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I. ~NTROOUCTION

Preparation of m i s s i l e  p r o p e l lan t s  is one of the  a reas  expected
to be significantl y impacted by laser induced chemistry . The synthesis
by laser induced chemistry of specific boron compounds usea as ingredients
in prope l lan ts ha s been the purpose of the recent inves tigations .

Initially mixtures of boron trithloride (BC2
3
) and hydrogen have

been irradiated by a pulsed CO
2 

laser and the gas was observed ~l,21 to

emit a pale yellow luminescence. We have obtained the spectrum of this
visible luminescence and identified spectra l lines. Use of a Fourier
transfo rm IR spectrometer (FTS) enabled us to detect low level impurities
in both the initia l mixture of BC2

3 
and 11

2 
and the reaction products .

These IR spectra showed the presence of the impurity phosgene (C0C22
) in

the initial gas mixture and CO in the reaction products in addition to
the expected HBC~2 

and IICe .

II. EXPERIMENTAL

Typ i c a l l y, a l0~ ~m brass or stainless steel cell fitted with
5 cm diameter NaC~’ or KBr windows  ‘~~t s  used. Three of those cells can
be seen in the upper mi~~..e p i rt of Figure 1 . I t was pass iv at ed for
sever il hollrs with BC ’ then evactiit ed and refilled with 25 to 100 Torr

of BC~’3 
and 25 to 400 Torr of H

2 
in a desired ratio. This mixture was

irradi .ited with 200 ns wide 0.7 J pulses from a Lumonics Model TEA 203
tunable multigas laser operating with a 2-second repetition rate at the
P20 CO2 (10 .591 pm) wavelength. Dur ing irradia tion , visible  luminescence
was detected through a window in the cell perpend icu lar to the beam
d irection and recorded on Polaroid type 107 film after passing through
a prism spectrograph. Absorption spectra were determined with a Digilab
Model 20-B Fourier transform spectrometer before and after irradiation .
This instrument is shown in Figure 2.

III. TECHNIQUE FOR IDENTIFYING LUMINESCENCE SPECTRA

A qu ick and accurate method for identify ing op t ica l sp ectra
has been developed . In this technique , positions corresponding to
given wavelengths are measured from an arbitrarily chosen reference
line on i spectrographic p late of known wavelengths taken with our prism

E spectrograph. These distances and wavelengths are used to calculate the
coefficients of a polynomia l using a least-squares fit . We use a basic
program for polynomial regression of any desired degree up to 9th degree
written for the 9830A Hewlett-Packard progranunable calculator for this
fit. This polynomia l is then used to plot a curve of linear distance
versus wavelength. This step completes the calibration.

v— -
~~~~~ ‘~~

---- ~~~~~~~3 -~ .. .
- I • 

—

j -  ~~ ECE~ fl~~ PAGE BI.U*C..~QAp FILMED



I ~ I —I- ‘ ‘  .
) 

( \ 7~.~~~~

LI ~~~~~~
_ _ _  

(L~A~ ~i~’;~•I —r - . 

‘

~~
- —

~~~~~~~~~~~~~~~~~~~
---- - 0 .~

-:-
~~~,

.1*

1

Ip4I\

-. 

~~~~~~~~~~~~~~~~~~~~ 4 

-

~~~~



_ _  

A’

Figure 2. Fourier trans form spectrometer.

The calculator will then p lot , in ou r par ticu lar spectrographic
p late format , the position of any wavelength prog rammed in to it . These
calculated spectra are plotted as a column of lines of given equal hori-
zontal length and vertical separation calculated from the polynomial
obtained from the calibration points.

Ide nti f ication of mol ecular  and atomic spectra from a spectrographic
p late of an unknown is made by overlapp ing it with calculator drawn
spectra plotted on a transparency . Speed and accuracy are increased
over conventional methods since several spectral lines of a series can
be simultaneously compared , thereby el iminating the usua l tedious method
of measuring the position of each line individually . Deviations between
data and standard spectral line positions , usually due to the geometry
of a particular experimental arrangement or to the mode of excitation ,
can be evaluated immediately by inspection. In this manner , confus ion
ar is ing between measured and standard spectra is reduced. Relative
in tensity in addition to wavelength can be indicated on the ca lculator
plot. This is illustrated in the flame spectrum of boron (Figure 3).
The pr incipal limitation of this method is the availability of known
spectra .

IV. RESULTS

The absorption spectrum after a 300-pulse irradiation of a
50-Torr mixture of boron trichloride and hydrogen in a 1:1 ratio is
shown in Figure 4. An increase in 11C2 absorption band after irradiation

— lcan be seen at 2900 cm , accompanied by a decrease of BC~ 3 
absorption
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FLAME SPECTRUM
BOR ON (B02)

Figure 3. Flame spec trum of boron
compared with computed spectrum .

at 1400, 995 , and 955 cm 1
. Creation of bands at 2620, 1090, and 900

cm
1 

shows tha t llBC~ 2 
was formed as an end product of laser induced

reactions according to the reaction

BC~ 3 + 11
2 
+ hv HBC I~2 

+ HC~

as previousl y repor ted by Rockwood and Hudson (1]. Subsequently the
optimum starting ratio of BC~ 3/1

-1
2 
was found to be 1:4 for HBC~2 forma-

tion. The op t ical emiss ion spe ct ra of BCA~3 irradi ited with a pulsed CO2
laser was found t~ have a continuous spectra l distribution [3,41 from
5300 A to > 6300 A. When a mixture of BCI~3 

with an excess of 11
2 
was used

emission band spectra which fit the B~ A 1 i and d
3
~t a

3
7t series of CO

were observed. Bands due to C~~ and C~~ overlapped by the two most

prominent bands of the series of C
2 

were detected as shown in

Figure 5. COC~~ , a main impurity in the c.p. grade BC~’3 
used , was

identified as the probable source of CO. There were also bands just above
5000 A which correspond to 130 bands previously observed [51.
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18AUG 76
25 TORR BCt~3
25 TORR H2
10 MIN IRRADIATION
300 PULSES
0.7 JOULES/PULSE

~A~~~~~~~rL1000 1400 1800 2200 2600 3000

Fi gure  4. Absorp t ion  spectrum of a 50 Torr mi x t u r e  of BC
3 

and H
2

in a 1:1 rat io, after irradiation with 300 pulses .
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BC~3 C~~ BH

Figure 5. Luminescence spectrum of a 1:4 mixture
of BCI’

3 
and 112.

V. CONCLUSIONS

Laser excited luminescence provides  a means tha t is severa l
orders of magnitude more sensitive than absorption methods for detecting
low concen tra tion of gases. Luminescence of CO from laser induced
breakdown of C0C2

2 
in concentrations 0.1’. was easily detected and is

well above the lO~ molec u les cm~~ limit of detection recent ly
suggested [6].

C0C2 2 inhibi ts  HBC2 2 fo rma t ion  by laser r ad ia t ion  as shown in

Fi gure 6. In this f igure , the absorption spectrum of a mixture of 25
Tory BC23, 25 Torr C0C 22 , and 100 Torr H2 is shown af ter irradia t ion

with 810 pulses. In this spectrum no HBC2
2 

was p roduced ; however , the

CO band at 2150 cm ’ appea rs. Trace amounts of C0C22 in our BC&~ supply

gave rise to the CO line spectrum observed under laser excitation of
BC~ 3 only in the presence of hy !rogen . Thus hydrogen apparently acts as
a medium tha t transfers laser energy absorbed by BCf

3 
to C0C2~ .
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