High-Capacity Oxygen Sorbents Show

E Cobalt complexes
reversibly bind oxygen;
one compound has bighest
capacity ever reported for
a solid oxygen carrier

class of solid complexes that rap-
idly and reversibly binds molec-
ular oxygen has been discov-
erecdt by researchers at Air Products &
Chermicals, Allentown, Pa. One of these
lichstate lithium cyanocobaltates dis-
plavs the highest capacity ever reported
for 2 solid oxygen carrier, they claim.

The materials were discovered and
leveloped at Air Products’ corporate
science and technology and corporate
anaiytical centers by a group headed
by Cuido P. Pez and including Dorai
Ramprasad, Brian H. Toby, Thomas J.
Markley, and Ronald M. Pearlstein.

According to Ramprasad, discoverer of
the materials, the sorbents

pansion and contraction of the complex
crystallites that eventually lead to their
physical degradation.

Other potential sorbents, the cobalt(Il)
complexes of the picket-fence-shaped
porphyrin, reversibly bind oxygen with-
out a phase change, but have limited ca-
pacity. Presumably, the porphyrins pro-
vide sufficient space for the bound oxy-
gen to enter.

Another approach to designing sol-
id-state sorbents has been encapsula-
tion of metal-cyanide complexes in the
cages of synthetic zeolites, A high con-
centration of cobalt can be incorporated
in the cages, but less than 1% of the
available cobalt atoms provide sorption
sites for the oxygen. This also means
low sorption capacities.

The Air Products approach has been to
extend previous work on cyanocobaltates
with salts of fixed composition. This per-
mits almost all of the metal centers to
be active. Ramprasad says his group be-
gan by following “the published syn-
thesis of a material previously report-
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ed to be Li;Co(CN)s - 3DMF, where DMF
is N,N-dimethylformamide. By slowly
adding CoCl, in DMF to LiCN, also in
DMF, the Air Products researchers
grew single crystals of a polymeric cy-
anocobaltate that turned out to have
the composition Li;Co(CN); - 4DMF.
Ramprasad was surprised to find that
Li;Co(CN); - 4ADMF reacts with oxygen
reversibly at ambient temperatures.

Upon heating t0-160°C in a nitrogen
atmosphere, the compound loses two
DMF molecules to produce a crystal
phase composed of LizCo(CN)s - 2DMF,
That species reversibly binds oxygen
much faster than the complex with four
DMF groups. The two compounds consti-
tute the principal members of the new
class of sorbents.

Previous research had shown that re-
actions between oxygen and pentacya-
nocobaltate ions involve irreversible
binding of the oxygen to the metal cen-
ters. Ramprasad hypothesizes that revers-
ibility with Air Products’ new products
is the result of interaction of the lithium
cations with the nucleophilic

are a major potential busi-
ness interest of Air Products
research. But a more aca-
demic motivation also un-
derfies the research: the at-
tempt to mimic certain bio-
logical oxygen carriers that
selectively remove oxygen
from air. “In the case of the
new sorbents, we have been
able 1o satisfy both goals,”
says Ramprasad.
Complexes of cobalt sal-
comine, N,N’-bis(salicyli-
deneicthylenediaminoco-
balt(i), are probably the
Most extensively studied
Metal complexes that re-
versibly sorb oxygen in the
slute, Ramprasad notes,
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gen is selectively removed from air using
" 2DMF as an absorbent, As O, is absorbed, the ab-
sorbent changes to a red color. When the bed is saturated, air
and the bed must be regenerated. A continu-
ous process requires two beds that are alternately regenerated,

cyanide nitrogen atoms,
which reduces the ligands’
ability to donate electron
density to the cobalt. The
color changes from green to
red as oxygen is sorbed.
The compound with
two DMF molecules also
has a higher capacity than
Li;Co(CN)s - 4DMF. Tests
indicate that Li,Co(CN), -
2DMEF sorbs about 7% (by
weight) of available oxy-
gen in 10 minutes. Purging
with nitrogen releases
more than 90% of the ab-
sorbed oxygen in 30 min-
utes. Repeated cycling
over a long period of time
indicates a small, irrevers-
ible loss in activity. Expo-
sure to moist air quickly
degrades the oxygen-bind-
| ing capacity, indicating a
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