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THE {-VALUES OF SPECTRAL LINES BELONGING TO THE
2y . °1 TRANSITION OF OH *

- P. J. Dyne+

Guggenheim Jet Propulsion Centar
and
Gates and Crellin Laboratorics of Chemistry,
California Institute of Technology, Pasadena, California.

A redetermination has been made of the f-values of spectral lines
belonging to the 2 zn’ transition of OH which were previously
measured by Oldenberg and Rieke. A lower limit to the f-value has been
obtained which is about one half as large as the value of Oldeubefg and
Rieke. A critical analyeis of the experimental déta shows .tb.a; the effect:
of lack of resolving power in both intensity determinations are serious
and not fully understood, '

I. Introduction

During the years 1934-38 Oldenl.)eirg and his colleaguesl
made a detailed study of the kinetic behavior of OH in various
systems using its ultra-violet absorption spectrum as a method
of detection and of measuring its relative concentration, The
ZE

absolute inten-ify of this - 217‘ transition of OH was first measured

with high resolving power by Oldenberg and Riekez [hereafte‘r referred

= Financial support for this work was provided by the Office of Naval

‘Research under Contract Nonr-220(03), NR 915 210 and by the Daniel

and Florence Guggenhkeim Jet Propulsion Center, The experimental

work was corried out in the Gntes and Crellin Laboratories of Chemistry

* Post-Doctorate Research Fellow in Jet Propulsion,

L a) O, Oldenberg, J. Chem. Phys. 2, 713 (1934); 3, 266 (1935)
b) A. A. Frost and O, Oldenberg, J. Chem, Phys. 4, 642, 781 (1936

2 0. Oldenberg and F, F, Rieke, J; Chem, Phys. 6, 439 (1938).
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to as (I)] by photographic photometry of absorption lines of OH
produced by the thermal dissociation of water vapor. The spectrum
was observed in the second order of a 21 ft, grating spectrograph,

20 into OH and

Hz was taken from the work of Bonhoeffer and Reichardt3 and of

:'.eise.“ This equilibrium constant was later redetermined by Dwyer

The equilibrium constant for the dissociation of H

and Olc.’nenlroerg5 who measured, in effect, the temperature coefficient
of the dissociation constant using the strength of the absorpﬁon lines
of OH asa measure of the relative concentration of OH., They
found the dissociation energy for the process Hzo—_—-* H +.OH: te

be 118,2 + 0.7 k cals, a value some 3 k cals higher than thaé found
by Bonhoeffer and Reichardt, The first calculations of the transition
probabilitv,-2 were therefore in error since the OH concentration
calculated from the data of Bonhoeffer and Reichardt was too large

by a factor of 4.2; the f-values were too small by the same factor. 2

The absolute intgn,sities, were also measured by Avramenko and
Konch-atje\v6 who used as an absorption "background" the narrow emission

lines of OH excited in an clectric discharge, The change in intensity

of thess lines on passing through 2 furnace containing wetcr vapor can

be observed with a low resolution instrument and will give a measure of

the peak intensity of the absorption lines, If assumptions are made about

3 ¥. F. Bonhoeffer and H, Reichard:, Z, physik Chem. A 139, 75 (1928),
* H. Zeise, Z. Electrochem. 43, 704 (1937),

5 R, J. Dwyer and O, Oldenberg, J. Cham, Phys;'_!_z_. 351 (1944).

& . Avramenko and V. Kondratjew, Acta Physicochim. USSR §,
567 {1937).
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the widths of the absorption lines and of the emission lines used for
the background, then the absolute intensity of the abscrption lines

can be calculated, Oldenberg and Riekc7 showed that the assumptions
used by Avramenkc and Kcndratjew were quite invelia, Using their
owr. data on the apparent line-width of OH in the furnace, they
recalculated Avramenko and Kondratjew's resuits and obtained
f-values which were about 40% larger than the values found by their
own direct method. These data have also been ret_:alculated. using

different assumpticns about the line-widths, by Edse. - Unfortunately,

- the i:rué half-width of OH is not knbwn and consgequently data obtained

by using an emission line as background cannot be inter;;r_eted
guantitatively. '

The absolute f-vaiues may be..in error for two independent
reasons: (a) erroneous measurements of the intensities of the
absorption lineg, and (b) errors in'the calculation of the OH con-
centration prodﬁced by the use of incorrect thermochemical data. ' _
The pre seni.: work has been confined to a redetermination of the

intensities of the lines; the thermochemical data of Dwyer and

- Oldenberg have been used in calculating the f-yalues.

The f-value of OH is currently of interest in connection with
the measurzment of rotational population temperatures of OH in

flames, Penner’ has shown, using the f-values given in (I), that

e

7

O. Oldenberg and F. F. Rieke, J. Chem:. Phys. 6, 779 (1937).
§ R. Edae. Symposium on Combustion, Flames and Explosion
Phenomena. Wisconsin, 1949 (Williams Wilkins Company), p. 611,

9 S. S. Pennex, J. Chem, Phys. 20, 507 (1952); 21, 31 (1953},
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for many flames self-sbsorption may be expected to produce erroneous
temperatures, The extent to which self-absorption falsifies rotational
temperatore measurements in fiazies has, however, been debated

11). In this connection it is of

(Geydon and Wolfhard, '© Broida
interest to noie that, if the currently accepted f- -alue for OH were
too large by an order of magnitude, then errcrs in temperature
measurements due to self-absorption wiil always I;e very small; ind,
conversely, if the currently accepted f-value were oo small by an
order' of magnitude, errors due to self-absorption will always be laxrge.
Altho.\igh the work of Oldenberg and Rieke was carried out with great
care and skiil, tﬁe theasurement of absolute intensities is often subject '
to large systemgﬁc errors. The present study was therefore gnder-
taken in order to check their original determination. An f-valu;z about
one-half as Jarge as that found in (3) was- obtained in the pre sent study.
Analysis of the data show.l that this establishes a lower limit to the .
$ruc f-valne and, further, that the uncertainties in these euperiments
are such that the true intenoity could be greater even than the value

found in (1).

II. Theory for the. Détergnination of -Values.

If a beam of light of frequency ¥ traverses an absorbing medium,

then the relation between the incident and emergent light intensities,

RC A. G. Gaydon and H, G, Wdfhard. "Flames, Their Structure,
Radiation and Temperature' (Chapman and Hall, Ltd., 1953) p. 249.

11 4, p. Broida, J. Chem. Phys. 21, 1165 (1953).
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and I, is given by Beer's 1 aw, viz., L= Igcxp(--koNL), where

N is the number of atoms/cc, .l is the path length and k, is the spectral

absorption coefficient., For a given spectral line which is assuciated with

a transition hetween an upper state n and a lower state m, e
)k dV = (we /ﬂc)anm

where the integration is carried out over the whole width of the line,

e and i being, respectively, the charge and mass of the electron,

¢ the velocity of light, and ™ the oscillator strength or f-value

for the transition, The f-value i{s related to the matrix ele.ment of

the transition R™™ By13 2 Srzf.tcv / Qhez] [an] z.

The f-value of u iine in a molecular spectrum is therefore pro-
portional to {R } which is the product cf three terms representing, .
respectively, the electronic transition probability, the vibrational
tranoiﬁon probability, and the rotational transition probability,
Quanﬂties proportional to rotational transition proba:biliﬁel are the

rotational line strengths SJ.._ 'I‘he numerical vﬁlues of SJ._ for the

%z. lﬂ' transition >f OH are tabulated by Dieke and Cronwhitel4

‘who use the symbol AK" for this quantity, As the rotational levels

are (27 + 1) fold degenerate, the i:d:iﬁ'ibution of the rotational transition

IZ A. C. G, Mitchell and M, W, Zemansky, "Resonance Radxation and
Excited Atoms' (Cambridge Unive: reity ‘Press, 1934), p. 99.

= G. Herzberg,' "Molecular Spectra a.nd Molecular Structure. 1.
u:.ttormc Moiecuies® {D. Van Nostrand (,omvznv. Inc.. 1950). p 383.

14 ¢ Y Dieke and H. M. Crosswhite, "The Ultraviolet Bands of OH¥,
Bumblebee Report No. 87, Nov, 1948,

* Ref. 13, p. 127, Eq. (II-173).

' The nomenclature used in this paper for the spectral lines is that
of Oldenberg and Rieke, who use the J numbering.
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probability to the f-vaiue is proportional to SJ/(ZJ +1). * Assuming
v mn. to be effectively a constant, as it is in these m’e.asurements.‘.
the f-values of rotational lines with lower level J" are give_n by the
relation

J

where F is a constant. _ _  ___ . s L

oM, g [SJ/(ZJ" + 1)]. (1)

In order to measure the f-value by evaluating (!v '!)dé direcﬂy.

" the absorphon iines must be observed with spectral resolution such
that the half width of the line is appreciably greater thar the effeciive
slit width of the instrument, If a line is observed with an instrument
with insufficient resolving power, which is almest always the case, thé
observed intensity is too low, the error being greatest for the stronger
lines, Techniques for correcting the observed values have been worked
out in great detail in connection with the absolute measurement of the |

intensities of infra-red bands. Lo

The basic theorem is that the experi-
mental values of flm(l% /1)d9 =& approach the true value-. ol for
lines which are weak and broad compared with the effective slit width.

in tue preseni case ithe iniensities of' séverai sbsorption iines are
measured. Thes-. intemntiea are proportional to the rotaaonal transition
probability and frequency of the line and the Bolizmenn facior for the

_ lowes level. Atz the £requency is, in these expenmenu, effectively

a constant, the intensities are proportional to #= S J(exp -E J/k’!‘).

15 See } D, C. Bquru"' phv- Rev 29 704 l'ﬂo"ﬂ
b
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E. B. Wilson. Jr. and A, J. Wel.la. J. Chem. Phys. 14,

578 (1946)

A, Thorndike, A, J, Welle and E, B, Wilson, Jr., J. Chem.
Phys, 15 157 (1947)

{d) J. R. Nielsen, J. Thornton and E. B, Dale, Rev. Mod, Phys,
16, 30" {1944).

‘u—
s

iy
2]
awr

21 X

-, r T RS
¥ g Emay LN, e T e

~
-



3

%

The true intensities are cbtained by evaluating lim & /8 =/, which is the
limiting slope, wheg A= 0,0fa plof ‘::af «ve A, This limit may be evalu-
ated by plotting values of « /& and extrapolating tof = 0. It should be
noted that this extrapolation is not necessarily linear, as was found in

(I), but may show marked positive or negative curvature, Examples

of Lae possible forms of this extrapolation are to be found in the

6

papers by Schats and Hornig., 16 rhe low values of o will show

considerable scatter which is exaggerated to such a degree when

sxperimental values of o/ /4  are plotted directly, that the

probable ;::ﬁrvat.ur_e of th“e-plot of ot/ vs <] ) may be obscu:éd. The

probable curvature of this plot can be more readily seéen by carrying

out the following proceduré. Draw a amocth curve through the experi -

mental points in a plot of alvs /3 . From the smooth curve take values

of d/ﬁ . plot these against /@ and ektrapolate to A= 0, This

‘procedure does no more than evaluate the limiting slope of the smooth

curve. The values quoted in the present work wers obtained by this
method; the limits of uncertainty quoted take cognizance of the fact

that the true limiting slope is poorly defined. -

An alternative method of determining the f-value is to measure

_the '"“Total Absorption" Aa = ’f [(Ig - _:)/i?,-, d9 which is, in principle,
3 v s | s

independent of the instrumental resolving power. This method is

. 1+
described by Minnaext™ ' and has been used extensively by A. S. King,

»n n o~ a Tesne
R, B, King and theix

atomic lines.
I

P. N. Schatz and D. F. Hornig, J. Chem. Fhys, 21, 1516 {1953).

17
M. Minnaert, "The Observatory" 57, 328 (1934),

18
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R. B. King and D. C. Stockbarger, Astrophya. J. 91, 488 (1940).
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A plot of the "Total Absorption" for a set of lines in an absorption
spectrum vs log {(aumber cf absorbing &atoms x sppropriate f-vahe)

is termed a curve of growth, Absolute curvees of growth have been

20 22

3 .
calculated by Schiite, van der Held, e and by Fennés and Kavanagh
for . various line shapes and over various ranges of intensity and optical
density., The line shape is described by the parameter a =

BAon + AV c)/MD] NINZ where AV , AV and AV, are respectively,

‘the natural, collisicn and Doppler half-widths. If a = 0 the line is a

purely Doppler -broadened line with negligibly small natural line-width.

In the absolute curves of growth the quantity (A‘/A*)-D}a[m = A is

plotted on a logarithmic ordinate; the quantity log {;Nfl Iwaal}lm ]- B*

-is plotted as an abcissi, where N is the number cf absorbing

‘molecules/cc, £ isthe path length, 4w f[(f:, - I,,_)/I‘:,] dv.

The procedure for the calculation 6£ an f-value is as follows,
Values of A are calculated. The nnmber. of atoms in each rotational
level NJ is known; f-values are taken from Eq. (1), using an
arbitrarily chosen value of F, Arbitrary values of B can thergfdre
be calculated, A plotof A against B will give an experimental
curve of growth running parallel to the achluf,e curve of growth which

passes through the point A= B= 0.1. The intercept on the B axis

of the experimental curve will give the factor by which the a.rbitraril'y
2_FW. Sclﬁitz. Z. Astrophys. 1, 300 (1930), '
<t E, F. M. van der Held, Z. FPhys. 70, {(1930).

be S. S, Penner and R. W, Kavanagh, J, Opt. Soc. Amer, 43, 385 (1953},

¢
‘Ref, 13, p., 132.
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chosen value of F has to be multiplied in order to give the true value,
III. Experimental

The absorption ¢ :11 was made cf Vycor tubing 50 cms long and
4/5 cms in diameter to which quartz windows were sealed. The cell
was placed in the center of an electric furnace 90 ems long and 6 cms
in diameter which was wound with 14 gauge nichrome V wire, Two
extra windings of 19 gauge nichrome V wire were placed over the two
end sections of the furnace to make the temperature gradients moxrs
uniform along the length of the c£n. Temperaiureo of‘ 1300° - 1400°k
could be maintained with a total power input of about 2 k.w. The power
iﬁput was raised to about 3 k.w. during the initial heating period. The
Vycor tubing devitrified. becoming quite brittle. at temperaturea of
about 1450° K, at which temperature the quartz windows fairly rapidly
lost their transparency, becoming noticeably etched. The useful life
of a cell at thil*temp_erat;u'e was onli a few hours; long enough -fér one
or two runs, At temperatures some 80° lower the celis could be used
witl{out difficulty for a proionged serics of runs, Temperatures were
measured witha Pt-PtRh th_ermocouple in a probe which could be moved
aiong the iurnace, the probe lyiﬁg between the absorption tube and
the furnace core. In control experiments it was shown that, under the

“‘"’mental conditions, this was an accuraic measure of t.hc ;empera;ar-e
of the gas in the cell. Temperature variations along the length of the
cell were ordinarily 10to 15°, Temperatures were taken at frequent
uring 2 run, After sbout six houre running the temperature of

the furnacé was senubly constant for periods of an hc.u- or more,

Olden'berg and Rzeke did not use »n absorption cell as wide bore hard

-9 -
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glass or quartz tube was not then available. The mixture cf water
vapor and oxygen was contained in a tube of '""Pythagoras' composition
110 cms long, the ce;xtral 50 cms of which was electrically heated.
They measured the temperature distribution along the whole tube and
calculated the total amount of CH present by a graphical integration,
The fact that their absorbing path was not sharply defined, as by a
window, but only by the temperature gradients in the furnace, is a |
possible source of error.

A mixture of oxygen @d water vapor (1/3 0,. 2/3 HZO) was obtained
by bubbling oxygen through distilled water in a thermostat maintained
at 89.6°C. The mixture was led into the absorpticn tube via an electrically
heated lead tube. Saturation was ensured by usiﬁg two bub‘biérs in a
series. The composition was satisfactorily checked in controi experi-
ments. Further, the change in the strength of the lines observed when
the thermostat temperature was lowered, thus cha.nging.the composition
of the mixture, was in accord with the predicted change.

The absorption spectra were observed in the third order of Dr. R.
M, .Bad.ger’s Eagle-mounted 21 ft. grating spectrograph, The light
source was a 150 watt Hanovia high pressure xenon arc which gave a
very good continuum in this region.- A Corning 9-54 filter was used to

remove light in the second order. A suitable density was obtained with

* In Oldenberg and Rieke's experiments a hydrogen discharge tube was
nged as light source with a cylindrical lens in frontof the plate. Only a
short length of the spectrum iand, .consequently, only a few lines could
be observed, Seversl of their stronger lines were blended with quite
strong satellites. 7The contours of the "unblended" lines were separated
semi-empirically from those of blended lines. In this study the whole
band could oe observed and, consequently, lines could be selectsd for
photometry which were quite free from overlapping.
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longer if the cell had been in use for some time and the windows had

become etcheA

A 4 x 10" plate was cut in two, one half being uced in the grating
spectrcgraph and the other being uned for calibration. The two plates
were developed together with continuous brushing., In the r}.nge of slit
widths used for the microphotometer {(equivalent to the slit width of the
spectrograph or less by a factor of 4) the apparent areas and peak intensities
of the lines were constant, Areas under the lincs were estimated |
graphically, For the weaker lines it was sufficiently accurate to use a
triangular line profile, a procedure which simplified the calculations .

considerably. ¥8° 19

IV. Calculation of the OH Concentration

The calculation of the concentration of OH .fdlowed exactly the
procedure followed in (I), but used the &pﬁlibrium constants given by
Dwyer and Oldenberg. 2 The relationship used is that

(Ko o, * o)’/ ‘Pnzo’z Po, *here Poyr Puot Fo,
are the partial pressures of hydroxyl, water vapor and ox"ygen. respectively,
and K.,  and KO, are the constants for i:hg gquilibria 40H ;"—’ZHZO +C, |
and ZHZ + Oz;.f} ZHZO. respectively, Suiteble corrections were made
for temperature variations in the cell. These were always small,

The numbers of radicals in each rotational ievel were derived from
the partition function which was calculated usizzg the enerae lavels
tabulated by Dieke and Crosswhite. In this calculation it should be noted
that while each energy level is doubly degenerate because of /\ doubling,
each line arises from only one of the A components,

The absolute f-value iz very sensitive to the value of the equilibrium

constants, According to Eq:l-e8 the best available value of KOH is that



of Dwyer and Oldenberg, but the unceriainty in the value is still large
and would correspond to an uncertainty in the absolute f-value of at
lezst a factor of two.

V. Results Obtained by Oldenberg and Rieke

The instrument used in (1) had a theoretical resolving power of

0.145 c_:_m'l and in other experiments this limiting resolution was quite

closely approached. The absorption lines of OH had an apparent half-

width of 0.58 cm™~). If this is taken as the true half-width then there

would appear to be sufliicient re éolving power to evaluate 3.(13/ Iy)dv.
The relative strengths of the lines were not, however, in the ratios pre=

dicted by theory, Instead of being a constant, the value of d/ﬂ .

dusing the notation of Section 2) for the strongest lines was about half

that for the weaker lines. The plot of ##vsd was apparently linear,
The final value which they obtained, recalculated using Dwyer and Olden-
berg s equilibrium constants and redefined thréugh Eq. 4), is

_ A =) '
f= 3.17x 107~ SJ/(ZJ’ 4 1). They estimated that the overail uncertainty

in their f-value waz = 15%.

~ From the data given in (I) it is pGnsible to derive, for each line,
values of A and B, the parameters used__ in piotﬁng the curve 6f. grow
Oldenberg and Rieke found that all their line profiles were similar to
that of tne di(B 1/2} line. From their pubiished iine coniour it is
possible to construct a plot of {13 - Iy) /'13 as a function of ¥ and fo
c;n-t;'uct curves {a) relatingj‘(ﬁ/ iy )dv with the pzak intensity of
the lne, (b) ralating.‘r { 9 - L) 9} & with the peak intensity. It
is then possible to derive values 64 [ (13 - )/1¥| d¥ irom the data

given in (I) and hence values of A for the lines they measured. These

values of A are plotted in Figure 1 against the appropriate values of B

-12 -
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using the concentrations calculated from Dwyer and Oldenberg ‘s values

of the equilibrium constants, and a value of F = 3,17 x 10™* [Eq. m] :
The theoetical curves of growth fora= 0 and a= 0.5 havehbeen drawn
on the same graph, It c#n be seer that it is possible to vary the velue

of F over quite a wide range {£20%) and still obtain a reasoaable fit

to the curve of growth, As B is a logarithmic fuﬁction thieg is equiva-
lent to shifting all the points ” to the B axis. There is a distinct

trend for the stronger lines to fall on the curve of growth with a = 0,

This trend, which is also observed in the present study, is difficult to
understand. The amount of collision broadening in OH is, at the moment,
a matter for speculation but it can hardly be negligibie. |

V1. Results of the Present Study

Runs were made at temperatures between 136 0°K and 1460°K with
mixture’composition ranging from the optimum 66% HZO' 34",'4Cz. to
5% HZIO.' 95%07. The ;lata from 5 runs were evaluated completely

and were found to give consistent results. F_iiiures Z to 5 are specimen
plots of two runs showing the method of calculation via«. The curves
drawn in Figs. 4 and 5 were obtained from the smooth curves drawn

i‘n Figs. 2 and 3, Thkey indicate the probablc upward trend in values

of «</B# as/3-p(. Figures 6 and 7 show the results plotted as curve

© of growth,
The mean {-values derived, defined by Eq. (1), are:
extrapolation method f= 1.60x 10°% S 23 % 1%

curve of growth method f= 1.45 x 104

Sy/(23 + 1).
The higher value given by the extrapolation method is due to the greater
importance of the intensities of the weaker lines in defining the form of

the extrapolation. ‘The uncertainiies in both these values arc = 20% due,
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in the firat case, to uncertainties in the precise form of the extra-~
polation and, in the second, to the flexibility of 'fit" of the curve of
growth, The best fitz are for a curve with a = 0,

It should be borne in mind that the mcasurement of these intensities
is quite inaccurate; for weaker lines, which comprise most of those
measured, the uncertainty is £15% or more. This uncertainty comes
mainly in the posiiion of the "background" intensity on the microphoto-
meter trace,

VII. Discussien

Largs errors in absolute intensity measurements can be caused by
lack §f resolution. In botﬂ Oldeni:erg and Rieke's work and in t!_ze present
study the effective resolution is far from ideal, as is shown by the iact
that the strongest lines had only about 1/2 of their "true' intensity.

The resolving power of the present instrument was apparently some-

what less than that used in (1) in that the absorpiion lines were wider with &

half.width of 0.86 ¢:n.11 as against 0,58 cm'l'. The performance of the

grating with émiasion spectra would not lead one to suspect that it would
be il'u'erior to the peﬁcrmaﬂce of the grating usc .
We are comparing here two different criteria of resclution, The first, the
Rayleigh criterion, giw:s. the mirimum resclvable separation between

two lines, The aﬁsolu_te intensities and contours of these lines will
probably be distorted. The critevion required in this work, where
abaofute intensities are heing measured, could be defined in terms of the

half-width of the narrowest line whose contour will be observed without

. appreciable distortion, It can be seen that the latter criterion is

more stringert than the Rayleigh criterion,

=14 &
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Slate; ey "haa given a method by which distortioas to the true Ii;';e
contour caused by using an instrument of finite reeolving power can be
eliminated and the true line cgz;to;.xr derived from the observed contour,
Oldenberg &nd Rieke used this correction, Assuming that their instrument
would resolve 0. 145 <:tn";l and making an allowance for the distortions in
the microphctometer, they found that these corrections were small, of
the order of a few percent, nowhere near the factor of 2 which is required.
It follows, therefore, that the effective resolving power for estimating
absolute intensities is much less than they had assumed and that the
neffective" slit width i® much gresater than 0.145 cm " l, These con-
clusions apply also to the present wozk. | |

'fhe effective slit width required to doutle the intensity of the line

is large and would be gre_ater't'han the apparent half-width of the line.

* Slater®s method of correction would not be valid in such a case, The

cauae of this instrumental distortion is, at the moment, obscure.* It

is 80 large that one can seriously question whether any of the estimates of

line intensity are valid. In making the correction for lack of resolution

the values of e./f only approach the true limit 2e 90 for weak lines
which are broad compared with the effective slit width, As the true
line contour &nd half-breadth cannot be given, even approximately, by

the cheerved contour, we do not know that the true limiting value of & /4

23 ;5. c. Slater, Phys. Rev. 25, 783 {1925).

. To quote Oldenberg and Rieke ''.,,we were led to the conclusion that
the overall resolving power is considerably less than we had assumed.

jthout extensive tcsts it is impossible to decide if the discrepancy lies
in the grating, the densitometer or the inability of the photographic
ylate to repruduce accurately stecep intensity gradients. "

- 15 -
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iz being ;rxeasured, All that can be said is that the absolute intensities
obtained in this manner define a lower limit to the true value,

The curve of grqﬁth method is, in principle, independent of the
resolving power although estimates of the 'total absorption' will become
less accurate as the resolution is decreased for, as the apparent peak
intensity is lowered, some intensity will be '"lost" in the wings of the
line, The method should be applicable to _the present case with, howevé*.
sorane reservations. The assumption that the lines in a band will lie on
one curve of growth is equivalent to saying that they a.-re' all collision-
broadened to thé same extent or, more oimpfy. that they 21l have the
same shapz, It is, however, quite reasonable to guﬁ.*poae that, for the
lines in a band, colliaion brogdening is 2 function of J; coﬁsequently,

each line will lie on a slightly different curve of growth, In the region

_ of the curve of growth which we are using, the results of such an effect

) Y

may be expected to be small hut the possibility must not be overlooked,

This consideration and the large experimental scatter makes the
use on the curve of growth, in this case, somewhat uncertain, It has
been already noted that there is a distiﬁct trend for bointa from stronger
lines to lie near the curve for a= 0. As the vamo\mt of collis‘ion broad-
ening in OH can hardly be negligible, this makes one suspect again
that there is nome systcematic error in measurix;g the relative and/or
absclute intensities of the lines, or,perhaps, that the line shape is not
constant., It does, however, seem that the true half-width mey be
appreciably less than the observed half-width.

After a critical study of the present experiments it was concluded
that the te mperature and composition of the gas in the furnace and the

apparent intensities of the lines were as well defined as in the work of



Oldenberg and Rieke., As an absorption cell was used, the path length

is better defined and the corrections for temperature gradients are
smaller thag in their work. It is. however, well-known that systematic
errors and lack of sufficient resolving power in absolute intensity deter-
minations almost invariably lead to low values. The result of the present
work, when compared toc the higher f-value obtained by Oldenberg and
Rieke, is accordingly suspect. These results do, however, show that
the order of magnitude of the f-value is correct and establish a lower
limit to the true value, This is 2part from the uncertainties in the
thermal data on the dissociation of HZO'

The considerable uncertainties in the photometric ineasurements
m#ke it difficult to eatix.nate how far the lower limit we have e.stablished
differs from the true value. This true value could be even greater than
that found by Oldenberg and Rieke, A prerequ.isite for further work on
'molecular f-values is a study of instrumental distortions in the measurec-
ment of intensities of absorption lines,

Acknowle ggement

The author wishes to acknowledge the ndvic;: and helpful criﬁéiam
given during the course of this work by Dr. S. S. Peaner, who suggested
this prebiem, and the many heipiui discussions be has had with Dr. R, M,
Badger who generously extended the fﬂ‘dﬁﬁel of his laboratory for this

work, .



e e AP LA, S A e e S 3 e 3

CAPTIONS TO THE FIGURES

Fig. 1, A curve of growth calculated from Oldenberg and Rieke‘s daia,
' ~ =

A= (A/AY ) Néwe2. B= 1ogm|_(r:u/m V) N z]' . The absolute

values of B correspond to Oldenberg and Rieke's final f-values,

Fig. 2. Values of &«& = J’&‘lg/lq )dV plotted against S = SJexp(-EJ/kT).
The temperature in this run was 1460°K.

Fig. 3 Vzlues of o plotted va 48  for a run at 1380°K.

Fig., 4. Valves of «f /8 plotted vs 2 from the data plotted in Fig. 2.

. The cuzve is a plot of values of &</ 8 ves /4 obtained from the smooth

curve drawn in Fig, 2. This curve only indicates the probable form of
the extrapolation, ‘

Fig. 5. Valuesof o¢/8 plotted vs /3 for the data plotted in Fig. 3.

The curve was drawn as in Fig. 4.

Fig. 6. The data used in Fig. 2 ploited as a curve of growth showing the
apparent ‘'fit'" of the points to curves with a ~#0,

Fig. 7. The data used in Fig, 3 plotted as a curve of growth showing the

apparent ''fit" of the points to curves with a ~¢0,
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