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1. Since the last progress report, our aim has been to qbtain date which
will provide a test of the accurutcy of the different@hl abeorption method for
trace conbaminant detection in many-component gas mixtures. The necessary

sccurate absorption coefficient determinations were carried out for sejeral

more gases, namely, acetonitrile, 1,2-dichloroethane, -Freon-113, furan, methyl
ethyl ketone, and t-bulyl alenhol. The absorptionrcoefficients are displayed
graphicelly in Pigs. 1~68. This brings to {iffieen the total number of gases
for which we have catalyzed Cbgulaser line absorpition coefficlients to an accu~

racy of + 1%.

2. We have tested an opto-acoustic mebhod of measuring absorbaﬁue, aim-

LR

ilar to the system described by Dewey [Opt. Eng. 13, 48% (1974)]. Huwever,

since no improvement in sensitiviby over a diroct-absorption meagurement was”

obtaihed, this methbd was not pursued.

3. A series of measurements have been carried out on known gas mixtures,
in order to Lfurnish data for testing calculational procedures, The runs for
mixtures of trace gases were performed.-using the absorption method. The mix-

tures were choseén in such a way as to determine the effect of the following

factors on the acéurac& of the determination of contaminant concentrations:

1) The variation of the absorption for similar mixtures, i.e., mixtures
with thé same relative concentrations of the gases, but different
total pressures of the contaminant mixture;

The presence of a relatively high concentration of a broadly

Y

absorbing gas;
%) The vggiation of the relative concentrations of two gases with .

very sin'ilar absorption spectra.

U Sy S R e T e s e b - B e r»l



-7

The following method was used in the preporation of the mixtures. fThe
ratio of the volume of the absorptidn cell to the volume of a sidenrm bulb
vas determineh‘as accurately as possible ( 0.5%). FEach gas to be used in
B mixture was first purified by the freeze-pump-thaw cycle, then fraction-
ally distilled over to another cold finger for storage. All gas pressures
were measured on a dibutyl phthalete manometer; all manometer readings were
taken with a cathetometer, A predebermined amount of each gas was let into
the menifold. After the pressure in the manifold reached equilibrium, the
cell was closed off and the gas in the cell was frozen into the sidearm bulb.
The whole.system was then pumped on for a few minutes, After ell thé gases
were stored in the bulb, it was brought to room temperature and the gases
were allowed to.expand into the aﬁsorption cell ard mix overnight, (This
was experimentally found to be sufficient mixing time.) The next day air
was édded to'bring the mixture to atmospheric pressure.

The Tirst few runs were mixtures of 6, 9, 11, and 12 gases, They will
give an indicabion of the increasing inaccurecies in the results as the number
- of conteminants is increased, The concentrations used were sufficient.for
partial, but not ﬁotal, absofption of the lasér ;ight. The pressures of some
“of tﬁe gases were variéﬁ, notably benzené and é&clohexane which hamé similar

spectra, in order to see interference effecﬁs and the error in-concentration  ‘3’Li
as a funection of concentration. The next ruh was ﬁith 12 géses all in weaklj ’
absorbing amounts. Ninergases were plaéed in the cell for the next run. They _
- all had large absorptiqn coefficients, and were present in moderate concentra- | ;x%?
E tions. During preparation, the gidearm_bulb was closed off befbré adﬁitting

‘]-_air to the cell. After the abéorption measurements for this.xun were made,
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the cell was e%acuaﬁed and the contents of the sidearm bulb was again allowed
to expand into the cell and mix overnight., Thus, the relative concentrations
of the“gases in these two runs should be the same, but the total pressure due
to the trace contaminants is reduced by & factor of about 15, For the next
two runs, a gas mixture with all gases present in strongly sbsorbing concen-
.trations was made, An additionasl run was made on the mixture with the same

;élexiye concentrations, but the total pressure was reduced by a factor of 15.

We ulso raﬁ*ﬁpe same mixture further reduced in total pressure by the same

N

factor with en Smount of & broadly absgrbing gas (isopropanol) added so that

e

absorption vaelueg for the mixture were significant, The resultant spectrum

T

shoeld appear aé’the sPecﬁrum of the broadly absorbing gas with the sbsorption
of the mixture added on top. It is thought that the presence of an absorber
mighﬁ improve sensitivi@y becaﬁse small valeee of absorption have lergee

error limits assoclated ﬁitb them,

A 15-component mixture was then prepared, where 12 of the gases were

- present in roughly the same absolute concentration as before, but once again

an amoéht of isopropencl was added, A mixture was also prepared of 15 gases,

~

all in concentrations whiéh have moderate absorption of laser light.: The
measurements were repested three times, l% hours apart, to check the repro-
dueibility of the data, The results are shown in the table below. No points

were discarded in the stendard deviation calculations.

4. A preliminary analysis of these data was carried out on the small
PDP-B/L computer in eur lébﬁratory. Mr. Green is ce:rently carrying out more
exteﬁsive ahﬁlysis eﬁ the cemputee feeilify.aﬁ:the NASA Ames Reseafch Centeei
In‘thé'ﬁﬁevieus Prdgress Reﬁert; i% wée ﬁqteds(for a three-éasrmixﬁere) that
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Number _ (_i_ 6 2)1/2 Typical A with 96% conf,
1/1, of points %% MWL ;P4 limits for normal dist. (B5)
0.5-0.3 27 0.013 2.00 £ 0,026 (L1.3%)
0.15-0,11 33 0.013 4,00 £ 0,026 (0.74)
0.07-0,04 72 0.03% 6.00 £ 0.06 (1.09)
' 0,025-0,007 13 0.0% 9,00 £ 0,06 (0.7%)

using n wavelengths to determine the concentrations of n gases resulied in large
errors due to errors in experimental values, Use of a least-squares fitting
routine to use all experimental date to determine the concentrations was tried
first, Tor & system with n different gases, )\ different wavelength albsorp-

tion measurements and ¢, estimated concentrations (j = 1, ..., n), the esti~

J

mated absorption would bé ¥y = cj, where Eij is the.absorption coefficient

of ‘the jth gas ab the~ith wavelength, The ¥y values diff'er from the experi-

J

experimental measurement errors. Miniﬂization'of the sum of the squares of

mental ebsorptions Ai because the ¢, are not the exact values and because of

\

the residuals 1(= é (yi - A ) ) with respect to variation in concentration

(an/ac = 0 for all j) Will give a set of simultaneous linear equ&tions,

fjlcl + f32°2 + fﬁ3c3 f.... —i—fdncn =\c1'j for each j =1, ..., n

A YL A' .
where fjk = igh.eijeik and dj T i§l Eij(Ai - yi)

' Tn matrix form, ‘Fg - Q, ¢ = E‘lg, where | = ng, D= gT(g-g). The solutions

c

d.

are functions of the errors in the input concentrations, They cen be used

P w



i

i

o | // | | . P . . | . . ’ '.'

i

as correction values and added to the input cJ velues. JFrom these new c:.j
estimates a new value of 1 is found. The process is repeated until tle
residuals no longer decresse significantly. T

The T matrix is & symmetric positive definite matrix. This allows
elimination methods {o be used which reguire non-vanishing positive pivots.
,Jn particular, the triangular decomposition method of Cholesky is compact,
uses little memory space, and does ngt require inversion of the I matrix for
solution. This method decomposes [ into two triangular matriées (L, QT) which
are transpositions of one another; thus only one need be calculated. Solu-
tion is then by back substitution. Here dj = igaéiin and no initial esti-
mates for the concentrations are required., Work is currently progressing at -
NASA Ames in év&luating the mixture absorption data by bolh methods in order
to find the best method of Boiu%ion. Various schemes of weighting absorption
lines are being tried also. Here the equation becomes gTEg [ gTEQ or (A-Y),

where | is the A X A weighting matrix.

5. The absorption coefficients of vinyl chlericw were measured in dif-
ferehtrﬁiéssures'of air, Total'pressures of' the mixtures were 0.492, 0.748,
0.873, and 1.0 atmosphere, all with 4.1 Torr partial pressure. of vinyl chloride.

The absorption coefficients at some freguencies decreased slightly with in-

~ creasing total pressure, at others it rose or remained constant. (Por example,

b

in the 10.6 umP branch, absorbance at P(22) rose 54, P(B) rose 204, P(36)

fell 15%, and P_(jo) fell less then 1%). Use of a tunable diode laser to
.observé these lineshaﬁes as a function §f pfessure is plaaned. Stark tuning

of the'molecular levels with tﬁe resultant absorption spectrum changes monitored

by the diode laser should allow identification of the molecular levels involved

Ly
-
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oend permit accurate ¢aleulation of the excited state dipolefmbment. These

techniques will slso be applied to other molecules which e#ﬁibiﬁ strong

sbsorption in the 10-11 pm region.



Acetonitrile

Figure 1
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1,2 Dichloroethane
Figure 2
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Figure 3
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Figure 6

Tertiary Butyl Alcohol
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