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TRANSPORT OF CARBON MONOXIDE FACILITATED BY A Cul-TETRAETHYLENE-
PENTAMINE SYSTEM

Mitsuyasu KAWAKAMI, Hiromi NAGANO, Masakazu IWAMOTO, and Shuichi
KAGAWA*
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Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852

The transport of CO through a thin layer of tetraethylene-
pentamine was found to be enhanced by the presence of Cul ion.
The CO uptake measurement and the i.r. study suggested that the
facilitated transportation of CO was mediated by the reversible

formation of a Cul-carbonyl complex.

The transport of gas molecules through a membrane mediated by a carrier has
attracted much attention in connection with enhanced interests in the simulation of
biological systems and in the application to membrane separation processes.l»z)
However, only a few investigations have so far been undertaken on the carrier-
mediated transport of co.3,4) Although many copper(Il) compounds are known to
absorb CO reversibly, they are usually liable to be oxidized by oxygen to copper(Il)
compounds and easily disproportionate (2Cu* Z Cu + cu2t) in agueous media.9,6)

This unstability of Cul compounds has frustrated the investigation of the facili-
tated transport of CO with Cul complexes. In the present letter, we wish to report
that the transport of CO can be facilitated by a CuI—tetraethylenepentamine(tetren)
system which is not so oxygen-sensitive and do not undergo the disproportionation
reaction within the present experimental conditions.

No other solvents or diluents were here employed. The tetren molecule acts
not only as a multidentate ligand but also as a diffusion medium. Thus, Cu(SCN)
was dissolved in a large excess of tetren in vacuo and resulting liquid complex was
used for transport and equilibrium CO uptake measurements. The molar ratio of cul:
tetren was less than 1:12 (0.39 mol/kg) and a colorless liquid was obtained. It
would be noteworthy that when the preparation of Cul-tetren system was carried out
in air the resulting system became blue colored, but on evacuation at 313 K the
blue one turned into a colorless liquid and the properties of the resultant for CO
were essentially the same as those prepared in vacuum.

The method and procedure for the preparation of liquid membranes and the
transport experiments are the same as reported earlier.7,8) The liquid layer of
ca. 0.32 cm in thickness was retained on a microporous poly(tetrafluoroethylene)
membrane fixed horizontally in the transport measurement cell. The CO gas was
introduced in the upstream side of the cell and the pressure increase in the down-
stream side due to gas transport through the liquid film was followed with a Pirani

gauge. The transport rate of nitrogen was also determined for comparison.
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Fig. 1. Variation of flux J(CO) with upstream pressure Ph for Cu(SCN)-
tetren liquid membranes. (a) Effect of cul concentration in tetren
(mol/kg) at 303 K. (Closed square and broken line denote J(Ng) in
pure tetren.) (b) Effect of temperature ([Cu] = 0.39 mol/kg).

The permeation flux of CO, J(CO), is plotted against the upstream pressure, pp
in Fig. 1(a) as a function of the concentration of cul ion, [Cu]. The relation
between J(CO) and py for pure tetren ([Cul=0) is almost linear within the experi-
mental error, indicating the diffusion to obey Fick's law. For CuI—containing
systems, on the other hand, the relation becomes nonlinear and J(CO) increases with
increasing [Cu]. The concavity to Py axis displayed by these systems probably
arises from the finite amount of CO transport mediated by cul ion. 1In contrast,
J(Ng) was almost equal to J(CO) in pure tetren and scarecely changed with the addi-
tion of Cul ion. Thus, the flux ratio J(CO)/J(Ng) increased with increasing [cul
or decreasing py to attain to ca. 6 at [Cu]=0.39 mol/kg and ph=0.7 kPa. These
results demonstrate the facilitated transport of CO molecules in the presence of
cul ion.

As illustrated in Fig. 1(b), J(CO) increased with the rise of temperature. In
contrast, J(CO)/J(Ng) was found to become larger at a lower temperature. For
example, the ratio came up to 8.5 at 273 K and ph=0.7 kPa. These temperature de-
pendences would be explained by considering that J(CO) consists of two transporta-
tion mode; the CO flux attributable to the diffusion in tetren matrix, Jp(CO), and
the transportation mediated by Cul ion, JM(CO). A rise in temperature causes in-
creases in both diffusivities of the dissolved CO molecule and the Cul-CO adduct,
which would bring about the enhancement of J(CO). However, it accompanies, at the
same time, an increase in the diffusivity of dissolved Ng to result in a lowering
of J(CO)/J(N2). The enhanced J(CO)/J(Ng) with lowering temperatures would be at-
tributed to the increasing solubility of CO owing to the complex formation with Cul
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Table 1. The saturation constant, S, and the affinity constant, K,
of the Langmuir type equation( v = KSp(CO)/[1 + Kp(CO)] )
for equilibrium CO uptake, V.

[cul T S 105K
mol/kg K mol CO/mol Cu pa-1
0.09 1.6 1.8

313
0.40 2.0 1.1
0.08 0.8 7.7
273
0.41 0.8 7.6

ion. A more stable CuI-carbonyl complex is formed at a lower temperature as will
be discussed below. Taking into account J(N2)=J(CO) in pure tetren, J(CO)/J(Ng)
may be regarded as a measure of the facilitated ratio, J(CO)/Jp(CO).

Equilibrium CO uptake was determined by a volumetric method over the range of
CO pressure, p(CO), O - 50 kPa. The amount of CO uptake increased more signifi-
cantly at lower p(CO) and the rate of increase became slower with increasing p(CO).
Neither precipitation nor color change was observed upon exposing Cul-tetren
complex to CO. The CO sorption was thoroughly reversible. The CO dissolution into
tetren matrix was negligible. This means the CO uptake in CuI-containing system to
result from CO addition to Cul-tetren complex surrounded by an excess of tetren
molecules. The sorption data was found to be characterized satisfactorily by use
of a Langmuir expression. The sorption parameters determined are summarized in
Table 1. The affinity constant increases with lowering temperature, indicating the
formation of more stable copper carbonyl at a lower temperature. On the other hand,
the saturation constant increases with elevating temperature and exceeds 1 mol CO/
mol Cu at 313 K. Although the amount of CO uptake of Cul complexes so far known is
mostly one or half mol per mol of Cu, some instances are known in which the amount
of CO uptake increases beyond 1 mol CO/ mol Cu. For example, it is reported that
relatively free cul ion in strong acid media can absorb more than 1 mol of CO to
give copper polycarbonyl cations such as Cu(CO)3+ or Cu(CO)4+.9’10) Then, it seems
likely that in the present system the absorption site for CO increases as the bind-
ing of tetren molecule would become loose at elevated temperatures.

Among the cul carbonyl species with nitrogen ligands recently studied,11'14)
the structures show a pseudotetrahedral geometry about the cul ion with a termi-
nally bound CO, except for five-cocrdinate complexes with macrocyclic 1igandsll)
and binuclear complexes.14) According to a series of investigations of Pasquali
and coworkers on copper-amine-carbonyl chemistry, a suspension of CuCl or Cul in
methanol containing ethylenediamine or histamine, absorbs CO reversibly at room
temperature, giving a homogeneous solution from which thermally stable carbonyl
complexes can be obtained as crystalline solids by addition of NaBPh4.12) These
copper(I)-polyamine-carbonyls give the v(CO) stretching frequencies over the range
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2060-2117 cm—1 characteristic of a terminally bonded CO. In the present work, the
i.r. spectrum of the CO adduct of Cul-tetren (1:33) revealed an intense band at
2064 cm—1 which diminished readily upon evacuation at ambient temperature. This
suggests presumably the present cul carbonyl complex to have a pseudotetrahedral
geometry in which the CO molecule adds to a three-coordinated Cul center. No other
direct evidence for the complex structure has been obtained and further investiga-
tions are in progress. The findings presented here would provide a novel informa-
tion on the carrier-mediated transport of CO. It is worthwhile noting that the
Cul-tetren system is a good carrier for not only molecular oxygen7) but carbon

monoxide.
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