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#stract: Hg2’, Fe2’, Co2+, Cu2’ anj+2n2’ 
lene (1) in water and rethanol. Ni 

forr 1:l complexes with cyclotetrachrorotropy- 
forms a 1:l complex uith 1 in water, but a 2:l host 

to guest complex in methanol. The stability constants are larger in methanol than in 
water. 

Cyclotetrachromotropylene, 1, is ccmformatiaally flexible. "' In both the boat (la) 

and chair (Ib) conformations, there is a plane ccoltaining four hydroxyl oxygen atans (the 

boat ccnformatian has a second parallel plane containing another four hydroxyl oxygen atoms). 

The oxygen atoms of the hydroxyl groups are preorganised for complexatian, similar to the 

calixarenes in the cOne conformaticm 3,4 and the spherands. 5 This paper reports our study cm 

the complexation of six divalent metal cations with 1 in water and in methanol using electro- 

nic absorption spectroscopy. 
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Results and Discussicm 

That 1 forms complexes, in water and methanol, with the divalent metal cations used in 

this work (Ng *+, Fe*+, Co*+, Ni*+, Cu*+, and Zn 
*+ 

) is indicated by (1) an increase in the 

absorbance at 450 nm (the visible spectra of 1 in the presence of various ccncentratims of 

Ni*+ in water (Figure 1) and Mg 2+ in methanol (Figure 2) are shcwn) and (2) a change in the 

colour of 1 (Table I). All the metal catims form complexes of 1:l stoichicmetry with 1 in 

water. In methanol, all the metal cations except Ni*+ also form complexes of l:lstoichio- 

metry with 1. Ni 
2+ 

forms a complex of 2:lhost to guest stoichiometry. The stoichiometry 

of each of the complexes is supported by the consistency in the calculated stability constant 

(examples for 1:land 2:l stoichiometries shown in Tables II and III respectively) and the 

intersection point of the titration curve of absorbance versus metal cation concentration 

(examples for 1:l and 2:lstoichiometries shcwn in Figures 3 and 4 respectively). The 

stability ccmstants at 25' are given in Table IV. The enthalpy AH0 and entropy AS0 values, 

obtained from the temperature dependence of the stability ccmstant plots (an example shckm 

in Figure 5), are given in Table V. 
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Fig. 1 Visible spectra of 1 in water in the 1 
presence of various ccncentraticms of 

NiS04*[1], = 1.50 x iom4H; rNiso41, = 

O(A)to 6.84 x 10-4M(B). L "- Fig. * Visible spectra of 1 in methanol 

in the presence of various cmcen- 

trations of MgSC4~[~]o=3.0C x 

1O-4 h; pgS04]o = 0 (A) to 9.68 x 

lO-4M(B). 
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Table I. Colours of 1 cm Complexaticm 

caticm colour of colour of 
ccsnplex (H20) complex (MeOH) 

2+ 
Mg reda reddish brown 

Fe 
2+ 

reddish brown brown 

co2+ reda reddish brown 

Ni2+ orange red orange brown 

Cu2+ brown green 

zn2+ reda reddish brown 

a No change in colour since colour of 1 
is red in the absence of any added 

metal cation. 

Table III. Complexing of 1 with NiS04 

in Methanol at 29'. 

kl, = 2.94 x 10 -4M 

[NiS04]o (M) A465 K21 log K21 

0.50 x 10 -4 

0.75 x 10-4 

1.00 x 1o-4 

1.24 x lO-4 

1.48 x lO-4 

1.95 x 10-4 

= 

&iC' eF 

1949 

6803 

0.991 1.36 x lOa 8.13 

1.140 1.12 x loa 8.05 

1.277 1.21 x lOa 8.08 

1.378 1.23 x lOa 8.09 

1.480 1.49 x lOa 8.17 

1.600 1.73 x lOa 8.24 

average1.36 x lOa 8.1320.06 

Table II. Ccmplexing of 1 with ZnSO4 in 

Methanol at 29~[~]o=3.00x10-4W 

[=04]0 (M) A450 Kll log Kll 

0.50 x 10-4 

1.00 x 10-4 

1.49 x 10-4 

1.99 x 10-4 

2.97 x 1o-4 

3.95 x 164 

4.92 x 10-4 

5.88 x 1O-4 

EH = 2113 

sHG = 5433 

0.775 2.19 x 104 4.32 

0.901 1.90 x 104 4.28 

1.033 2.29 x 104 4.36 

1.142 2.28 x lo4 4.36 

1.325 2.55 x lo4 4.41 

1.424 2.44 x 104 4.39 

1.484 2.47 x lo4 4.39 

1.526 2.66 x lo4 4.42 

average 2.35 x lo4 4.37+0.&l 

Table IV. Stability Canstants in Water and 

Methanol at 25' 

Cationa log %l(H20) log Kll (MeOH) 

Mg 2+ 2.gb 3.93 2 0.05 

Fe2+ 3.52 0.04 + 3.49 2 0.11 

co2+ 3.17 0.20 + 4.212 0.06 

Ni2+ 3.08 0.06 + (8.08 + 0.06)' 

Cu2+ 3.612 0.10 3.96 + 0.06 

zn2+ 2.94 0.15 2 4.35 + 0.04 

a Anion is SO z-i b uncertainty is large 
because of small absorbance changes on 

complexaticm; ' Log K21. 
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Table V. -AGO, AH', and AS0 Values for Complexaticnsa 

l----H201 I MeCHl 
catian -AGO AI-IO AS0 -AGO AH0 AS0 

Mg 
2+ 

5.4 2.3 25.4 

Fe 
2+ 

4.8 0 16.1 4.8 4.1 29.7 

co 
2+ 

4.3 2.5 22.8 5.7 3.9 32.3 

Ni 
2+ 

4.2 2.4 22.2 11.0 5.5 55.6 

Cu 
2+ 

4.9 3.0 26.4 5.4 5.8 37.6 

ikl 
2+ 

4.0 4.7 29.2 5.9 1.6 25.2 

a -AGO (at 25') and AH0 in Kcal mol 
-1 

and AS' in cal mol 
-1 -1 

deg . 

All complexes are of 1:l stoichicmetry except the Ni*+ complex 

in methanol vhich is of 2:l host to guest stoichicwnetry. 
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Fig.3 Absorbance at 450 nm versus concentration of ZnSOe in 
methanol at 29OC . CA] 0 = 3.00 x 10-e tl . 
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Fig. 4 Absorbance at 465 nm versus concentratia of NiS04 in methanol 

at 29'. QJ, = 3.00 x 10s4N 

Fig. 5 Tempe;a+ture dependence of the stability ccmstant 
of Mg -Acomplex in methanol 

r = 0.998 

AHo = 2.3 Kcal mol-1 

AS0 = 25.4 cal mol-l deg -1 
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Fig. 6 Variaticns of pH of 1 vith cancentratians of added metal catias in 

+ 

vater. E], = 5. 00 x-10-3& 0 &*;QNi2+; 0 Zn2+; h Co2+; A Fe2+; 

A cu2+. (The plot for Fe2+ flattens at pH 3.3 at (Fe2+lo = 1.60 x 

I 

320 I I 

concentrit ion of Getal cation6 added, IO- 
8 3 
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In the complex, the metal catim is coordinated to the oxygen atoms of the hydroxyl 

groups of 1, as indicated by the decrease in the pH of a given ccncentration of 1 up~1 the 

addition of a metal cation (Figure 6). However, the hydroxyl groups remain largely unionised 

in the canplexes since the decrease in the pH are relatively small {the largest mcnodeprote 

natian observed in the Cu 2+ complex is only 14.!$, as calculated frcan the equilibriwn pH of 

3.2). Tne metal cation is probably coordinated to all the six hydroxyl oxygen atans of 1 in 

the chair ccnfomnation in the 1:l complexes (the predominant carformation in non-alkaline 

medium2), since all the reported crystal structures of 1:lmetal cation -calixarene canplexes 

sha that the central metal cation is coordinated to all the phenolic oxygen atoms. 3r4 

The large positive AS0 values (Table V) show that the driving force for canplexaticns is 

the gain in entropy. This gain in entropy comes from the changes in solvatioPls of the metal 

cation and 1 cn cunplexation. 

plexation,3r5 

The planar oxygen ligands are already "preorganised" for ccm- 

and no significant mfavourable entropy contributicn is expected from them. Our 

case differs from that reported' for dicyclohexyl-1%crcwn-6 where the flexible oxygen ligands 

are not "preorganised" for complexations. As a result, the AS0 values for complexatims in 

the latter are relatively small. 
6 
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The stability ccnstants are larger in methanol than in water (Table IV), although the 

differences are relatively smaller than those observed in crcwn ethers7 and cryptands*vg 

(an exception is Zn 
2+ which complexes with cryptand 211 with about the same stability CM- 

stants in water and methanol*). The structural similarity between the ligands (OH) and the 

solvents could be a reascm for the smaller solvent effects an the stability constants. 

Experimental 

the 

was 

1 was prepared as reported earlier. 1,2 All metal salts were canmercial samples. 

visible spectra were recorded with a Hitachi 300 spectrophotometer. 

pH measurements were taken with a Beckman 3500 pH meter. 

Calculaticns of stability ccnstants. lhe absorbance in the 450 nm region was used for 

calculations of stability ccmstants. For each set of experiment, the c(zXentraticm of 1 

kept castant ("3 x 10e4M)and the metal cation cancentraticn varied until complete 

complexation was observed. 

For a 1:lstoichicmetry complex, the stability ccmstant, Kll, is defined by 

where H-G, H, and G denote the complex, host I, and the metal cation guest respectively. 

The stability ccmstant, K21, for a 2: lstoichiometry complex (host to guest) is 

(2) 

Since the extinctian coefficients of 1 and the complex could be determined (the former 

fran the absorbance in the absence of any metal cation and the latter Eras the absorbance at 

canplete complexaticn), the cancentraticns of the host, metal caticn, and complex before 

complete ccmplexaticm was reached could be calculated using beer-Lambert Law. For example, 

in the case of l:lcomplex 

[HI = [HI, - bGJ 

[G] = [G]o - [H*Gl 

(3) 

where A is the absorbance, LH and &HG the extinction coefficients of 1 and the complex 

respectively, [HI0 and [G& the initial concentrations of _& and the metal cation respectively. 

The average of six or more calculated values was taken as the stability canstant (see 

Tables II and III). 
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!l%ernmlynamic data. The stability cawtants vere determined at four to five different 

temperatures (29' - 50') and each experiment vas dae in duplicate. A plot of log I[ versus 

+ (eguaticn 6)l" yields the AHo (slope of the plot) and AS0 values (intercept). The free 

energy AGO was thtll calculated 
10 

from equation 10 for 25O. 

log K z&x+- AS0 
4.576 +4.576 

-AGO = BTlnK 
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