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ABSTRACT

A theoretical investigationhas been made to determine
quantitatively the effects of temperature gradients, self-absorption,
and spectral line-shape on the apparent rotational temperatures of
OH.,

Emission experiments have been performed on the inner
cone and on the outer cone of an oxygen-acetylene flame to

determine the rotational temperature of the upper energy state of

OH.
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1. THEORETICAL INVESTIGATIONS OF DISTORTIONS
PRODUCED BY TEMPERATURE GRADIENTS, SELF-
ABSORPTION, AND CHANGES IN SPECTRAL LINE-
SHAPE

A. Introduction

A number of experimental studies have been reported on the
2

opulation temperatures of the 2 z 1Y transitions of OH in
pop P

flames at low pressures(l’ 2) (1,3,4)

and at atmospheric pressures.
Using conventional techniques( 1,2,4) to treat the experimental data,
the plots that are used for the determination of rotational temperatures
are sometimes found to exhibit discontinuities or curvatures both in
the region of small and of large values of the rotational energy E(K)

of the initial (upper) state. The discontinuities observed for small
values of K have been attributed to the formation of OH in the excited
electronic state by different chemical reactions leading to a bimodal

(1,4) to the falsification of

distribution of population densities,
experimental data by absorption of emitted radiation by cooler gas layers
through which the flame is viewed, (4) and to self absorption. (5 Some

of the observed curvatures for large values of K have been interpreted

to indicate predissociation according to the process
OH(%z T} — OH(%z ) —0(°P} + H(%S).

(6)

It has been reported previously

(7

that the best available intensity
estimates on OH indicate that the product of the maximum absorption
coefficient Pmax and of the optical density of the emitters X is not

small compared to unity for the more intense spectral lines of OH in
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represéntative low pressure flames.

If Pmaxx is not small then the conventional interpretation
does not hold. Even the iso~intensity method fails. Quantitative
studies of apparent rotat{onal temperatures of OH in emission and
ébsorption for spectral lines with Doppler contour have been pube
lished recently. (8) It is the purpose of the present paper to extend
these studies and to investigate theoretically the effects of tempera-
ture gradients, selfeabsorption, and spectral line-shape on the
apparent rotational temperatures of QH.

In Section B we examine the effect of spectral line-shape and

£ | I
I

of self~absorption on the use of the iso~intensity meihod fuor tempera~-
ture dete;'mination in isothermal systems. Intensities of the K'th
spectral line relative to the first spectral line are plotted vs. the
rotational quantum number K in Figs. 1 to 3 for the Pl-branch,

ZZ —_ 2 qT transitions of OH, (0, 0) band., The following para=
meters were used in these calculations: a line-shape parameter a
which depends upon pressure and a self-absorption parameter 'E.'
which depends upon the amount of OH present. Table I indicates a
large effect of & ' for small a, but results are quite insensitive

to E,t for large a. The conclusion is reached that self-absorption
errors become more important as the pressure is decreased. Bew

cause of the ambiguity of matching lines of equal intensity for small

1
values of a and large values of € , the iso=-intensity method cannot



be used,. even for isothermal systems, at low pressures unless
independent proof is provided that & ' << 0.3,

In Section C a two-path experiment is described for two
.adjacent isothermal regions and for spectral lines with Doppler
contour. Equatipns are developed for calculating relative peak
intensities fér two-path and for single-path experiments (I/I‘). The
results are summarized in Figs. 5 to 8, A study of Figs. 5to 8
clearly shows that the ratio I/I' is a very semnsitive function of the
concentrations of OH in the two isothermal regions. Thus a two-
path experiment measuring peak intensities is a relatively sensitive
device for studying self-absorption and temperature distortion
quantitatively.

In Section D an absorption experiment is described for two
adjacent isothermal regions for spectral lines with Doppler contour,
It is shown that the results obtained in Section C may be reinterp-
reted to yield the absorptivity for discrete line sources by adjacent
isothermal regions. Unlike peak intensity determinations in two-
path experiments, the discrete line source experiment may be .
feasible with ordinary spectroscopic apparatus.

In Section E two-path experiments for two adjacent isothermal
regions are considered for spectral lines with combined Doppler

and collision broadening.

In Section ¥ absorption experiments are discussed for discrete



line sources and fwo adjacent isothermal regions for spectral lines
with combined Doppler and collision broadening.

The calculations emphasize the fact that definitive conclusions
regarding interpretation of flame spectra are not easy to obtain by
use of conventional low-resolution spectroscopic studies of flames.
Multiple path experiments or absorption studies with discrete line
sources appear promising provided they are restricted to conditions
under which the spectral line-shape is known, Alternately, the use

of interferometric studies may be indicated.

I

Effect of Liine-Sha

. E 1e~Shape and of Self-/ ption on the U 1

Iso-intensity Method3 for Isothermal Systems

According to the iso-intensity method the temperature of a
radiator is obtained from a comparison of two spectral lines which
.are of equal intensity. Let A(K) be the total intensity of the line
identified by the index K. Then, for spectral lines with Doﬁpler

(8)

contour,

A(K)/A(K) = {Imax(x)/xmaxm’)] MU(K)/ Yy (K ) x {s ')/ %)) (1)

where Imax(K) is the peak intensity emitted from the K'th line,
U,du(K) is the frequency at the line center of the K'th line, and & (K)
is a known function of the value of Pmaxx for the K'th line and is

plotted in Ref, 8. Here Pmax is the maximum spectral absorption
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coefficient and X is the c\)ptical density. The line-shape for combined

Doppler-and collision-broadening is described by the parameter
. 1/2
a = (b + b) (#n 2) //bD (2)

.where bN, bC’ and bD denote, respectively, the natural, the
collision, and Doppler half-widths. In general bN(( bc and a2 0
for pure Doppler-broadening.,

In order to emphasize that Eq. (1) applies to spectral lines

with Doppler contour we shall write it as

Ala =0, K)/A(a =0, K ) = [1 a=0, K)/I__ (a=0, K')]

maX(
x { %)/ Yy 1] [ 20y R00] (1)

The effect of line~shape, under isothermal conditions, on
the use of the iso~intensity method may be determined by evaluating
the ratio Af{a, K)/A(a, K'). This result can be obtained maost
conveniently by nsing Eq. (1a) in conjunction with the '""curves of

growth™, (9)

The ordinate of the curve of growth is proportional to A(a, K)

for P X(K). Thus the ratio Afa, K)/A(a = 0, K) can be obtained

a

simply by reading the ordinate corresponding to the known value of

P_ X(K). Finally, the quantity Ala,K)/A(a,K) is obtained by

writing
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Afa,K)/A(A,K ) ={[A(a,K)/A(a = 0, K)]/@.(a,K')/A(a = 0, K')]}

x \:A(a = 0, K)/A(a = 0, K'):( : (3)

The results for K' = 1 of representative calculations at
30000K, using Eqs. (la) and (3) together with the "curves of growth"
[for the Pl-branch of the 22 — Zvn transitions of OH, (0, 0)-band],
are plotted in Figs. 1 to 3 for a = 0.005, a = 0.05, and a = 2,
respectively., The self-absorption parameter El again refers to

the value of 1 - exp (-—Pm XX) for the first line of the Pl-branch

a
and assumes the values 0.3, 0.7, and 0.95.

In order to illustrate the combined effects of line~-shape and
self-absorption on lines of equal intensity, from which conclusions
might be drawn concerning the "temperature®™, the results listed
in Table I may be consullted. In Table I the lines of intensity
closest to the inteﬁsity for K =3 and X = 6 have been tabulated for
different values of 5' and of a. Reference to the data shown in
Table I indicates a large effect of £' for small a, but the results
are quite insensitive to E[ for large a. Hence the conclusion is
reached that self-absorption errors become more important as the
pressure is reduced, i.e., as a is decreased. A more quantitative

conclusion is justified only if absolute values are known for a in

flames, which is not the case at the present time.



Because of the ambiguity in matching lines of equal
t
intensity for small values of a and large values of £ the iso-
intensity method cannot be used, even for isothermal systems, at

t
low pressures unless independent proof is provided that & << 0. 3.

1
1f & 1is sufificiently small then it can be shown that

A, K)/A@,K ) = S, (K)/S, (K') (4)

Table I. Effectof £ and a on Lines of Equal Total Intensity.

K value of line with intensity closest to K = 3 for

e =0.3 £ =0.7 € =0.95

a = 0.005 L3 14 16
= 0.05 13 14 16
a=2 13 13 14
K value of line with intensity closest to K = 6 for

1 1 t -

£ = 0.3 £ =0.7 = 0.95
= 0.005 10 11 14
= 0.05 10 11 13
a=2 10 10 10

where S!.u(K) is the integral of the spectral absorption coefficient

for the K'th line. Here Slu(K) is given by the expression(é)
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5 go(K) - (ant/3ch N, (K) (UM(K)} ! (qlu(m] 2/: yo[aju(m] (5)

where c¢ = velocity of light; N, = number of molecules per unit
volume per unit pressure in the upper energy state; 1)111 = fre-
quency of the emitted or absorbed radiation at the center of the

line, which is obtained from the Bohr frequency relation; Yy
matrix element corresponding to transitions between the two given
energy states; and f 0( Uﬁu} = volume density of blackbody
radiation at the frequency  2Jp, as given by the Planck distribution
law. The quantity Nu(K) may be replaced by Nu(K) = Ngu(K) x

Yexp (-Eu(K)/kTu)] /Q where N = total number of molecules per

unit volume per unit pressure, gu(K) = gtatigtical weight of the
upper energy state involved in the given transition, Q = complete

partition function, and the expression for Sﬁu(K) may be rewritten

as

4 2
) = (6464736 Ng ) [, ) [ a, 0]

x{exp {- Eu(K)(kTu:{z Q~t ! {JP [q}iu(K)u -1. (5a)

Hence, for lines of equal intensity,
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s lu(g)/sﬂ(x‘) - { [ﬂm(xﬂzi £,(K) [_q u(K)]Z
{ T s o] 7}
{ PR ’]}{ (el ™
x exp { (B, - Bx]] /kTug =1

{f Y‘aéu(K )-R { Ulu(K)Pg Kﬁlu(K')l‘?’ {,Ulu(K)] -3

x gexp{h vlu(K)/ kTu—l- 1%
x%xp [h ._)_a_u(K')/kTu’l - 1% .
¥ [U,«zu(K')T Cvgm] ™

X exp ((h/kTu) [-Qéu(K) - ﬂiu(K')‘l} .

Substituting this relation in Eq. {6) we obtain

1= \—:Ulu(m/ l).du(Ki)l {gu(K) {qlu(K)]z/ g, K 8 qlu(Kt)]2

X exp g—- S:Eu(K) - Eu(K')‘l/kTu%
x expg (h/kT ) [‘;j[u(K) - '\)Au(K')]z

(6)
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In this last expression every quantity is known for a given
pair of lines, except the temperature T . Hence Eq. (6a) can be

used to obtain Tu as

EE (K) - E_(K )‘]Jf h {U LK) - TJLu{K )]

Ug oK) g,(K") [ag,K' )] )
Vg oK) g,(K) [a }_u(K)]

(6b)

11

This principle is used in conventional iso-intensity methods for
measuring temperatures although the approximation Jdu(K) '._‘-_’IJau(K')
is usually added.

It is clear from the preceding discussion that the practical
use of Eq. (6b) depends on the identity of A(a, K)/A(a,K‘) with
Sﬂ u(K)/SLu(K‘)' The limitations concerning this relation have

been discussed in connection with Figs. 1 to 3 and Table I,

C. Two-Path Experiments for Non-Isothermal Regions (Spectral

Lines with Doppler Contour, Peak Intensities}.

Calculations which are made in this section correspond to
the assumed experimental arrangement illustrated in Fig. 4. The
OH concentration is treated as a variable parameter both in the
hot region {E = [1 - eXp (-PmaxX)—l} and in the cool region

1t
ge 1 - exp(- P X )] . It is physically reasonable to assume

g S.E-
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Calculations have been carried out for peak intensities
and for spectral lines with Doppler contour. Peak intensities,
even for low-pressure flames with Doppler-broadened lines, have
not been measured. Such measurements might be possible with
an interferometer. In particular, it is clear that the results of
the present calculations do not apply to observational data obtained
with a low-resolution spectrograph.

Referring to Fig. 4 the peak intensity I for the spectral

line whose center lies at Jﬁu may be written as follows:

I=R{ Uy 0|1 - exp (-Pmax'X')]

+ R( Uﬁu) {1 - exp (-PmaXX)]exp (-P_, tX)

X

'

+ R'( ﬁﬁu) [l - exp (-Pmaxlx')}exp (-P X) exp (—Pm !X )

max ax

X)
max

+r {R‘( z)ﬁu){l - exp (-PmaX‘X')]exp (-ZPmax‘X') exp (-P

X'X‘) exp {-P X)

a

+ R( ﬂiu){l - exp (-Pmaxxa exp (—3Pm max

' 1 1 1 t
+ R (ﬁzu)[l - exp (-P__ X )} exp (-2P__ X) exp (-3P__ X )}
{(7)
where r is the reflectivity of the mirror and the other symbols

have their usual meaning. Equation {7) may be rewritten in the

form
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I=R ( Uy |1 - exp (-PmaX'X')]

t !
gl + exp ('PmaxX - Pmax XY+ rexp (-PmaXX - meax X )}

+ T exp (-ZPm X - 3Pm X))

ax ax

+ R ‘Jlu) 1 - exp (-pmaxxﬂ exp (-pmax'x')

Vo 7
{1 + r exp (-PmaXX - meax X )f . (7a)
Using Planck's blackbody distribution for R({ zf,@u) it follows that

R’ (Vg R(Lg ) = exp {. (h Uy, /K) [(1/T')-(1/T)H>.

Hence Eq. (7a) becomes

1

t

/R (U;,) =‘:1 _ exp (—PmaxX)] exp (-P__ X))
. 1 t

{l + r exp (—PmaxX - ZPmax X )%

rexpi-tb d, /0l /Ty-0/mfl 1 - exp (- "X
Au max

x {1 + exp (—PmaxX - Pmax X}+rexp (-—PmaxX - ZPmax

-~

¥ I B
+T exp (-2P__ X -3P__ X )é . (7b)
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: : .
For reasonable values of T and T and for unit reflectivity of

the mirror we obtain:
12 R(Uy ) e-g)[1+01-0)(1-€)7] (8)

If I represents the intensity for the single path, then

' R(4J, ) E(l-€) whence
/T2 14+(1-€)(1-€)2. | (9)

t
The observable ratio 1/1 has been calculated as a function
t
of K for various values of & (K =1) and g€ (K = 1) for the

ZZ — 2 T transitions of OH. Results are plotted

Pl—branch and
in Figs. 5 to 8. Reference to Figs. 5 to 8 shows that the intensity
ratio I(K)/I'(K) is a very sensitive function of the self absorption
parameters £ and € t. It is clear that the intensity ratio for two-
path experiments would be a much less sensitive function of &€ and
E_l for measurements of total intensity.

The important result derived from the present calculatioﬂs
is that even for values of € as small as 0.3 the ratio I(K)/I(K‘)
is appreciably less than two for the stronger lines. In other words,
a two-path experiment measuring peak intensities is a relatively
sensitive device for studying self-absorption and temperature-

distortion quantitatively. As will be shown in the following Section

D, this last conclusion applies also to absorption experiments in
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which peak intensities are measured.

D. Absorption Experiment for Non-Isothermal Regions (Spectral

Lines with Doppler Contour, Peak Intensities).

Because of the experimental difficulties arising from inadequate
resolving power. in the measurement of peak intensities for two-path
e.xperiments, it is of interest to consider the use of absorption
experiments using discrete line sources.

Calculations which é.re made in this section correspond to
the assumed experimental arrangement iliustrated in Fig. 9. The
light source radiates at the center of a given spectral line as a
blackbody at the temperature TS.

Referring to Fig. 9, the transmiited intensity I# for the

spectral line whose center lies at l)‘(,_ o MRy be written as follows:

1 I
¥ = - -
1 R(TS) exp ( meax X PmaxX)

+ R(T) {1 _ exp (-Pmax'x')]

1 1
+ R(T)|1 - exp (-PmaxX)] exp (-P_ X))
L t 1 ] 1 1
+R(T ) Y1 - exp (—Pmax X)Y{ exp (—PmaxX - Pmax X 3. {10)
1 1 f
For T % T, T and exp (-P__ . X), exp (-P_ .. X) <L,
1 1
* = - -
I R(Ts) exp ZPma,x X Pmaxx)' - (10a)
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From Eq. (10):

'
* = - -
1 /R(TS) =exp (-2P_ X Pmaxx)

s R(T)/R(T,) (1 - exp ('Pmax'x')—}

' IR
x[l + exp (-PmaxX - Pmax X )]

+ R(T)/R'(Ts) 1 - exp (-PmaXX)] exp (-P_. X)) (10b)

or

1 1

f ] = - -
I /R(Ts) exp ( meax X PmaxX)

+ exp{-(huﬁu/k) [(1/1")—(1/'1'5)]}[1 - exp (P, X |

' ]
x [1 - exp (--PmaXX - Pmax X))

+ exp{—(h U_eu/k) [(1/T’) - (I/TS)]}

1 9
X [1 - exp (-PmaxX)] exp (-Pmax X). (l0c)
In general we may neglect the radiation from the region at tempera-

]
ture T and use the relation

* = - -
1 /R(TS) = exp 2P X Pmaxx)

+ expg— (h ‘a)ﬂulk)[ (1/7T) - (I/Ts)1§
x{l - exp ('Pmaxx)l exp (-Pmax'X')

=(1-81%1-8)+ &(1 - €) exp {-(hUAu/k)EI/T)—(1/TS)]8.
(1od)
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If T_»>T, as should be the case for a good absorption

experiment, then

exp{-(h Uﬁu/k)[(l/T - (l/TS)—‘&:‘ exp (-h z)ju/kT).

But h)/k = hew/k = 1.432  and exp (-h Qdu/k'r)
~ exp (1.432 x 30, 000/3000)~ exp (-14).

Hence for T »>T Eq. (10d) may be written as
"2
I*/R(TS)’_“_ (L-&) (1L -§&). (11)

Comparison of Eqs. (9) and (11) shows that the transmitted
intensity divided by the incident intensity from a discrete line source
is nearly equal to I/I' - 1 where I/I[ is the ratio of the intensity
of the flame for a double-path experiment to the intensity of the
flame for a single-path experiment. Figures (5) to (8) may then
be reinterpreted in such a way that I/I! - 1 represents the trans-
missivity of the flame for discrete radiation.

Since I/I, or I/I' - 1, for measurements of peak intensi}:ies,
are very sensitive functions of the self absorption parameters &
and € ¥, it follows that F‘/R(TS) is also a sensitive function of g
and E'. Unlike peak intensity determinations in two-path
experiments, the discrete line source experiment may be feasible
with ordinary spectroscopic apparatus by using as source OH in a

discharge tube or else an excited metal line which coincides
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exactly with a line of OH.* In this connection it is of interest
o
to note that the 3063,97 A line of tungsten coincides with the 10’

line of the (0, 0) band, 22 —p Z*T(“ transitions of OH.

E. Two-Path Experiments for Non-Isothermal Regions (Spectral

Lines with Combined Doppler and Collision Broadening,

Peak Intensities).

The calculations summarized in this section again correspond
to the experimental arrangement illustrated in Fig. 4 of Section B.

The parameter Pm must now be replaced by P( a.)i u) where

ax
B Q)ﬁu), the spectral absorption coefficient at the line center, is
to be evaluated for combined Doppler- and collision- broadening.
The quantity P(Q_)'&u) is related to Pmax and a through the

(9

expression
P(w‘eu) =P ax|6%P (az)][erfc (a.)] (12)

where

)
erfc (a) = [2/"(1/2)1 f[exp (--xz)-] dx.
a

Equation (9) may be rewritten as

I/I' = 1+ (1 - ED_C) (1 - E'D_c)z (93)

* Absorption experiments using discrete lines as source have
been considered at various times by most of the active workers
in combustion spectroscopy,
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where

R exp[—- (Pmaxx) erfc (a) exp (az)] , (13)

1- exp[—-(Pmax'X') erfc (a') exp (a‘ 2)], (13a)

and a  represents the iine—sha.pe parameter for the gases at the
temperature T'.

The ratio I/I' has been calculated for a = a ranging from
0to 10, E(K=1)=0.7, € (K=1)=0.1 and 0.5, for the
Pl-branch, (0, 0)-band\and ZZ — 2’!‘1‘ transitions of OH. Results
are plotted in Figs. 10 and 11. Reference to Figs. 10 and 11 shows
that two-path experiments will yield results which are sensitive
functions of the line~-shape parameter a, with distortion of
experimental data by self-absorption diminishing as the numerical

value of a is increased, under otherwise comparable experimental

conditions.

F, Peak Absorption Experimentls for Non-Isothermal Regions

{(Spectral Lines with Combined Doppler and Collision Broadening)

Calculations in this section correspond to the experimental

arrangement illustrated in Fig, 9 of Section C with P____

replaced by P(a)lu). Heré P(w), ) again dependson P___ and a

ax

as shown in Eq. (12).
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Equation (11) now becomes
IYR(T ) (1- €5 ) (1 - E'D_C)Z (11a)

1
where € D-C and € D-C have been defined in Eqgs. (13)
and (13a). Comparison of Eqs. (9a) and (11a) shows that
1
I*/RTS =1/1 « 1 is obtained simply by reinterpreting the ordinates
of Figs. 10 and 11. Hence the same conclusions apply to absorp-

tion experiments with discrete sources as to measurements of peak

intensities for two-path experiments.
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II. EXPERIMENTAL STUDIES ON ACETYLENE-OXYGEN
FLAMES BURNING AT ATMOSPHERIC PRESSURE

A, Description of Apparatus

1. Spectrograph¥*

The arrangement for the experiment is illustrated in the photo-
graph of Fig. 12. Radiation from the flame F, is focused on the slit
S, of the 1.5 meter grating spectrograph SG, by a quartz lens L of
3 inch focal length and 1.4 inches in diameter. The grating used in
the instrument has a radius of curvature of 1.5 meters, length of line
1 inch and a ruled surface 2 inches in width.. There are 24, 400 lines
per inch, giving a linear dispersion of approximately 7.0 .(ﬁ)& per mm
in the first order. The radiation is reflected from the grating G,
onto a 15 inch strip of 35 mm film in the camera C. The camera is
provided with a ratchet allowing ten settings on each film. It was
found that not more than three settings, together with a setting for
the comparison spectrum, could be used without producing over-
lapping of the spectrum lines.

Z. Densitometer**

The relative intensities of the spectrum lines were obtained

* A standard 1.5 meter Applied Research Laboratories Dietert
grating spectrograph was used.

¥% The densitometer used is Model No, 5400 and was manufactured
by the Applied Research Laboratories in Glendale, California,
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by means of a recording instrument and also by using a visual Film
Comparator Densitometer.

3. Flame

An oxygen-acetylene welder's torch tip was used as light
source since it is known that in the oxygen-acetylene flame the OH
bands appear with very high intensity. Diameters of burners used
were . 0465 inches and .07 inches. Tank gases* were employed and
controlled at approximately 5 lb/in2 gauge pressure by regulators
on the tanks. Needle valves controlled the flow of gas into a mixing
chamber on the back of a board, B. The mixing chamber, a cast
iron pipe, was approximately 3 inches in diameter and 18 inches long,
and filled with glass beads. Calibrated flow meters, CF, of the
floating ball type were used for flow measurements Cf, Fig. 12 ,
readings were accurate to about 5 per cent,

4. Film Calibration

Fully exposed film in the 3100 2 region could be obtained,
using Eastman Spectrum Analysis Film No. 1, in about 3 minutes
when the spectrograph was chused on the inner cone; exposures of
about 15 minutes were required for measurements on the outer cones,
Lean mixture ratios, corresponding to approximately one half of

stoichiometric, were used. A rotating four step sector, SS, was

* The gases were purchased from Linde Air Products Co.
Gas purities were specified by the manufacturer as follows:
oxygen 99.7 per cent and acetylene, 98 per cent.
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provided on the spectrograph by means of which film calibration
could be obtained, following standard procedures.(lo)

The film was processed with Eastman Developer D-19
and Film Fixer F-5. Four minutes was allowed for developing
and 10 minutes for fixing, The film was then washed for 10 minutes
in tap water, followed by washing in distilled water.

5. Alignment of Flame

The flame was aligned with respect to the spectrograph by
forming a real image of a 6 to 8 volt head lamp bulb, which was
placed at the position of the camera. The primary slit of the
- spectrograph, as well as the secondary aperture, were opened
fully, and the image of the lamp, after passing through the spectro-
graph, was focused over the burner tip in the region of the flame
which was to be photographed, The two-path experiment was pere
formed by aligning the spherical mirror, M (focal length of
19 inches), so that the region of the flame to be studied was centered

at the radius of curvature of the mirror,

B. Methods for Determining the Rotational Temperature of the

Upper Energy State

1. Standard Emission Experiment
In order to determine the rotational temperature of OH from
emission spectra in the absence of self-absorption, the following

equation is customarily employed‘b)
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d4n [.f R, dzJ/('zJJzu)4 g, (qlu)zj

Aﬂ! u

= - (14)
o E_(K) kT

e

where f RJdv is proportional to the measured peak intensity
Ay

of a line obtained with a low~resolution spectrograph; values of 744 s

gu(qiu)z, and Eu(K) have been defined in Part I and are tab-

ulated in the report of Dieke and Crosswhite. (5) In practice it is

convenient to utilize Eq. (14) in the form

-1
2. 303310g{f/ R, du]Egquuz)K/gu qzuz)xzﬂ_l P‘}lu(K)]'i/ﬁ/Lu(l)]4
Al

oE
u

= - . (15)

Equations (14) and (15) apply only to isothermal systems.

2. Two-PFath Experiments for Isothermal Systems

In order to determine the rotational temperature of OH from
a two-path experiment it is necessary first to estimate a value for
the line-shape parameter, a. Once a is known, we may obtain
P axX from theoretical curves giving f as a function of Pm X

m. ax

for isothermal systems, (11) where f corresponds to the observable
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ratié of total intensity for the single-path to the double-~path. The

temperature may then be obtained from the equation(l?'}

3 4n {];ma.x(K)X/ [gu(q uﬂz K}

2 (E, - hw?éu)

= - 1/KT . {16)

All errors arising from self-absorption are eliminated by using
Eq. (16) which, however, is valid only for isothermal emitters and
requires accurate estimates of both a and of PmaxX. At the
present time the uncertainties in the value of a are such that no

satisfactory application of Ey. (10} is possible.

C. Experimental Data on Acetylene-Oxygen Flames*

1. Standard Emission Experiment on the Inner Cone.

A temperature of 3270°K was obtained from a standard
emission experiment on the Minner cone' with an oxygen-acetylene
flame in which the fuel to oxygen ratio was one quarter of the
stoichiometric ratio. The calculated and experimental data which
were used in Eq. (15} are summarized in Table Il and are plotted in
Fig, 13, Reference to Fig. 13 shows considerable scatter of the

experimental data especially for the points corresponding to small

¥ The experimental data refer to the Pl—-bra.nch, 2'2 —- ZTT"
transition, (0, O}-band of OH.
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values of K. It should be noted that the apparent rotational tem-
perature is somewhat higher than the adiabatic flame temperature,
in accordance with the experimental findings of other investigators.
However, the significance of this result cannot be assessed with-
out auxiliary studies concerning distortion of data by temperature
gradients and by self-absorption.

2, Two-Path Experiments on the Quter Cone

As a first attempt to assess the suitability of two-~-path
experiments for spectroscopic studies of flames burning at atmos-
pheric pressure, measurements were performed on the outer cone
of an acetylene-oxygen flame (fuel to oxygen ratio equal to one hali
of the stoichiometric value)., Considerable care was exercised in
order to align the spherical mirror properly.

The results of a single-path and of a two-path experiment
are summarized in Table III. Conventional plots, using Eq. (15},
of the experimental data are shown in Figs. 14 and 15, Apparent
temperatures of about 4000°K were obtained, although the scatter
of the experimental data was considerable,

It is clear that the apparent rotational temperatures are too
high since they exceed the adiabatic flame temperature in a region
in which thermodynamic equilibrium is known to exist. It is, how-
ever, easily shown that the results are not significant and that
extensive distortion of experimental data by self-absorption must

have occurred.
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in Table IV the measured intensity ratio for the two-path
experiment to the single~-path experiment is shown as a function
of K. Reference to Table IV shows that R goes through a
pronounced minimum near K = 8, the maximum difference in
intensity corresponding to about 40 °/o. A result of this sort is
in accord with the idea that the concentration of OH is too large
to justify the use of conventional methods of interpretation of
experimental data.

In view of the lack of quantitative information concerning
the line-shape parameter a, it is not possible to use the data
shown in Table IV for quantitative estimates of Tu' However, it
is clear that for all possible values of a, the value of Pmaxx’ for
example, for line line K = 2, cannot be small compared to unity.
For a = 2, the use of available theoretical data.(ll) leads to results
such as Pmax(())X = 18, Pn;laX(Z)XC-‘ 6, etc., which are in rough
accord with theoretical predictions based on absolute intensity
estimates for representative lincs of OH. (6)

Unfortunately time did not permit more extensive quantitative
applications of two-path experiments. On the basis of the results
obtained in the present investigations it is apparent that the use of
multiple-path techniques for quantitative measurements on the

inner cones of flames burning at atmospheric pressure presents

considerable experimental and theoretical difficulties. However,
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the method appears to be relatively easy to apply if one is
interested only in determining semi-quantitatively the extent of

distortion of data by self-absorption.
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Table IV. Measured Intensity Ratio for Two-Path Experiment
to Single-Path Experiment

K Is.p. Ip.p R
Intensity of Intensity of Ratio of
Single Path Double Path Intensity of

Double Path to
Intensity of
Single Path

2 0. 50 0.71 1.42
5 0.62 0.80 1.29
6 0.65 0.86 1.33
9 0.70 0. 88 1.26
11 0. 65 1.05 1.61
13 0.53 ’ 0. 86 1.63
14 0. 50 0. 82 1.64
15 0.43 0.72 1.67
16 0.435 0,76 1.75
17 0.295 . 0,50 1.70
19 0.18%8 0.31 1.68

21 0.125 0.18 1.44
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