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Layered inorganic materials such as that formed by y- zbconium phosphate consfih~te a rigid 

framework able to incorporate organic molecules, thus forming highly ordered supramolecular assemblies 

which can be used for a great vatiety of practical purposes.’ Inclusion of macrocycles within the rigid layers 

of these water insoluble polymeric compounds may lead to a class of new materials with potentially 

interesting prop&es regarding sclcctivc ion-exchange and amine intexalatkm. 
We describe in this communication the inunpomtion for the first time of a crown ether to y- 

zirconium phosphate. The start@ y-phase was pqared as previously reported2 (Figure 1, trace A, shows its 

powder X-ray difibction pate@ and exchanged with N-(2+thylphosph&)-aza-18-crown-6 
hydrochloride.’ 31P-NMR of the resulting solid in RP/H.@ evSacal the incarporaton of the phosphonate 

asthe~~two~at22.1(~cphosphonlcpcid)md-o.4ppm(phospboricacid)in1:7 
intensityiatio.‘Ihemothcrliquanofthe~gereectiardisplnysdthe~~butin4.8:1imenJity 

ratioshawingthc~ofphoaphoricacidfromtht~y~~tbatmudtpheplactintbtexchange 

xaction. Elemental analysis of the solid gave C, 10.43%, 8, ,2.89% and N, $8996 .ocnnspormding to a 
molecular fommla of ZrPOJIQPOJ,,(C,&,NO~P)~(IQO)x with n = ‘0.23 and x = 1.36, i.e. q&xment 

ofc.a. 12%~~(~tototalphosphorous)byphorqrhoaPtcr,a~whichisin 
excellent agxeemmt with ti signals intensity mtio (1:7 or 12.5S7.5) &saved in its HP/S@ 31P-Nh4R 

speaum(seeabove).Thcpresawc ofchlorideinthesample(thet3at&~stht~wasin 

hy~f~)isuncaEpinfromthc#dptabutitis~ynotpn#n3:~~tbe~ti~charge 
ofthecrrmvnammoniumcanbeeasilycompensatedbydepmtonaSiOaoftheQH~ofitspborphonate_ 

31P CPMA8 NMR of the exchanged sample &owed sign&*at 9.4 @hoq&mate), -13.3 (unex&anged 
exchangeable phosphate) and -27.2 ppm (non-exchangeable phosphate) similarly to other y-zirconium 

phosphate phoqhonates previously dHc&ed.zThe powder x-ray diffla&on pattern of the solid (Figure 1, 
trace B) cle.arly shows incorporation of crown-ether phosphw in that the interlayer distance of exchanged 
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y-zirconium phosphate in- to 18.8 A. The relatively broad signals indicate that the material has a low 

degree of crystaUinity and is not very well-ordered. However, the diffractions at 28 = 7.120 (12.4 A) and 

15.16O (5.84 A) suggests that the material may contain some unchanged r-phase. Provided both the starting 

and the exchanged y-phase give similar diffkaction responses, integration of the signals at 28 = 4.700 (18.8 

A) and 7.120 (12.4 A) yields a 0.89:0.11 ratio of exchanged to starting y-phase. Recalculation of the 

molecular formula on these. grounds gives n = 0.26 and x = 1.39 which corresponds to a slightly higher 

replacement (c.u. 13 96) of phosphate by phosphonates in the exchanged y-layers than that previously 
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Figure 1 

Figure 2 shows HyperChem molecular modeling of the y-zirconium phosphate containing N-Q- 

ethylphosphonic)-aza-18-crown-6 units. 
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The model was constructed from previously report4 geometries of the y-lay& and on the 
assumption that its structum remains essentially unaltered with the inclusion of organic phosphonates. A’+ 

ethylphosphonic)-axa- 18 crown-6 was minlmixed by AMl/AMBER procedures’ prior to its incorporation in 
the y-phase. From the repmsented 60 units of exchangable phosphate in each layer (30 per face), we found 

that a maximum of 18 can be regularly replaced by phosphonate. Scheme 1 shows one of the possible 
arrangements. 

The crowns (straight lines) bonded to the phosphor& groups of the down face in the upper layer 

(white circles) leave void places where the crowns of the up face In the lower layer (black circles) may rest 

without severe steric interference (top view of upper and lower layers in gray). This is equivalent to a 

predicted maximum exchange of 18 phosphortam in 120 phosphates, i.e. 15% relative to total phosphorous. 

Thisnumber seems fesLsonable in view that phenylphosphonic acid, which is sterically much smaller than our 

crown-ether derived phosphor& acid, was mportcd to exchange only to a maximum extent of 33% relative to 

total phosphorous.’ Therefore, it appears that is not neassary to use a great excess of organic phosphor& 
acid in the exchange reaction since with only an approximate 2.3 molar excess of it relative to y-zirconium 

phosphate,’ a value of exchange (12-1396) very close to the possible maximum predicted by the model was 
attained in our case. Nevertheless, the permanence of some starting y-phase in the sample (see above) 

suggests the existence of ‘bubbles’ or parts of the layers devoid of crowns (Scheme 2) whose presence might 

be minimized with a higher excess of organic phosphonic acid andfor by previous dehunination by amine 

intercalation.’ 

Setting the different torsion angles of the PCH&H$V fragment of each phosphonatc to masonable 
values to achieve minimum steric interactions amongst crowns and not invading van der Waals distances 

between layers, the model predicts a minimum intcrlayer sepamtion of 18.6 A, in adat agmcnwnt with 
the XRD pattern. 

Finally, Figure 3 shows the titration curves with NaOH of the starting r-layer (circles) and the 

exchanged one with the crown-ether phosphonate (crosses ). It may be seen that the ion-exchange prcperues 
ofbothmaterialsarequitediffeientinthatthe~~ofthc crown-&hex containing matuial is much 

higher. At pH 10, where hydrolysis of the xbconium phosphate framework is assumed to take place at a very 
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Figure 3 
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