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Modification of phenolic resins containing crown ether units 

J. Bartulin, M. Parra*, A. Ramirez, and H. Zunza 

Departamento de Qu fmica, Facultad de Ciencias, Universidad de Concepcibn, Casilla 3-C, 
Concepcibn, Chile 

SUI~4ARY 

Phenolic resins containing 13-crown-4 and 9-crown-3 uni ts ( I )  were 
modified by coupling and n i t ra t i on  in heterogeneous phase. The chromogenic 
resins extract  Li + se lect ive ly  and e f f i c i e n t l y ,  and no extract ions of Na + 
were found. The extract ions were carried out with aqueous solut ions of 
l i th ium and aqueous solut ions of sodium chlor ide at pH = 7 and 11. 
F ina l l y ,  re-extract ion analysis of l i th ium in methanol and water were 
made. Resins release pa r t i a l l y  the cation. Major re-extract ion was 
obtained with methanol. 

INTRODUCTION 

Pioneering work with chromogenic crown ethers has been made by 
Wgt le (2) and Takagi (3), who have extensively synthesized uncharged and 
charged (or proton dissociable) chromogenic crown ethers, respect ively.  
Spec i f ica l ly ,  the proton-dissociable chromogenic crown ethers are quite 
a t t rac t i ve  for  select ive cation determination in aqueous solut ions.  

Crown ethers with proton-dissociable chromophores are capable of 
extract ing certain cations se lect ive ly  from a basic aqueous phase. 

This paper reports the modif icat ion of phenolic resins containing 
crown ethers uni ts ( I -4)  by coupling and n i t r a t i on  in heterogeneous phase 
and the i r  extract ion and re-extract ion behavior toward Li + and Na + ions. 

EXPERIMENTAL PART 

General Procedure for Diazo Coupeing to Crown-Azo-Pheno~ic Ruins (4): 

A suspension of 0.027 mol (3.71 g) of p-ni t roani l ine  in THF-H20 
(160/160 ml) containing HC] (6 ml), was cooled in an ice bath. To the 
mixture was added 0.027 mol (1.85 g) of NaNO 2 while stirr ing. The 
stirring was continued until the mixture turned clear. To the resulted 
diazonium salt solutions was quickty added a precooled THF-H20 (30/30 ml) 
suspension of a crown phenolic resin (1.2 g) and NaHCO 3 (0.077 mol, 6.45 
g) while stirring. The stirring was continued for 8 h. at room 
temperature. The solid was fi ltered and was washed successively by 10% 
K2CO 3 and 0,2% CH3COOH aqueous solutions. The resin was dried under 
vacuum at I00OC. 
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All resins (5-8) are red solids and were obtained in 100% yield. 

Genera~ Procedure for  N i t ra t ion  to Crown-Nitro-Phenolic Resins (4): 

To 1.26 g of crown phenolic resin suspended in chloroform (100 ml) 
was added concentrated HNO 3 (200 ml) while s t i r r ing and the mixture was 
cooled in an ice bath. The st i r r ing and cooling was continued for 8 h. 
Water (200 ml) was added, the mixture was stirred vigorously and the 
solid was f i l tered and washed with water. The resin was dried under 
vacuum at I00oc. 

All resins (9-|2) are yellow solids and were obtained in 100% 
yield. 

Cation Binding Abi t~tg ( I ) :  

The extraction of l i thium and sodium was carried out in a sol id- 
l iquid system. The resins (100 mg) were contacted with solutions of 
l ithium and sodium chloride (10 ppm) at pH : 7 and 11. The mixture was 
shaken vigorously at room temperature for 8 h. The pH was controlled by 
tetramethylammonium hydroxide (TMAOH). 

Re-extract ion A6i.~ity ( I ) : 

The re-extraction of l i thium was carried out in methano! and in 
water. The resins containing l ithium were contacted for 8 h with methanol 
and with water. Thebest results were obtained in methanol. 

Meoy~u~em~: 

IR spectra were recorded by a Perkin Elmer 577 spectrophotometer. 
Lithium and sodium were analyzed on a Perkin Elmer 306 Atomic Absorption 
Spectrometer. 

RESULTS ~D DISCUSSION 

The resins ( I -4) ,  previously reported ( I ) ,  have phenolic hydroxyl 
groups I and 3 from phenol, 2 and 4 from resorcin. These resins were 
modified by coupling and ni trat ion reactions in heterogeneous phase, 
obtaining crown phenolic resins with azo and nitro groups as chromophores, 
respectively. 

The crown-azo-phenolic resins were synthesized by conventional 
diazo coupling using p-ni t roani l ine as the diazo component to obtain 5-8 
in good yields. 
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Both resins containing phenol (5 and 7) and those containing 
resorcin (6 and 8) are red solids. The IR spectra ~resent characteristic 
absorptign bands correspondin~ to vOH at 3400 cm - i ,  vC=C, and vN=N at 
1600 cm - i  and vC-O at 1100 cm -t. 

Also I-4 were modified by n i t ra t ion in heterogeneous phase with 
concentrated n i t r i c  acid, y ielding crown phenolic resins, with n i t ro  
group in the network. 
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These resins are yellow solids and their  IR spectra show 
characteristic absorption bands corresponding to the ni tro group at 1330 
and 765 cm - I ,  and absorption bands corresponding to vOH, vC=C and vC-O 
at 3400, 1600 and 1100 cm - I ,  respectively. 

Extraction Properties of Resins. 

Extractior~ of lithium and sodium were carried out from an aqueous 
solution. 0nly lithium can be extracted demonstrating high Li + 
Selectivity. Tetramethylammonium hydroxide (TMAOH) was used as the base 
for controlling pH, to eliminate any effect of metal ion binding by the 
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crown ether moiety on proton dissociation (5). The results and conditions 
are given in Table I. 

Fable I. % of extraction of lithium and sodium 

p H : 7  

Resins Li + Na + 

5 1.0 
6 21.0 - 
7 5.4 - 
8 32.O 
9 5.1 

10 17.9 
11 6.0 
12 29.4 

pH = 11 

Li + Na + 

4.5 
60.0 

4.5 
60.5 
7.1 

49.0 
6.9 

50.7 

Chromophor and 
Phenolic moiety 

N=N-Phenol 
N=N-Resorcin 
N=N-Phenol 
N=N-Resorcin 
NO2-Phenol 
NO2-Resorcin 
NO2-Pheno! 
NO2Resorcin 

Crown 
ether unit 

13-crown-4 
13-crown-4 
9-crown-3 
9-crown-3 

13-crown-4 
13-crown-4 
9-crown-3 
9-crown-3 

All resins extract lithium and the best results were obtained with 
those having azo-resorcin moiety at basic pH. Sodium extraction, was not 
observed under the experimental conditions. 

When lithium was extracted into the resins by complex formation, 
the colour of the resins changed from red to deep brown in the crown 
azo-phenolic resins (5-8) and from yellow to red in the crown ni t ro-  
phenolic resins (9-12). 

Re-extraction Properti~ of Resins. 

Re-extraction analysis of lithium in methanol and water were made. 
The results are given in Table 2. 

Fable 2. % of re-extraction of lithium 

Resins 

5 
6 
7 
8 
9 

10 
11 
12 

Methanol 

26.67 
20.80 
17.88 
10.51 
41.21 
22.45 
20.21 
12.85 

Water 

14.68 
8.50 

12.46 
8.00 

20.75 
11.50 
13.60 
8.50 

Chromophor and 
Phenolic moiety 

N=N-Phenol 
N=N-Resorcin 
N=N-Phenol 
N=N-Resorcin 
NO2-Phenol 
NO2-Resorcin 
NO2-Phenol 
NO2-Resorcin 

Crown 
ether unit 

13-crown-4 
13-crown-4 
9-crown-3 
9-crown-3 

13-crown-4 
13-crown-4 
9-crown-3 
9-crown-3 
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The resins release par t ia l l y  the cation. Major re-extraction was 
obtained in methanol. In this case, the best results were obtained with 
resins having nitro-phenol moiety. With respect to crown ether units, 
the re-extraction of resins containing 13-crown-4 is higher than those 
having 9-crown-3 units. This is attr ibuted to the s tab i l i t y  of the 
complex formed. 

ACKNOWLEDGEMENTS 

The authors wish to thank the "Direcci6n de Investigaci6n" of the 
University of Concepci6n and the Deutscher Akademischer Austauschdienst 
(DAAD) for f inancial support. 

REFERENCES 

. 
, 

3. 
4. 

5. 

J. Bartul in, M. Parra, A. Ramirez and H. Zunza. Polym. Bu11. 24, 
129 (1990). 
H.G. LOhr, F. VOgtle. Acc. Chem. Res. 18, 65 (1985). 
M. Takagi, K. Ueno. Top. Curr. Chem. 12--f, 39 (1984). 
K. Kimura, M. Tanaka, S. Iketani and T. Shono, J. Org. Chem. 52, 
836 (1987). 
K. Kimura, M. Tanaka, S. Kitazawa and T. Shono. Chem. Lett. 1239 
(1985). 

Accepted September 23, 1991 K 


