Experiment S-8

Vibrational Structure of 2 Band System in the Molecular Structure N;

Nates: Paul McEuen 1/20/07

The purpose of this lab is to investigate the vibrational properties of a prototypical
diatomic molecule, N3, using optical spectroscopy. In particular, you are to look at the
second positive system of transitions (see references). Determine the wavenumbers of the
band heads, look for sequences and progressions, and determine the vibrational quantum
numbers of the initial and final states. Fit the spectra using an anharmonic theoretical
maodel of the vibrational states, infer the relevant parameters, and compare to previous
results, Discuss the intensities of the observed spectral features in light of the Frank-
Condon principle.

Apparatus:

Sources: There are two light sources. First a mercury lamp is used for calibration and for
familiarizing yourself with all the aspects of the measurement. Then a capillary discharge
tube is used to excite the nitrogen (in air) inside the capillary using a 2-3 kV transformer.
A pump is used to partially evacuate the tube. The pressure is set by adjusting the leak
rate of air into the tube. A pinkish glow should be obtained. Lenses are used to focus the
emission on the inlet slit of the spectrometer. An optical chopper is used to periodically
modulate the light for lock-in detection.

Spectrometer: The spectrometer is a Czemy-Tumer scanming double monochromator. A
photomultiplier tube set at ~ 0.8 kV is used to detect the light emerging from the
monochromator., The output is fed into a PAR 122 lock-in amplifier. The output of the
lock-in is recorded using a chart recorder.

Hint: If you see a peak at a given wavenumber, it may not be a first order peak!

References:

Included in folder:
Thompson, 4 Converse in Chemical Spectroscopy, Chapters IXV, V (1838)
Johnson, An Introduction to Molecular Spectra, pp. 1-27 (1949).

Others:
G. Herzberg, Molecular Spectra and Molecular Structure: Diatomic Molecules.
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Experiment 58

Vibrational Structure of a Band Systam in
A Molecular Spectrum

In the lst order of the Rowland Grating Spectrograph
{ 8lit set at 20) photograph (1 1/2 to 2 hrs) a position
(roughly 3000% - 50008 with plate holder centered on (4000R)
of the Ind positive band system of Nitrogen. Put on an iron
comparison spectrum (about 15 secs throogh diffuser screen)
superimposed on a direct mercury spectrum (10 minutes) for line
identification. Use type ITI-G plates.

Detexmine the band head's wave numbers, assign rough
intensity values and analyze the system as far as possible

into segquencesz and progressions, Interpret in light of Frank Condon
erinciple.

Refarences:

*Thompson, Chamical Spectroscopy, Chapts. IV, V. 1
*Johnson, Molecular Spectra, pp. 1=27. 2

for Rowland Grating, sec: CANDLER, “Modern Interferometers"
Chapter ¥YII. (In main library)

Jeyons, Band Spectra of Diatomic Molecules,

Herzherg, Molecunlar Styucture: Diatomic Molecules.

Mecke and Landau, Phys. Zs. 25, 299 (1924)

Sawyer-Hxp. speckt.
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Experiment 8=F,8

These two expe-iments ' are g similar they may be expla’'ned in some detall together.
They uee the Eame s Traratuf and really only gifferd in the oporation of &he Eource,

The analysis 1z of course guite d:{ferant,

Ih 6=E, the modeoulur snedtrulm of He 1s obbained and a vibrationalamelyals mude; in
§=-2, a single band ol C0 is obtalned mand the rotational anslysis is earriod cut. EHoth
gpactra are ootainsd in ghotograchy using ar old,antiquated Rowland mounting of a
sonoave grating; ths L; spectrum ie taken fp first ordep-and the CO in second order,
Warelength deteminestion lz made by comperison with the spectrum of an iron aro, the
usual standard.

The source in =soh oase is o capillary discharre tube run at & not=so-low pressure,
snergized by a 2 or I KV & gn) 1lghting transformer. The tube iz evacuated by & small
forepump ard propsr pre)sure i- obtalned by adjusting a leek into the tube. For B-B
(¥s experiment) shs simrly lesks air intc the tube at & rate given b adjustment of s
pinoh clamp on m rubber Lose. One sdjuststhe lesk rate unti]l the maximum ninkish brile
liance is pbtalned, 4t that, it 2 none too bright so thet careful positioning of the
pource gn the exis of the ‘moging lene and the axis of slit-grating of the spectrograph
is nesessary. Tlhs bachk off the discharge capillary is coversd with &n aluminum foil $o
ircreaee tHe Tormmel lipn* irtensityr somewhat te reduce somerhat the exposure tims

nugded in the chote vanhy, For §<8 (the G0 spectrum) the only source difference is in
the gae which Iz lesksd In and the leak arrenrement. Ome leaks in C0sy the GO ie what
appears in the snes ria photograched. 0Oz is obtained by pumping slowly on dry ice

pontained in & ==11 *tercos flask. One vants to insure that he iz not pulling sir

irte the dlgsharrs; hus, the sveliutdon of 00z by sublimeation wante to be prester than
the rate at whlek 1+ ir numred off into the dischargs tubej the excess goss off inte

tha smmospheres (nn - be ture that thers is an sxoess poing of ! by bubbling it
through mater, AZjust-ort of the pump pate with & pinch clamn on a rbDbay hose sra
sarleg,pertially o-20e«4 otopoock vil1l take eare of this. Apain one sdjuste for maximum
hrirhtness Iin the 2 spl =rpew-tkis Lime & poarly white discharge. Again; tha brighiness
o mnt byd113ant =c 1% ¢ = lgng expogsure i required,

Prooar 111 v o520 e $tha 51l i Ibportent, An Imepe of the EILEKIL source ig
loested on the s18%, thlis +h & lens exterfieor 4o the spectrograch rocm, Tha lansg is
S TATh r aritT e Thin npesessary, sinply besaure it wms svalleble, It is 26t
an sokromatd =5 th=+ the irmpe in all wevelengthe i not of conchant tntemgity: no preat
oonsegience in *'@ss c-oe-irents, Tut should be resognized in instances where acournte

oh-tometry of the =-retmm nmigkt be roguired. The important thing, hovever, le thet

the mxle 0F =he lewe ==+ or lets conincide with that of the socectroprach slit-grating
axis. 1t 18 al3 vepy well tc havs the gource imspe on the 813t but if com'ng through

& leng off %o cne gide, the likh: may never get to the prating, Pregwmbly the sligneent

of lene and soectr rru-k fs OF but 1t sy mot be. It iz possible vitn the wesk illumin-
w=on o 8 sroperly narrow slit to see the Jllum'nation on fhe grating
by placing the e tenind » sgectral band and close to the spectrograph imege Elane.

T+ gomatimes takor scma doing---getting dark adapted, finding a Epfotrum band in the
dark, €te, 1t onr help by widening the slit way open and lookings IT things are really

out, bBut dontt take tnie on unless it is obviously so-= one can remove the Imiging lens,
nositifm the iren sro wnd filse it up snd simply look for the patch of bBright Jight
alloved throurh by the «ide slit, The arc is moved arcund unkil the peteh is centered
mors or leces on thne frating, Then tne lens is put in and positioned until the arc insee
iz om the sllt, 4%t lsast thes the lens and scectregraph are in the right jJuxtaposition

and 1t only remsizc to put the yarious sourcefin the right place so That thay ars imped
tn the 81it.

One thing the gl=es lens prevents, which may Or may not be an advantiag
po ultreviclet 1isht 1s transmitted. The lron specirum will be pretty
ﬁnlaanl;r only visible 1ight; no UV lines will De mixed in es second corder
lines slong with visible wavelengths, =s is the situstlon 1n the irom

compari son spectrum cherts used to identify iron lines.

' §1it adjustment makes comsidersble difference in the shzrpness of

11 tha phobosrazpned lines. The siit ghould be parzllel to toe gratipg rul -
in.s., = point source at the =11t glves e line imzge becsuse of the ze-
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tigmatism inhereat in the off-axis illumination of the sphericel mirror
on Wwhnica the grating 1s ruled. Every polnt in the slit should make its
iine imsge overlapping exactly with every other line image from other
polnts 1n the slit. Tols will be the sltustion if slits ie perallel 1o
grating rulings. If it 1s not the case, the image 18 widened and the
ends of the 1ine will appear"chisel" profile, The sctual slit width 1s
sl 80 important., The spectral lines should be lines rather than rectangles
which they will be if tne slit is wide., As the gllt is narroved, the
restangul ar lmsge will be merrower but Just as bright per unit ares. It
i difficult to s=y Just how marrow one should mske the slit. CDbe=rly,
1T 1t is infintely narrow, the line image 18 not; abermatiams, grating
resolution combine to keep it finite in width. One narrow tne slit down
until the line imsge cesses to narrow snd the brightmess (emergy per
unit asres) starts dropping off, Thet's not easy to ascertaln but that
{5 what one should try to sttein, Using =a hand lens to view the spectrum
with 1iron src illuminstion of the slit or s mercury sJurce, One can ar-
rive gt a ressonble slit width Ju:=t by visusl inspection. The Dbest
thing is not to play around with the adjusiments here until it 1s oovidus
that =11 is not well, elther clsuslly or in the photograph.

secanage of the astigmstic neture of t.e optical arrengement, 1t 1s
not fesslble to use & 80 called Hertmann dlaphram to get the irom spectrum
sl mgslde tne unimown. Rather a shadowlng device in Iromt of the photo-
graphic plate, The unimown spectrum 1s made tarough = glot in an cob-
stacle immedistely in front obf the plste. The obstecle 1is turned spout
an exls torousn the length ol the slot 50 thet ine exposure mede through
1t {5 now ghadowed irom any radistion from the gratlng. The ipmm exposure
1s the. made; the two spectra are each separately distingul shed but over-
lap siightly to =lloW measurements t0o be made 1n the overlsp rezlom.

fhe photograghic pletes are thin 1" x 10" plstes pent to the Rowland
¢ircle by = curved clamping plate pressing the plate agzlnst the simlil-
=rly curved plste support. We never used to speclfy plate thicimess in
ordering; toey Just came thin snd nice and flexlcle, seldom oresxing in
bending them to the circle. The last batch came much thl cker =nd can
b-rely KEK tafe any pending at all. Tuey frecuently Lvreax, Tois mbetly
isean 't pake the messuremsnt impossible unless 1t bresds znd silifts ln
between the iron spectmum =nd that of the unimown (that 1s, between the
taking of toe exposures)., The morel 1s: just barely tlghten the cl=aping
serew Ain securin. tae plste in position. If it 1s heard to crack while
outting 1t in, we say £0 shesd and"save the pleces", developing end flx-
ins esch. They =re likely to be qulte usgesatle.

Plates are orought from the "refrigerator" der< room in = tranesport
box and loaded in the dark on the specirograph plate support =and lightly
clznped. The emulsion slde is forward, of course; touched s alnst e
glightly moist 11p, the emulsion slide sticks---11 is gelatine,after all.
Don 't for et to sepsrate the knmown (iron) from the unknown spectrum by
filipping the siotted mask in frout of the plate. Kesp the extemal
{llumin=tion low to minimize plate fogging. After lozding the plate,
drop 2 black cloth over the back of the housing. Mszke sure the wheel 1s
locked so thst the plste is not moved during operations; the flipper
should oe free and pnot bilnd in tumrming.

After processing and drying, the plate is mezsured, In the vibrat-
ionsl speetrum, 2 long travel 1s necessary so the long comparsior ls
used., Always move the carrisze 50 as to ralse the welght when taxing a
1ine mesgirement. If it 1z overshot, back it way off snd come up to it
ggein. There 18 = fslr smount of backlesh. For preclse work, tae plate
would pe reve~sed snd the whole business repested from the other end.

%ot here, sorry. Orlentstion of cross hairs 1s somewhst optimmal; elther
verticzl or syommetrically orlented relative to the lime, GSome psycnolog-
¢zl optlics eaters here, In =ny evenl, at lezst oo & typleel line, a
dozen or so measirevenis siould pe made to -ive one some ldea of the
experiments]l reproducibillity and error. For most lines, three or 1&r



« D

settings sand a mental everage should suiiice, assuming the spread in the
resdlngs 18 ressonsble, Judged from the spresd observed in the dozen or
50 seitings made on tne typlcal line, The irom lines are ildentifled with
the ald of ths various charts of the iron spectrum lylng around =t the
comparstors. For the rotational spectrum, since it 1s saort, elther of
the projection comp:rsiors csn be used; thelr travel is ome inch. For
copparlson of an unimown line sgzlnst a nearby iroan llne, lineer intsr-
polatiom 1s sdequete, For a lomg specirum, gach as the Ny specirum in 5=
{ron llnes are identified over the whole plete =and a correction curve
should be made, From linear interpolation between the lron lines at
gither end, the wavelengths of those in between are caleculated Irom the
messuremants., These won't quite agree with tabulated wavelengihs, so0 a
correction ocurve is plotted and then used on the unknown limes. In prin-
eiple, the ourve should be a sine curve, zero at ihe ends and in the
piddle and srises in the fact thst sine of the sngle of diffraction is
not egual to taoe angle of diffractiom. (N¥ote that at the plate center
this engle is zero; the center lles on the grating normal.



