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bandwidth and intensity of the -CH2- stretching bands, 
the appearance of the 1415-cm-' band in the -CH2- 
bending region of the Raman spectrum, and the splitting 
observed in the IR spectra a t  low temperature. A phase 
transition having many structural similarities has been 
recently observed in the n-alkane clathrates2I where a t  low 
temperature a contraction of the urea lattice increases the 
intermolecular interaction between n-alkane chains, thus 
also changing the subcell structure. 

The exact mechanism of the transition is unclear, but 
an analogy to that observed by Zerbi et  a1.20 for n-al- 
kanes may not be drawn due to the thermodynamic 
incompatibility of hydrocarbon and fluorocarbon chains. 
Any surface disordering mechanism in the F12HlOF12 tri- 
block crystals would involve the longitudinal motion of 
fluorocarbon segments through a hydrocarbon lattice, 
which is highly unlikely due to the incompatible nature 
of these chemical species. 

Thus, it has been shown that the F12HlOF12 triblock 
molecule exists in a hexagonal-like structure a t  room 
temperature similar to that found for odd n-alkanes a few 
degrees below their melting point. A t  low temperatures, 
the F12HlOF12 undergoes a transition to a new phase 
characterized by a decrease in molecular mobility due to 
an increase in the intermolecular coupling. Spectral 
observations indicate that this new phase is similar to the 
orthorhombic phase that exists in the odd n-alkanes at  
room temperature. No specific information was obtained 
from the Raman spectra of the fluorocarbon portion of the 
molecule to suggest that it has undergone a conforma- 
tional change a t  low temperature, although here some 
subtle change to allow closer proximity of the hydrocarbon 
segments may not be spectroscopically detectable. Future 
studies will address this aspect in more detail. 
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Enhanced Stability and Facilitation in the 
Oxygen Transport through Cobalt Porphyrin 
Polymer Membranes 

We describe herein the polymer-bound cobalt porphy- 
rin derivatives with large oxygen-binding kinetic constants 
and with extraordinarily prolonged lifetimes through which 
oxygen permeates with high selectivity (PoJPN, > 10). 

Metalloporphyrin and cobalt-Schiff base chelates with 
oxygen-binding ability have been applied to an oxygen- 
transporting fluid' and to  an oxygen-enriching liquid 
membrane.2 But these oxygen-carrying metal chelates in 
solutions are often irreversibly oxidized and their lifetimes 
as an oxygen carrier are quite limited. We have recently 
reported measurements of facilitated oxygen transport in 
dry (or solvent-free) polymer membranes containing a 
cobalt porphyrin and a cobalt-Schiff base chelate as a fiied 
carrier which sorbs oxygen selectively and re~ersibly.~ We 
intended here to enhance the efficiency of this facilitated 
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transport and to prolong the lifetime of the metal che- 
late as an oxygen carrier. We synthesized the following 
polymer-bound cobalt porphyrins: meso-mono(a-o- 
methacrylamidophenyl)tris(cY,cu,cu-o-pivalamidophenyl)- 
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decrease in P ~ ( 0 2 ) .  These observations suggest that the 
COP in the membrane interacts with oxygen and facilitates 
the oxygen transport in the membrane. In particular, PO, 
values for the IC and 2 membrane steeply increase at  low 
pZ(O2) as shown in Figure 1. The permeability ratio (Po2/ 

a t  ~ ~ ( 0 2 )  = 5 mmHg was 5.8 and 12 for the  
membranes containing 1.3 and 5 wt % 2, respectively. 

This facilitated oxygen transport in the COP polymer 
membranes is considered to occur by a dual-model 
transport mechanism (Henry mode and Langmuir mode; 
Figure 2). The dual-mode transport model is given as 
follows.g-" 

+ CC'KDCD - k&DC cc'KDcc +- [ 
(1 + K P ~ )  (1 + Kp,) 

P =  k & ) D  + 

That is, P is equal to the sum of the first term, which 
represents the Henry's law mode attributed to a physical 
permeation through a polymer matrix, the second term 
for the Langmuir mode attributed to a specific binding 
and diffusion of oxygen to and via the fixed oxygen carrier 
COP, and the third term, which is also the Langmuir mode 
attributed to the exchange between the first and second 
terms. Here, k D  is the physical solubility coefficient for 
the Henry's law mode. DDD, DDC, DCD, and DCC are the 
diffusion coefficients for the Henry's law physical 
permeation, for the diffusion from the polymer matrix to 
the fixed carrier, for the diffusion from the fixed carrier 
to the polymer matrix, and for hopping between the fixed 
carriers, respectively. CC' is the fixed carrier COP 
concentration in the membrane. 

The experimental data in Figure 1 were analyzed by the 
dual-mode transport model and gave the parameters listed 
in Table 1. DD and k D  values agree with each other for 
the COP membranes containing la-c and 2 and with those 
determined for the inert CoI1'P membrane. This result 
means that the polymer matrix is not influenced by the 
COP loading and supports the calculation procedure based 
on eq 1. The oxygen diffusion coefficients in Table I 
suggest the following: (i) The reaction rate constants, k,, 
and k,ff, determined spectroscopically for oxygen- 
binding and -dissociation to and from the COP as a fixed 
oxygen carrier, are clearly related to the diffusion 
coefficients DDC and DCD determined from the transport 
measurement. (ii) The ratio DCC/DDD shows that the 
diffusion constant, postulated in Figure 2 for the hopping 
pathway of oxygen between the fixed carriers, is 
approximately one-tenth of that of the physical permeation 
in the membrane. (iii) The COP carriers, IC and 2, with 
larger k,, and k,R, give larger DDC, DCD, and DCC and bring 
about highly efficient facilitation in the oxygen transport. 


