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A number of publications appeared over the last few 
years which considerably improved our understanding 
of the old problem of knock in spark ignition engines and 
of the action of anti-knock additives such as tetraethyl- 
lead (TEL). Most of the work was done with specially 
designed single and multi cylinder engines1’2 and rapid 
adiabatic compression machines,3 but recently the tech­
nique of flash photolysis4 was also successfully employ- 
ed.5’6 The engiue studies showed that the octane number 
of a fuel is uniquely coupled with the ignition delay of a 
fuel-air mixture where a low octane fuel has a short in­
duction period and a high octane number results in a lar- 
ger ignition delay.2 From this it foliows at once that an 
increase of the octane number by a suitable additive is 
achieved by delaying the point of the autoignition. This 
was proved experimentally and for TEL in particular it 
was shown that it is only effective when it décomposés 
at a time before the ‘unleaded’ fuel would otherwise 
ignite.2

Using an idealized System, Erhard and Norrish rein- 
vestigated combustion reactions of a similar type.8,6 
The explosions were initiated by the flash photolysis of 
a small concentration of aliphatic nitrites and the ad- 
vancement of the combustion was followed by absorp­
tion as well as by émission spectroscopy. In this way 
ignition delays could be measured accurately because 
the explosion is associated with the appearance of rela- 
tively high concentrations of free radicals, such as OH, 
CH, C2, CN and NH, whose absorption spectra could be 
readily photographed with the help of an electronically 
timed flash light source. It was also possible to observe 
the light émission of these radicals with aphotomultiplier 
and to display the signal against time on a cathode ray 
oscilloscope. It was shown that on the addition of sinall 
concentrations of TEL the ignition delays were lengthen- 
ed two to three times. During these extended induction 
periods the spectrum of gaseous diatomic lead monoxide 
was always observed showing that the décomposition of

the TEL is followed by the rapid formation of PbO. To- 
wards the end of the induction period the lead monoxide 
disappears and is replaced by atomic lead. These obser­
vations agréé well with the engine experiments and 
provide detailed pictures at the same time.

There are, however, other Compounds than TEL— 
containing manganèse and iron—which also function as 
anti-knocks. The work on TEL of Erhard and Nor­
rish5' 6 was extended by Callear and Norrish7’8 and 
among many other additives ferrocene and iron penta- 
carbonyl were investigated. These authors report that 
neither of the two iron containing compounds affected 
the duration of the induction periods, under a wide 
variety of fuel compositions and flash energies, in spite 
of the fact that they are anti-knocks. Callear and 
Norrish also observed—probably for the first time—- 
that the émission of the iron oxide spectrum occurs with 
extraordinary brilliance and they suggest that this in­
tense light émission is the cause of a second anti-knock 
effect, functioning by radiative cooling or by removal of 
high potential Chemical energy.

During the course of some work being done here simi­
lar experiments were performed with iron pentacarbonyl 
and an unexpectedly great influence on the ignition delay 
was observed. Iron pentacarbonyl can both lengthen 
and shorten the induction periods enormously. The 
effect dépends very much on the concentration of the 
additive and markedly on the photolytic flash energy. 
Figure 1 shows the results which were obtained with an 
explosive mixture containing 1 mm (Hg) pentylnitrite 
+ 30 mm hydrogen + 22 mm oxygen. It was ignited 
with two different photolytic flash energies, 675 Joules 
(°) and 1350 Joules (x). With the lower flash energy the 
mixture responds very well to iron pentacarbonyl, since 
the induction period increases steadily up to 0.1 mm 
Fe(CO)5. No explosions at ail could be observed in the 
concentration range from 0.1 mm (Hg) to 0.4 mm of 
iron pentacarbonyl. From this point on the induction 
periods decrease again and become eventually shorter 
than the ignition delay of the original mixture. AU the 
points of the graph were obtained by observing the light 
émission of the OH-radical and of the FeO band Systems 
A and B. Both these émissions from quite different spec­
tral régions occur at the same time but while the magni-
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Fig. 1. The induction periods versus pressure of iron pentacarbonyl 
for two photolytic flash energies. — Mixture: 1 mm pentylnitrite + 

30 mm hydrogen + 22 mm oxy gen

Fig. 2. The induction periods versus pressure of iron pentacarbonyl. — 
Mixture : 1.5 mm iso-amyl nitrite + 30 mm hydrogen + 22 mm oxygen

tude of the OH émission remains the same the FeO émis­
sion becomes larger and larger with increasing amounts 
of iron pentacarbonyl.7’8 With higher photolytic ener­
gies (1350 Joules x) the response of the mixture is very 
moderate and there is also no concentration région of 
iron pentacarbonyl where no explosion was observed.

Figure 2 shows another set of experiments with a 
mixture containing 1.5 mm isoamylnitrite -|- 30 mm 
hydrogen -|- 22 mm oxygen. The response to iron penta­
carbonyl is again very great. The induction period in- 
creases from 1 ms to almost 4 ms. Here the région of no

explosion ranges from 0.15 (Hg) to 0.3 mm iron penta­
carbonyl. All these results—and many more were ob- 
tained—show that iron pentacarbonyl functions as an 
anti-knock by delaying the autoignition of an explosive 
mixture similar to TEL. A detailed account of this work 
will be published elsewhere.
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