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Table 1, RATE_oF COOLING OF TEKTITES
Cooling time (sec)
from 10,000° X to 7'(t°) K
T{HK r=1cm r=25cm
5,000 028 1-43
3,000 1-48 7-40
2,000 5-0b 252
1,000 40-8 204
500 326-4 1,632

body after ¢ sec. Solving this for the time required
for a tekbite of 1 cm radius and of 5 em radius using
the values p=2-4 g/fem and ¢=0-21 cal/g-mol. dog.
(value from Grant quoted in ref. 7) gives the results
shown in Table 1. Calculations by Prof. J. C. Jaeger
(personal communication) show that if the effect of the
finito thormal conductivity is taken inbo account, the
figures in Table 1 arenotsignificantly alterod. Further,
since the molten material is ejectod from the impsact
site at velocities of several kilometres per second,
heat shielding would not be expected to affect these
figures significantly. The original fusion temporature
was arbitrarily taken as 10,000° K for the purposes of
calculation, and no implication as to the actual
prevailing temperature is intended. In fact, this
temperature was chosen because it is probably greater
than the vaporization point of tektites. Thus the
figures in Table 1 indicate that tho rate of cooling
from any temperature at which toktites could exist is
50 rapid that the presence of lechatelierito particles
and the alkali elomonts does not proclude an ultra-
high tomperature origin for tektites.

It should be noted, however, that even the vaporiza-
tion temperature of tektites does not necessarily put
an upper limit on the temperature of their formation
since they could be flash-melted well abovo this point
without actually vaporizing. In the d.c. are, operat-
ing at temperatures of 3,000°-8,000° C, minutes are
required, rather than seconds, completely to volatilize
milligram quantities of silicates. The data in Tablo 1
indicate that tektites weighing less than 200 g would
have achieved a temperature of 3,000° K in less than
5 sec rogardless of the original fusion temperaturo.

Although the extent of volatilization losses depends
on the fusion temporature one assumes, it is not
necoessary to assume that vaporization temperatures
have been achieved. It is well known to spectro-
graphers that significant losses of the alkali clements
ocewr within seconds of striking the d.c. arc abt tem-
peratures of 3,000° C?.

These calculations do not, of course, give any
ovidence that tektites have in fact been subjected to
ultra-high temperatures; but they indicate that such
a possibility, with the concomitant implication of
significant selective volatilization, must be seriously
considered. Evidence that selective volatilization
from toktites has occurred will be presentod elsewhere.

We thank Prof. J. C. Jaeger for helpful discussions.
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Bimolecular Substitution in Octahedral
Transition Metal Ions, and the Concept
of Amphiphilicity

TuE problem of assigning mechanisms to certain
octahedral substitution reactions has been compli-
cated by two principal ambiguities. If the reacting
complex has acidic protons on the non-participating
groups, second-order kinetics resulting from substi-
tution by basic anions may indicate either an Sx* or
an Sx'CB mechanism, and, in general, it is difficult to
distinguish the two. With non-basic substituting
anions or systems without extractable protons, first-
order kinetics may indicate either an Sy! mechanism
or substitution involving preliminary bimolecular
solvent intervention. The compound cis-bis-pyridino-
bis-o-phenanthroline ruthenium II perchlorate, cis-
[Ru phon, py,] (C10,),, has no extractable protons.
and therefore should give a unique answer to the first
ambiguity ; and it was hoped that dry solvent acetone
would not engage in preliminary bimolecular substi-
tution.

The following reactions were carried out under
kinetically controlled conditions in dry acetone: cis-
[Ru phen, py.]** + X —-cis-[Ru phen, py X]* + py,
where X = Cl, Br, I, NCS (nitrogen bonding), N,, and
NQ,. Using dry o-dichlorobenzene, the same substi-
tutions were carried out, together with those of the
extra two anions, OH~ and CN-, but in less detail than
the acetone reactions. In all cases the complex was
introduced as the perchlorate and the anions as their
tetraphenyl! arsonium salts. Although ion-pair form-
ation is likely between the positive and negative
species in these solvents, there are good reasons for
believing that this phenomenon does not greatly
qualify the general conclusions in regard to the
mechanisms which will be put forward here.

In acetone the anions Cl-, Br-, I, and NCS-
roacted by a first-order process; the rate depended
only on the concentration of the complex and was
independent of the nature and concentration of the
anion. Moreover, for these four anions a mass-law
retardation and ionic-strength acceleration were
observed. The Nj; and NO3 anions substituted at a rate
which was dependent on the concentration of the
complex and also on the nature and concentration
of the anion; the NOj anion substituted considerably
faster than the N; anion, the reaction of which in
turn was much faster than the first-order reactions.
At 100° C, the relative ratios (Cl-, Br-, I, NCS-);
N3 : NOj of the rates was 1 : 4 : 9, and, furthermore,
the activation energy of the NO3 reaction was 7 keal
less than that of the Cl-, Br-, T, and NCS- reactions.
A similar pattern was observed in o-dichlorobenzene,
excopt that the OH™ anion substituted by a first-order
process and at tho same rato as the anjons Cl-, Br-, I,
and NCS-, but CN- substituted fastest of all the
anions (including N3 and NOj3) by a second-order
process. If optically active complex was used all the
substitutions (independent of order) proceeded with
complete retention of configuration.

These results are interpreted as follows: substitu-
tion by anions which proceed by a first-order process
are unimolecular, and the second-order reactions are
bimolecular. The anions therefore divide themselves
mechanistically into two catogories, and it is notable
that only those anions (N, NO3, and CN-), which
have potentially vacant p-orbitals for =-bonding,

© 1962 Nature Publishing Group



December 22, 1962

No. 4860

Fig. 1

engage in bimolecular substitution. The anions
(Cl", Br~, I, NCS-, and OH"), having no such orbitals
sufficiently low-lying in energy, substitute by a
unimolecular process. It seems plausible to conclude
that vacated pw orbitals of the incoming group are
involved in the substitution process, and that the
greater stability afforded to the incoming group by
m-bonding is necessary to carry the bimolecular
reactions through to completion.

A group which engages in a substitution reaction
of the foregoing type, because it simultaneously don-
ates and accepts electrons, may be called ‘amphiphilic’,
and a bimolecular amphiphilic substitution reaction
may be symbolized as Ss% The nature of these
bimolecular substitution reactions may be envisaged
as follows. The incoming group attacks an octa-
hedral edge and donates its lone pair of electrons to
the highly positive ruthenium atorn; at the same time
a vacated pm orbital on the donor atom of the
incoming group accepts electrons from the filled de
subshell of the ruthenium. A. plausible mode of
donor w-orbital overlap is that illustrated in the
diagram, in which the four ligands (L) are at the
corners of the square, and two others (not shown) are
above and below the plane.

The incoming ligand is situated at an octahedral
edge and the pr orbital overlaps laterally with the de
orbital the longitudinal projection of which is towards
the outgoing ligand L,.

In the system, cis-[Ru phen, py.]**, it is likely that
the pyridino groups are stabilized, to some extent, by
dm—pn— doublebonds. Experiment shows that simple
a-donors are ineffective as bimolecular substituting
agents, but that groups which are both s-donors and
m-acceptors are effective. This seems to imply that,
in the foregoing system, both p- and =-bonding is
required to release the w-bonded pyridino groups from
the complex by & bimolecular mechanism. In the
bimolecular transition state of the foregoing reactions,
the incoming and outgoing groups must share a d=n
orbital, and thus, relative to the ground-state, the
incoming group will be stabilized and the outgoing
group be destabilized by the partial transference of the
d= bond to the incoming group. Therefore w-bonding
in the transition state promotes both the bond
making and the bond breaking components of this
bimolecular mechanism.

In analysing the amphiphilic order of a series of
reagents several electronic factors must be discussed,
relating to the metal and ligand orbitals available.
Probably the best single experimental criterion which
embraces, to some extent, all these factors is the
trans-effect in platinum II complexes. It is proposed
that for a given charge series the amphiphilicity will

NATURE

1197

follow the trans-effect in platinum II complexes.
Amphiphiles with the strongest trans-effect will have
the highest amphiphilic power. Arsines, phosphines
and sulphides might be considered potentially amphi-
philic reagents using empty dn orbitals in the trans-
ition (and final) states. There are clearly others; but
it is notable that the reagents used here do, in fact,
follow the trans-effect series, that is, CN->NQ3 > N3-
>NCS8-, I, Br-, Cl, OH".

I thank Prof. D. P. Craig, Sir Christopher Ingold
and (the late) Prof. F. P. Dwyer for helpful discussion.

B. Bos~icH *
Biological Inorganic Chemistry Unit,
John Curtin School of Medical Research,
Australian National University,
Canberra.

* Present address :  Department of Chemistry, University College,

London, W.C.1.

Absorption Correction in the Viscometry
of Dilute Solutions of High Polymers

IN a private communication, Drs. 8. Gundiah and
8. L. Kapur (of the National Chemical Laboratories,
Poona, India) have pointed out to us that the
derivation of the principal equation in our earlier
communication! is in error, and that there is, because
of this, a term missing from the equation. We
acknowledge the error and are grateful to them for
detecting it; but we wish to make it clear that the
missing term should be negligible not only for the
system we used as an example, but also for all systems
of the type we specified, namely, “dilute solutions of
high polymers”. In this communication, then, we
provide (a) a correction for the record and (b) addi-
tional evidence that the method we proposed is both
sound and useful, and applicable to a wide variety of
systems.

(a) The third paragraph of the earlier communica-
tion should be replaced by the following:

From this it follows that, in sufficiently dilute
solutions:

o (1) m (1 5 e+ 2 L (@)

and
Int 4a 1
=M — (& — k) [l + 5 ' (3)
for in such solutions:
Int: _ In(1 + tsp) _ tsp _ 3 (fsp)?
[+ C [ C

Subtracting (3) from (2), we obtain:

4 1 4
=+ (Grr R @

Tn this equation, the term 4a/R . 1/c (the most signifi-
cant of the absorption terms in equations (2) and (3))
does not appear. Moreover, the term k° . 4a/R is,
for high polymer systems, small compared with 3.
Equation (4) thus reduces to the simple equation:

t In# 4a 1
T o =g l+ gy )

tsp _ Int,
c ¢

and hence a value of [n] that is unaffected by ‘absorp-
tion’ can be evaluated from the slope of the plot of:

tsp _ lnt,-
[ c

V8. C
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