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Abstract

Small mblecu1és'such‘as NO, OH, 1,, S,, S0,, NO, and HCHO
display discrete sharp electronic rotationél-v{hrationg1 lines.
Utilizing the Zeeman effect, one component of an.atomic emmission line
can be made to exactly coincide with a sharp molecular line while the
other compbnent is shifted so that ihere is no.over tap with this line.
When large molecules uhdergb electronic tfansitions it is not possible to
resqfve the rotational structure in‘thé vast majority of cases.

% components is

Therefore, the difference in absorption between the o
prcportional to the density of the‘molecu1es showing sharp absorption’ but
is not influencgd by dther molecules. These phenomena can be used to

achieve high1y sensitive and selective de*ection of small molecules.
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It'js well known that in some cases diatomic molecules display sharp
rotational structure when undergoing electronic transitions. Since Wood

first used a mercury line to excite one of the vibrational lines pf 12

in 19?],1 atomic lines have been used to mono¢hfomatica1ly excite
transitions to a single level of a diatomic mcﬂecule._z"lS

Recently, by magnetically scanning atomic 1ines; we observed
rotational structuré‘invmolecuiar electronic tranﬁition in regions where
Dredissociafion was not occurring. Not only did this occur for diatomic
molecules but a]So'for some triatomicvmolecules and for one tetraatomic
molecule. Thus, we have developed a new technique for the detection of
small molecules, in which an:atoﬁic line is shifted using the Zeeman
effect to obtain an exact'hétch'with a moieéufar rotational line. The
matching cohoonent was USed.for measuring absorption caused hv the
'sharp nmolecular line and thé ﬁnmatchéd a'cohponent for reference,
resﬁ]ting in a differential ahsofption'meaSUrement. This technique is
ve}y powerful for the in-situ detection of sma1f_molecules in smoke or
various gas mixtures. |

Racause of the line sharpness, apparent ahsorption measured using a
continuum source may he much less than that expected from a kXncwledge of
the oscillafor strength. For example, the true absofption coefficients
of individual rotational-]fne of NOy band have been found to be several
hundred times greater than the apparent absorption coeffients measure'by
using a low reso]ution‘monochromator.6 With the presenﬁ technigue we
can obtain the high sensitivity expected form a consideration of the
absorption coefficient of the molecular line, since we:use a sharp atomic

line with a half width of about 0.1 cm™} (3 GHz).
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Usually, large molecules do not show rotational structure in their
electronic transition spectra because the spacing of rotational lines is
smaller than the Doppler width and hecause broadening'due to
predissociation is more likely to occur than in small moTecu1es.7
Electronic hands of a polvatomic molecule are often more complicated than
the infrared hands of the same molecule, since large differences of
rotationaT constants may arise fﬁ upper and lower statés. Hence, for
large molecules, there would be.essentia1iy no difference in abéorption
retaveen the af'ando - components of an atomic 1ihe, and, high
selective detection of sha]l mbleculeé.bécomes'nossible.

Furthermore,_the fier strength for exact métching-between an atomic
line and a molecular line differs depeﬁdihg‘upon the small molecule.

Th%s means that the technique wi)] he selective e&en if a mixture
contains different small mo1eculés, 0f course a monochromator is used to
isolate the matching étomﬁc lines. The molecules detected with this |
technique are listed in Tahle 1. >Intense atomic lines which could
possihly coincide with molecular lines in the bands that do not show
evidence of predissbciatinn were chosén from the MIT Wavelength Tab'le.8
| Mext, the possib1é atomicrline source Qas place in an electromagnet
and the diffenerence of absorption between the o+ andvd° components
vas measured over fhe field strngth from 0 to 25 kG. Although we found
“many coincident lines, the lines listedrin Tab]evl'were:se1ecated for
this"tecﬁnique'beCause of the sensitivity (large differential v v
absorption), ehission intensity and simplicity of the Zeeman pattern,
Some of the atomic lines in Table 1 have been used for molecular

spectrosxopic measurements by others.l™>
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Fiqure 1 is a b{pck diagram of the experimehtal apparatus. An
atomic line source was p]iced in the -magnetic fié1d, and the emission
passes through a‘hple in the ejettromagnet in a direction parallel to the
magnetic field. Atomic vapor in the 1ight source was produced by
sputtering the cathode'haterialliith an abnormal D.C. glow discharge
(50-260 mA, 100-200 V) énd an RF discharge (70MHz, 10W) acting
simultaneaously{ The é]ectrbmagnet (Varian Associates Model V-4004)
could'apply a homogeneous ma§netic-fie1d-to the light source of up to 230
kéauss. The circularly p61arizﬁnq ot tomponents wera cbnverted to linear
polarized light andlse1etted by a linear polarizer. Ue develnped a
variahle phase retarder by applying stress to a Suprasil h1ock9 that
was used to convert circular to linear polarized light. A rochon prism
made of synthetic quartz blocks with obtical contact was used for the
linear polarizer. This retarder and polarizer can be used in the U.V
region down to 175 nm. The Rothdn prism was rotated in the shaft of a
synbéhfondhs'motor at 3600 r;p;m; The 1ength4of ehsorption cells used
were 1, iO, 25, 100 cm.

Figure 2 shows the re]atibn hetWeen the o+ component, g
component and the rotational line. In this case, the emission line is

from ZIn at the 213.8 nm (1sov- 1

Pl) and the absorption line is

from NO [Azu-xzz, (1,0,Q(k=29)] . The absorption Tine profile is
measured hyvscanning the ot compbnént through ;he molecular line. The
emission line was assumed to be Doppler broadened at a temperature of
3849 and the contribution of isotope shift to the line width was also
included. These corrections have not been made to the absorption line
profile displayed in Fiqu}e 2. Instead, this figure shows how the
selectiveity of this technique_depeﬁds upon the magnetic field.

As far as we know, only a few large molecules exhibit rotational

structure in the electronic spectrum.7’10 Therefore, in the vast
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major{ty'of cases, interferente caused by absorption and scattering of
large molecules will be non existant with the present technique. Figure
3 is an example of the interference.correetions obtained with‘tﬁis
technique. The‘IOWer trace shows the differential absorption between the e
o and ¢~ components of the Cd(II)}line at 214.4 nm. The upper trace
shows the light intensisty of the photomultiplier. When NO gas was
introduced into the ahsorption cell, a big difference hetween the
ahsorptions of o+ and g~ Qas produced which was related in a linear
fashicen to the amcunt of NO. However, when acetic acid vapor was
introduced into the cell there was no difference in ahsorption between
o aﬁd o , even thouah the incident light was strbngTy‘absorbed by
rHBCOOH vapor. The pressure of CH,C00H vapef at 3 Torr was low
erough to avoid oressere hroadening. We.elso looked at nitro-benzene
which has strona ahbsorption bands near the Cd line at 214.4 nm. No
signal for CGHSND was observed wfth tHis.technique. It was'ajéo
confirmed lthat light scattering.in the.cell which attenuated the
incident liqht 70% djd’not produce e signal.

For the Zn line at 213.8 nm, exact matching between the atomic line
and the rotationai line of NO can bhe aehieved at a field strength of 19
b G, fecause of the high J value of 29 1/2, this line is suitable for NO
detection at high temberature. For the measurement at room temnerature,
CCAlTTY Vines at 24,4 nm and 226.5% nm gives rise to high sensitivity
hecuase the J values nf the coincident molecular line 11 1/2 and 10 1/2, v
respectively. The Roltzman distribution of rotation-vibrational levels
of the ground state neaks at J = 7 at 200, However, the detection
limit for NO with this technioue was about 50 ppb. The field strength

114

for matching was 16.5 kG for th e Cd(I11) Ifne at 22,5 nm and 8.5 kG

for the 11%cq(11) Tine at 214.4nm.
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_ Su]pher'dioxide did not show discrete-Fotatiohal lines near the Cd
line at 228.8(nm‘0r the In liné 213,8 nm. However, we could observe |
djfferentia1 absorption hetween the ot componet§ dué to rotational
structure df 50,. The spacing of the peaks due to the rotational
structure was about 10 GHz and the differente between the peak and the
bbttom.of the absorption was.aﬁout 30% of the average absorption. The
Tower detection 1§mitvof SO2 was about 5§ ppm with thiS technique. The
field strengths thét»produted the 1argest differentia1 absorption were 6,
jd, and 20 .8 kG, |

We also observed clear rotatibna1 1ines‘nf HCHO to the higher

D1 s very rare that

frequency side of a Ag line at 338 3 nm
tetraatomic molecules show sharp structure in this wavelength region.
The field strengths for matching wﬁre.s, 14.3‘andf17;2 kG. The
predissociation region of NO2 in the ultraviolet band system near 245
nm is hetween 4,08 A;s;oa.ev7 ‘Predissdcation of NO, can be observed
beTowvzde nm. The lines of the bhand of 249.1 nm are quite sharp, those
ofifhe hand at 24%5,9 nm are‘s1ight1y broadened whiie the band at 244.7 nm

12,13

-is completely diffuse. Using Zeeman scanning, we found the btands

starting at 249.1 nm exhihit discrete rotational lines near an intense Cu

Tine at 224¢.2 nm. Fiqure & shows-the relation hetween the strength of

. . . . . . + nents.
the maqretic field and the diffenential ahsorption for o- components

This fuy line shows anomalous 7eeman effect, and has ‘two g components of
the same circular po]arizétion with relative intensities of 3:1 and with

freauency displacements in the ration of 8/5 : 28/15. Both 63cu

(69.1%) and 65Cu (30.9%) have nuclear spin of 3/2. Thus, the'scannedo
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(8)
component is broadened and the true pfofile,of the NO2 rotational line
to the higher frequency side of the Cu line is sharper than that
appearing in Fiqure 4. Because the coponents are broadened, the
pressure dependgnce of the signal for NOZ is 1ess'than that for NO.
With N2 at.l atmosphere pressure, the sensitivity remained ét 63% of
that at § Torr. The detection 1imit of NO2 With‘this techniques was

ahout 10 ppm.
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Table 1. List of small nolecu1e§ measured with this technique.

Molecule

- NO

OH

SO

NO

CH,O

Atomic Line

ca(r)

in

~ Bt

Zn
Hg

Mg(II)4

Zn

cd

~ Cu

Ag

Wavelength
(am)

214.4
' 226.5
213.8
306.8
307.2
546.1_
279.6
280.3
213.8
228.8
249.2
249.7
249.8

338.3

Transition
%102 = a2
*$102 - Px/é
1so _ 1?1‘
S32 = P12
3P2 - 3P‘
P, - 3
%172 = “Pap
102 = Puz
s -1
15° - Ly
zs1/2 T Tz
Pirz = Si2
2P3/2 T P12
251/2 RSV
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_F[ggre‘tpotions

Fig. 1. Rlock diagram’of expefimental apparatus.
~Fia. 2. Relation betaween the vibrational-rotationa1 Tine of NO
AZz*-Xmy ;0 (1,0), 0,(29 1/2) and the ¢* and o

- -components of the Zn liné'at 2138.56RA (ISo .

Pl).

Fig. 3. MNO signals with the present technique and the correction of
hackéround_absorption caused by CH3C00H; Upper'tracé: |
iight intensity on.thé Dhotomu1tip1ier; Lower trace:
differential ahsorption for o' and o components,

Fig. 4. Relation between the intensity.qf differential absorption and

field strength for NO,.
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