Chemistry of Molecular Growth
Processes in Flames
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Chemical mechanisms of pyrolysis, growth, and oxidation
processes in flames have traditionally been inferred from
spatial profile measurements of species concentrations.
Experimental investigations now include the detection of
numerous minor species such as reactive radicals and
intermediate hydrocarbons. In assessing a proposed
mechanism important new constraints can be established
when the detailed species profile data are combined with
velocity and temperature measurements and analyzed to
determine production and destruction rates for specific
molecules. Recent results on hydrocarbon diffusion
flames provide new information on the interplay between
chemical and transport processes. These measurements
have led to direct tests of proposed routes for the forma-
tion of aromatic hydrocarbons and the first, small soot
particles. The inception chemistry of hydrocarbon growth
reactions and initial particle formation is thought to
control soot formation, flame radiation and energy trans-
fer, and pollutant emission in combustion environments.

cesses that occur at elevated flame temperatures. The steps

by which hydrocarbon molecules are transformed into larger
species are especially interesting since these reactions lead to dramat-
ic consequences in many combustion environments. For example,
the formation of intermediate hydrocarbons, such as polycyclic
aromatic hydrocarbons (PAHs), occurs under fuel-rich conditions
and poses a potential long-term health hazard because many PAHSs
are carcinogenic. These compounds are also involved in further
growth reactions that lead to the formation of soot particles.
Radiation from soot dominates the energy transfer from large fires,
and thus soot formation plays a key role for combustion efficiency in
furnaces and for flame spread in fires. Particle formation and
radiative energy transfer also control the amount of smoke pro-
duced, which is important in fire detection, visual obscuration that
hinders escape from a fire, and pollutant emission. The identifica-
tion of the detailed formation mechanisms of large hydrocarbons
produced during combustion continues to be one of the most
challenging problems in high-temperature chemistry. After many
decades of speculation, recent experimental and modeling efforts
have vyielded significant advances in our understanding of the
important steps in hydrocarbon growth chemistry as well as of the
key role of acetylene in subsequent particle growth.

Soot formation in a hydrocarbon flame involves a series of distinct
steps that include (i) the production of precursor molecules, which
react rapidly to give larger species; (ii) chemical growth that results
in the formation of numerous small primary particles (diameter = 2

C HEMICAL GROWTH AND OXIDATION ARE IMPORTANT PRO-
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nm); (iii) particle growth by surface reactions as well as by
coagulation and agglomeration; and (iv) competing particle oxida-
tion. Despite the fact that almost all of the soot mass is provided by
surface growth reactions, it is now believed that particle inception
(steps i and ii) controls the amount of soot ultimately produced (I~
5). This situation arises because the earliest chemical steps are the
critical bottlenecks and are thus rate-limiting: fuel pyrolysis chemis-
try (step i) (1) and the formation of the initial surface area available
for particle growth (step ii) (2—4) are both important. Investigations
of soot formation have shown that the soot concentrations, the soot
radiation, the temperature field, and the final smoke emission from a
hydrocarbon flame are all closely linked to the initial steps of particle
inception (5).

Although the importance of the mechanisms for precursor forma-
tion and chemical growth processes has been well recognized,
quantitative measurements on these key steps have been limited.
Several models for the chemical mechanism of hydrocarbon molecu-
lar growth have been advanced which postulate that ions (6), PAHs
(7), polyacetylenic chains (8), or neutral radicals (9) are the most
significant intermediates. However, stringent tests of these pro-
posed mechanisms can only be made with species profile data
obtained in flames. Furthermore, since the chemical and transport
processes are closely coupled, the determination of species produc-
tion and destruction rates provides additional constraints on chemi-
cal growth models. Numerous measurements of the chemical com-
position have been made in premixed flames (7, 8, 10-15) in which
the fuel and oxidizer are mixed together at a known composition
prior to burning. A significant advance has recently been achieved
by Howard and co-workers (11, 13), who have combined extensive
profile results with temperature and flow field data to calculate how
rapidly intermediate hydrocarbons are produced and destroyed.
These species concentration data and the time-temperature history
in one-dimensional (flat), premixed flames have been used to both
generate and test models for molecular growth (11, 13, I16).

For studies of chemical growth processes in diffusion flames,
where the fuel and oxidizer are introduced separately, new insight is
provided when the time rate of change of hydrocarbon concentra-
tions can be determined through the combination of concentration,
temperature, and velocity measurements. In this regard the analysis
of data obtained in premixed flames by Howard and co-workers has
been the foundation and guiding example for recent work in
hydrocarbon diffusion flames. Although many earlier sampling
studies have also been performed on diffusion flames (17), only
recently have detailed concentration measurements for a number of
hydrocarbon molecules been reported (18-21). These new diffusion
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flame results are significant since we can now test our understanding
of chemical growth processes in flame systems that more closely
resemble many practical combustion environments. In addition, it is
important to compare the fastest routes for the production of
intermediate hydrocarbons as determined from the analysis of
premixed and diffusion flame measurements. Is there a universal
mechanism for soot formation?

This article describes recent research that has improved our
understanding of the early chemical steps of molecular growth in
hydrocarbon flames. In particular, detailed results on a simple
methane/air diffusion flame are discussed and compared with studies
on premixed flames and with models that are used in the analysis of
several high-temperature systems (heated flow tubes, very low
pressure pyrolysis cells, shock tubes, and premixed flames). For the
diffusion flame investigations three steps are involved in elucidating
the mechanism of chemical growth:

1) Profile measurements of species concentrations for stable
molecules and highly reactive radicals in a laminar, two-dimensional
flame. Until recently, quantitative data on intermediate hydrocar-
bons and radicals in diffusion flames have not been available.

2) Determination of production and destruction rates of inter-
mediate hydrocarbons from the analysis of species concentration
data accompanied by temperature and velocity profile measure-
ments. Since the early steps of hydrocarbon growth chemistry are
rate-limiting, it is important to establish how rapidly species are
formed and destroyed. This analysis is the two-dimensional analog
(see below) of the recent comprehensive studies on premixed flames
(11, 13).

3) Testing of proposed routes of chemical growth by comparing
experimental values for net production and destruction rates based
on flame measurements with estimated rates for specific elementary
chemical growth steps. In this way possible paths for the formation
of aromatic hydrocarbons can be evaluated.

Profile Measurements

Detailed species profiles have been recently measured in an
atmospheric pressure methane/air diffusion flame with several opti-
cal techniques that provide relative concentrations as well as with
quantitative mass spectrometric sampling methods (18). A Wolf-
hard-Parker burner that consists of a central fuel slot and two
adjacent air slots (Fig. 1) is an attractive choice for these studies. A
long path of uniform composition and temperature is accessible in
the two-dimensional flame that is produced. Two flame sheets are
formed at the fuel/air interfaces, and thus all species profiles are
symmetric about the burner centerline. The analysis of transport
processes in this two-dimensional flame system is a logical extension
of the studies performed in one-dimensional premixed flames (11,
13).

Measurements of the temperature and velocity fields have also
been performed. The temperature profiles were obtained with a fine
wire (uncoated, 125 pm in diameter) Pt/Pt-10%Rh thermocouple.
Corrections due to radiation effects were less than 7% at the highest
temperatures in this flame (18); corrections due to catalytic effects
are expected to be small (22) and have the opposite sign. For the
profiles of the convective velocity, both the vertical and horizontal
components were measured with laser Doppler velocimetry. Figure
2A illustrates the temperature and velocity fields for this flame.
Many of the streamlines exhibit trajectories that originate in the lean
region of the flame (on the air side of the flame sheets), cross the
high-temperature primary reaction zones (the shaded regions that
are 6.0 to 7.5 mm from the burner centerline), and continue into the
fuel-rich regions.
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Fig. 1. Schematic diagram of the Wolfhard-Parker slot burner and the mass
spectrometric sampling system (I8, 24). The quartz microprobe is aligned
parallel to the burner slots. For the optical studies (18, 23) the laser beam is
also directed along the axis of the burner to take advantage of the two-
dimensional flame geometry.

The optical measurements have included laser-induced fluores-
cence of OH and PAHs; multiphoton ionization of methyl radicals,
nitric oxide, and small soot particles; photodissociation of large
molecules to produce C, fragments; and Rayleigh scattering profiles
(18, 23). Since only relative concentrations have been obtained,
these results have provided a qualitative description of the chemical
structure of the methane/air diffusion flame. The location of the
primary reaction zones and peak concentrations of large molecules
as well as the formation region for the earliest soot particles have
been delineated.

In order to calculate production and destruction rates for specific
molecules, quantitative concentration data are necessary. In this
regard, the mass spectrometric measurements are of critical impor-
tance. Profiles of stable flame species have been collected with a
direct-sampling mass spectrometer that was equipped with a quartz
microprobe (orifice diameter = 140 pm). Absolute concentrations
of the major species (methane, oxygen, nitrogen, carbon dioxide,
carbon monoxide, water, and hydrogen) and of acetylene, butadi-
ene, and toluene were determined with a direct calibration proce-
dure (18). Profiles of methylacetylene (or of allene, or both),
vinylacetylene, diacetylene, triacetylene, benzene, and naphthalene
were measured and calibrated indirectly. Ethylene concentrations
were obtained by monitoring the mass 25 and 27 fragment ions at
electron energies of 20 and 40 ¢V and making appropriate calibra-
tions for acetylene and ethylene at these two jonization energies.
Figure 2, B and C, illustrates the methane/air flame and presents the
concentration contours for benzene, which is the first aromatic
hydrocarbon species that is formed. Benzene is observed in spatially
localized regions, and its concentration increases rapidly with in-
creasing height H above the burner.

Successful profile measurements of methyl radicals have also been
made with a quartz microprobe that was modified so that iodine
vapor could be introduced inside the quartz tube (24). The sampled
methyl radicals reacted quantitatively in the tip of the scavenger
probe to form methyl iodide (25), which could then be detected in
the mass spectrometer. These results represent an important check
on possible disturbances caused by the quartz microprobe. Figure 3
compares the optical (23) and mass spectrometric (24) profiles of
the methyl radical. Excellent agreement in the location and shape of
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the profiles is evident considering that the spatial resolution of the
quartz microprobe [=~0.7 mm (18)] is larger than that of the
multiphoton ionization experiments (<0.1 mm).

Production and Destruction Rates

The role of specific elementary steps in proposed routes of
chemical growth processes can be evaluated by determining how
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rapidly species are formed and destroyed. Since a laminar flame is a
steady-state system, all species concentrations at any specific location
are time-invariant. Thus convective and diffusive transport of mate-
rial into and out of any given volume element must be exactly
balanced by the chemical production and destruction processes. This
can be expressed by

R; = V[N; (v + V)] 1)
where R; is the net chemical rate, V is the gradient operator (the
derivative with respect to lateral position and height), N; is the
species concentration, » is the convective velocity, and V; is the net
diffusion velocity of the species into the local mixture. The diffusion
velocity is given by (26):

Vi —Di_m;x[Vln(xi) + (kT/x,)Vln(T)]

(2)
where x; is the mole fraction of species i, Dj mix is the diffusion
coefficient for species 1 into the local mixture, and kr is the thermal
diffusion ratio. Values for D; ix have been determined from the
contributions of all the major species and are given by:
Dimix = (1 = %)/[2. (5/Dy)] (3)
where the sum is taken over j # 1 and where the Dj; are the binary
diffusion coefficients that were calculated by the method of Fristrom
and Westenberg (26). In addition, the contributions from thermal
diffusion have been estimated by calculating values for binary
mixtures. For intermediate hydrocarbons the flux due to thermal
diffusion is small compared to the convection and concentration-
driven diffusion terms (27) and therefore makes no significant
contribution to the results discussed below.
Rates of chemical production have been computed by numerical
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Fig. 2. (A) Isothermal contours (solid lines, temperature T in kelvin)
determined from thermocouple measurements and streamlines (dashed lines)
calculated from velocity measurements in a methane/air diffusion flame (18).
The shaded areas denote the high-temperature primary reaction zones. (B)
The lower portion of the methane/air diffusion flame. The blue emission is a
result of CO oxidation in the high-temperature primary reaction zones, and
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the yellow luminosity arises from incandescent soot particles. (C) Benzene
concentration contours. The benzene concentration increases with height
above the burner; the maximum concentration (shown as white) extends
over a mole fraction range from 4.9 x 10™* to 5.6 x 10%, and the
minimum concentration contour extends over a mole fraction range from
0.98 x 107* to 1.6 x 107*.
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differentiation of Eq. 1 by using profile data at a particular height H
as well as data from heights H + 2 mm. Figure 4 shows the
calculated net chemical rates of production and destruction for
acetylene for H = 9 mm and also includes the contributions from
convection and concentration-driven diffusion. Acetylene is the
most abundant product of hydrocarbon pyrolysis reactions and thus
is an important growth species in proposed routes of soot forma-
tion. It can be seen that convection transports material across the
high-temperature primary reaction zone toward the burner center-
line (see Fig. 2A). In contrast, diffusion away from the burner
centerline leads to the destruction of acetylene by bringing it into
the high-temperature oxidation region of the flame.

By following the rates of production and destruction for acetylene
as a function of H, a new feature is observed at higher flame
positions (Fig. 5). At low positions in the flame the largest
destruction rate (R; = —1.8 x 107> mol cm™ sec™!) occurs near
the high-temperature primary reaction zone. The production rate
feature (R; = 3.2 X 107> mol em™> sec™") occurs slightly toward
the fuel-rich side. However, for H = 13 mm, the production rate
peak is significantly diminished by a new destruction feature (see
arrow in Fig. 5).

The acetylene destruction feature observed at higher flame posi-
tions is attributed to surface growth chemistry on small soot
particles. This conclusion is based on premixed flame studies and
optical detection of the earliest soot particles in diffusion flames.
Harris and Weiner have performed measurements and an analysis
which identify acetylene as the primary molecule responsible for
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Fig. 3. Comparison of methyl radical profiles obtained by mass spectromet-
ric scavenger probe sampling at a height H of 3.2 mm above the burner [top
(24)] and by laser multiphoton ionization at H = 3.0 mm [bottom (23)].
The spatial resolution of the quartz microprobe is =~0.7 mm, whereas that of
the multiphoton ionization experiments is =0.1 mm (I8, 23).
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soot particle growth in fuel-rich, premixed flames (2—4). The surface
area available for growth of incipient soot particles per unit volume
element in the flame had a measured value of 1.0 cm? cm ™3, and a
specific surface growth rate of ~8 X 107> g cm™? sec™! was
determined in ethylene flames (2, 3). Similar values have also been
reported for methane/oxygen premixed flames (28) and for ethylene
and propane diffusion flames (29). If we assume that the incipient
soot particles in the methane/air diffusion flame exhibit surface areas
and specific surface growth rates that are similar to those found in
fuel-rich premixed flames and in diffusion flames of other fuels, then
the magnitude of the change in total soot mass can be estimated to
be 8 X 107 g ecm™ sec™!, which is equivalent to an acetylene
destruction rate of 3 X 107 mol cm™ sec™!. This value agrees
quantitatively with the magnitude of the destruction feature shown
in Fig. 5 for H = 13 mm. Furthermore, in the experiments on the
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Fig. 4. Contributions to the rates of production and destruction of acetylene
in a methane/air diffusion flame for H = 9 mm. (A) Net chemical rate of
production and destruction; (B) concentration-driven diffusion () and
convection (A) rates. The contribution due to thermal diffusion is negligible
27).
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Fig. 5. Profiles of the net chemical rate of production and destruction for
acetylene at H equal to (A) 5 mm and (B) 13 mm in a methane/air diffusion
flame (solid lines; only the left-hand side is shown). The arrow denotes the
new destruction feature which appears at higher flame positions. Also
illustrated in (B) is the profile of small soot particles that was obtained by a
laser ionization method at H = 12 mm [dashed line (18)].

methane/air diffusion flame the location of the decrease in the
acetylene production rate profile lies close to the peak concentra-
tions of small soot particles detected in profile measurements (18)
(see Fig. 5). Surface growth occurs near the position where the
particles are observed since particle diffusion is negligible. Thus this
observation supports the attribution of the new loss process for
acetylene to surface growth on the soot particles.

Similar behavior was also observed in the rates of production and
destruction for diacetylene. In this case the new destruction feature
which appears at higher flame positions represents a mass decrease
of =5% compared to that found for acetylene. Harris and Weiner
(4, 30) have estimated that diacetylene contributes approximately 10
to 15% of the mass added by surface growth in rich premixed flames
and that the balance arises from acetylene addition reactions. Thus
their observations on surface growth processes correspond closely
with the methane/air diffusion flame measurements.

The results in premixed and diffusion flames described above
suggest that the surface chemistry of particle growth is independent
of flame environment. Is it also true that the chemical steps of
molecular growth are independent of combustion conditions?

Testing Routes for Chemical Growth

The chemical steps of molecular growth from small hydrocarbon
molecules to aromatic species and eventually to soot particles are not
well established for flame conditions. From several studies per-
formed in shock tubes (31-33) and in premixed flames (11, 13),
specific mechanisms have been proposed and predictions have been
compared to measured species concentration profiles. Available
kinetic models successfully reproduce the experimental results for
the major species but serious discrepancies arise for radicals and
intermediate hydrocarbons (15, 16). The recent reaction path
analysis of Westmoreland ¢t al. (16), in which reaction rates for a
given predicted profile are compared so that the dominant produc-
tion and destruction reactions can be identified, is an important step
in evaluating a particular mechanism.

With detailed species profile measurements and the determination
of production and destruction rates of intermediate hydrocarbons,
new data are now available to test proposed reaction mechanisms
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derived from shock tube and premixed flame studies. Since acetylene
is an abundant product of hydrocarbon pyrolysis, the radicals
produced by the addition of hydrogen atoms to acetylene and by the
abstraction from acetylene [vinyl (C;Hj3 ) and ethynyl (C,H - ),
respectively] have often been postulated as important intermediates
in chemical growth. For example, in the following mechanism (13,
32-34), the vinyl radical is the key species in the formation of
benzene (CeHe):

H-+GH, + M2 CGH;3; -+ M (A1)
H-+CGHy=2CGH; - + H; (A1)
CH; - + GH, 2 C4H; (A2)
CHs-=2CH,; +H (A3)

CH, + GH; - 22 GHj5 (A4)
CHs- + CH, =2 C¢H - (A4')
CeH7 - 2 cyclic C¢H5 (A5)

Cyclic CéH7 - = C¢Hg + H* (A6)

where M is a third-body molecule. Alternatively, some workers have
proposed that the ethynyl radical is important, particularly at higher
temperatures (31, 33):

H-+CGH,2 GH- + H, (B1)
C2H c+ C2H2 =2 C4H3 * (BZ)
C2H2 + C4H3 - 2 linear C6H5 * (B3)

Linear C¢Hs * 2 cyclic C¢Hs - (phenyl radical) (B4)

Cyclic CéHs* + H- + M2 C¢Hg + M (B5)

A viable mechanism must account not only for the observed
steady-state concentrations of the species involved in chemical
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Fig. 6. Comparison of the net chemical production rate of benzene measured
in a methane/air diffusion flame (shown as the points) with the maximum
production rates estimated for vinyl radicals (reactions Al and Al’) and
ethynyl radicals (reaction B1) at H = 9 mm. Only the data for the right-hand
side of the flame are presented. Also shown at the top of the figure are the
thermocouple temperature measurements, which have been corrected for
radiation losses (18).
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growth processes but also for the chemical fluxes of these intermedi-
ates. Specifically, one can compare the predictions of mechanisms A
and B for the production rates of the vinyl and ethynyl radicals in the
forward direction with the observed net production rate of benzene.
For a given chemical pathway to be feasible, the production rate of
these initial radical species must be at least as great as the measured
net chemical production rate for any subsequent product molecule
as determined from the experimental flame data.

Comparison of production rates of intermediate species with the
formation of the first aromatic ring is a convenient starting point for
evaluating a proposed mechanism for chemical growth reactions.
The required profile data are now available for the small, stable
hydrocarbons, and reasonable estimates for the needed radical
concentrations can be obtained (see below). Quantitative concentra-
tion measurements for larger stable hydrocarbons (such as naphtha-
lene) and larger radicals (such as C4H, *) have not yet been made.
The formation of benzene itself may or may not be essential to soot
production, although modeling of both shock tube and premixed
flame results indicates that this is a key rate-limiting step (32, 34).
Mechanisms of chemical growth that bypass the formation of a
CgH,, aromatic ring compound (35) could also be analyzed.

The production rates of vinyl and ethynyl radicals can be calculat-
ed if we know the concentration profile of hydrogen atoms (see
reactions Al, Al’, and Bl), which can be determined from the
measured profiles of hydrogen, methane, and the methyl radical if
the process

CH, + H-=CH; - + H, (4)

is fully equilibrated. By using measured species concentration data
and rate constants from the literature (36), the reaction rates were
found to be much faster in both the forward and the reverse
directions than the transport processes of diffusion and convection.
Thus reasonably accurate hydrogen atom concentrations may be
obtained.

Figure 6 shows the comparison of the observed net production
rate for benzene with the forward production rates of the vinyl
radical (through reactions Al and Al’) and the ethynyl radical
(through reaction Bl) for H = 9 mm. This height was chosen for
the analysis because the concentrations of aromatic species are
appreciable and the acetylene concentration has not yet been
diminished by surface growth addition processes on particles. Note
that the results for the production rates span a temperature range
from 1150 to 1900 K. The production rate of the vinyl radical
produced in reaction Al exceeds the net benzene production rate
throughout the flame region where benzene is formed. Reaction
Al’ also contributes significantly at high temperatures. In contrast
to vinyl radical production, the ethynyl radical formation rate in
reaction B1 is always less than the maximum net production rate for
benzene. For reactions Al and A1’ the forward rates are much faster
than the reverse rates, and therefore equilibrium favors the forma-
tion of the vinyl radical. However, the equilibrium of reaction B1
favors C,H, and H - relative to C,H - and Hj, and thus the net rate
of ethynyl radical formation is actually much less than that shown in
Fig. 6 and cannot account for the observed formation of benzene.
These results indicate that the vinyl radical can be a key intermediate
in chemical growth reactions which lead to aromatic ring formation
and that the ethynyl radical produced by reaction Bl is not
important. Another possible route for ethynyl radical production is

OH: + GH, 2 GH - + H,O (B1")
Quantitative OH + concentrations would be required to assess the
importance of this process. If the OH -+ concentration is as large as
10™* mole fraction at a lateral position of 6 mm, then the produc-
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tion of CH - by reaction B1’ in the forward direction is estimated to
be fast enough to account for the measured net benzene production.

Conclusions and Outlook

Research on the methane/air diffusion flame described in this
article has led to several significant results. Species profile measure-
ments in the soot inception region have identified which species are
present, where they are located, and their concentrations. Analysis of
these data to give production and destruction rates for intermediate
hydrocarbons has yielded the first evidence in diffusion flames for
the important role of acetylene in surface growth reactions. In
addition, new tests of proposed chemical growth mechanisms
implicate the vinyl radical as an important key precursor species.

The analysis described above has concentrated on comparing
maximum production rates for vinyl and ethynyl radicals with the
net formation rate of benzene. In order to establish that a particular
mechanism for benzene formation is viable, it is necessary to
examine each elementary step and to include the production rates for
the GH,, and C4H,, hydrocarbons. This is straightforward for stable
molecules but is difficult for radicals. Reactions analogous to
reaction 4 are often not equilibrated (that is, the chemical reactions
are not much faster than the transport processes), and direct
measurements of these radical concentrations are not available in
diffusion flames.

Of broader significance will be attempts to address questions that
concern the effects of different hydrocarbon fuels on the pathways
that lead to soot formation. Can the conclusion that the vinyl radical
is a key species for chemical growth be generalized? Initial measure-
ments in diffusion flames show a wide variation in the peak
concentrations of intermediate hydrocarbons as the fuel is changed
(20). There is a need to determine species fluxes and to identify the
important radical intermediates for different hydrocarbon fuels,
including aromatic compounds.

Finally, how does the analysis of diffusion flame measurements
compare with the results from premixed flames? This issue is of
special significance since premixed flame data on species concentra-
tions (11, 13) are more comprehensive than the diffusion flame
measurements, particularly for radicals. If the dominant routes for
chemical growth are the same for premixed and diffusion flames,
then the results from the extensive analyses and modeling investiga-
tions of the former can be used to unravel the interactions between
chemical and transport processes in the latter. Some intriguing
similarities have recently emerged.

1) Acetylene is the major growth species in the region of particle
inception for both premixed and diffusion flames (24, 27). In
addition, the surface reactivity for young soot particles is essentially
the same in both environments (2, 3, 29). This important role of
acetylene in surface growth has been expected (2, 37). Nevertheless,
it is interesting that the surface growth chemistry seems to be
independent of flame environment and hydrocarbon fuel.

2) Results in the methane/air diffusion flame indicate that the
process of polyacetylenic growth

CzH c + Csz E=3 C4H2 +H-
C4H2 + C2H =4 C6H2 +H-
C6H2 + CzH 2 CgHz +H-

represents a parallel growth pathway that is not involved in the
formation of aromatic compounds (27). Similarly, Harris et al. (38)
found that diacetylene is not kinetically coupled with species that
participate in other hydrocarbon growth processes.

ARTICLES 1545




id

3) The maximum net production rate for benzene formation is
entical in the methane/air diffusion flame (Fig. 6) and in a fuel-

rich, premixed butadiene/oxygen/argon flame studied by Cole ez al.
[figure 10 in (13)].

Thus far the results from diffusion flames reveal striking parallels

with the results for premixed flames. It is tempting to conclude that

a

single dominant mechanism is involved in hydrocarbon growth

chemistry for all flaming combustion conditions.

b
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1987
AAAS—Philip Hauge Abelson Prize

To Be Awarded to a Public Servant or Scientist

The AAAS—Philip Hauge Abelson Prize of $2,500, estab-
lished by the AAAS Board of Directors in 1985, is awarded
annually either to:

(a) a public servant, in recognition of sustained exceptional
contributions to advanced science, or

(b) a scientist whose career has been distinguished both for
scientific achievement and for other notable services to the

scientific community.

AAAS members are invited to submit nominations now for the
1987 prize, to be awarded at the 1988 Annual Meeting in
Boston. Each nomination must be seconded by at least two other

AAAS members. The winner will be selected by a seven-member
panel appointed by the Board.

Nominations should be typed and should include the follow-
ing information: nominee’s name, institutional affiliation and
title, address, and brief biographical resume; statement of justifi-
cation for nomination; and names, identification, and signatures
of the three or more AAAS member sponsors.

Eight copies of the complete nomination should be submitted
to the AAAS Executive Office, 1333 H Street, N.W., Washing-
ton, D.C. 20005, for receipt on or before 24 August 1987.
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