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Abstract

As a hypothetical experiment the reaction between carbon monoxide and ethanol to form an ethyl carboxylic acid has been considered. The SET model for catalysis
is used. The effect of the catalyst COS on the reactivity of these two species is found to lead to the expected result.

Introduction

Among different routes of synthesis of carboxylic acids, one
is mentioned as the oxidation of alkanols by strong oxidants

[1].

But what about the situation in ‘prebiotic’ times, when the
atmosphere was more or less reductive? One possibility that
we will penetrate in this paper is that carbon monoxide reacted
with, at the time available, ethanol (eqn 1).

C,H,OH + CO ----> C,H.C(=0) OH (1)

In order to make the reaction posssible, a catalyst must
have been operating. We willl suggest that this catalyst was
carbonyl sulfide, COS, appearing in the atmosphere from
volcanic eruptions. It has been shown to be a possible catalyst
in many life-creating reactions [2,3], such as ‘condensation’
of amino acids to form proteins (2) and the formation of many
constituents of RNA [3]. As is otherwhere described in detail
[4,5], the action of the catalyst is supposed to take place via
vibrational resonance between reactant and catalyst. In this
way, energy is transferred from an interatomic vibration of
the catalyst to a vibration within the reactant with the same or
similar frequency. This transfer goes on, up to the point when
the reactant has achieved an energy amount, that we call the
‘energy of activation’. This in turn, results in reaction!

Hence this model of catalysis has been called ‘Selective
Energy Transfer, SET [6].

Inspiration for SET

The observation [7,8] that in catalytic reactions, when
conditions, such as the character or amount of the support
material, were changing for one and the same reaction, the
energy of activation changes stepwise. The fact that the size of
each step was like a quantum of the vibration involved, directed
our thoughts towards something like SET.

Support for SET

In this section we quote some reseach reports where the
utility of SET are clearly seen [9-12].

In [9] the spectroscopic data indicate that the stretcing
vibration of the single bond N-O is the ratedetermining
step. Further analysis showed the anharmonicity constant as
3.4cm™, a finding to compare with the spectroscopic value, 3.2
cm, [10]; thus, supporting the use of SET.

[11] is an important paper showing the establishment of
an isokinetic temperature even if the frequency of catalyst (w)
and the fregency of reactant (v) are not quite the same, and
showing a minimum at (v) = . This shows that the so much
decried concept of an isokinetic temperature is mathematically
treatable as well as physically observable. This is in favour to
the SET model.

In [12] the experimental data of prof. Keane are tretaed
graphically to show that the Arrhenius lines of slightly
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differing catalysts cut in one and the same point, with the
abscissa indicating the isokinetic temperature of the system,
Tiso = 669 + 2 K.

When using the formula derived in [11], we obtained Tiso =
669.2 K. This agreement between calculated and experimental
data is - also - in favour of the SET model.

CO as reactant

As carbon monoxide is not usually seen as a reactant for
organic chemical synthesis, one must obviously change the
properties of CO somewhat in order to get it reactive. This
change might be performed by interaction with the catalyst,
COS [2].

Orbital pattern of CO

In the range of interest for chemical reaction, the carbon
atom - as well as the oxygen one — uses four different atomic
orbitals, viz., one 2 s orbital and three 2p orbitals. These last-
mentioned orbitals are directed perpendicularly to each other
and we designate them therefore as 2p_, 2p, and 2p,, where 2p,
is perpendicular to the plane formed by 2p, and 2p,.

When they are part of a molecule, the 2s and the 2p_ can
form two sp orbitals, one in the direction of the bond, and one
(usually non-bonding) in the oppposite direction (Figure 1).
The sp-orbital directed along the x-axis can form a bond wih
another atom, in this case oxygen, that has a similar set-up
of orbitals (Figure 2). Remaining around the carbon atom are
the two 2p, and 2p,, which can form z-bonds with an adjacent
atom (Figure 2).

These orbitals should be filled by a total of ten elctrons; four
from the carbon and six from the oxygen. One can note that the
n yorbital, in the same plan as the C — O single bond, recieves
one electron from the carbon; one goes into the sp binding
orbital and two are in the nonbonding sp — orbital (Figure 3).

The interference of CO and the catalyst COS

The SET model of catalysis implies that the frequency of a
certain vibration of the catalyst should equal that of a vibration
in the reacting molecule. The simplest vibration of CO (in the
ground state), the CO stretching, according to Herzberg [13],
is 2170.21 cm™. This value is slightly too high for the vibration
to come into resonance with the very strong vibration of COS,
2079 cm, [10]. Therefore, no changes of the vibratonal state of
CO are expected as such a resonance is related to the vibrations
and these — in turn — are related to the mass of the atoms
involved. If no effects from the catalyst emission of light at
2079 cm™ can be traced in the vibrational spectrum of CO,
one must conclude that any effect from this radiative source
must instead have struck the electron clouds of the x yand r z
orbitals. In Figure 3 we indicate the electron heritage in these
two p orbitals. Even if one cannot — by principle - distinguish
between one electron and another, one can trace a difference
between the = yand = z orbitals:

|

Figure 1: The action of sp-orbitals. The upper row indicates how two sp-orbitals
are formed from one s-orbital and one p-orbital. The lower row will show how,
when two atoms combine, one sp-orbital from each atom are used to form a hybrid
orbital, joining the two atoms. At the same time an antibonding orbital is formed,
not indicated in the Figure for clarity. Also not indicated here are two non-bonding
orbitals, one for each atom (cf. Figure 3).

Figure 2: The formation of i — orbitals, bonding two atoms (C and 0) together. Also
here, the antibonding orbitals are not shown. Please note that the Figure shows

two pictures (one in the y-direction the other in the. z — direction) with no intended
connection.

In the first-mentioned orbital operating in the same plane
as the sp bond, there appears an overload of negative charge
that might protect and strengthen the bond between the C and
O atoms. This means, rather, that the = zbond is somewhat
weaker than its partner (cf. following section).

From sp3 to sp2

As we suspect that the influence of the catalyst radiation
on the CO molecule is such that the electron clouds in the n—
-orbitals are disturbed or even destroyed, the findings in the
above section is of great importance. This means, that if the
influence is of a destructive type, it is of importance to know if
it is the = zor the = yorbital bond that is the weakest one.
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As it is suggested above that the = z bond is the weakest
one, a heavy interaction with the catalyst would imply that this
bond is actually broken, leaving one 2p, on the carbon and one
2p, orbital on the oxygen, both half-filled. This would leave
the carbon atom with one sp orbital and one p-containing = y
orbital, all in one plane. Or in other words, the carbon atom
adopts a plane of bonding, having an sp2 orbital pattern
implicating a triangular arrangement of its neighbours. Now,
one of the triangle’s corner is the O-atom, that is obvious. But
what about the other two, required by the sp2 rule?.

The best one can imagine is that the line from the center
of the C-atom to the non-bonding sp orbital from the carbon
atom takes on the r6le of the bisector for the imagined triangle
having its mid-point in the C-atom. This means that the just
mentioned sp-orbital is split to make the two remaining corners
of a triangle (cf. Figure 4). Thus a possibility for bonding to two
neighbouring atoms has opened.

Excitation of ethanol

Before discussing the ethanol case, one must observe, that
resonance appears when the ratio of the frequency of reactant
and the frequency of catalyst is not only 1:1 (perhaps most
frequent) but also 2:1 or 1:2 ( not un-frequent) or even perhaps
3:1,3:2,2:30r1: 3.

Let us now turn to the other member in formula (1), ethanol
or any other alkanol. Obviously it is needed, for a reaction to
take place that a route is created for the CO molecule to glide
in between CH, and OH. If one considers the IR spectrum of
ethanol from [14 ], i.e. Figure 5, one notes that a strong band
appears at 1045 cm™.The corresponding vibration has been
assigned as a C-0 stretching one by Plyler [15] for a frequency

[_py] [Py

Figure 3: A schematic picture of the orbitals engaged in bonding in the CO molecule
and the distribution of electrons within the available orbitals. Black dots indicate
electrons coming from the C-atom; red dots likewise represent electrons from the
0-atom. The non-bonding orbitals at both carbon and oxygen are indicated, but all
anti-bonding states are omitted for clarity.
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Figure 4: Orbitals related to the splitting of the non-bonding.
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Figure 5: Infrared spectrum of ethanol [14].

of 1066 cm-1 ( which is the mean of the values for two well
resolved bands [14] as well as of 1045 and 1087 cm™, presented
in Figure 5). From a SET point of view we will concentrate on
the 1045 cm™ part of the doublet shown in the spectrum. Here
one can see an obvious possibility for a resonance with the
strong COS vibration at 2079 cm™:

®@=2xV (2)

where o is the frequency of the catalyst and v is the
frequency of the reacting species. This relation means that
if, e.g., six quanta of the reacting molecule are needed for a
certain reaction, the energy coming from exacly three quanta
of the catalyst system will execute the reaction.

Creation of a point of attack

Thus, the C-O bond in ethanol might be split by the
assistance of the catalyst COS. This means that a situation arises
where two molecular fractions are created, R1-C* and R2-0%*,
here the asterisk denotes a half-filled orbital. These orbitals are
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thus ready to form new bonds with other atom groups having
one free valency each. But they can also recombine between
themselves, re-creating the C-O bond. This latter pssibility
must be abandoned and this means that the C-O bond should
be excited just up to near the limit for scission. In this way
a hole in the molecule along the C-O bond has been shaped
allowing two ‘foreign’ free valencies (*) to enter.

The final reaction

One now can realize that there are two groups, with each
one able to deliver free valencies; one is the carbon atom itself
delivering the residues of the previously non-bonding sp
orbital (Figure 4) and the other is the two parts of ethanol,
described above.

If these groups are combined, one gets

C* + R1-C* --> C - C-R1 (3)
and another one

C* + R2- 0% --> C-0-R2 (%)
In the present case one notes that * C-R1 equials * CH, -CH,
and R2 = H.

Therefore one can write, as the carbonyl group is already
present, a formula for the product:

0 =C (OH) CH,.CH, (5)
Conclusions

It has been shown, that there is a route on which the ethyl
carboxylic acid can be formed: CH3- CH2-C (=0) OH.

The catalyst, used in previous investigations [2,3] and
now used also in this case, can in spite of its simplicity direct
reactions to happpen that are of direct importance for the
origin of life.
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