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Common Sources and Signal Processing Techniques
Used in Vibrational Spectroscopy

t's holiday ome 2eain — Festi-

wal of Lights, Chnstmas lights,

Mew Year's fireworks. and so
oa, What bemer topic for this col-
ump. then, than light sources for
vibratsona] spectroscopy T (Olcay,
it"s a stretch, but vou try beang
clever every month for five
years!) In this column, | continug
10 describe componers available
i instrament manulactarers, OF
congrsa, there are mime ‘.:'El!:l.illiﬂd
of individually fabnicated comipo-
nemis aviulable, but thess are bet-
ter rebegaed to later pages ander
the heading. “Reseanch.™

Dhan’t 1oss ot your back issues
of Speciroscopy just vet, folks
You'll need all the pieces laver
when [ tie all of these parts to-
gether. In a subsequent column,
we Il look at the puzzie and see
how a manufacturer pas 2l the
componems ino a box o solve
yoar Fq.rtu:uh.r prﬁHem I'1 i
case hastories to show how “the
right toal is chosen for the right
job™ (as Mr. Scott stated in “S8ar
Trek [V,

Ay ['ve said before, it is waste-
ful to buikd the most sensiive
i read “expensive”™) reseanch-grode
Estrumend i measure waker i
enethanol_ [t is equally silly bo try
b0 perform research with a fwenty-
vear-old dispersive mode| that
andy cost $5000 new. Let's look at
SOATIE MRS Fleces nl"l!l'lt'pu:l'.ﬂt
There aren't quite as many
sourees os there are means 1o de-
tect and crumch infrared (IR) radi-
atbon. S0 sources are o good start-
ing point for this episte.

RADIATION SOURCES
While you may never be called on
0 achaally chose the sounce Lype

fior your instnement, knowing the
rationale behind 3 manafacourer’s
decision can be heipful. Sources
for vibraton, rotakos, and bend-
ing are essentially psendo-black-
body radiators, They are heated
o | 3002000 K ard emat light
betwesn 1000 and 15,000 nm

{or 10,000 and 867 cm™'). The

M Emm indensity o these
Operating IEmperaines is beraeen
1700 and 2000 nm (79X and
5000 cm™' ). The shape of the in-
IERSHY curve is somewhat asym-
mietric, ‘with a gradual falloff ©o-
ward the lomger wavelengihs to
about 1% of maximem at 13,000
. A steeper falloff is seen to-
ward shorer wavelengths with the
FEANHLUC GCCUTing at sbout 1000
mim. The reduction is related ap-
proximately o the fourth power of
the wavelength.

The matn varamens in the
sources are based on cost, range of
MAXImLET nkEnsiny, and insm-
mient lifetime. Exse of eplace-
ment andd cosl ane oflen the two
main factors in choosing a source,
The monachromator will also die-
late certain parameters for light
sources: interferometer and diode
array—hased instuments are sin-
gle-beam spectrometers and de-
mand extremely stable sources.
Miost dispersive instruments are
dual-beam, whersin small drifts
may be plerated.

Incandescent wire. A closely
wound spiral of Michrome wine
around 4 ceramic core is @ low-
intensity vet durable source. At
temperabures of 1100 K. a black
oxide coating is formed and sc1s
as a blackbody. That is. through-
out the range of emited radiation.
a continuum of energy exisis. Mo

cooling is required other than rdi-
ation losses to ambieat. This
sousce s rugzed and long-lived
enough for classroom or quadisy-
control instruments and is decid-
edly simple o replace.

Because the wine 15 sundy al-
beit not very ingemse. it is recom-
mended for in-process, filser-type
and nondispersive spectrometers.
The imitizd bow energy 18 further
dirmanished if gratings and mirmors
are used. thus the simpler applica-
tons, A chodrum wire heaer
sealed in a ceramic cylinder may
be used in all the spplications rec-
ommended for Nichrome and will
have similar charsctersstics, There
is definively a wrade-off in cost
versus intensity for thess rao
SOUFCES,
glower consists of a cylinder of
rare earth oxides (zerconiam,
yitriwm, and thorium) -3 mm
wide and 2-5 cm lomg. The
glower is heated through platinum
leds sealed in the ends of the
cwlinder and is fairly fragile. The
glower has a negative temperature
coefficient of electrical resistonce,
Thet ks, a8 it i heated. the resis-
tance o cument goes down, In
faes, an external beater is required
io lower the resistance before the
malerial can conduct enough cur-
rent to heat isself.

This necessilobes a circuit with
a current-limiting device, ather-
wiise burmnout will accur. The
glower may be operaled beraeen
1 200 and 20050 B and may be
bwice o intense as the olber
spiroes described here. The higher
bemperatene necessitales ventila-
tion, bat the Zlower mist be pro-
tected from drafts, because the

poor conductivity of the oxides
causes stress fractures with rapid
cooling.

Glowbar. A glowbar consists
of a silscon carbide rod =5 cm
long * 5 mm in diameter. The ad-
vantzpe of the gbowbar is its posi-
tive coefficient of resistance, al-
lowing simple controd of inlensaty
and temperature, Unlike the glow-
er, it needs no booster, Cne drovw-
back is that the electric contacts of
the glowhar need water cooling o
prevent arcing. adding to the com-
plexiey of any usnit it fuels.

The spectral cutpat of the
glowhar i3 ~50% that of a theo-
retical blackbody radiator. [tisa
betier choice than the glower be-
low 5000 nm and beyond [5.000
nm. [t has been used out m 30,000
am {200 emet).

Mercury are. Simple black-
body spurces lose encugh intersity
beyand 00 cm that other types
st be usad in the far-[R range.
High-pressure memcury arc lamps,
jocketed with extra layers of quanz
fior chermal stabifity, producs in-
iense energy in the far-IR. The
awverall outpat is similar o other
blackbodies, but the plasma created
by the are through the memoury va-
por emits fairly large amousts of
long wavelength radintson,

Incandescent lamps. Lsing 1
filament composed of iungsien,
incandescent lamp sownces are
used prienasily for near-[R work.
The outpus i mosily between TS0
amd 2500 nm {1 2800 and 4000
cat'). Most commercaal near-1B
instrumenis wse this source, 28 it is
relizhbe for 1000 o 2000 h of con-
linwous use and is quibs inexpen-
sive. Because this ype is similar
10 ear headlamps. high-gualaty




units may be pooduced far about
S100.

As with asy ather source, the
intensity may be increased by in-
creasing the vodiage. The maxi-
mium wavelength is blue shified
wilh increasing remperatures. and
lamp life is shorensd in the pro-

cess, Because most near-[R instru-
MYENs are single-besm iypes, care-

ful voltage regulancs is reguirsd.
This is mamdated by the low nmse
inherent in near-1R deectors —
they will see defects in lamp mn-
tensity immediately,

LASERS

Tunabile laser diodes. A direct
offspring of the fiberoptics com-
mianscanion ase. unables kaser
dindes are solid-state creations.
They are masily used in nondis-
PETSIVE SPECIMOMEIEEs in process
efVINGaMEnS [0 monktor 1 smail
rumber ol :».pEL'l.ﬁL' COMPOOENES.
The laser diode emits mdiation
OVEr 3 Very Rarmw hand of
wavelengths at surpnsangly high
miensities,

Because common tunable
dindes are used al cryogenic lem-
peratures. the wavelength emitted
may be selected by vanying eather
the diode current or the operaling
remparature. This sensitivity de-
mands careful temperaume contmol
and wodage stability.

Carban dioxitde |asers.
Tunable CO, lasers have been
used for mensunng concenr-

s of atmospheric pollutants

amd warious speckes in water, The
0, baser produces radiation in
the W01 |.000-nm range

{1 100-900 em'). cosisting of

= | (M} closedy spaced discrete
limes. These lines are extremely
strong and pure and. at the same
time. ocear where many materials
have absorpiion bands.

Some typical applications of a
tunabile laser source are fior ammo-
nia. bumdiene., benzene. ethanol,
nitrous axide, and wichloroethy-
lene. The poawer is amenable 1o
the extremely loag pathkenaths
used in environmental moaitonng.
The sowrce and detecior may be
separaied by many meters. albow.
img for ingredibly kew concentra-
trons of maserials to be quantified
and quadified.

ASSORTED AND SUNDRY
ELECTROMICS
Two things that mast oransducers
(a ransducer ks 2 device thal Irms.
forms & physical or chemical
chanse into an elactne signal)
b 10 conremoa are 1) o small
signal output and 2) 3 continuous
ar qn.plu! sl One ar both of
these conditions must wually be
changed before useful information
is chiained from an analytical in-
strument. That is, the signal musi
be amiplified andfor digitized for
an iMegralnr of COMPUIET io
crunch the numbers,

W will examine thess two
steps as if they were independent.
altbough anyone whio has ever
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turmned a radio louder because of
static knows that the stabic also
becimes lowder. The last thing,
then, that one neads from an am-
p||r||:r 1% addicional maise. This is
anather area where price versus
performance comes into consider-
ation. 'We'll look at some compa-
menis used in the signal processing
of instruments and then loek at
3 ephancement Bchmgues.

Operational amplifiers.
Don't look now, bul we don't use
tubes in our squipment anymors
— everything is sonlicl-spane elec-
rnecs. We won't bother with the
theory of transiston and ather
solkd-srase electronics and will in-
stend jump nght o integrated cir-
cuits. Inpegraced circuais and com-
ponents such s operational
amplifiers |op-amps) are ussd n
place of discrele Irfsislons, resis-
1ars, amd capaciorns.

A simple companizon cirouir,
s=en im Figure |, usss a single ap-
amp for bath detectors. The meter
can easily be replaced by any
ather measuring device. The poin
Bere i that any “noise” the delec.
tors prochices o 2y stray radistion
they pick up is simply amplified
without dscriminanoa.

An op-amp used for mathemal-
ical operations (For example. loga-
rithms, as sezn in Figure 2) also
passes abong noise without filier-
ing effect. To wnderstand how a
filtering device | passive o active)
may be added 10 eliminate much
of 1he Boise present in a signal, the

gle op-amp for bath datecions.

Figure 1. A simple compansaon circuit with 3 sn-

Figare 2. An ap-amg used far egarihms.

nature af the noise must be pe-
viewed. Withowt goinz into much
detail. the common nioise(4) may
b eithiee low ar high frequency
ard af shart ar kg duration. [n
alber waeds, nioise vires al] gwer
the playing fiedd. How, then,
might it be avoided?

Let us nssume thal some of the
lane current ar 80 Hz is being
picked up by the detectior, Com-
pared with the tvpical frequencies
observed in the TR this 15 low, A
simple capsciancs/resistance (CR)
cincuit, as shown in Figare 3, will
passively and effectively block
signals below u frequency deter-
maned by the valees for B and C. 1
is called a kigh-pazs fiter,

High-frequency noise, possibly
generated by a high-spesd motor
ar i spurce, may be blocked by o
resistance’capaciancs (RC) cir-
cuit, 25 seen in Figure 4. Again,
by choosing proper vakues for B
and C, high-frequency signals are
effectively blocked. This tvpe is
refiermed 10 as 3 low-pars filter. &
combination af kigh- and low-ire-
quency interferences may be
treated with on impedance’reis-
ance (LC) circuit. & seznin Fig-
ure 5, and is called & heawd-pais
filrer.

A simple, active filter may be
affected by periodically sampling
the same poetion of a signal over a
fixed intervol. It then averages thix
samples using a low-pass filter.
This device. a boxcar inlegratos,
provides reasonably good SN
enhancemen.

Digital electronics. All of the
above manipulations are on the
rw, aF as-is, signal. The signal
arising from most desecrors is con-
tiniaies. whether or not the beam
15 modulated ar Ehﬂpped. Comi-
pulers and integrating devices
work on dascrese pounts of dan.
To fum a continuous or analog
signal into a senes of pulses or a
digital signal, an analog-1o-digital
converter & used.

This is simply a device that
samiples a signal ar predetermined
intervals for predetermined peri-
oxls of tirmse. The time ingereals ane
usizally chosen 10 provide the
maxirmum amount of useful infor-




malion using the mimimuem
amaent of compater space and
e, If an interfernmeter 5 being
used 1o penerate a signal. it 5 ob-
vicus that a rapid sampling rate is
requined 10 avosd losing impostant
portions of the: spectrum, IF a chem-
vzal process (s being followed, of-
ten data poirds may be up to man-
utes apart. Once the sampling rae
has been optimized for the mea-
surement, further noise reduction
mmay be imed.

Ensemble averaging. [lsed in
all forms of science, the concept
of ensemble averaging is based on
the stabistical assumption thal
noise, like assay emors, 5 andom.
The reason we perform ciorations
in traplicase 55 1o assure random es-
ror avernging and o minimize its
eifect.

Im ensemble averaging, the
same signal (lor example, spec-
erum) is measwred f dmes and co-
ackled poant by poind. The
summed sigmal is then divided by
m and used, [f the noise is tnaly
random, the signal will cause “de-
stnsctive imterferemcs” and the sig-
mal will “constructively interfere,”
significantly enhancing the 5™

The limit to this iechnique
is that the noise is diminished
by moughly /n (barring chemi-
cal or physical interferences,
curbon dioxide or waber in the
path af a single-beam insiru-
ment, or detector dnft). Thus., ©
halve the noise generated by 10
co-aifded scans, the instrument

E..--::

el

¥,

simple capacitanceiresistance

cirouit.

Fgure 3. A high-pass fiter, or |
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musst scam (00 and co-add the
resulis.

Smoothing (weighted digital
filtaring). Assigning different
levels of imporance {weighis ) o
paints as a function of (hair pos-
ton relative o the central poim of
3 moving average may produce
beuer filtering than mere co-
adding or equally weighbed maov-
g avernges.

The number of times smoothed
and ihe relative weightings ane
open for discussion. but most
slatisicians agree that the proce-
dure works. The smoothing usu-
ally occurs after the signal has
been caprured. because it usually
takes longer than scanming the
dam

Boxcar averaging. For situa-
tians in which the signal changes
relatively slowly with respect &,
say, wavelength. this procedure is
worth irying. la some [R specira
of liquids or near-IR spectra of al-
miost anything, the peaks ae wide
aned relotively festureless, Loss of
resodution is halsnced asains loss
of noise.

I this process, alse called a-
Pt averaging, equally spaced
groups of dats point or “boxcars”
are averaged and replaced by a
single data point. The resultam
spectrum is simplifsed by the
murmber af poiats in each bog-
car (for example, X as large if
the boxcar contains six poiRts).
The enhancement af the S0
is calculaged by the squation

¥ >—T
i3
!Fglmﬂ..ﬂ.lnw-paaaﬂa_u

simple redsStance/capaciance
circuit.

i %

o
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SN = v/ (SN,

where (5], is the signal-to-nose
ratics of the wntreated daa and nos
the number of points averaged in
the boxcar.

The cost of 5™ enhancement is
loss of resolution. Only by using
enhanced data sn meal sifuations o
predict analye valses can the
“oomedl” amount of averaging be
dietermaed.

Fourier transformations.
This is the heart of inerterome-
fic-based instruments, bl may
be used with “normally™ gener-
ated dars as well, One common
application is in collecting spec-
trophotometnc data al a much
greater than normal rate. [n es-
sence, data ane rapudly collected
in the timse dommain and convened
&0 the comventional frequency
domain.

Because spectra are gathered
s rapidly. smoethang 1 more
easily performed on multiple
scans. Convenibonal signals may
be comvened by 3 Fourier trans-
form (FT) operation. the sagnal
modified as needed, thes an in-
verse FT converts it buck 1o a
ussbie sigmal.

This column is not the place for
detaibed math treatments, bl an
example of an FT pair is

Fiv) = I-Jlfrrlc"'m"'r
[ frequency-amplitude function)

| Figura 5. A band-pass filler,
| of impedance/resistance cir-
| cuil.

fin = | Fiele™ ™ 2ndv

(Cirne-amplibude function).

The mast common funchaohaliy
is hased on cosines, for example:

Jirh = A cos 2mvgs

Bt may anclude square waves of
MSL COMmmon repeating foems,

SUMMARY

Many rypes of detectors are avail-
able for the inframd specinem.
Manufacturers have w0 balames
liferimes with cost and ease of
operation, In multiple-process
moainoes. it is mecessary io choose
a durnble instrument, but the cost
af a large number of insiraments
cannat make the process ronprol-
mable, In a laboraory seiting. an
amalyst might well choose the best
available instrument, because e
or she will normally only have

the one instrument foe meihod
development and QC use. These
facts must be taken inlo considera-
tian in the inatial engineening of
equapimenk,

We also see that a number of
commonly used daga treatments
are used 10 enhance the securacy
af the data, These will alse de-
pend an the type of work being
performed. After we discuss
momochromaon in rexl moth's
colummn, we'll tie all these com-
ponents 1ogether,
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