
Such variability in behavior from ani? 

mal to animal is not uncommon. Kare 
has reported (4) that some chicks 
showed preferences for sapid substances 
at concentrations which most chicks 

rejected. Thus when animals are treated 
as groups, the net result with increas? 

ing concentrations may be behavior 

varying from indifference to avoidance, 
such that any preferential trend for 
substances usually considered aversive 

might be obscured. With attention to 
individual differenees however, prefer? 
ence concentrations were established 
for eight out of ten mice, avoidance 
concentrations for six, and for four, 
both preference and avoidance concen? 
trations. 

The evidence puts in question a gen? 
erally accepted view that specific gusta- 
tory stimuli, by virtue of their primary 
positive or negative reinforcing values, 
elicit an innate consummatory or avoid? 
ance response (5). First, we have a 
bitter stimulus which is acceptable in 

specific concentrations in preference to 
water. Second, the relative acceptabil- 
ity is a function of concentration rather 
than the qualitative nature of the stim? 
ulus. And finally, maintenance of pref? 
erence appears to be dependent on 

prior experience with the stimulus. 
Since in the concentrations tested, 

SOA is not nutritive and has a negli- 
gible effect on osmotic pressure, the 

preference-avoidance function cannot 
be directly compared to that obtained 
for sugars and NaCl. However, the 

preference for the bitter substance as 
well as for sugar and salt at low con? 
centrations may be comparable, in that 
all are acting as weak stimuli capable 
of eliciting preferential behavior. Cer- 

tainly, at high concentrations detrimen- 
tal osmotic effects come into play for 
both sugar and salt, but for SOA, even 
at the limit of solubility, the osmotic ef? 
fects are still negligible. 

The biphasic response towards the 
bitter substance exemplifies Schneirla's 

concept of orientation based on the 

quantitative nature of the stimulus (6). 
Accordingly, it is the degree of stimu? 
lation which determines behavior that 

precedes learning; a weak stimulus 
elicits approach, a strong stimulus with- 
drawal. The fact that preference or dif? 
ferential intake diminishes for the bitter 
test substance after the continuous ex? 

perience of several days suggests that 
lack of secondary reinforcement and 
decrease in novelty (habituation) are 

responsible (7). 
Roslyn P. Warren 

Shimer College, Mount Carroll, Illinois 

17 MAY 1963 
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Oxygen-Carrying Properties of a 

Simple Synthetic System 

Abstract. An iridium compound, 
ch loro-carb ony l-bis(tripheny Iphosph ine)- 
iridium, in solution, takes up molecular 

oxygen?one molecule per metal atom 
?which is subsequently recovered by 
reducing the pressure. The adduct is 

photosensitive but otherwise stable at 

ambient temperatures. It is a monomeric 
molecular complex and probably con? 

tains a peroxo group with both oxygens 
bonded to the same metal atom. 

I wish to report an oxygen-carrying 
synthetic system which stands out in 

its simplicity and exposes new paths 
toward explaining and understanding 
the activation of molecular oxygen by 
metal complexes (synthetic or natural) 
or metals. 

The oxygen carrier is a coordination 

compound of iridium, chloro-carbo- 

nyl-^w(triphenylphosphine)iridium (I), 
[IrCl(CO)(Ph3P)2] (1, 2), with a prob- 

Fig. 1. Diagrams of probable molecular 
configurations of [IrCl(CO)(Ph3P)J and 
[02 IrCl(CO)(Ph3P)2]. 

able molecular structure as shown in 

Fig. \A (1, 3). The compound is insolu- 

ble in water and most other polar media 

(such as alcohols); it is soluble and 
stable in benzene, in which the reaction 

cycles have been studied. The oxygena- 
tion-deoxygenation equations are for- 
mulated in Fig. 2; conditions for the re? 

actions, and stabilities of the reactants 
are summarized in Table 1. 

The yellow crystals of the starting 
complex, [IrCl(CO) (Ph3P)2], do not re- 
act with oxygen under normal condi? 
tions (I->IV). In solution, the com? 

pound takes up one molecule of oxygen 
for each atom of iridium, with a color 

change from yellow to orange (II->III). 
The rates of oxygenation are moderate, 
that is they are considerably slower 
than those reported for oxygen carriers 
based on cobalt (4). The oxygen up? 
take has been followed volumetrically 
and by observing the infrared-spectral 
shift of the carbonyl group (1, 5) 
(Table 2). 

When the oxygen pressure above the 
solution is reduced, the adduct reverts 
to the starting material (III->II). Its 

reappearance has been followed by in? 
frared spectra; simultaneous evolution 
of molecular oxygen has been verified 

by gas-chromatographic analysis. De- 

oxygenation is fairly rapid in boiling 
benzene, but it is also observed at 25 ?C 

(III^II). 
The oxygen adduct, [02IrCl(CO)- 

Table 1. Conditions for oxygenation-deoxygenation reactions, and stabilities of the reactants. 
Roman numerals refer to compounds formulated in the oxygenation-deoxygenation equations. 
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Fig. 2. Oxygenation-deoxygenation equations. 

(Ph3P)2], can be crystallized in pure 
form from the oxygenated solution 

(III-?IV). At ambient temperatures the 

crystals are relatively resistant to de- 

oxygenation (in vacuum); however, 
deoxygenation can readily be effected 
at elevated temperatures (IV?>I). 

The oxygen adduct is sensitive to 

light: the surface of the orange crystals 
slowly changes to green within days or 

weeks, and finally to blue-black. In the 

dark, samples have been stored in air 

unchanged over a year. The irreversi- 
ble photocatalyzed reaction, observed 
also in solution, requires the presence 
of oxygen in order to become clearly 
observable. The identity of the product 
has not yet been established; it contains 

triphenylphosphine oxide and probably 
an Ir(IV) species. In the virtual ab? 
sence of oxygen, that is under the con? 
ditions of deoxygenation, this photo? 
chemical side reaction is slow as com? 

pared with the dissociation of the 

oxygen adduct, so that only the prin? 
cipal reaction (III~>II or IV-?I) is 

readily perceptible (6). 
Repeated cycling of oxygenation-de? 

oxygenation (II<?>III) has been car? 
ried out thus far only under the condi? 
tions favorable for the irreversible oxi? 
dation. An experiment of 13 cycles, 
extending over a period of 20 days, 
in light, afforded about 70 percent re- 

covery of the starting compound. 
The system was exposed to oxygen 
at 670 mm except during brief in? 
tervals of deoxygenation at 80? C. 
Irreversible oxidation as a result of 

repeated cycling has been reported for 
all other carriers, but the nature of such 

Table 2. Properties of [02IrCl(CO)(Ph3P)2]. 

Analysis (%) 

O Ir Cl P C H 

Calculated 
5.9 23.7 4.4 7.6 54.7 3.7 

Found 
5.8 23.4 4.3 7.6 54.9 3.8 

Molecular weight: Calculated, 812; found, 808 
(in CHC13); 760 (in C6H6). 

Conductivity: Aar, 0 ohm-* in acetone (1.6 X 
10-W). 

Electric dipole moment: 5.9 D (in C6H6). 
Magnetism: diamagnetic (solid: %ir, ~ 0, 77? 

to 367?K; in CHC13: xir, ~ 0, 300?K). 
Infrared spectrum (cm-1): vito2, 857 (solid), 

860 (solution); vco, 2000 (solid), 2014 (solution). 
(Other bands in the spectrum result from PhaP.) 
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reactions has not been established with 

certainty (7). 
Perhaps the most significant aspect 

of the present system is that the chemi? 
cal and physical characteristics of the 
isolated oxygen adduct can be studied 
in detail. Table 2 summarizes some of 
the important properties. Complete ele- 
mental analysis, especially direct oxy? 
gen determination, establishes the com? 

position of the complex as formulated, 
substantiating the results of oxygen up? 
take measurements. 

In considering the molecular struc? 
ture and the type of bonding involving 
oxygen, several possibilities emerge for 
the given stoichiometry, but only one 

appears to be compatible with the avail? 
able total evidence: it suggests that the 

oxygen adduct is best formulated as a 
molecular peroxide of tervalent iridium 
with both oxygens bonded to the same 
central atom as shown in Fig. 1B. 

The presence of a peroxo group is 
indicated by chemical evidence (posi? 
tive test for H2O2 on acidification). 
Molecular-weight data, together with 

conductivity measurements, show that 
the compound is a nonionic monomer. 
This eliminates polymeric peroxo- 
bridged structures as found in numer- 
ous cobalt complexes (8). The infrared 

spectrum reveals that the oxygen is not 
associated with the ligands (for exam? 

ple, triphenylphosphine oxide), nor is 
it present as a hydroxyl group. The 

spectrum shows a new strong absorp? 
tion at 860 cm"1, and this band is sug- 
gestive of a triangular metal-peroxo 
group such as that in some peroxo 
complexes of chromium (9) and titan? 
ium (10). The diamagnetism of the 
monomeric compound indicates terva? 
lent iridium. The dipole moment sug? 
gests that the phosphines occupy trans 

positions as shown in Fig. \B (11). 
It is interesting to note that in this 
structure the orientation of oxygen 
relative to the metal atom is analogous 
with that suggested by Griffith for oxy- 
hemoglobin (12). The oxygenation re? 
action thus emerges as an oxidation of 
the uniyalent (spin-paired d8) and four- 
coordinate iridium compound to a ter? 
valent (spin-paired d6) and six-coordi- 
nate iridium peroxo complex (13). 

The present discovery enlarges the 

small group of metals (Fe, Co) known 
to function as oxygen carriers in some 
of their complexes (7, 14). That the 

present compound, [IrCl(CO)(Ph3P)2], 
also reacts reversibly with molecular 

hydrogen (5) strengthens the sugges- 
tion, implicit in this report, that ac? 
tivated complexes in catalysis which are 
themselves inaccessible to direct or re? 
liable observation may find stable mod? 
els among synthetic coordination com? 

pounds of the third transition series 

(15). 
L. Vaska 

Mellon Institute, 

Pittsburgh 13, Pennsylvania 
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Stomach Contraction upon 

Central Vagus Stimulation 

After both vagus nerves in the neck 
of the dog are cut and their central 
ends are stimulated, contraction of the 
stomach is seen in many cases. While 

vago-vagal reflexes are known, this 

phenomenon, to the best of our knowl? 

edge, has not been described. 
In acute experiments, 20 fasting male 

and female mongrel dogs were anes? 
thetized with Nembutal. Both vagus 
nerves were sectioned high in the neck 
and their central stumps were stimu? 
lated with a Grass stimulator. Esopha- 
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