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Abstract-Molecular  oxygen diffusion in the cellulose acetate membranes containing the 5,10,15, 
20-tetrakis(pentafluorophenyl)-21H,23H-porphine iron(ll) was studied. Both the permeability coeffi- 
cient and the separation factor for oxygen in the membrane containing the iron(II) porphyrin complex 
were increased with decreasing the upstream gas pressure which correspond to a dual-mode oxygen 
transport. The effects of the axial ligands of the iron(II) porphyrin on oxygen permeation was also 
examined in the same cellulose acetate membrane. The fluoride and 2-methyl imidazole ligands c~u)r- 
dination to the iron(H) porphyrin induce to increase the oxygen :permeability coefficient and the 
value of ideal separation factor. 

INTRODUCTION 

Oxygen and nitrogen gas separation by many poly- 
mers containing various transition metal complexes 
have been studied extensively over the years [1-5~. 
Metalloporphyrin complexes are the most interesting 
inorganic complexes as model compound for biological 
oxygen carriers [6-II~. The iron porphyrins are pre- 
sent as a common active site or a pro,~thetic group 
in hemoglobin and myoglobin. The binding ratio of 
02 and heme protein is known as 1:1, Generally syn- 
Chetic iron(II) porphyrin complexes react reversibly 
with molecular oxygen to form 1:1 dioxygen adduct 
at low temperatures: 

Fe(II)CPor)(B) + 02 ~ Fe(Por)(B)(O2) 

In contrast to the oxygen-carrying ability of hemo- 
globin and myoglobin, simple iron(II) synthetic porphy- 
rin complexes are rapidly and irreversively oxidized 
to form dinuclear iron(III) complex by molecular oxy- 
gen at room temperature [i2-14~: 

PFe(II)(B) + O2 ---2PFe(II)(B)(O2) 
PFe(II)(B)(O~)+PFe(II)(B) ~--- (B)PFe-O:~-Fe(III)P(B) 
(B)PFe-Ox-FeP(B) ~ 2PFe(IV)(B)(O 2-) 

rapm 
2PFe(IV)B(O 2 ) + PFe(II)(B) 

- - ,  PFe(III)-O-Fe(III)P+ 2(B) 
rapid 

In order to prevent autoxidation of iron(II) porphy- 
rin complexes, sterically hindered iron(tI) porphyrins 
having appended bulky substituents such as 2-meth- 
ylimidazole and 1,2-dimethylimidazole were synthe- 
sized and utilized as a-model compound of a molecular 
oxygen carrier' [15-18~. 

Tsuchida and coworkers have reported the facilita- 
ted oxygen transport through a polymeric membrane 
containing cobalt(II) or iron(II) ct, ct', ct", ct'~-meso-tet - 
rakis(O-pivalamidophenyl) porphyrin complex as a fi- 
xed carrier of oxygen [ 19-23!. Recently, it was; reported 
very electron deficient pentafluorinated ion(II) por- 
phyrin (F20-TPP)Fe(II) with fluoride ligand showed a 
unique spectral properties and unusual molecular oxy- 
gen activation chemistry ~24-25~. In order to im- 
prove the facilitated oxygen transfer through a polymer- 
ic membrane containing metalloporphyrins, less ster- 
ically hindered porphyrin such as very electron poor 
pentafluorinated porphyrin, (F~rTPP)Fe(II) was ex- 
pected as a very useful molecular oxygen carrier. It was 
already discussed that the oxygen transport was im- 
proved by using a metalloporphyrin having a short pick- 
et-fence [19-22~. At this point of view, the (F~-TPP) 
Fe(II) complex which was used in this experiment 
may be one of the most ideal oxygen carrier in the 
facilitated molecular oxygen transport, In this paper, 
selective molecular oxygen transfer in cellulose ace- 
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Fig. 1. The experimental apparatus for permeation mea- 
surement. 
1. Gas bomb 5. On/Off valve 
2. Metering valve 6. Permeation cell 
3. Pressure gauge 7. Water bath 
4. Cylinder for volume 8. Pressure transducer 

increase 

tate membrane containing 5,10,15,20-tetrakis(penta- 
fluorophenyl)-21H,23H-porphyrin iron(IX) with fluoride 
and 2-methyl imidazole have been described. 

E X P E R I M E N T A L  

1. Mater ia l s  
Toluene, acetone, and dichloromethane were used 

after further purification according to the published 
methods [26-27]. All solvent were degassed using a 
nitrogen purge after or during purification. Cellulose 
acetate (Aldrich Co.) with acetyl content 39.8% was 
used. Chloroiron(III) 5,10,15,20-tetrakis(pentafluoro- 
phenyl) porphyrin was prepared by modifications of 
literature methods [28, 29]. Crystalline iron(II) penta- 
fluorophenylporpbyrin, (Fa~-TPP)Fe(II), was prepared 
under the nitrogen atmosphere by zinc amalgam re- 
duction of the chloroiron(III) complex [30~1. Crystal- 
line fluoroiron(II) and 2-methyl imidazole iron(II) pen- 
tafluorophenylporphyrin, [Bu4N] [(F20-TPP)FeF], [Bu4- 
N27[(F~-TPP)Fe(2-MeIm)], were prepared by the lit- 
erature methods [24]. Typically, 5 equivalent of fluo- 
ride or 2-MeIm was added in the iron(II) porphyrin 
solutions. The membranes was prepared in a following 
procedure. The casting solutions were made by mixing 
the solvents, the cellulose acetate, and either the (F20- 
TPP)FeF- or (F~,0-TPP)Fe(2-MeIm)- a certain ratio. 
This solution was carefully cast on a glass plate under 
a nitrogen atmosphere and then dried for al least one 
day and further dried in vacuum dryer for one day. 
The thickness of membrane was measured as about 

Table i. The mean permeability coefficients and ideal sep- 
aration factors for oxygen and nitrogen in CA 
membrane with (Fz0-TPP)Fe at various pressures, 
28~ 

Upstream Mean permeability ~ Ideal separation 
pressure factor 
(mmHg) Po2 P,~ PoJP~2 

30 1.204 0.398 3.03 
80 1.132 0.393 2.88 

t50 1.080 0.396 2.73 
300 1J)55 0.397 2.66 
450 1.046 0.398 2,63 

~Mean permeabitity is in 1 0  u~ cm 3 (STP) cm sec-lcm 2 
cmHg ~ * (Barrer) 

40 ptm. About 2.4 wt% of the metalloporphyrin as an 
oxygen carrier was contained in the membranes. 
2. P e r m e a t i o n  m e a s u r e m e n t  

Oxygen and nitrogen permeation coefficients for var- 
ious upstream gas pressures were measured with a 
low vacuum permeation apparatus shown in Figure 
1 with a constant gas pressure chamber in order to 
keep a constant gas pressure. The permeation cell 
(Millipore Co., USA) was purchased and used. The 
downstream gas pressure was recorded by pressure 
transducer. The permeation coefficient was calculated 
from the slope of the steady-state straight line of the 
permeation curve. All measurements were carried out 
at 28~ and the upstream gas pressures were ranged 
from 30 mmHg to 450 mmHg. 

R E S U L T  AND DISCUSSION 

1. Ce l lu lose  a c e ta t e  m e m b r a n e  
The measurement of permeabilities of oxygen and 

nitrogen was carried out with the cellulose acetate 
membrane without metalloporphyrin as an oxygen car- 
rier. The upstream gas pressure was increased from 
30 mmHg to 450 mmHg. Increasing pressure of up- 
stream gas does not affect the permeabilities of oxygen 
and nitrogen. The ideal separation factor for oxygen 
and nitrogen in cellulose acetate membrane without 
porphyrin complex at 28~ was found to be constant 
as 2,63 for the whole range of pressure used in this 
experiment. This value was smaller than that of pre- 
viously published one [-31]. 
2. Ef fec t  of  m e t a l l o p o r p h y r i n  o n  fac i l i ta ted  t r a n s -  
port  of  o x y g e n  

Pentafluorophenyl iron(II) porphyrin, (F~0-TPP)Fe 
(II): Table 1 shows the permeability coefficients and 
permeability ratios (PoJPN~) of the cellulose acetate 
membrane containing 2.4 wt% (F2o-TPP)Fe(II) com- 
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Fig. 2. The permeability coefficients for oxygen in various 
membranes at 28~ 

plex. The permeability coefficients for oxygen in this 
membrane at 28~C are gradually increased with de- 
creasing the upstream pressure. The permeability ratio 

(Po2/Ps2) of the membrane containing 2.4 wt,q (F~,,- 
TPP)Fe(II) at low upstream pressure was almost twice 
larger than that of a polymer membrane containing 
same amount of cobalt porphyrin complex 1~19~. In 
this case, the facilitation of oxygen transport is remar- 
kable for the lower upstream pressure, which corres- 
ponds to a dual mode transport model as similar to 
the other oxygen permselective polymer membranes 
E32]. 
3. Trans  l igand e f f ec t s  on fac i l i ta ted  o x y g e n  t rans -  
port  in c e l l u l o s e  ace ta te  m e m b r a n e  conta in ing  
p e n t a f l u o r o p h e n y l  iron(II)  porphyr ins  

Coordinations of 2-methyl imidazole and fluoride 
lignads to the (F~0-TPP)Fe(II) porphyrin induce to 
change the electronic configurations from intermediate 
spin state to high spin state [--24-25] and O2 affinity 
of the iron(II) porphyrin. Permeability coefficients for 
oxygen and nitrogen in cellulose acetate membranes 
containing the pentafluorophenyl iron(If) porphyrins 
with the fifth ligands (2-MeIm, F) are shown in Figure 
2. Figure 2 shows that the fifth ligand ligation on iron 
(II) porphyrin causes the permeability coefficient of 
oxygen to increase as the upstream pressure decrea- 
ses. At a higher upstream pressure than 300 mmHg, 
there is no change in the permeability coefficient of 
oxygen which is consistent with the other oxygen perm- 
selective polymer membranes due to a dual-mode tra- 
nsport mechanism. And the ideal separation fact,~rs 

5.5 

5.0 

o 
"~4,5 

4:0 
0 

3.5 

o. 
~ 3 . 0  

~ 2 . 5  

2 .0  

, CA with (Fm-TPP)Fe 
�9 CA with (F~-TPPJFe-2melm 
A CA with (Fm-TPP)Fe-F 
c3 CA membrane  

Ioo aoo a& , ~ o ' '  soo 
P r e s s u r e ( m r n H g )  

Fig. 3. The ideal separation factors for oxygen :znd nitro- 
gen in various membranes at 28~ 

Table 2. The oxygen permeabiliff coefficients and ideal 
separation factors in various membranes at 30 

. . . . . . . . . . . .  ~m__U~ a A _ ? S Z  c _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Membrane Oa permeability ~''~ Po2/Ps~ 
Cellulose acetale (CA) 1.040 2.63 
CA with (F~-TPP)Fe 1.204 3.03 
CA with (F2~;-TPP)Fe-2Melm 1.410 3.51 
CA with (F~o-TPP)Fe-F 1.581 3.95 
*(F~)-TPP)Fe-X = 2.4 wt% 
*<"~permeability is in 10 U~cm:~ (STP) cm sec tcmHg 
(Barrer)s 

for oxygen in cellulose membranes containing various 
pentafluophenyl iron(II) porphyrins are shown in Fi- 
gure 3. The ideal separation factors for oxygen are 
remarkably increased by coordinations of 2-methyl 
imidazole and fuoride to the iron(II) porphyrins at 
the low upstream pressure. The calculated values of 
the oxygen permeability coefficients and ideal separa- 
tion factors in cellulose acetate membrane with var- 
ious iron(II) porphyrins are summerized in Table 2. 
All ofthe data clearly shows that the fluorideand 2-meth- 
yl imidazole ligands ligations to the very. electron- 
poor pentafluophenyl iron(II) porphyrins in cellulose 
acetate membranes result in increasing the facilitatd 
transport of oxygen at the tow upstream gas pressure. 

It is known that very acidic pentafluorinated iron(II) 
porphyrin complexes have the unusual molecular oxy- 
gen activation chemistry and the relatively stable prop- 
erty against oxygen [-24J. Furthermore, tlhe ligand 
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coordination such as the fluoride ion to the pentafluo- 
rinated iron(II) porphyrin induces to increase the sig- 
nificant stability for the molecular oxygen. It should 
be noted that the small size and very electronegative 
fluoride ligand ligation to the very electron-poor iron 
(II) porphyrin results in remarkable increasing both 
the stability for the molecular oxygen and the degree 
of efficiency on the facilitated transport of oxygen. 

CONCLUSION 

Cellulose acetate membrane containing 2.4 wt% pen- 
tafluorophenyl iron(II) compound was examined for 
the transport of the molecular oxygen. The oxygen 
permeability coefficient and the separation factor 
through this membrane are remarkably larger than 
those through the polymer membrane without iron(II) 
prophyrin complex. The oxygen permeabilities and 
selectivities in the membranes containing the (F~- 
TPP)Fe(II) coordinated with fluoride and 2-MeIm li- 
gands were also examined. At the low upstream pres- 
sure, the fluoride ligand coordination to the (F20-TPP)Fe 
(II) causes to increase the oxygen permeability coef- 
ficient and the ideal separation factor significantly for 
the cellulose acetate membrane with the iron porphy- 
tin complex. 
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