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An Undergraduate Vacuu@ Ultraviolet Speétroscopy

¥
Laboratory at Georgia Tech
James R. Stevenson and Roger J. Rartlett
s

.t
School of Physics, Georgia Institute of Technology
Atlanta, Georgia 30332

A laboratory is described which provides the student with a tran-
sitional eiperience between the more structured lahoratories in intro-
ductory courses and the open-ended individual special problems. Vacuum

uvltraviolet spectroscopy has been chosen as the area of major emphasis

as it provides an excellént vehicle for the sludent to learn a nurber

~of valuable experimental technigues. _Ekperiments are outlined wu.cu

use vacuum systems, radiation sources, dispersion and detection systeﬁs
to.provide challenging 1;56}atory'expériencés;
'  [NTRODUCTION

One of the dangers of "mass—produced"'1aboratory'experiencé
via highiy structured introductory laboratories is to divorce the

student from exposvre to technigues. Frequently thece well

organized laboratories can result in the development of student

. "' 1- | ;



inhibitions toward experimeﬁtal ph&sics for the same reasdn a
student not having appropriate mathématical background would be
"turned-off" by an elegant course in quantum mechanics. Although
we ure not proponents of developing special courses in laboratory
pracfices, reasonable care must be exercised to be certain the
student acquires experimental tools before de&eloping an inhibition
~toward experimental physiqs. Vaéuum ultraviolet spectroscopy has
been largeiy neglected at the ﬁnderéraduate level but ﬁe have found
that a 1aboratofy course iﬁ this area is an excéllent vehicle for
providing the students with contemporary tools for experimental
research and at the same time providing interesting physical
proﬁléms for investigation and understanding.
Georgia Tech is on a quarter system and the course has been
offered three times: ; ) 'b;.'f L —
" Spring 1970 - 7 's;'cudénts; |
‘Fall 1970 - 1k students,
Spring 1971 - 28 students.
Although the growth in poﬁulérity is éncouraging, oﬁr present
'eéuipment is not adequaté to handle 28 students withous bOrrowing'
rafher heavily on our research fa0111t1es. We plan to offer the
course tW1ce a year on an electlve ba51s and would hope the enroll-v
'ment ‘would stab111z= at approx1mately 20 utudents.
| LABORATORY COURSE DESCRIPTIOV

The course cons:sts of a one hour common dlscu551on perlod
~ each week and a three hour 1ab01at01y perlod each week., During

the quarter we would Lyplcajly have 9 to 10 d1)cu331on periods and



8 to 9 laboratory periods. The final exam is thirty minutes of-

e

individual practical work and dialogue with the instructor. The

grade is based on satisfactory performance in the laboratory in-

.cluding reports as well as the final examination.

The current text which we recommend for the course is Technigques

of Vacuum Ultraviolet Specctroscopy by James A. R. Samson. The

book is a éood reference but suffers from not beinngritten as an
undergraduate text. Some of the discussion is too detailed and
some is too abbreviated. This choice of text dictates that the
instructor must play an important role which may speak for some of

the success.

The course is designed around a McPherson Model 218, 0.3
meter, plane grating scamning monochrometor. Most students have

had no experience with vacuum technology and the first two experi-

.ments are designed to correct this deficiency.  This experience

with vacuum technoicgy is followed by experiments on sources Of

| radiation..and is concerned nith calibration lines as well as
;qua114at1ve 1nvest1gatlons of' both line spectra and molecular bands.
?Comparlson of uhO spectra from dlfferent gases and the dlfferent
’10perqt1ng condltlons of the plasma are: 1nvest1gated. Experlments '

':'on d1spers1on are concerned with fhe use of gratings with dlfferent

blazes 01 with a dlfferent number of 11nes/cm. Other experlments

relatlnw to d1spcrs1on are. concerned with the effect of slit width

 on both 1ntcns1ty and resolntmon. Experiments on detection.

'systems include both a photomultlpller, as ve]l as a chammeltron.

L ? 3



-~

Tirst day that

- The dec mode is used with the photomultiplier and is compared with

rhoton counting using the channeltron. Other expenriments include
the transmission measurements of various materials such as LiF and

quartz and the efficiency of sodium salicylate as a function of

_areal density.

A vord of caution. The student needs to be informed the

he is going to becomeAquite frustrated on several
experiments as poof>technique or faulty equipment will make itself;_
knom during the course. The opportunity to work with research
grade équipment as well as these pericds of frﬁstration have been
favorably commented on by students at the end of the course as
being of valiue. |

Course outline. As witk any new course, we find the details

changing rather dramatically with time. In fact we have adopted'  -
a‘philoSOPhy that the stﬁdents are completely free to change the‘

suggested format of any experiment. We have found that the outline

bgivén below is sétisfact6ry. A rather different aistribution of

time may be more satisfactory in another environment.

' - I. Vacuum Téchnology*(Eito 3 TLaboratory and Discussion Periods)

A Discussion periods
| ;;iQMe;héniéal fumfk'  ,f;"
2. sorpbion pwp .
3;';Gé§p dr:as?irafof Pﬁmp’ S AR =
h, oi1 diffusion‘pump . .

- 5. Ion pump



6._ALiquid No trap
7. Thermocouple gauge
8. TIon gauge
9.u Onrings, viton gaskets; melal gaskets
10. Leak detection
B. Isboratory periods
1. Pumping speed and ultimate pressure of mechanical
pumps v
2., Pumping speed and ultimaie pressure of oil diffusion
PUII!P.S
3. Operation énd characteristics of a thermocouple gauge
and ion.gauge
L, Effect of ligquid N> on ultimate pressure
5. Operation of an oil free icn pumped system
II. jSources of'hadiétionv(2 to 3 Léboratoryvand Discussion Periods)
| A. Discussion peiiods o | ‘
| 1. Operation aand optical path of McPherson Model 218
monochrémaﬁor | ‘ .
.[2. Uperation and characteristiés of H;nteregger arc
ﬁ}:.Aiomic and molegulér spéct:a
‘ﬁ,v synéhrofroﬁ.radiatién |
B, Lasofatory'ﬁeiiods o
1. Familiarity ahd:calibfagion of monochromator using
Ez arc, both visqal and photomultiplier detection

»
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2.: Chafactcristics and optimum 6pernting conditions for
Ha discha;ge |
5. .Characteristics and optimum operating conditions for
He‘discharge
III. Dispersion (1 Diécussion Period and 0 to 1 Laboratory Period)
A. Discuésion'period
1. Rowland circle
2. Design and characteristics of é ﬁormal incidence and
grazing incidence vacuum monqchromator
i
3. Gratings - meaning of blaze
k., Effect of slit width
B. Laboratory period
1. Comparisén of spectra using gratings with different
biaze_angles' 
2. Exéminafion‘of resoiﬁtion in é harfow spectral_rahge
such as a doublet using a Qariaﬁle slit width
3. Effect of slit widﬁhvon intensity
‘iV,‘ Detection Systems (2 DisCﬁssions'and 2 Labogator& Periods)
‘ A. Discussionipefi6d$. ‘ - B
-}' 1; _Pthdmuitip1iefs
' ,‘2;1 Sédiuﬁ.Saiic&iéte;  ;
3,; Channeitréﬁ;'ﬁ |
h, Ionization“chambefs‘

B. ILaboratory periods

1. Efficiency of sodium salicylate vs areal density

— . 2. Photon counting using a channeltron

fRIC e '
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V. Mateiials in the Vacuum Ultraviolet (1 to 2 Discussicn
" Periods and 1 to 2 Labora*ory Periods)
A. Discussion feriods
1. }Filters
2. Polarizers
‘3. Coatings for gratiugs and ﬁirrofs‘
i, Reflection and tfansmission measurements_
&iIMﬁmﬁwypaﬂMs
:1. Transmission characteristics of LiF, quartz, and.
pyrex
2., Effect of puﬁp oil on transmission of LiF
3., Excitation spectra of coating from fluorescent lamp
i, Transmission of biological materials
DESCRIPTION OF INDIVIDUAL LABORATORIES

A group of eight experiments which have been used in this

~laboratory are_described below. These experimentS’ere designed to

exemplify basic experimentaiutechniques, to develop an interest in

experlmental phvulcs, to prov1de a trans1t10n from the structured

: laboratory to the research 1aboratory, and to encourage expeerental

__1nqu1s1t1veness.

Expernment 1 - Vacuum Technlques
Students are prov1ded W1th manufa"turers' descrlptlons of two -
avallable mechanlcal punps and are asked to compare observed pumplng

speeds with the manufacturers' literature. An cxperimental vacuum



chamber which is approximately 2 ft. lonrr and 15" I.D. was con-
structed from & picce of cast iron sewer pnpe. The flanges and
end plates were made from boiler plate. Neoprene gaskets belween
the flanges and end platee provide a vacuum seal which allows the
chamber to be evacuated to approximafely 10"1‘L torr. Positions for
several thermocouple vacuum gauges are provided so that some |
appreciation cen be obtaiﬁed for the relative "reliability or
unreliability"” of these gauges. 1In addition several alternative
punping paths are provided to show the effect of constructiens and
right angle bends.on pumping speed.

In parallel with the experiment on mechanical pumps stﬁdents
are asked to obtain the pressure vs time characteristics of a
metal system vhich has an oil diffusion pump and ligquid No trap.
This system is used later in the course as the pumping system for
e vacuum monochromator.. The equilibrium pressures with the :
_mechanical puﬁp, mechanical punp and diffusion pump; as well as
‘the mechanical pump, diffusion pﬁmp, and liquid N= trap ere deter-
mined. The operatlon of an 1on gauge 1nclud1ng the- effect of |
}'deg3551ng 1s made part of the eyperlment. '

Although the °yper1ments above use a metdl dlffu51on pump, a
'glass‘dlffu51on pump 1s demonstrated-ln one of the discussion
perieds eo that fﬁe‘actionrof the jete'can be visually observed.

" As added denonstfetiOﬁs a thermocoﬁple gaﬁge has been eut opeﬁ SO
students can VleJ the Junctloﬁu wlth a low power microscope and an

old mechanlcal pump has been dlsagsembled for their observation.



Experiment 2 - Vacﬁuﬁ.Techniqucs

As contamination of optical componéhts as wéll as s&mpleé by

pump o0il can result in serious problems, we have develcped a lab-
oratory experimént which utilizes an o0il free stainless steel
system. The system is shown schematically in Figure 1. Current
vacuun technology is demoﬁétréted'and experience is gained with
an aspirator pump, sorption pump, and ion pump. Students are
‘asked to asserble the system using both viton gaskets and copper
gaskets and then measure the pressure as a function éf:time.

Later in the courseﬁa photon counting experimeﬁt ig performed
“using a channeltrén detectbr. _The_channelfron is housed in this
staiﬁless steei vacuum system with a Li¥ window providing the
optical coﬁplinﬂ. This experiment was not included in.our original
- planning but is now an inﬁegral“part>of providing»an awareness of

_current vacuﬁm téchnology.
| preriment 3 - Pamiliarity aﬁd Calibration of
| '--a.Vacuum'MonOChromator

” Most of the 1aboratory centers around the McPherson model

4

218 monochromator.‘ Us1ng a GL "H-h mercury lamp as a light source

and W1th the top plate of the mono hromator 1emoved the students

are 1n9tructed 1n chaqglng gratlngs and are asked to observe the
’opt;cal path when the gratlng is set for zero order falling on the
exit siit. quumlitative measure of the divergence of the beam

after it passes through the exit slit is made. The visible spec-

trun is observed by the students as the grating is rotated. After

Fo
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- visual observation in which known wavelengths are compared with

dial readings, an AH-4 with the outer pyrex bulb removed is sub-
stituted as & light source. Thc spectrum is recorded using a

photorultiplicr tube viewing a glass plate previously coated with

© sodium salicylate. Figurc 2 shows a diagram of our adaptor between
" the exit slit housing of the McPherscn 218 and our photomultiplier

. housing. The design allows for introducing four different aper-

tufe_configurations between the exit slit and the photomultiplier.
The positioning of the apertures contained in the gear are made by
rotation of a worm gear through an O-ring seal.

In addition to recording the cpectrum the‘effect of slit

width on resolution is observed. By using a weak line and narrow

- slits the effect of dark current noise is seen and the signal to.

noise ratio becomes meaningful'to the students.

Experiment 4 - Comparison of ‘the Vacuum UV Spectra
' of Hydrogen and Helium ‘

In this experiment Vacuum'techniques are combined with optical

. measurements for the first time. A Hinteregger discharge lamp is

attached to the entrauce S1it of the monochromator and the instru-
ment is evacuated. The mechanical pump is vented to the outside

of the bulldlng so that hydrogen w111 not accumulate in the room.

Students are asked to identify the Lyman & line in the hydrogen

:Spectrum as well ag to détermine the useful limits of the spectrum.

Using the Lyman @ line, the pressure and voltage-current character-

istics of* the art are investigated to determine optimunm operating

. | 10 -

11



b e

12

Figin'e 2 - Aluminum Adapfor‘_Between Monochromator and Detection

System
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conditions which make the lyman @ intensity a waximum. The

P

- spectrum is then recorded. Similar measurcments are made using

helium. The students are requested to make an attempt at observ-‘

ing'the 584 1 resonance lihe in helium.  Because of the multiple

reflections used in the optical system of the Model 218, the line
ls guite difficult to.observe. However; many ihpurity gas_lines.
are observed.which is instructional. Later in the course the
students are éiven an'opportunity o otserve the 584 line -1sing
& normal incidence monochrOLator in our research laboratory.
Expzriment 5 - Comparison o: the Efficiency of
Sodium Salicylate vs Areal Density of the Coating
The laboratorf is designed'to investigate a cﬁrve‘given in
the text._ Stndents prepare thelr sodlum sallcylate coatlngs on
glass pJates using a nebullzer and saturated solutlon of sodlumA

salicylate in methyl alcohol. Preparatlon of a uniform coating

‘is somewhat of an art bﬁt the frustration that results does notF

seem overwhelmlng to the student. The. calculatlon of the areal

B denslty requlres Welghlng the plates before and after spraylng.

The adaptor shown in Plgure 2 allows for the rapid comparism of

rffour dlfferent areal densltles of sodium sallcylate. The

i efflclencles are compared at the Lyman @ line. The data from all.

of the different laboratory groupsvare recorded and made available

to each student for his report."
Experiment,6 - Materials in the Vacuum Ultraviolet

By. making use of the adaptor. in Figurc 2, measurements are

made on the transmission characteristics of LiF, c¢uartz and eX.
‘ i - > M b



e

1n nddition the cficct of pump oil on thcuc chmrqctcristics is

determlncd by placing & drop on the sqmples “after thelr trans-

_mission has been dctermined. The transmission of the LiF plate

is of importance to the next experiment in which a LiF window is
ueeded to provide a high vacuum environment.for the chauneltron.

Experiment 7 - Photon Countiug Usingoa ¢ . :@ltron

A channeltron is mouuted in the st&inless.st;el,system'shown

in Figure 1.' As the system is constructed from .commercially
available 1- -1/2" 0.D. stalnless steel components, we nave frond
the helical configuration of the Bendlx:hOZS channeltron is
desirable'from space considerations. The flange cont .ning the

Li¥ window is a standard 2-3/h" high—vacuum flange ari is bolted

to an alumlnum flanﬂe attached to the exit slnt housing of the

monochromator. The hlgh vacuum asseﬁbly is put together and the

ion pump started the prev1ous week so that 1Ittle time is wasted

_'reproduc1ng Experlment 2. Uslng the Lyman czllne the effect of sllt

. W1dth, channcltron voltage, and d1scr1m1nator setting on the

countlng rate 1¢ determ1ned.~ A block dlagram of the channeltron

a electronlcs is glven 1n Flgure 3 At thls time in the 1aboratory,

many'students are QULtC xmpressed by the degree of sophlstlcatlon
and the amount of equlpment necessary for the ererlment.
Eyperlment 8 - Student Determlnod Laboratory
Many questlons have probably been suggested in the. minds Of

the students and the laboratory now attempts to encourage this

'dlrectlon>by asklng students to choose a problem to probe more

deeply for their nexdb cxperiment.
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Many times this willlbe a repeat of an experiment which did
hot work too well., Other timeé it may‘seek to profide greatef _
depth such as making more quantitative measurements on signal to
noise ratios, of the effect ef s1it width on intensity or reso-
lution. Ffequently students will wish'to ektehd transmission
measurements to include materials such as a sﬁecimen of skin.

FINAL EiAMINATION

As mentloned earlier, the flnal exanlnatloq is thirty minutes
of . 1nd1v1dua3 pra ctlcal work and dialogue with the instructor.
This examination is scheduled durlng'theilast week of the lab-
oratorf and during'the studeﬁté regﬁlarly scheduled period.

,Z'Typlcally upon arr1v1ng at the examlnatlon the student mlght be

'-'asked to demonstrate the cut- off of LiF. In addition to this

fpractlcﬁl problem +the student would be glven a card contalnlng four
‘questhns which would be_used to 1n1t1ate.the dlalogue.‘ One group
of.these:questions is givendbeldw: ; _7 |
t(l) ;Eiplain_thevoﬁeration>of an,eil diffusion pump .
-(2)t The thermai eondﬁetiﬁity of ﬁé iskhigher thaﬁ air.
;‘Explaln vhat effect thls would have on the readlngs
of a thermocouple gaugc callbrated in air but used tog
monitor Hy pressure. '
._(5) Sketch the optical path of the vacuum mOnochroﬁatbr used

in this laboratofy._

-



(4) I ¢ -notamultiplier were used iﬁétéad of the pﬁoto-
multiplier-phosphor combination, what constraints would
be pl&ged.on the wavelength range?

.Although the questions are ﬁséfﬁl to initiate the dialiogue,
the.conversation will undoubfably cover many topics and be revealing
to both the student and instrucﬁor. Erroneous concepts ana ideas
are quickly corrected and the studenﬁ provides*fhe instrudtqf.with
a8 useful and coanstructive critical aéséssme;t of the 1&borator&.: |

EQUIYMENT COST

The laboratory is nolt cheap and is probably set-up more
'1efficiently when research activities are present which.complemeht
the technigues used. Although we onxy schedule the,labofatory on
2 of the 4 quartef§, the equiﬁment is utilized in all L quarters
o by'maﬁing.it available fof special problem study Quring the
alternate Quarters. An itemized list‘of equipmeﬁt and its costt
» is gijen below. | - |

Cfbem " cost (1969-70)

McPherson model 218, O.5vmetef plane
, grating‘séahning'monochromator‘with MgFa_
over—coated’mirrors ahd-2h00llines/mm '
.Agratiﬁg; Modei 87 airviniethalyﬁ insféllea. .‘ :  $5,500
McPherson moael 650 Hinterfeggér arc with |

associated g?s regulators - ‘ ' B 1,200

il?r 17



Ttem

Beﬁdix Mod¢1 SDC-100 high voltage
power supply for arc discharge
Two stage gas reguldtors Tor use
with hydrogen and helium. Two needed ea. $50

“Control circuit for thermocouple

yacuum gauge 16 torr to 1 torr. Veeco

. : ..
model TG-7. Two DV IM gauge tubes and

cable ' ' .

Controi circuit for thermocouple vacuum
gaﬁge, 0 to 20 torr. Veeco model T¢-27. Two
DV M gaugé tubes and cable |

" Pico-ammeters. KeithléyAmoiel 414. One

" required but 2 desirable ea. $h50'

Photomultiplier power supply. -Keithley

model 246 ea. $450. One required but two are

" desirable.

Strip chart recofdéré for usq.With pico-
émmetérs. erithiéy modei 370;' OnévhecesSéry
but two are desirable. ea. $700 '

Photomultiplier tubes. EMI type 951hS.’
One needed but 2 are desirable - ea. $175.

Bendix channeltron model 4028

"
AR
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Cost (1969-70)
$ 900

100

200

250

900
900
1, 400

550
500



TItem : - cost (1969-70)

Gasp roughing pump mounted w1th viton-
sealed right angle valve on conflat (2- 3/&"
.flangc. Varian no. 942-1000. $ 300
Standard VacSorb pﬁmp, Varian No.
9h1-6001 - - ‘ o 250
Vac-ion pump, 8 liters/secohd, Hugheél .
No. VP-8 | 300
Control unit for ion pump, Hughes | _
No. VEC 8 | ' R 400
. LiF wﬁndow sealed to Varian Conflat .
flange. Havshaw Part No._8960-1 100
EléctricalvFeedthroughs,on'é-j/ "
Conflat flange. Varian No. 95&45008 co “."'%i - 150
) Tees, 1—1/2" 0.D. stainless éteelitubing,
Varian No. 952-5051. 2 needed - ea. $75 o 150
Cross, 1-1/2 O D. stalnless steel tublng.
, Varlan No. o952~ 5050. 7 S o v;*“ S v 106
Viton-sealed rlght angJe val&e, Vérlan | '
No. 951-5058 - e : 150
Double sided.conflat flange with mounted
DV-61 gauge tube and 1/2" valve. Varian No.
951-5058 - 3 S | 200
' Copper gaskets, screw'and.nut_sets, v;ton |

gaskets o : BETEE L 100 .




Ttem . . Cost (1.969-70)

Modular system bin-with power supply.

_Ortec siodel hO1A/NO2A | - | & 600
Preamplifier; Ortee model 113 g | 100
Pulse amplifier, Ortec model 485 | 250
Discriminator, Ortec model M2l - ) 200 -
Countrate meter, Ortec model 4u1 300

. : ) . -
’ $15, 850

in addition to the above items, several components were
used from a;eilable'eqpipment. These included two mechanieal
pumps, a small metal vacuum system which uses a 2" oil diffusion
pump and cold trap, an'ion'ganae and ion gauge control. Shop:
lee and raterlals for constructlon of the 1arge volume vacuum
systcm in addltlon to the adaptor shown in Figure 2 are not
‘1ncludcd. Supplles such as 11qu1d No, hydrogen and hellum gas,
‘fhand—tools, chart paper, pump 011, and nebulizer are dependent ‘on
'the nnmber'of students 1nvolved,. The avallabll;ty of an analytlcal
" balance is‘essumed; | .
The pOWer supply for the dlscharge 1amp rcqulres 220 volts
“be avallable. In addltlon‘water coollng is necessary for the dis-

_charge lamp and outside Ventlng is de51rdblc for the mechanlcal

pump when hvdrOﬂen is belng ‘used as a discharge gas.

A7 »
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