculty 
of Texas Tech University in 
Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIENCE 

Approved 

Accepted 

December, 1986 



lis. 1^^ 
ACKNOWLEDGMENTS 

First and foremost, I would like to thank Dr. Richard Bartsch for his 

guidance during my graduate studies and his immense help during the 

preparation of this thesis, i would also like to thank my other committee 

members, Dr. Daniel Armstrong and Dr. Robert Walkup. Dr. Robert Soulen, 

who encouraged me as an undergraduate to persue organic chemistry, is 

another to whom I owe gratitude. Appreciation is due to my parents for 

financial and spiriual aid. Last, but not least, I thank my wife for her under

standing, patience and support. 



TABLE OF CONTENTS 

ACKNOWLEDGMENTS 
LIST OF TABLES 

LIST OF FIGURES 
CHAPTER 

1. INTRODUCTION 

History of Crown Ethers 

Lariat Crown Ethers 

Neutral Crown Ethers in Ion Selective Electrodes 
II. RESULTS AND DISCUSSION 

Synthesis 

Analytical 

Separate Solution Method 

Fixed Interference Method 
Conclusion 

III.EXPERIMENTAL 

Synthesis 
General 

11 -(Methoxymethyl)-2,3-benzo-18-crown-6 

A General Procedure for the Preparation of 

Ring-Substitiuted Crown Ethers 8 and 10 

Analytical 

General 

Separate Solution Method 

Fixed Interference Method 

LIST OF REFERENCES 

ii 

iv 

V 

1 

1 

5 
7 

10 

10 

11 

12 

15 
17 

19 
19 

19 

19 

20 

21 
21 

22 

23 
24 

III 



LIST OF TABLES 

1. Alkali Metal and Alkaline Earth Cation Atomic Diameters 4 

2. Diameters of Crown Ether Cavities 5 

3. Alkali Metal Picrate Extraction Constants for Lariat 
15-Crown-5 Compounds 6 

4. Log Selectivities for Crown Ethers Relative to K"*" 13 

5. Log Selectivities 14 

6. Average Potentials for Crown 7 in the Fixed Interference 
Method 16 

7. Data from Fixed Interference Method of Benzo-18-Crown-6 
and Crowns ̂ -IQ, 18 

IV 



LIST OF FIGURES 

1. Synthesis of compounds 1 and 2 2 

2. Structures of 2:1 and 3:1 complexes 3 

3. Ion Selective Electrodes 8 

4. Reaction Scheme for Compound 6 10 

5. Lariat Crown Ethers 11 

6. Construction of the Ion Selective Electrode 12 

7. Plot of Data Obtained with Crown 7 Electrode 16 



CHAPTER I 

INTRODUCTION 

Histon/ of Crown Ethers 

In the mid-1960's Dr. Charles Pedersen isolated a trace quantity of 

white crystals while attempting to synthesize bis-[2-(o-hydroxyphenoxy) 

ethyl]-ether {Vj^ (Figure 1). In methanol, the unknown product was only 

slightly soluble; but in the presence of sodium hydroxide the crystals dis

solved. Testing with other sodium salts proved that the sodium cation and 

not the hydroxide anion was responsible for the increased solubility of the 

unknown. The absence of hydroxyl groups in the compound, confirmed by 

NMR and IR, ruled out the formation of soluble sodium phenoxide salts. 

With the aid of elemental and mass spectral analysis, Pedersen determined 

the structure of the unknown to be £. 

Pedersen theorized that the sodium cation had entered the cavity in 

the molecule and was held there by electrostatic forces. X-ray analysis of 

certain crystalline salt complexes of crown ethers^ confirmed this theory. 

The appearance of the molecular model structure of £ and the manner in 

which the compounds complexed cations led Pedersen to name the macro-

cyclic polyethers "crown" ethers. 

Cyclic polyether compounds which.contain only oxygen as donor 

atoms are termed crown ethers. Cyclic ethers containing nitrogen in place 

of some of the oxygens are called azacrown ethers while those containing 

sulfur atoms are known as thiacrown ethers. Azathiocrown ethers are 

cyclic polyethers containing the three donor atoms mentioned. The cyclic 
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amine analogues are named azacrowns and the sulfur analogues are 

thiocrowns. 

0-R 

OH 

0-R 

/ - \ / - \ NaOH ^ ^ ^ 0 d 
+ CI 0 CI i-BuOH L ^ J 

" • ^ 

i R = THP 
2 R = H r̂ . 

Iv^xJ 
Figure 1. Synthesis of compounds 1 and 2.. 

The formal names, following lUPAC nomenclature rules, for these 

compounds are quite long and complicated. For example, compound 2 is 

labeled 2,3,11,12- dibenzo-1,4,7,10,13,16-hexaoxacyclooctadeca-2,11-

diene. To avoid these lengthy names, Pedersen proposed the following 

system for the nomenclature of crown ethers. The crown names consist of 

1) the kind and number of substituent groups on the polyether ring, 2) the 

total number of atoms which constitute the polyether ring, 3) the class name 

"crown", and 4) the number of donor atoms, combined with hyphens. Thus 

the common name for 2 is dibenzo-18-crown-6. While these njles cannot 

completely describe the exact mode of bonding or position of the 



substituents for all crown ethers, they are very convenient for naming 

symmetrical or simple crown ethers. 

In the complexed forni, the heteroatom binding sites face inwards 

toward the cavity while the hydrocariDon backbone faces outward. This 

creates an electron rich center which is ideal for cation complexation and 

provides a lipophilic shell that aids solubility in organic solvents. Their 

ability to form stable complexes with cations of metal salts has not only led 

to the synthesis of a large number of these compounds but also has estab

lished techniques to determine the extent of complexation. Complexation 

constants have been measured by UV spectroscopy, ion-selective elec

trodes, and calorimetry. Picrate extraction, potentiometry^, polarography, 

and electroconductlvity^ can also be used to measure complex formation. 

Not all crown ether-metal salt complexes form in a 1:1 molar ratio. 

Some complexes exist in a 2:1 or a 3:1 molar ratio (Figure 2). These com

plexes usually occur when the cation diameter is larger than the crown 

ether cavity. 

ring 

cavity • M * (anion)' (anion)" M* M* (anion)" 

Sandwich Structure Club Sandwich Structure 

Figure 2. Stnjctures of 2:1 and 3:1 complexes. 

The factors Pedersen listed which affect the stability of the crown 

ether-metal salt complexes are: 1) the relative sizes of the cation and the 
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cavity of the crown ether; 2) the number of donor atoms; 3) the arrangement 

of donor atoms; 4) the symmetry of the donor atoms; 5) the basicity of donor 

atoms; 6) steric hindrance of the polyether ring; 7) the solvation of the 

cation; and 8) the electric charge on the cation. 

For simple crown ethers, the most important factor is how well the 

cation fits the crown ether cavity. The best "fit" for a sodium cation with a 

diameter 1.90 A is provided by 15-crown-5 compounds which have a cavity 

diameter of 1.7-2.2 A. A potassium cation of diameter 2.66 A is best com

plexed by 18-crown-6 compounds in which the cavity diameter is 2.6-3.2 A. 

A listing of alkali and alkaline earth atomic diameters is provided in Table 1. 

Table 2 summarizes the estimated diameters of various crown ether cavi

ties. 

TABLE 1 

Alkali Metal and Alkaline Earth Cation Atomic Diameters^'^ 

Alkali Metal Cation Diameter. A Alkaline Earth Cation Diameter, A 

Li"̂ -

Na-*-

K"̂  

Rb"^ 

Cs+ 

Fr"̂  

1.20 

1.90 

2.66 

2.96 

3.34 

3.52 

Be2+ 

Mg2+ 

Ca2+ 

Sr2+ 

Ba2+ 

Ra2+ 

0.62 

1.30 

1.98 

2.26 

2.70 

2.80 
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The stability of the crown ether-cation complex increases when the 

oxygens are coplanar and symmetrical around the ring. As solvation of the 

cation increases, the stability of the complex decreases. The enhancement 

in the effective size of the cation due to solvation creates an increase in 

steric hindrance. Solvation of a cation is determined by its ionic diameter 

and the electronic charge of the ion. 

TABLE 2 

Diameters of Crown Ether 

Crown Ether 

12-Crown-4 

14-Crown-4 

15-Crown-5 

18-Crown-6 

21-Crown-7 

Cavities^ 

Diameter, A 

<1.2 

1.2-1.5 

1.7-2.2 

2.6-3.2 

3.4-4.3 

Lariat Crown Ethers 

A recent method devised to improve the cation binding of crown 

ethers has been developed by G. W. Gokel and coworkers^"'' ^. The 

concept is to attach a pendant arm which contains additional binding sites 

onto the crown ring. This arm might position itself over the cavity of the 

crown ether and encapsulate or trap the cation. The conceptual similarity to 

lassoes used to rope animals led Gokel to name these compounds "lariat 

ethers"^. 
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Pedersen and Frensdorff developed a technique which determines a 

crown ether's ability to extract metal cations from an aqueous phase into an 

organic phase''2. A solution of alkali metal hydroxide, and equlmolar 

amounts of alkali metal picrate and crown ether are placed in equal 

volumes of water and CH2CI2, respectively. The mixture is vigorously 

shaken and the concentration of picrate in the organic phase is determined 

by visible spectroscopy. Therefore, all values reported are a percentage of 

the extractable maximum. The results of sodium and potassium extraction 

reveal that some pendant arms do increase the binding ability of 15- crown-

58. (Table 3) 

TABLE 38 
Alkali Metal Picrate Extraction Constants 

for Lariat 15-Crown-5 Compounds 

Percent Extraction^ 

Pendant Na"̂  K"*" 

H 

CH2OH 

CH20Me 

CH20[CH2]20Me 

CH20[CH2]20[CH2]3Me 

CH20[CH2]20[CH2]20Me 

7.6 

2.7 

5.1 

18.0 

11.2 

15.7 

5.7 

4.4 

3.3 

13.7 

10.9 

24.4 

^ Initial concentrations: alkali metal hydroxide, 0.1 mol/l; alkali picrate. 7x10'^ mol/l; 

polyether, 7x10'^ mol/l. Equal volumes of water and CH2CI2 
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Neutral Crown Ethers in Ion-Selective Electrodes 

One application of crown ether compounds is their use in 

ion-selective electrodes''^. Several types of ion-selective electrodes exist, 

the more common being the solid membrane or glass electrodes and the 

liquid mem- brane electrodes. Another ion-selective electrode incorporates 

an ion- conducting crystal as the membrane and is called a solid-state 

electrode. 

A liquid membrane electrode employs a liquid phase to separate the 

sample from the internal reference solution. The liquid phase is typically a 

low dielectric-constant, high molecular weight organic liquid which is immis

cible with water. This description includes many organic solvents. 

However, liquid-liquid junctions are not very ion selective and these elec

trodes have other inherent problems. 

To obtain a less troublesome electrode, polymers such as PVC (poly

vinyl chloride), polystyrene, and silicone rubber have been used as mem

branes. Plasticizers enable these polymers to become viscoelastic fluids. 

Two types of polymeric mem brane electrodes currently used are classified 

according to construction. One is a standard membrane electrode and the 

other is a coated wire electrode (Figure 3). Both types of electrodes have 

been studied using crown ethers incorporated inside the polymer matrix as 

ion carriers. 

Coated wire ion selective electrodes (CWISE) are simple to 

manufacture and inexpensive''^. They are also more rugged than glass 

electrodes and do not require an internal reference solution. However, the 

high resistance of a thick polymer layer to the flow of current mandates the 

incorporation of a salt into the PVC matrix when crown ethers are the ion 
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carriers. CWISEs require a long time to reach equilibrium with the sample 

and are not as promising as the standard polymeric membrane electrodes. 

^ ^ ^ b ^ - ^ ^ r f l B 

(a) 

• t u b e 

•intemaJ electrode 

-internal solution 

ion selective 
membrane 

(b) 

cable sheath 

seal 

Figure 3. Ion-selective electrodes, (a) standard type; 
(b) coated wire electrode. 

A variety of crown ethers have been used in polymeric membrane ion 

selective electrodes. The following crown ethers represent a few that have 

been used in lithium-selective electrodes: dodecyl-14-crown-4, dodecyl-

15-crown-5^^, dodecylmethyl-14-crown-4''^ and dibenzo-14-crown-4''^. 

One sodium selective crown ether used in an ion selective electrode was a 

bis(12-crown-4)''^. Large ring bis crowns complex cesium and rubidium in 

ion selective electrodes^ ^. 

Potassium ion concentrations have been determined with crown 

ethers in ion selective electrodes as eariy as 1973 ^^'^''. Petranek and 

Ryba established the selectivity of K"̂  over Na"*" for twenty simple crown 

ethers in ion selective electrodes^^ and later discovered the electrodes 

could be miniaturized without loss of performance^^. One Japanese group 

has studied variations on bis(benzo-15-crown-5)^'^ and plasticizer 

effects^^ on K"̂  selectivity. Recently, the group synthesized a 



9 

bis(15-crown-5) bearing a long alkyl tail on the connecting bridge^S. Many 

other potassium selective electrodes containing crown ethers have been 

reported but none have attained the selectivity achieved with valinomycin. 

Valinomycin is a natural antibiotic which exhibits a selectivity for K"*" 

over Na"*" of 10,000:1 and is the standard used in potassium selective 

electrodes. However, the compound is extremely expensive ($900/gram) 

and a search for an inexpensive synthetic replacement has led to the 

previously mentioned research of crown ethers in ion selective electrodes. 

Benzo-18-crown-6 was reported to have a selectivity of potassum over 

sodium of 190:1^^. Research results from non-electrode systems indicates 

that the addition of a pendant arm with additional binding sites may 

increase the selectivity. 

To determine if the attachment of a lariat arm could increase the 

potassium selectivity of benzo-18-crown-6, three novel lariat benzo-18-

crown-6 compounds have been synthesized in this thesis research. These 

derivatives and three additional crown ether compounds were incorporated 

into polymer membrane ion selective electrodes. Responses of the 

electrodes to individual alkali metal and alkaline earth cations were 

examined. Subsequently, the electrodes were used for determination of 

K+/Na+ selectivity by the fixed interference method according to lUPAC 

recommendations ^^. 



CHAPTER II 

RESULTS AND DISCUSSION 

Svnthesis 

The parent crown ether g to which the pendant arms were attached 

was synthesized according to the literature method^S. Figure 4 illustrates 

the reaction scheme in which did 3 and ditosylate 4 were reacted to form 

the benzylated crown 5. The parent crown ether 6 was produced by hydro-

genation of compound 5. 

^ ^ 0 QTos HO (\^CH20CH2Ph 
KOH 

OTos HO Cr THF 

- 0 CH2OH 
^ . 0 0 UM2UUH2Pn I N ^ I 

5 6 

Figure 4. Reaction Scheme for Compound 6. 

lodomethane was reacted with the alkoxide obtained from crown S to 

yield the smallest lariat compound 7. The other pendants were made from 

commercially available monomethyl glycol ethers. These alcohols were 

tosylated and reacted with the alkoxide from crown ^ to give the crown 

ethers 8-10. Compound £ was obtained in a 54% yield and better than 

72% yields of ^ and IQ were realized. 
10 
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p e n ^oCH, r-d^ / -o^OCH 
0 \ / 3 ..̂ iv^O 0 \ / ^ 0 OCH3 

8 

O O v . / ^ 0 O OCH. 

6 o ^ / " o ' 0 o 0CH3 

10 

Figure 5. Lariat Crown Ethers. 

Analvtical 

The ion selective electrodes were constructed by attaching a mem

brane which contained a crown ether to a PVC tube. The Ag-AgCI refer

ence electrode mounted in a PVC cap was attached to a coaxial cable 

(Figure 6). The electrode body was filled with 10"^ M KCI and soaked 

overnight in that solution prior to testing. Each crown ether-containing 

membrane was subjected to two types of potentiometric measurements. 
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Ag-AgCl 
REFERENCE 

COAXIAL CABLE 

PVC TUBE 

I0N-SELECTIVE_ 
MEMBRANE 

PVC CAP 

0.001 MKCL 

12.5 cm 

13 mm 

Figure 6. Construction of the Ion Selective Electrode. 

Separate Solution Method 

This method used separate solutions of alkali metal and alkaline earth 

salts to determine the crown ether's selectivity for K"*" over the other cations. 

The selectivity factors for the lariat crown ethers investigated are 

summarized in Table 4. The data collected in Table 4 was calculated from 

the potentials obtained with the ion selective electrodes in 0.01 

M cation solutions. A variation of the Nicolsky-Eisenman equation was 

used to calculate the log selectivity factors reported (See Experimental). 

Table 5 is a more common representation of the electrode data. 
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TABLE 4 

Log Selectivities for Crown Ethers 
Relative to K"̂  

Neutral 
Can'ier 
Benzo-18-
crown-6 

6 

7 

lo
o 

9 

io 

Li 

-1.79 

-2.31 

-1.58 

-2.12 

-2.39 

-0.98 

Na 

-1.16 

-1.17 

-1.03 

-1.19 

-1.31 

-0.86 

Rb 

-0.53 

-0.44 

-0.37 

-0.33 

-0.34 

-0.24 

Cs 

-0.36 

-0.53 

-0.66 

-0.47 

-0.44 

-0.26 

Mg 

-2.64 

-3.36 

-2.80 

-3.17 

-3.20 

-1.92 

Ca 

-3.30 

-3.27 

-2.89 

-3.39 

-3.60 

-2.53 

Sr 

-3.33 

-3.51 

-2.75 

-3.22 

-3.43 

-2.09 

Ba 

-3.12 

-3.27 

-3.01 

-3.16 

-3.20 

-2.09 

in comparing the data fori, the shortest lariat ether, with that for benzo-

18-crown-6, it can be seen that the K"''/Cs"*" selectivity increased slightly 

while the selectivity decreased for K"̂  over Li"̂ , Na"*" and Rb"*". For the diva

lent cations, the selectivity for K"*" decreased in all cases except Mg"*"̂ . The 

comparison of log selectivity values for alcohol £ with the closely-related 

ether 7 reveals that the selectivities for Na+, Rb"*" and Cs"*" vary little but the 

selectivity for K"*" over the other cations decreased. This loss of K"*" selectivity 

is believed to be the result of a strongly bonded water molecule. 

Such a species would resemble the complexes of ordinary crown 

ethers with hydronium ions^ -̂ Interaction between £ and K"*", Na"*", Rb"*" and 

Cs"̂  is sufficiently strong to displace the water molecule. The remaining 

cations do not form very stable complexes and therefore the selectivity for K"*" 

appears higher. 
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0 — 

3nzo-18 

crown-6 

— K 

_ C s 
— Rb 

TABLE 5 
Log Selectivities 

(Vertical Representation) 

g 

— K 

— Rb 
— Cs 

z 
— K 

— Rb 

— Cs 

— Na 

fi 
— K 
_ R b 

— Cs 

2 

— K 

— Rb 
— Cs 

m 
— K 

— Rb,Cs 

— Na 
— Li 

-2 

3 — 

— Na — Na 

— Li 

— Mg 

— Ba 
: = C a 

Sr 

— Li 

Ca.Ba 
Mg 
Sr 

— Li 

Sr 
= Mg 
_ C a 

Ba 

— Na — Na 

— Li 

— Li 

, Mg.Ba 
Sr 

Ca 

Mg 
Sr.Ba 

— Ca 

Mg.Ba 
Sr 
Ca 

Both the number of binding sites and the pendant arm length increase 

in the series 7-10. The availablity of additional binding sites in the series 7, 

S and 2. improved the selectivity for K"*" over all other cations tested except 

for Rb"*" and Cs"*". However, when the pendant arm was lengthened further 

in IQ, the selectivity for K"*" over the other cations decreased mari<edly. 

Comparing Z with S reveals an increase in K"*" selectivity over all of the 

cations tested except Rb"*" and Cs"*". The increase over Na"*" was small but 

the increase over Li"*" was larger. Of the divalent cations, Ba"*"̂  selectivity 

changes the least. Following the same trend, 2 exhibits a small increase in 
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K"*"/Na+ selectivity for and a further increase for K"*'/Li"*" selectivity. The 

divalent cation selectivities change relatively little. 

When the data for IQ are compared to the previous members of the 

series, a large deviation was noticed. Selectivity for K"*" decreased dramat

ically for almost all of the cations tested. According to CPK space filling 

models, the pendant arm in 10, when positioned over the cavity experi

ences extreme steric hindrance. To alleviate this strain, the polyether ring 

might become distorted or the pendant might extend away from the cavity. 

The pendant arm does contain electron rich centers and could act as an 

independent cation binding site even if not positioned over the crown ether 

cavity. 

Fixed Interference Method 

"Since an increase in K"'"/Na"*" selectivity was noticed in the separate 

solutions test for the series 7-9 compared to benzo-18-crown- 6, the fixed 

interference method was employed for further studies. This test is a more 

accurate representation of the actual conditions for ion selective electrode 

use. The major concern was the selectivity for K"̂  over Na"*". Therefore, 

only these two cations were included in these studies. Potentials of a series 

of potassium chloride solutions (10"^-0.1 M) which contained a fixed con

centration of sodium chloride (0.1 or 0.01 M) were measured. Table 6 lists 

the data obtained for 7. The values shown are averages of the last stable 

potentials obtained. 
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TABLE 6 

Average Potentials for Crown 7 in the 

Fixed Interference Method 

10-6 MKCI 

lO ' ^MKCI 

lO-'^MKCI 

lO '^MKCI 

lO '^MKCI 

0.1 MKCI 

0.01 MNaCI (+ 1 mV) 

120.0 

119.7 

120.2 

142.3 

186.4 

229.3 

0.1 MNaCI (+ 1 mV) 

152.1 

151.8 

154.5 

161.3 

183.8 

220.9 

3 4 ^ 5 
- log activity K"̂  

0.01 M NaCI-KCI Solutions - • 
0.1 M NaCI-KCI Solutions -o 

Figure 7. Plot of Data Obtained with Crown 7 Electrode. 
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To obtain the activity for K"*", which was needed to calculate the 

selectivity factor, a graph of the data for each electrode was made and the 

intercept of the straight portions of the curve was determined. Figure 7 

illustrates the data for Z and the intercepts used to calculate a|̂ +. The 

activity for Na"*" in both series was calculated from its concentration, the 

ionic strength of the solution and the cation's effective diameter^^. 

Table 7 lists the selectivities for all of the crown ethers tested along 

with the slopes and millivolt ranges. Crown Z was retested in 0.01 M NaCI 

fixed interference solutions to prove the reproducibility for the electrodes. 

The slope and selectivity were -44.6 and 32.3, respectively. 

Comparison of the data for 7 with that for benzo-18-crown-6 reveals a 

large decrease in K"*" selectivity for the competitive system. However, the 

large error associated with the value for benzo-18-crown-6 in the 0.1 M 

NaCI mixed solutions could lower the selectivity nearer the lariat crown 

ether values. It should be noted that all of the K+ZNa"*" selectivities for 7-lQ 

are higher than that for 6. Thus the presence of a pendant alcohol function 

decreases the K"*'/Na"*' selectivity. 

The data indicates that as the sidearm is lengthened the K"*"/Na'*" 

selectivity decreases. The values for 1_ and 8 are similar with a large 

decrease for K"*"/Na"'" selectivity from that of the parent benzo-18-crown- 6. 

Lengthening the pendant arm further in 9 and IQ provides additional 

reduction in the K+ZNa"*" selectivity. 

Conclusion 

The lariat crown ethers which contain ethyleneoxy pendant groups do 

selectively complex K"*" over other alkali metal and alkaline earth cations in 
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a single ion system. However, the ability to very selectively complex K"*" 

over Na"*" was not realized. The selectivity for K+ complexation over the 

other tested cations Increased with additional binding sites and increased 

with the lengthening of the pendant arm up to a point. When the pendant 

arm became too long, K+ selectivity decreased. 

TABLE 7 
Data from Fixed Interference Method 
of Benzo-18-crown-6 and Crowns QrlH 

NEUTRAL 
C-ARRIER 

Benzo-18 
crovn-6 

6 

7 

8 

9 

10 

0.01 M NaCI Mixed Solutions 

mVRange 

56 

75 

109 

86 

55.5 

65.4 

Slope 

-19.8 

-33 

-45.3 

-35.a 

- 2 4 

-29.6 

Selectivity 

9 0 1 8 

16.413 

3 0 . 5 1 4 

2 9 1 5 

2 1 . 5 1 4 

19.5 1 5 

0.1 M NaCI Mixed Solutions 

mVRange 

17 

47.9 

69 

54.8 

30.5 

20.1 

Slope 

-6.6 

-34.4 

-38.2 

-31.5 

-20.6 

-13.7 

Selectivity 

212 1100 

2 5 1 10 

69.41 10 

57 .619 

331 12 

32 1 15 

In a competitive system, the lariat crown ethers did not perform as well 

as benzo-18-crown-6 for K"*" over Na"*" selectivity. The shortest pendant arm 

achieved the highest selectivity for the lariat crown ethers. The contrasting 

results obtained in the single species and the competitive experiments 

underscore the dangers of extrapolating anticipated competitive behavior 

from single species measurements. 



CHAPTER III 

EXPERIMENTAL 

Svnthesis 

General 

Infrared (IR) spectra were obtained on a Nicolet MX-S FT-IR on NaCI 

plates and are given in wavenumbers (cm"''). Proton nuclear magnetic 

resonance 0 H NMR) spectra were obtained with a Varian EM-360 spec

trometer using CDCI3. The chemical shifts are reported in 8 units down-

field from tetramethylsilane. Data are reported as follows: chemical shift 

(multiplicity, integrated intensity, peak assignment). 

All starting materials and solvents were reagent grade and were used 

without further purification unless noted otherwise. Pyridine and dioxane 

were dried over KOH pellets. Tetrahydrofuran was distilled from LiAIH4. 

Thin layer chromatography (TLC) was performed with'Analtech alumina GF 

scored Uniplates. Alumina (80-200 mesh) from Fisher Scientific was used 

for column chromatography. 

Elemental analyses were done by Galbraith Laboratories of Knoxville, 

Tennessee. 

The precursor 11 -hydroxymethyl-2,3-benzo-18-crown-6 and the lariat 

crown 11-(2,5,8-trioxanonanyl)-2,3-benzo-18-crown-6 were prepared 

according to literature procedures^^'^''. 

11-(Methoxymethvn-2.3-benzo-18-crQwn-6 (7). Sodium hydride 

(0.35 g, 8.76 mmol, 60% dispersion in mineral oil) was washed with 

pentane and suspended in dry dioxane (15 mL). A solution of £ (2.00 g, 

5.84 mmol) in dioxane (15 mL) was added dropwise and the solution was 

19 
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refluxed for one hour. A solution of lodomethane (1.00 g, 7.0 mmol) in 

dioxane (15 mL) was added dropwise and the reaction mixture was reflux

ed overnight. The reaction mixture was filtered and the filtrate was evapo

rated in vacuo. The crude product was purified by chromatography on 

alumina with a petroleum ether: ethyl acetate mixture (1:1 ,v/v) as the eluent 

to give 0.52 g of £1 (25%) as a clear liquid. IR (neat, cm"''): 1126 (C-0). 

1H NMR (CDCI3, 8): 3.30-4.33 (m, 24H); 6.93 (s, 4H). Elemental Analysis. 

Calculated for C-18H28O7: C, 60.66; H, 7.92. Found: C, 60.62; H, 7.97. 

A General Procedure for the Preparation 
of Ring-Substituted Crown Ethers 8 and 10 

Sodium hydride (11.6-12.5 mmol) was washed with pentane and sus

pended in dry THF. After the system was purged with nitrogen, a solution of 

S (5.8 mmol) in 15 mL of THF was added dropwise to the suspension. 

Upon completion of the addition, the mixture was stirred at room temper

ature for one hour. The appropriate tosylate (6.5 mmol) in 15 mL of THF 

was introduced dropwise and the reaction mixture was stirred and refluxed 

for three days. Removal of the solvent in vacuo left a residue which was 

dissolved in CHCI3. The solution was washed with water, dried over 

MgS04, and evaporated in vacuo. The crude product was purified by chro

matography on alumina with ethyl acetate as the eluent to give the desired 

product. 

11 -(2,5-Dioxahexyl)-2,3-benzo-18-crown-6 (S). The compound was 

prepared according to the general procedure from S and the tosylate of 2-

methoxyethanol in 86.5% yield (2.01 g) as a pale yellow oil. IR (neat, cm'^): 

1126 (C-0). '•H NMR (CDCI3, 5): 3.26-4.30 (m, 28H); 6.91 (s, 4H). 

Elemental Analysis. Calculated for C20H32O8: C, 59.98; H. 8.05. Found: 

C. 59.78; H, 8.22. 
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11 -(2,5,8,11 )-Tetraoxadodecyl-2,3-benzo-18-crown-6 (IQ). From 

sodium hydride, £, and the tosylate of triethylene glycol monomethyl ether̂  

2.06 g ( 73%) of ISl was obtained as a clear, viscous liquid. IR (neat, cm"''): 

1128 (C-0). "> H NMR (CDCI3, 5): 3.32- 4.28 (m. 36H); 6.85 (s, 4H). 

Elemental analysis. Calculated for C24H4oOio- ^' ^^OO' H, 8.27. Found: 

C, 59.05; H,8.27. 

Analvtical 

General 

The ion selective electrodes were constnjcted of hard PVC tubing (8 

mm Internal diameter x 12.5 cm in length), a PVC cap which contained an In 

Vivo Metric Ag-AgCI model E208 electrode (4 mm diameter sensor tip, 5 

mm diameter x 50 mm length epoxy cylinder), and the ion selective mem

brane (Figure 6). The ion selective membrane was prepared by dissolving 

125 mg of high molecular weight PVC (Aldrich), 5.0 mg of crown ether and 

0.50 mL of dibutyl phthalate in 5.0 mL of THF. This mixture was then pour

ed into a 78 mm diameter Petri dish and the solvent allowed to evaporate. 

A disk was cut from the membrane with a cork borer tube and mounted onto 

the electrode body using PVC dissolved in THF. The filling solution (8 mL) 

used in the ion selective electrodes was 10"^ M KCI. All electrodes were 

soaked overnight in the filling solution prior to testing. 

A model 90-02 Orion double junction reference electrode completed 

the system. The reference electrode had an inner filling solution that was 

isopotential with 4 M KCI and was saturated with AgCI. The outer filling 

solution was 0.1 M NH4NO3 The following equation describes the system: 
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Ag-AgCI/10"3 M KCI,AgCI/membrane//sample//0.1 M NH4N03/AgCI/ 

Ag-AgCI. 

A Brinkman 50 mL jacketed cell was used in the experiments. The 

temperature was maintained at 25 ±0.5°C with a Lauda model B-1 constant 

temperature circulator. The potentials were obtained with a Fisher 

Accumet® model 825 MP pH meter. The volume of sample solution used in 

the tests was 35 mL. 

Separate Solution Method 

In the separate solutions tests, the potential of the 0.01 M alkali metal 

or alkaline earth chloride solution was obtained while the solution was 

stirred at 60 rpm with a magnetic stir bar and a Hurst constant speed elec

tric motor with a horseshoe magnet attachment. After measuring the poten

tial of the KCI solution, the other cation solution was tested. The test 

consisted of taking a potential reading every 5 minutes over a 30 minute 

period. The reference electrode was removed from the sample solution 

between readings. All tests were followed by a 30 minute soak of the ion 

selective electrode in the filling solution. The KCI standard solution was 

retested after each sample to observe drift and any effect of the sample on 

the electrode. 

The following equation was used to determine the selectivity factors 

where K is the membrane selectivity factor referenced to potassium; M 

is the sample ion; z is the charge of the sample ion; Ê  is the potential of the 

KCI solution; E2 is the sample solution potential; F represents the 

Faraday constant; R is the gas law constant; T is the absolute temperature 

and a is the activity of the specified ion. 
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'<>9K,.., = -^—^—^ oqa ,+ - oga + 
^ K,M 2.303 RT ^ u^ < 

Fixed Interference Method 

The mixed solutions tests were performed according to a literature 

method^^. One series of solutions contained 0.1 M NaCI and 10"^ to 0.1 M 

KCI while the second series contained 0.01 M NaCI and 10"^ to 0.1 M KCI. 

The tests proceeded from the lowest KCI concentration to the highest in 

each series. Equilibrium was established for each sample before the po

tential was recorded. A 30-minute soak of the ion selective electrode in its 

filling solution followed each test. 

The potentials for each series were plotted against minus the log of 

the potassium activity (-log a\^+). The intercept of the linear portions of each 

curve gave the activity of potassium to be used in determining the selectivity 

factor. 

K,M K* Na* 
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