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CHAPTER Io 

INTRODUCTION. 

The work described in this thesis was performed at the 

Physics Department, Rhodes University during 1958 and 1959 under 

the supervision of Professor J.A. Gledhill. Use was made of a 

vacuum ultra-violet spectrograph which had been constructed in 

the Physics Department (lol) 1 and modifications to be described 

were made to this instrumento The instrument was used for 

studying the effects of oxygen on the fluorescence excitation 

spectrum of Anthracene. 

FLUORESCENCE EXCITA~IOfl SPECTRA 

If radiation of a certain wavelength is absorbed by mo­

lecules of a substance and is then emitted within lo-8 sec. by ~ 

the molecules as r adiation of a longer wavelength, the substance 

may be said to have the property of fluorescence. The energy 

yield of the substance may be defined as the ratio of the energy 

of the secondary radiation (fluorescence) to the energy of the 

primary (absorbed) radiation (1.2). The energy of radiation may ~ 

be measured by the flow of energy ~er second, or by the flow of 

the number of quanta of the radiation per second through a unit 

surface area per~endicular to the direction of flow. If the 

energies of the primary and s econdary radiations are measured 

ll! energy units, the ratio will be the energy yield G. If they 

are measured by the number of quanta, the ratio will be the 

quantum efficiency Bo 
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It Va and )If£ are frequeneies of absorbed and emitted 

quanta?, N(~) is the number of quanta of rreq ueney )) , and h 1 s 

Planekt•s constant; then 

G = 

In general, )J9 is greater than Va (Stoke's Law). K 

If the ratio of the quantum efficiencies of two sub• 

stances excited by the sane ttonochromatic radiation is measured· 

as a function of the frequency of the radiation, the relative 

fluorescence excitation spectrum ot the substances in obtained·•· 

If the quantum efficiency of one or these substances is known 

to be 'independent of frequency, the relative excitation: 

spectrum Will be a measure of the frequency variation or the.~ 

quantum efficiency of the other, i.e. a measure of tha fluor-

eseenoe excitation spectrun. Relative excitation speetra ar~ 

easier to measure than the absolute spectra because the 

absolute values of quantum efficiencies are not easily measured·-

The method of measurement of relative excitation· 

spectra will be described in Chapter na. 

PREVIOUS WORK . 

The fluorescence excitation spectrum of single Anthra• 

cene crystals has been investigated for exeiting wavelengths 
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between 900A and 4000A (lo3, lo4, lo5)o The effect on the in­

tensity of the spectrum of the l ength of exposure of the crys­

tals to atmospheric air has also been investigated (1.3)o It 

has been noted that minima in the excitation spectrum are rela-

ted to maxima in the absorption spectrum between the wavelengths 

3200A and 4000A (lo4). 

PURPOSE OF THE INVESTIGATIONS 

The effect of atmospheric oxygen on the fluorescence 

excitation spectrum of Anthracene crystals was to be studied. 
I 

It was proposed to cleave an Anthracene crystal in a vacuum, and 

it was hoped to observe the spectrum before atmospheric oxygen 

combined with molecules on the newly cleaved surface on to which 

t he exciting radiation was allowed to fall. It was also hoped 

that information about the relation between the wavelengths of 

absorption maxima and excitation minima in the vacuum ultra-

violet region would be obtained. 

EXCITATION SPECTRA h~D EXCITATION 

Pringsheim states that there is no spectral selectivity 

in the exciting power of the primary radiation (lo6). Apparent 

selectivity disappears if the apparent fluorescent intensities 

are corrected to values corresponding to equal energies absorbed 

by the fluorescent substanceo Pringsheim was considering fluo-

rescent dye solutions in regions of low absorption where not all 
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the primary energy was absorbed. Different amounts of energy 

penetrated through the sample, depe~ding on the variation of 

the absorption coefficient with wavelength. 

Molecules of a fluorescent substance may be excited by 

ultra-violet radiation to the first or higher electronic states , 

depending on the wavelength of the radiation. The excited 

molecules then lose some of their excess energy as heat ~ and by 

some process ~ they reach t he lowest vibrational level of the 

f irst excited state . Thereafter , the molecules return to tpe 

ground state with the emission of fluorescence, and no fluo-

r e scence emission from fluorescent substances other than that 

resulting from electronic transitions between the first excited 

and ground states has been observed (1.6). 

Pringsheim noted that the constancy of quantum effi­

ciency for exciting light of all wavelengths smaller than those 

of the fluorescence band had been proved for numerous substan­

ces (1.6) , and that quantum efficiences could be independent 

of the wavelength of the exciting radiation over regions cor-

responding to transitions to electronic states higher than the 

first in the absorption spectrum. 

He therefore suggested -that, since a second fluorescence band j 
tee 

es:. 
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Bowen states ttThe wavelength of the exciting light is 

usually without influence on the fluorescent intensity or 

colour, except in so far as; the former is affected by.· differ-

ences in strength of light absorptiorrtt (1.9}. He was 

referring to the fluorescence of solutions and it is presumed 

that he meant the excitation spectrum would vanish if corrected 

for equal amounts of absorbed energy. 

An empirical law of vavilov which was established for 

the fluorescence of molecular solutions, implies that the 

quantum yield of fluorescence is constant in the Stokes region1 

of the spectrum, and falls rapidly in the anti-Stokes · regiom 

(1.2, 1.10). (The latter region lies between the principal 

absorption-and fluorescence bands)~ Verification of the law 

has also been claimed for inorganic crystalline phosphors (1.11). 

Because the acc·.uracy of many early quantum efficiency measure­

ments was limited, and measurements were usually made at large 

wavelength intervals, it is possible that variations in the 
excitation spectra were overlooked ~ 
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CHAPTER II 

DESCRIPTION OF THE SPECTROGRAPH~ 

The instrument used for making measurements of 

excitation spectra of Anthracene crystals was a prism spectro­

graph constructed for use in the far and vacuum ultra~violet 

regions of the spectrum between the wavelengths 1300A and 

30.00A . (l.l)·. 

The contributions of the writer to the instrument were: 

1. Minor alterations to' the design, 

2. Construction of a crystal cleaving attachment 
(Chapter rrr). 

OPTICAL SYSTEM 

The optica.l principle is illustrated in Diagram 2.1. 

The image of an illuminated slit situated at a distance u in 

front of a concave aluminised mirror M was brought to a focus 

at~a. distance v from the. mirror. A wedge-shaped Calcium 

Fluoride prism P having a small refracting angle was · introduced 

immediately in front of the mirror with its refracting edge 

paralle 1 to the slit. The prism deviated the paths of all 

rays o~ light passing through it through a small angle, and. 

therefore the image of the slit was:.. shifted slightly~ Because 

the .Prism deviated rays of different wavelengths through 

different angles, the image was spectrally disperse~ A 
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second slit, parallel to the first, and fixed relative to itt 

was situated where the spectrally dispersed image came to a 

focus. The prism and mirror were fixed relative to each 

other, and could be rotated about a vertical axi.s parallel to 

the slits and passing through the pole of the mirror. The 

wavelength of light passing through the second or exit slit of 

the spectrograph was varied by rotating the prism and mirror 

through small angles; so that different sections of the spect• 

rally di spe.rsed image fell on the eXit slit. 

The mirror had been aluminised because Aluminium has 

one of the highest reflectivities· in the vacuum ultra-violet 

region (2.1}, and the prism was made of pure Calcium Fluoride 

which is transparent to radiation of wavelength longer than 

1250A. 

It was desirable that light passing through the eXit 

slit did not become unfocussed as the prism and mirror rotated. 

A thin prism had therefore been chosen rather than a thick one 

in order that the distance from the pole of the mirror to the 

spectrally dispersed image s~ould not vary appreciably with 

wavelength. 

netail§ of the optical system 
Distance of entrance slit from mirror (u) 
Distance of exit slit from mirror (v) 
Focal length of mirror 
Width of entrance slit 
Width of exit slit 
Angle of prism 
Size of refracting races of prism 

: 4ocm. (approx.) 
: 8ocm. . n 
: 28.lcm. 
: .. o4omm. 
: .o65'mm. 
: 5'0 
' 4cm. x ltcm~ 
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CALCULATION OF THE LINEAR DISPERSION OF THE SPECTRUM Al THE 
EXIT SLIT!.. 

Diagram a.l represents the formation by monochromatic 

rays of an image of the entrance slit of the spectrograph. 

The unbroken lines representing rays Show the actual paths of 

two particular rays between the slit at 0 and the image at I. 

The broken lines represent the extensions of the paths of these 

rays in the space between the prism and mirror. A line was; 

drawn bisecting the angle between the broken lines representing 

the extensions of the paths of that ray from the entrance slit 
' 

reflected at the pole of the mirror. This line was chosen as. 

a reference axis• The other ray from the entrance slit was 

chosen so that its path was parallel to the reference axis 

after having passed through the prism once~. The distances 

of the entrance slit, its image, and the points of intersection.! 

of the broken lines from the reference aXis are labelled 

A ray incident at a small 

angle on a thin prism in a plane perpendicular to it~ refracting 

edge will be deviated through an angl-e A(fJ-1) on passing through 

the prism. A is the refracting angle of the prism, and pis 
the refractive index of the material of the prism for the wave. 

length of the ray., From diagram a. l it follows that 

YA = YT + A(p- l)U· 

T~ =- ' :- A(p• l)V 

. ' ....... . 
• • • • • • • • • • 

(1) 

(2) 



TABLE I. 

Wlvelength (A) 3000 2500 2000 1600 15'00 1~00 

~ersio~ 
A X 10 2•8- 5'•a. 11•5' 32. '+a 6,. 

r 
Recipl"oe:al 
Dispersion · 
Almm .. 

360 
I 
I 

190 87 31 a; 1~ 

-

- . . . . . . 

-
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From the laws of reflection it follows that:· 

tt v 
• • • • .. • • • • • ( 3.) 

The linear dispersion of the spectrum will be defined 

as· the rate of change of its \~velength with distance in a 

plane perpendicular to the refracting edge of the prism and 

the entrance slit when the latter is fixed relative to the 

mirr.or. 

i.e .. (d-~l \ 
Linear dispersion = . d~)YT 

It follows that LL~ear dispersion =-(~" (¥) 0 fJ/yT \_c))\ YT 

= (Av + dY A l . d,fJ 

\ c) )J /yT d·)\ 

= fA v + Y 6y A\ .9.J: 
l u df})yT d)\ 

• • • • •. • • (4) 

The refractive indices of calcium Fluoride for various 

wavelengths are listed in tables {2.2). From these tables, 

values of ~~ were evaluated which were used to find the 

linear dispersion of the spectrum at various wavelengths . The 

results are given in Table r. 
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THE BADIATION,SOURGE 
' 

An electrical discharge through !{ydrogen gas at a 

pressure of a few millimeters of Mercury excites a continuous 

ultra-violet spectrum which was utilised for measurement of 

fluorescence excitation spectra. The spectrum was excited 

in a capillary type, water-cooled Silica discharge tube. A 

cross-section of the tube is illustrated in Diagram 2.2. 

Radiation passed through one of the cylindrical electrodes and 

the Galciun Fluoride window at one end in its passage from the 

capillary to the entrance slit of the spectrograph, 

Periodically the discharge tube was refilled with fresh 

hydrogen in order to reduce the risk of explosion of the 

hydrogen with atmospheric oxygen which may have leaked in-. 

The interior of the tube was evacuated to ~ pressure of lower 

than 10-~mm~. Hg. through tube A Which was connected to a 

diffusion· pump. The connection to the diffusion pump vms then 

closed• and a small jet of burning Hydrogen was played on to the· 

Palladium filling tube B. Within a few minutes, enough pura 

HYdrogen had diffused through the Palladium tube into the dis. 

Charge tube to give a pressure of lOmm. Hg. (The method of 

measuring the pressure in the tube will be illustrated when the_ 

vacuum system is described.) water was allowed to drip·on to 

a wet piece of cotton wool draped around the netal•to-glass 

seal which connected the Palladium tube with the interior of th~ 
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discharge tube. Heat which wns conducted along the 

Palladium tube was prevented from cracking the seal in this 

way. 

The discharge tube 1NaS run off a transformer capable of 

supplying n current of 5oonl~ at a voltage of 4KV~ The dis­

charge current was limited to 320 mA by a resistance C"Onsisting 

of 8 x 250V lOOW globes in series with the discharge .tube. 

The circuit used for supplying the power for the discharge is 

illustrated in Diagram 2.2. The discharge current and the 

intensity of light given out from the tube were usually very 

steady. A device to ensure that the tube would be coaled 

while the discharge current was floWing is also illustrated ir.o 

Diagram 2. a:. 

THE CONSTRUCTION OF THE . SPECTROGRAPir. 

The construction of the spectrograph is illustrated by 

the frontispiece_, Plate I, and Ding rams 2.3, 2.~, 2. 5; 2.6, '2:.? ~ 

The prism and mirror were mounted on n horizontal table 

'Which was rotatable about a vertical aXis pasSing 

through t ,he pole of the mirror. This table and the entrance: 

slit of the spectrograph were mounted on a horizontal cantilever 

which was joined at one end to n vertical steel base plata 

(See Plate I and Diagram 2.3 ). A metal pipe closed at one 

end formed the main vacuum chamber~ A flange at the open end 
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DIAGRAM OF STEEL BASE PLATE. 

A,B Holes for passage of rad iation. 
C. Posit ion of cantilever: 
D To diffusion pump. 
E. Hole for rotary transmission. 
F Holes for bolts. 
G Position of steel oioe. 



l>IRGRRM &. ~. 

HYDROGEN DISCHARGE TUBE. OL-, _ ___.__ _ _.,9cM 

DISCHARGE TUBE ELECTRICAL 
SYSTEM. 

A To high vacuum system. 
B Pa II ad i u m f iII i ng tub e. 
C Aluminium electrodes. 
P Calcium fluoride window. 
E Variac. 

M 
K 

~G 

H 
SAFETY COOLING DEVICE 

F Resistance in form of 8xiOOW2SOvglobes 
G Water outlet. . 
H Device to be cooled. 
J Flow of cooling water from tap. 

K El ectrica I power ci rc i ut. 



To rod iation source. G Fluorite prism. 
Flexible metal bellows. H Concave aluminised mirror. 
HILGER adjustable coli bra ted sf it. J End of cantilever. 
Knurled ring for adjusting "slit width. K Baffle. 
Screw for adjustment of position d C. L To exit slit and crystal cleaving device. 
Prism table. M Screws for level ing prism table. 

J 

DIAGRAM 2.3' 

Illustration of construction of optical system. Drawn from above. 

9 3 
I 

Scale in inches. 
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of the pipe was bolted against an o~ring to the vertical 

steel base plate so that the cantilever was enclosed by the 

pipe. Access to the interior of the main vacuum chanber was 

readily obtained by unbolting the flange and removing the steel 

pipe. 

A cross-section of the base plate is illustrated in 

Radiation from the discharge tube passed through 

hole A in the steel base plate to the entrance slit in the 

main vacuu~ chamber. After reflection at the mirror, the. 

radiation passed out of the main vacuum chamber again through 

a second hole B in the steel base plate before coming to a 

focus at the exit slit. The exit slit was mounted at one . 

end of a metal tube, the other end of which was soldered into 

the hole B~ The crystal cleaving device Which was attached to 

this tube at the end at which the exit slit was mounted,Will be . 

described in Chapter III. 

THE MECHANISM FOR ROTATING THE TABLE 

The table on which the prism and mirnor were mounted had 

to be rotated through an angle of less than ~0 in order for th~ 

wavelength of the spectrum passL~g through the exit slit to 

change from ·6oooA to 1300A. As it was necessary for the. wave-

length to be continuously variable, the rotation of the table 

had to be finely control led. This fine contr ol was achieve~ 



SCHEMATIC OIAGRA..,. OF VACUUM SYSTEM 

A To 4hchart t tv be £ Plate \'GI'f't 
B To spt ctrog ra ph F ToMaclu4 tOU9t 
C To mcchorlfcol p11mp G lol'lisotiol'l go.,gc 
0 Oil dlfhn ion pum.- H Pironl t • •t c 

J 011 mor+omcur 
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by meahs of a mechanism situated beneath the cantilever in the 

main vacuum chamber. 

Diagrams 2.5 and 2.6, 

The mechanism is illustrated in 

It was operated from outside th& 

vacuum by rotating about its ow.n axis a shaft ~ich passed 

directly into the vacuum through a nrotary transmissionu 

screwed into a hole in the steel ba.se plate. The mechanism 

was .such that the rotation of the table was very nearly.- propor­

tional to the rotation of this shaft. 

A calculation showed that one complete ~evolution of the 

rotary transmission shaft effeoted a rotat ion of the table of 

18.6 .'seconds of arc·. The number of rotations N of the shaft 
• 

were measured with a counter. In order to cali brat~ the; 

spectrograph, it was necessary to know the values of N corres-

pending to the wavelengths at the exit slit. The accuracy 

With which given wavelengths were reproducible; at the exit slit 

~11 be discussed in Chapter IV. 

The exit slit and its mounting were removed, and the 

vizible spectrum of a light source placed in front of the 

entrance slit was observed With a microscope focussed in the 

plane in which the eXit slit had been •. The di splaeement or 
the spectrum in the field of view of the microscope was studied 

as a function of N, the rotation ot the rotary transmission 

shaft. The smoothness with which the spectrum moved across 

the field of View as the rotary transmission shaft rotated was 
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$CH£MAT IC DIAGRAM OF VACUUW SYSTEM 

A To dllCh o r ec tube £ Ptote volu 
a To spccvovroph F To woclto4 tO'itC 
C To m cchon lco l pvmp G lo11ho tio n gau tc 
0 Oil d llfut iOft p .. rnp H P i ran l t OUt« 

J Oil mot~~omc t c r 

, .. 

2.?· 



- 0 I u 0 AT< d 'ff si n pump G Si lver steel .li" rod • 
B LEY BOLD Rotary t ra nsm iss ion. H Brass hexagona I blocks. 
C Worm-screw and worm-wheel J Brass strip soldered to H. --

~ 
,__ D Brass a~gle-strip. M Micrometer screw shaft. §E Ba 11-bearings. P Positionof pr ism table. 
11 F End of co nti lever. S Steel comoression sprinq 

. 

~ Lr1l!t E S - rl-
I 1- ~ /,. ..,, I ' 

I II l '\ 
I 1J:l \ 8 I~ Ql) Dl. ' ~ ~ rM H I . ,J. pl 

.L · IL ~IU~C - J I~ I 
.J 

..l. U' I I 

_~LJ ~ Rf:s ~- ::_~ '\ II I / ..... _., \ .... 
., __ I 

A 0~E · ~F 

• § ~ .. DIAGRAM . .2. 5 
I...__ Illustration of mechanism to rotate prism table. Drawn from above. 

0 3 ~ .___ I I 

Scale in inches 



- A EYBOLD L t ro ary t ransm1ss1on. FC I . ac1um f I uon e s 1n pnsm. 
B Micrometer screw shaft. G Concave aluminised mi rror. 

---, c Brass hexagon block. H Cantilever. 

~ ~· ~ 
D Prism table. J HILGER cal ibrated adjustable slit. 
E Levelling screws . K Screw for adjusting positionof J. 

.--. 
I : F G I 
I ; J I 
I I 

f~1: I 
... ···· -

I 

H • I 

l ~K Eel D£ I 0 

L.......! . 
II II -. 

~bo;:: ~IB 
1C 1111 ,=.! L, 1111 

c= 
~'1 

A @ 

.. § 
~ D IAGRAM. 2.b. 

,_ 
Illustration of construction. Drawn from the side. 

..__ 6 Q 3 
I 

Scale in inches. 
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found by the ~~iter to be satisfactory after minor alterations 

and adjustments to the mecbnnism which drove the table. 

THE VACUUM SYSTEM 

As air at atmospheric pressure absorbs ultra-violet 

radiation of wn.veler~gth shorter than 2:200A strongly, it was; 

necessary for the air in the spectrograph to be evacuated. 

Losses in intensity of the ultra-violet radiation as a result 

of absorption by air would be negligible if the vacuum pressure 
-4 ) in the spectrograph was lower than 5 x 10 mm. Hg. (~3 

A scheme of the vacuum system is illustrated in Diagram 

a.7. A mechanical pump attached at C was used to evacuate 

the spectrograph to a pressure of about lo-2rom. Hg. Once this 

pressure had been reached, it ~~s possible to bring into 

operation tha oil diffusion pump Ds The mechanical pump -was 

also used to "back" the oil pump' \ofuich reduced the pressure irr· 

the spectrograph from lo-2rom. Hg. to about 5 x lo-5mm. Hg~ 
usually within two hours···· 

The oil manometer J was used to measure the difference~ 

in pressure between the Hydrogen discharge tube and the high 

vacuum system. High vacuum oil having a suitably low vapour 

pressure was used to fill the arms of the manometer~. 

All o-rings and glass vacuum taps were greased with high 

vacuum grease, and were kept free of hairs ana dust~ 
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Vacuum pressures in the spectrograph were measured 

using Pir~~i and ionisation gauges. A McLeod gauge was used 

in order to check the accuracy of the vacuum pressures indica-

t ed by these gauges (G and H in Diagram 2o7). The lowest 

pressure obtained in the spectrograph was 10-5 mm. Hgo 

ALIGNMENT OF THE OPTICAL SYSTEM 

The exit slit of the spectrograph and its mounting 

were removed, and an ultra-viole t quartz Mercury lamp was 

placed in front of the entrance sli to The vizible spectrum 

of the lamp was observed with a microscope focussed in the 

plane in which the exit slit had beeno The entrance slit was 

rotated until the spectrum lines appeared to have the sharpest 

definition (when it would be parallel to the refracting edge 

of the priam). The exit slit and its mounting were then put 

back in position, and the microscope wa s focussed on the exit 

slit. The mounting was rotated until the slit appeared to be 

parallel to the edges of the spectrum lines which were seen in 

the microscope. The distance of the entrance slit from the 

prism was also adjusted for sharpest definition of the spectrum 

lines at the exit slit. 

After these preliminary adjustments, the microscope was 

removed and a photomultiplier tube was placed so that its photo­

sensitive cathode was opposite the exit slit. If the table was 

rotated so that the spectrum moved s lowly past the exit slit, 

the intensity of light passing through the slit increased and 
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decreased again as each spectruc line moved across it. The 

corresponding variations in the photocurrent enabled the 

resolution of the spectrum lines to be studied.. The spectro-

graph was judged to be well aligned optically if the Mercury 

spectrum line ringed in Diagram Y-.1 (Chapter IV) was resolved 

as illustrated. 

1]1E PHOTOMULTIPLIER T~ 

An RCA 63lt~ photomultiplier was found to be satisfactory 

for measuring light intensities at the exit slit on account of 

its :low dark current (less than lo .. 2 pA), itS3good stability, 

and its high amplification factor of the photocurrent produced 

at the cathode .. The tube was always operated at its maximum 

anode voltage of 1500V, D.nd the same tube 'ttJU s used for all 

measurements· of photocu:rrents. 

A galvanometer with a sensi ti vi ty of 1 ~ 2 x 10-3 \) A/IIlCl. -was: 
I 

used in conjunction with a Q~iversal shunt to measure the photo~ 

current. The dark current of the photomultiplier was much 

reduced if the pins by neans of which the tube was pluggeQinto 

its·base were clean. The dark current was found to become 

steady if a small quantity of Phosphoric acid drying agent was:: 

placed inside the casing which enclosed the photomultiplier. 

SCAT'TIERED LIGHT 1\ND r~s REDUGITON: 

A bright light source was placed in front of the entranca 
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slit, and the steel pipe forming the main vacuum chamber wa~ 

removed in order that spurious images and reflections from 

the prism and mirror could be studiedo If the prism was 

rotated relative to the mirror through small angles about an 

axis parallel to its refrncti.ng edge, the beam of light which 

came to a focus at the exit, slit to form the spectrum remained 

undeviated. The bee.ms which gave rise to spurious images and 

reflections did not renain uncleviate~ The superpositiorr of 

the images and reflections on the spectrum was. avoided by 

carefully positioning tho prism relative to the mirror. 

The presence. of spurious images and reflections would 

be expected to increase scattered light inside the spectrograph-. 

Some of the scattered light would reach the eXit slit() The; 

greater proportivn of scattered light would be of wavelength 

longer than 3000A, because the reflectivities of almostJ a.ll 

substances decrease to low values for wavelengths in the far 

and vacuum ultra-violet regions. 

A filter transparent to wavelengths longer than 3100A 

was placed opposite the exit slit, and the spectrograph wa$ 

evacuated~ The HYdrogen discharge was started, and a study 

was made of the scattered light transmitted by the filter when 

wavelengths of the HYdrogen spectrum between 1300A and 3000A 

pas~ed through the exit slit~ The scattered light was· 

detected by means of a. photom.ultipJ.ier tube, and it was foun<f 
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that the photocurrent did not exceed the value of 1•8 x l0-3fA• 
This photocurrent varied very gradually as the Hydrogen wave-

lengths passing through the exit slit changed. The possible 

effects of the presence of this scattered light on the relative 

fluorescence excitation spe~tra measured with this spectrograph 

will be discussed in Chnpter III. 

r 

J 
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CHAPTER III. 

THE CRYSTAL CLEAVING ATTACHMENT, 

AND MEASUREMENT OF SPECTRA. 

The absorption coefficients of Anthracene for radiation having 

wavelengths in the far am vacuum ultra-violet regions of the spectrum are 

very high (3.1, 3.2), and such radiation incident on an Anthracene crystal 

will therefore be absorbed close to the surface. As radiation must be ab­

sorbed before fluorescence can take place, oxidation of the surface might 

be expected to affect the intensity of fluorescence. An attachment to the 

spectrograph. was made which enabled a crystal inside a vacuum to be cleaved 

with a razor blade, so that the radiation which excited fluorescence could 

be allowed to fall on a newly formed surface of the crystal in an atmcs­

phere as free of oxygen as possible. It was hoped to study changes in the 

intensity of fluorescence excitation spectra as the oxygen in the residual 

air in the vacuum combined with the molecules on the surface of the crystal. 

DESCRIPTION OF THE ATTACHMENT: 

As explained in Chapter II, one end of the metal tube through which 

radiation passed in its passage from the prism to the exit slit of the 

spectrograph was soldered into one of the holes in the vertical steel base 

plate. The other end of the tube protruded for a dista nce of about three 

centimeters through a circular hole in the base of part of a 160 millimeter 

gunshell which was adapted for the construction of the cleaving attachment . 
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A cross-section of the cleaving attachment is illustrated in Diagram 3 .1. 

The shell was attached to the tube which protruded through its base by 

being bolted against an o-ring to a flange on the tube, as illustrated in 

the lower right of Diagram 3.1. 

The arrow in Diagram 3 .1 irrlicates the path of radiation to the 

exit slit through slots parallel to the exit slit in a raw of baffle 

plates in the tube. The baffle plates prevented light which l..JOuld be 

scattered by the inner walls of the tube from reaching the exit slit. Two 

razor blades were bolted to one face of a brass disc in such a way that . 

their edges were opposite and parallel to each other, so that the exit slit 

was formed over a slot in the disc (Diagram 3 .2). The d i sc itself was re­

cessed into the end of the tube which protruded through the base of the 

shell. 

The hole in the centre of the base of the shell where the percussion 

cap had been situated was made conical in shape, so tbat t.he Jarger diameter 

of the cone was on the outside of the shell. A conical piece of brass was 

ground into this hole, and the surfaces which had been grourrl together were 

greased with high vacuum grease. A thread was cut on the narrower er.d of 

the brass cone which protruded inside ~he shell, and a brass disc was screw­

ed through its centre to the end of the brass cone, so that the faces of the 

disc were parallel to the base of the shell. Between the inside of the 

base of the shell and the brass disc, there was a steel compression spring, 

so that the brass cone would be kept pressed firmly into the conical cavity. 



PLATE II: ILLUSTRATION SHOWmG THE BRASS DISC IN THE INTERIOR 

OF T~3 CLEAVING CHAMBER. 

I 
I 



EX IT SLIT 

A Injector type razor blades. 

B Brass disc. 

C End of flange. 

DIAGRAM 3. 2 

Z..l4 
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The crystals whose excitation spectra were to be investigated were in the 

shape of centimeter cubes, and there were holes in the disc slightly greater ­

than one centimeter square for accommodating the crystals o The brass disc 

inside the shell is illustrated in Plate II. 

There was a lever outside the cleaving chamber attached to the brass 

cone at right angles to its axis. B.1 a manual rotation of the lever, the 

brass disc inside the shell could be rotated so that fluorescent specimens 

in the holes in the brass disc moved in turn in front of the exit slit. 

The disc could be fixed in any setting by means of the device at the further 

end of the lever from the centre of the shell. This device is illustrated 

in Diagram 3 .1, and in Plate III, which shows the cleaving attachment in 

its position on the spectrograph. 

The open end of the shell opposite the base was closed by means of 

a perspex disc which was bolted against an a-ring to a flange on the rim 

of the open em. The o-ring and the perspex disc may be seen in the upper 

right of Plate IIo There was a perspex light guide joined to the perspex 

disc opposite the exit slit (Diagram 3.1). Fluorescence from specimens be­

tween the light guide and the exit slit passed through the light guide and 

the perspex disc to the photocathode of a photomultiplier situated outside 

the cleaving chamber and opposite the exit slit. 

There were two holes in the cylindrical wall of the tube which sup­

ported the exit slit mounting inside the cleaving chamber, and when the 

spectrograph was evacuated, gas passed through these holes, down the tube 
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connecting the cleaving attachment with the spectrograph,. to the main va­

cuum chamber and the vacuum pumps. 

Inside the cleaving chamber, there was a razor blade which was 

joined to the end of a brass strip passing through a hole in the cylindrical 

wall of the shell. It is clear from Diagram 3 .1 that the brass strip and 

the razor blade could be manoeuvred from outside the vacuum. The brass 

strip supported the razor blade parallel arrl close to the face of the brass · 

disc nearest the base of the shell, and crystalline cubes of Anthracene to 

be cleaved were accommodated in the square holes in the disc so that they 

protruded from this face. When a vacuum had been obtained in the cleaving 

chamber, the brass disc was rotated until the crystal was opposite the 

razor blade, and the protruding part of the crystal was cleaved off. The 

cleaving operation could be watched from outside the vacuum through a window 

in the base of the shell. Af~er the cleaving ~peration, the brass disc could 

be rotated through 180 degrees, so that the freshly cleaved face of the 

crystal was directly opposite the exit slit. 

MEASUREMENT OF RELATIVE EXCITATION SPECTRA: 

· A thin layer of Sodium Salicylate was prepared on one f ace of a 

small quartz disc by evaporation of a dilute solution of Sodium Salicylate 

in distilled \·rater from the disc. The quartz disc was glued with a non­

fluorescent glue over one of the holes in the brass disc inside the cleaving 

chamber, and an Anthracene crystal was a ccommodated in another of the holes. 
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When the components of the cleaving chamber had been assembled, the air in 

the whole spectrograph,including the cleaving chamber, was evacuated until 
-4 

a vacuum pressure of lo¥rer than 10 mm. Hg. had been obtained. When the 

hydrogen discharge tube had been filled with hydrogen, the discharge was 

started, an:l the rotary transmission shaft which effected rotation of the · 

prism table 1118S rotated until ultra-violet radiation was passing through 

the exit slit. 

A photomultiplier tube was placed opposite the exit slit as in Dia-

gram 3 .1, so that fluorescent light from specimens opposite the exit slit 

would fall on its photo-cathode. The brass disc in which fluorescent spe-

cimens were mounted was rotated from outside the vacuum, so that the Anthra-

cene crystal and the Sodium Salicylate layer moved in turn opposite the 

exit slit, a nd the corresponiing photo-currents were noted o From each of 

these currents -we.e subtracted the dark current of the photomultiplier, which 

was the current measured when an opaque section of the brass disc was oppo-

site the exit slit. The ratio: 

Photo-current caused by fluorescence of Anthracene was eva-
Photo-current caused by fluorescence of Sodium Salicylate 

luated for a whole range of exciting wavelengths. (The wavelength of the 

radiation passing through the exit slit was obtained as described in Chapter 

IV). A photomultiplier tube is a device such that the photo-current which 

it yields is proportional to the number of quanta of given wavelengths fal-

ling on its photo-cathode, and therefore the ratios which were determined 

were measures of the quantum efficiencies of Anthracene relative to Sodium 

Salicylate for various exciting wavelengths. 
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The fluorescence excitation spectrum of Anthracene relative to Sodium Sali­

cylate was obtained by plotting the ratio of the photo-currents against the 

wavelength of the exciting radiation. Sc:dium Salicylate has been frund to 

have a fluorescence excitation spectrum which is almost indeper.rlent of wave­

length between 900 A and 3300 A (1.5, 3o3, 3.4), and therefore the relative 

excitation spectrum should be very similar to the absolute excitation 

spectrum of Anthracene, with the difference that the former spectrum has an 

arbitrary intensity scale. 

The validity of the method described for the measurement of excita­

tion spectra depends on the following factors:-

(1) None of the exciting radiation is transmitted 

by the fluorescent chemicals; 

(2) The intensity of fluorescence is proportional 

to the intensity of the exciting radiation; 

(3) The wavelengths of fluorescence spectra are 

independent of the wavelength of the exciting 

radiation (lo6). 

EFFECTS OF THE REFLECTIVITY OF ANTHRACENE ON EXCITATION SPECTRA: 

The percentage of monochromatic radiation reflected from the sur­

face of an Anthracene crystal depends on the wavelength of the radiation. 

Measurements have shown that the spectral variations in the reflection 

coefficient of Anthracene crystals are of the order of 5f., and act to 
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oppose variations in the excitation spectrum (1.4). The reflectivity 

spectrum of powdered Anthracene has been measured (3 o6), arrl the wavelengths 

of maxima in the spectrum are given as 3750 A, 3535 A, 3375 A, 2830 A. The 

first three of these maxima coincide closely with the minima in the near 

ultra-violet excitation spectrum of crystalline Anthracene (1.4). If the 

reflectivity spectrum of powdered Anthracene has maxima at the same wave­

lengths as the reflectivity spectrum of the crystal, variations in the re­

flectivity coefficient with wavelength would terrl to enhance the minima in 

the excitation spectrum of the crystal. 

An attempt was made to measure the reflectivity spectrum of an 

Anthracene cr,ystal between the wavelengths 2300 A and 3100 A with a Beckmann 

monochromator. No reproducible spectra were obtained, but it appeared from 

the measurements that the magnitude of the reflection coefficient was not 

greater than 8fo at any wavelength between 2300 A and 3100 Ao No corrections 

for variation in the reflectivity of Anthracene crystals with wavelength 

have been applied to the excitation spectra illustrated in this thesis. 

SODIUM SALICYLATE LAYERS: 

The excitation spectra of Sodium Salicylate layers of different 

thicknesses have been measured for exciting wavelengths between 2300 A and 

3300 A (3 .4). The intensity of the spectrum of a layer of Sodium Salicylate 

of surface density o2 mg/sq. em. was fourrl to be almost independent of 

wavelength, while there was a maximum of intensity at about the wavelength 

2700 A in the spectrum of a thicker layer of surface density 1.6 mg/sq.cm. 
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Two Sodium Salicyiate layers having surf'ace densities of •2 mg/sq. 

em. were prepared, each on faces of quartz discs, by evaporation of dilute 

s elutions of Sodium Salicylate in distilled water from the discs. (.A . little 

difficulty was experienced before apparently uniform layers were obtained). 

The quartz discs were each glued over holes in the brass disc inside the 

chamber, and the excitation spectrum of the thin relative to the thicker 

layer was measured in the same way as the excitation spectrum of an .Anthra-

cene crystal relative to a Sodium Salicylate layer. 

The ratio: 

Intensity of fluorescence of thin layer is shown in 
Intensity of flu~rescence of thick layer 

Diagram 3.3 as a function of the wavelength of the exciting light. There 

is a minimum in this spectrum at the wavelength 2700 A which corresponds tCI 

the maximum which was observed in the spectrum of the thicker layer. The 

excitation spectra of Anthracene crystals were measured relative to a thin 

layer of Sodium Salicylate, for it is likely that the absolute excitation 

spectrum of a thin layer does not have a maximum near the wavelength 2700 A~ 

IDENTIFICATION OF THE CRYSTALLOGRAPHIC PLANES OF ANTHRACENE: 

The .Anthracene crystals were mounted in the holes in the brass disc . 

inside the cleaving chamber in such a way that when a particular crystal was 

opposite the exit slit, the exciting radiati~n, impinged almost normally on 

a face of the crystal. The .Anthracene molecule is planar, and its structure 

is illustrated in Diagram 3 .4. It proved desirable to know the angle between 

the normals to the planes of the molecules in the lattice and the normals to 
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the faces Df the Anthracene crystals (which were in the shape of centimeter 

cubes), so that the orientation of the molecules with respect to the direc­

tion of the exciting light would be known. 

The crystal of Anthracene, which is monoclinic, cleaves "perfectly" 

in the (001) crystallog:mphic plane (3 .7). (The planes are described in 

terms of the Miller irrlices). The surfaces of one pair of opposite faces of 

the Anthracene cubes appeared very smooth arrl shiny, and the crystals clea­

ved easily in planes pa:mllel to these faces, which planes were presumed to 

be the (001) planes. (The two faces of a crystal parallel to the (001) 

crystallographic planes will be described as the (001) fa~es of the crystal, 

and fluorescence excitation spectra measured when the exciting light fell 

on either of these faces will be described as the (001) spectra). A study 

made at · the Rhodes University Geology Department, suggested that there were 

lines of cleavage in a particular crystal perpeooicular to the (001) faces. 

Anthracene crystals cleave distinctly in the (010) crystallographic planes 

which are perpendicular to the ( 001) p~nes (3. 7). 

When a monochromatic ray of light falls on a birefringent crystal 

such as Anthracene, there are in general, two refracted rays which are pola­

rised at right angles to each other. There will be two directions in the 

crystal along which components of the two rays will be transmitted with the 

same velocity, and these directions are called the optic axes. The optic 

plane is the plane (or set of planes) in the crystal parallel to both optic 

axes, ani the (010) plane of an Anthracene crystal coincides with the optic 

plane (3.7). 
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A single ray of light incident in a certain direction on a doubly 

refracting crystal such as Anthracene will give rise to a cone of rays in­

side the crystal, and the optic plane passes through the centres of the 

circular sections of the cone (3 .8). If the angle between an edge of the 

face of an Anthracene cube parallel to the ( 001) crystallographic pl anes 

and the projection of this line on the (001) planes could be determined, 

the direction of the (010) planes in the cube would be known. 

One side of an Anthracene cube was glued to a flat piece of metal 

foil so that a side of the cube was directly over a pinhole in the foil. 

Sodium light from a small hole in a screen about twenty centimeters from 

the cube was a llowed to pass through the pinhole, and two images of the pin­

hole could be seen in the crystal from the opposite side of the crystal to 

the foil. The orientation of the crystal with respect to the direction be­

tween the small hole in the screen and the pinhole in the foil was varied 

until the two images of the pinhole came together and f ormed a ring of light 

on the surface of the crystal. The photograph of such a ring is given in 

Diagram 3.5 .. The ring is not clearly defined, probably because of cracks 

inside the crystal, and the rough condition of the s urfaces. The ring ap­

peared better to the eye than it appears in the photograph. 

Two marks were made on the surface of the crystal, one where the 

pinhole in the foil was situated, t he other wher e the centre of the ring of 

light on the other side of the crystal was estimated to be. The straight 

line joining the two marks on the surface would be expected to lie in the 

_optic plane of the crystal. As it was founi that the two marks were nearly 
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the same distance from one of the faces of the cube perpendicular to the 

(001) faces, it was concluded that a pair of opposite faces of the cube 

were nearly parallel to the optic ( 010) plane. Planes perpendicular to 

both the ( 010) arrl ( 001) planes will be described as (1 1 00) planes, and it 

will be assumed that the orthogons.l planes were actually parallel to the 

f aces of the particular Anthracene cube. 

If orthogons.l axes x,y,z 1 are chosen in the Anthracene lattice so 

that the x,y,z 1 axes lie in the (001), (010) and (11 00) planes respectively, 

the equation of the plane which is parallel to the planes of the molecules 

is given by: 

X- .533y + .500z' = 0 (3.9). 

It may be shown from this equation that the normals to the planes 

of the molecules make angles of 24°, 25.5° arrl 54° with the (001), (010) 

arrl (1 1 00) crystallographic planes. 

THE HYDROGEN SPECTRUM: 

The spectrograph was prepared for the measurement of spectra, as 

has been described, am the brass disc inside the cleaving chamber was ro­

tated so that the Sodium Salicylate layer was opposite the exit slit. The 

photo-current resulting fran the fluorescence of the Sodium Salicylate -was 

plotted as a function of the ~~velength of the radiation passing through 

the exit slit, and in this -way a Hydrogen spectrum -was obtained. (The me­

thod of obtaining the wavelength of the radiation passing through the exit 
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slit will be described in Chapter IV). A typical Hydrogen spectrum is 

illustrated in Diagram 3 .b. A Hydrogen spectrum measured with a greting 

spectrograph is shown for comparison in Diagram 3.1 . (3.5) 

The wavelength of the very intense maximum in the Hydrogen spectrum 

is known to be 1600.2 A (3 .5, 3 .10). The wavelengths of some of the ma-

xima in Diagram 3 •'- were estimated to be 1712.6 A, 1730.5 A, 1751 A, 1779 A, 

1793 A arrl 1800 A. Wavelengths which correspond to these wavelengths were 

estimated from a photograph of a Hydrogen spectrum to be 1712 A, 1730 A, 

1?48 A (faint), 17?3 A, 1792 A, 1811 A (3 o10) o 

The intensity of the Hydrogen spectrum becomes weak at wavelengths 

below 1500 A, probably because the reflectivity of Aluminium becomes low 

at these \.?avelengths (2 .1). A few Hydrogen spectrum lines of l~T intensity 

were observed between the wavelengths 1350 A and 1500 A. 

EFFECTS OF SCATTERED LIGHT ON SPECTRA: 

When the spectrograph was in operation, a certain amount of scatter­

ed light passed through the exit slit together with the ultra-violet radia­

tion from the discharge tubeo It was explained in Chapter II that the 

intensity of scattered light changed very gradually as the wavelength of the 

ultra-violet radiation passing through the exit slit was varied. The scat­

tered light would, therefore, not cause any spurous maxima or minima to 

appear in the Hydrogen spectrum in Diagram 3 .~ . 
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It was not possible to obtain a reliable estimate of the percentage 

of scattered light in the ultra-violet radiation of any wavelength passing 

through the exit slit. The photo-currents corresponding to the weakest in­

tensities in the Hydrogen spectrum in Diagram 3 .6, were only three to four 

times greater than the maximum value of the photo-current correspon::ling to 
ltflleli 11.r czcl 

the scattered lightAas described in Chapter IIo 

It is therefore possible that the excitation spectra of Anthracene 

which were measured could be slightly distorted at the wavelengths where 

exciting radiation was '-reakest, for the intensity of an excitation spectrum 

at any wavelength was determined by the ratio of photo-currents, each of 

which would have been increased slightly by the presence of scattered light 

in the exciting radiation. 
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TABLE II, 

~ (~) t-'_ -1 Nobs Neale Nobs-Neale. 

;461 •43537 312.•78 313•11 -•33 
'+916' •43730 310'93 311•24 -~31 
lt-358 •43996' 308.,J5'. 308•6'5; - ..30 
4o?a •44171 306'•65' 306"•95) .... •30 
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30~ •%H-l;! 2.94'70 294•86 -•16 
295;: •45548 293•64 a93·5~ + •·09 
2894·· •4S678' 292:•os: 292··28 .. ~a 
2825'5 ~5'858 290''20 290·~ - •·33 
a75l. ·46012. 2.89"•00 289 .. <l] ... ! '03 
~~ •4615~ 28.7, .. 80 2a7r.ff'!.' + .. ll 
26;4: •4628l.L 2.86<•66 aB.6'·•lf.a.· + ~·2S 
a53!l ·466~ 2B3•o;; 28~7$ + ~30 
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2:37,8:; •47283) a'/6 •(ffi 2.76"~65 + ~2 
231+;: •lf7'+32. 2:75~3<1 a71)~a· + ..09" 
a"255 •47524 2:7]+l•o5; 2?.41 .. 31 -·~ 
23U2 -47«34:- 2:7! ... 10 271• ·2!1-~ - .•14' 
22?3 •478a'Tt 271•00 z;.o•·78 +~22 
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2002. •495'})9'" ~-~ $•12 + •13 
L9?~ •'+.98lt3 2:5.'1'•9'0 :ti7-Ul ·~ + •16 
19lt2 • 5'1114-o. ~9·10 2.4a•85'i + .. 2$ 
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CHAPTER IV. 

THE CALIBRATION 

THE i>fERCURY SPECTRUM 

An ultra-violet quartz Hercury lamp was placed 

opposite the entrance slit of the spectrograph9 and a graph 

of the Mercury spectrum was obtained in the same way as the 

graph of the Hydrogen spectrum was obtained (Chapter III). 

The intensity of the Hercury spectrum at the exit slit is 

shown .in Diagram 4.1 as a function of the counter reading N 

which measured the rotation of the rotary transmission shaft. 

The wavelengths of the more intense lines of the 

Mercury spectr~~ were selected from tables (4.1) and were 

related to the more intense spectrum lines of Diagram 4.1. 

The spectrum of the Mercury lamp was photographed using a 

small grating spectrograph, and a comparison of the · photograph 

with Diagram 4.1 enabled most of the lines of wavelength 

longer than 2400A to be identified. The \Vc3.velengths of the 

identified spectrum lines were plotted against t11e corresponding 

readings of the counter N, and the first section of the cali­

bration graph was obtained. 

The wavelengths of the Mercury lines are listed in 

Table II together with the corresponding counter readings~-
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The wavelengths of two Mercury spectrum lines which wera 

not listed in any of the tables consulted are given a.s 

1923±7A and 1902!7A. 

The range of wavelengths passing through the exit 

slit was always finite. Diagram 4.2 shows how the range: 

of wavelengths depended on the mean wavelength passing 

through the exit slit. This graph was useful when deciding 

whether or not Hercury spectrum lines of Diagram 4.1 were 

the resultant of a combina tion of two or more lines. As' 

the wavelengths of such spectrum lines would be uncertain, 

they were not used for ca libration purposes. 

EXTENSION OF THE CALIBRATION CURVE. 

Let p and ~~0 be the refractive indice s of Calcium 

Fluoride for wavelengths A and A 0 • 

Consider a r ay of wavelength A which is incident at a 

small angle on a refracting face of the thin Calcimn Fluoride 

prism in a plane perpendicula r to its refracting edge. If 

the ray passes through the prism, it will be deviated through 

an angle (,u-l)A where A is the refra cting ungle of the prism. 

If the ray is reflected back again through the prism, the 

total angle of deviation it will undergo as a result of 

refraction by the prism will be given by 

D =- 2(J.l-l )A • • • • • • • • • • • • • Cl) 
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The total deviation of a ray of wavelength 'A 
0 

wil l be given by: 

If (1) and (2) are subtracted, it follows that: 

D- D = 2(J.L -J.L )A 
0 0 

••••••••• (3) 

Let N and N
0 

be the readings on the counter when 

wavelengths A and A pass through the exit sli t of the spectro­
o 

graph. The mechanism by means of which the prism table was 

rotated was such t hat the rotation of the rotary transmission 

shaft was proportional to the rotation of the table. The 

angle D - D
0 

through which the prism would have to rotate in 

order for the wave length at the exit s 1 it to change from A 

to A is therefore nronortional to N - N o ..I:' ..I:' o· 

It follows that: 

where K is a constant. 

If N
0 

(and therefore J.L 
0 

and A
0

) are taken to be 

constant , it follows from equation (4) that: 

(M - 1) ;~ N -[:o -!'
0 

+ 1] •••• • (5) 

or J.L - 1 = BN + C ••••• (6) 

where B and C are constants, the values of' which may be deter-

mined by comparing (5) and (6). 

Values of' the refractive indices of Calcium Fluo­

ride for various wavelengths are listed in tables (2.2). 



,. 

- 36 -

A large graph o~ refractive index against wavelength was drawn , 

and the re~ractive indices ~or each o~ the Mercury wavel engths 

listed in Table II were estimated ~rom ito These re~ractive 

indices and the corresponding counter readings ~or the Mercury 

lines were substituted in (6) 9 and a number o~ linear equa­

tions in B and C were obtainedo These equations were solved 

and the mean values o~ B and C were ~oundo 

Equation (6) was used to calculate the .counter reading 

N corresponding to any wavelength ~or which the re~ractive 

index was known. The re~ractive indices ~or many wavelengths 

in the vacuum ultra-violet are knovn1 (2.2) 9 and it was there­

~ore possible to extend the calibration graph ~rom longer 

wavelengths to 1311A. 

The H;r drogen spectrum is known to have a maximum o~ 

intensity in the middle vacuum ultra-violet at the wavelength 

1608A (3.5 , 3.10). The maximum o~ intensity was observed with 

the spectrograph, and the corresponding wavelength was establi­

shed rrom t he calibration graph (obtained as described) to be 

1605Ao The constants B and C o~ equation (6) were there~ore 

recalculated in the ~ollowing manner, so that a new calibration 

graph was ob t ained ~rom which the wave length o~ the maximum o~ 

intensity would be estimated as 1608A. One linear equation was 

obtained by a su~ation of the linear equations in B and C 

obtained as describedo 

Another v1as obtained by substituting in (6) the 
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refractive index for the wavelength 16o8A, and the counter 

reading corresponding t o the maximum of intensity. 

These two equations were solved for B and c. The 

new calibration graph was then made as beforo using equation 

(6) and the new values of B and c. The graph which was used 

for finding the wavelengths at the exit slit corresponding to 

the counter readings was obtained from the formula : 

J.£-1 = •1'02-744 X 10-3 N+•75708 • • • ..... • • (8} 

ACCURACY OF THE CALIBR1~TION .. 

One of the weak points of the spectrograph was the lack 

of sufficient rigidity in its structure~- The calibratiom 

was altered by the mechanical stresses brought about by 

bolting the steel pipe which formed the main vacuum chamber to 

the steel base plata. As the counter readings corresponding 

to the wavelengths of given spectrum lines at the exit slit 

changed by as much as .6 of a turn, the spectrograph had to be 

recalibrated if the steel pipe was bolted •. The stresses 

brought about by evacuating the spectrograph changed the 

counter reading s by about onB tenth .of a turn~ 

Spectrum lines were reproducible at the exit slit 

usually to within·· • 2 of a turn of the counter on a given day. 

The reproducibility was limited by imperfections of the mech-

anism by means of which the prism table was rotated. Sometimes 
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when the ' spectrograph was used on subsequent days, the counter 

readings of spectrum lines had changed by as much as ·4 of a 

turn from their original values. These changes may be 

attributed to temperature changes affecting the mechanical 

structure of the spectrograph. 

When the wavelengths of spectrum lines at the exit slit 

were measured from the calibration graph, it was assumed that 

the error in the counter reading would not exceed . ~·5 of a turn. 

The corresponding wavelength errors which might be expected at 

various wavelengths are given in Table III. 

DIRECT CALIBRATION OF THE SPECTROGRAPH AT SHORTER WAVELENGTHS 

An attempt was made to calibrate the counter in terms of 

wavelengths of known spectrum lines in the vacuum ultra-violet 

region. A Sch~ler hollow ca thode discharge tube was con-

structed for the purpose of exciting the spectrum lines. 

A Schuler tube has two e lectrodes, an anode and a cathode 

which has a cavity in it. Spectrum lines of the material of 

the cathode or of a substance placed in the cavity may be 

excited in an atmosphere of an inert gas by means of a direct-

current discharge be tween the e lectrodes. The Schuler tube 

constructed was a modification of one which has been described 

(4.2), and its cross-section is illustra ted in Diagram 4.3. 

The electrodes were made of commercial Aluminium, and 
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consisted of a hollow cylindrical anode B, and a cylindrical 

cathode A. The end of the cathode facing the anode was · -
tapered slightly in order to concentrata the discharge from 

the anode into the cylindrical cavity in the cathode. · Tha 

tube was connected to the spectrograph by means of the flanga 

G. The cathode was waxed into the farther end of the tube 

from the spectrograph so that it was separated by about one 

centimeter from the anode, and it was water-cooled in order 

·that the heat of the discharge should not melt the wax seal. 

Radiation excited by the discharge in the cylindrical cavity 

of the cathode passed through the hollow anode and the length 

of the tube to the entrance slit of the spectrograph. 
II 

Spectrally pure Argon was· introduced into the Schuler-

tube through the inlet E (Diagram 4-···3) ~. The Argon was: cun-

tained in a glass bottle A which was closed by means of a 

delicate glass seal inside the neck. (Diagram 4:.4). A small 

evacuated reservoir C was filled with Argon from the bottle. 

Argon was allowed to leak from the small reservoir through 
II 

tube D to fill the whole spectrograph and the Schuler tube to 

a pressure of a few millimeters of Hercury. 

When a positive stabilised voltage was applied at thE 

anode, a discharge to the earthed cathode was observed. A 

resistance was placed in series vdth the discharge in order to 

limit the current to 150 milliamps •. The voltage at .. the anode 
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TABLE Iv;. 

Z~Nq· SPECTRUM L~S 

--~--~-~--~---~---~-----~-----~~--~~~-----~------~-~----~--------~ · Counter Estimated. Relntiva Nearest wavelen'th Intensity 
Reading Wave}!}gth Intensity from Tables (A 

264•3 2141 ! 7 170 2138•6 {4.1) 8oo 
a57•5 2Q5'6 :t 6 3 2061•9 (4.1) 100 

255;.8 20a2! 6 6 2.025. 7- (~·.1) 2:00 .. 
22.5;lL 1744 ! 3 1 1743·5· (4.1) 10 I 
21.0•2 16~58 ! 3- 6'' ? .. .. 
205•1 163'+ t 2 3 1632•1 {).6) 4 

195:~1 1~8! 2 !: 15'89 .(f (3,6) lQ. 

188• 3'- 15'6~! 2 6 ? .. 
; I 
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was between 5oov and 7 00V. 

Some scraps of very pure copper were plaaed in thffi 

cavity in the cathode, and the rudiation excited in the 

c~vity by the discharge was studied vdth the spectrograph. 

No spectrum lines of wavelength shorter than 2100A -vrere 

observed, probably because the copper did not acquire a high 

enough temperature (~.3). The intensity of the radiation 

was found to be a maximum when the Argon pressure in the tube·. 

was about 1 mm. Hg. If the pressura was reduced much below 

1 nun. Hg-., a pale steel-blue discharge from the anode ·to the. 

flange G (Diagram ~.3) commencecr. 
II A new pair of electrodes were made for the Schuler tube 

so that there should be no traces of the copper on them. A 

sample of very pure Zinc was placed in the cavity of the new 

cathode, and the radiation excited by the discharge was studied 

as before. The estimated wavelengths and rela tive intensities.: 

of spectrum lines which were excited in the vacuu.m ultra:-

violet region are listed in Table IV. The nearest wave-

lengths to those in tables of Zinc spectrum lines are also 

given in Table I V. Two of the observed spectrum lines coula 

not be identified as Zinc lines. As there was some doubt 

about the identification of the r er1aini ng lines, they were not 

used for c&libration purposes. 
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CHAPTER Vo 

RESULTS AND DISCUSSION. 

MINIMA IN EXCITATION SPECTRA: 

Some relative fluorescence excitation spectra of an Anthracene 

crystal were measured as described in Chapter III, and are illustrated in 

Diagram 5 .1. The wavelengths of two minims. in the spectra were estimated 

to be 2220 :t. 12 A, am 1910 :!:. 10 A. These minima. also appear in the spec-

tra in Diagram 5.2, which were measured by other workens (1.5). Two maxima 

have been measured in the absorption spectrum of crystalline Anthracene at 

wavelengths slightly shorter than the minima in the excitation spectrum, 

namely at 1890 A and 2200 A (5 .1). other workers have found that maxima 

in the absorption spectrum occur at slightly shorter wavelengths th9.n minima 

in the excitation spectrum of crystalline Anthracene in the near ultra-violet 

region (1.4). 

THE EFFECTS OF POLISHING: 

The surfaces of the Anthracene crystals appeared to have been polish­

ed by the manufacturers of the crystals. An excitation spectrum measured 

when the exciting light fell on a polished surface of a crystal will be 

referred to as the excitation spectrum of a polished crystal. If the exci­

ting light fell on an unpolished surface, the excitation spectrum will be 

described as that of a cleaved crystal. 
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The excitation spectra of polished arrl cleaved crystals were similar, 

but certain differences between them were observed. The excitation spectra 

of polished crystals were less intense than those of cleaved crystals, in 

accordance with the results of other workers (5 .2). The minima at the 

\ 

wavelengths 1910 A and 2220 A in the excitation spectra of polished crystals 

appeared rather deeper than the corresponding minima in the excitation spec-

tra of cleaved crystals. Also, an intense maximum at the wavelength 2710 :t. 

20 A in the excitation spectra of cleaved crystals occurred at a slightly 

shorter wavelength than the corresporrling maximum in the excitation spectra 

of polished crystals. These differences are illustrated by the (001) 

spe?tra in Diagram 5.3, ar:d the (1 1 00) spectra J, K and L in Diagram 5 .1. 

The least intense spectra in each of Diagrams 5.1 and 5.3 are spectra of 

polished crystals, and all the other spectra in these diagrams are those of 

cleaved crystals. 

The intensity of fluorescence fran a polished crystal excited by a 

band of ultra-violet light of constant intensity has been found to decrease 

slowly within a few days to about one third of the intensity measured soon 

after the crystal was polished. If the crystal was cleaved in air so that 

the ultra-violet light could fall on an unpolished surface, the intensity 

remained constant even if the crystal was stored for a few days in air or 

in oxygen at 100°0. It was suggested that the polishing caused an increas-

ed reaction rate of the surface molecules of the crystal with oxygen, and 

that as the surface became oxidised, the intensity of fluorescence decreased 

(5 .2). It is possible that the excitation spectra of polished Anthracene 
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crystals are characteristic of an oxide on the surface rather than of the 

substance beneath the surface. 

Anthraquinone, an oxide of Anthracene, is not fluorescent in the 

solid state. The oxide on the surface could be Anthraquinone, for thin 

adoorbed layers of Anthraquinone are known to be fluorescent (5 .3). Dian­

thracene, a polymer of Anthracene, may be formed photochemically on the 

surfaces of the crystals by ultra-violet irradiation (5 .4). Dianthracene 

has different crystalline structure and physical properties from Anthracene, 

but its fluorescence spectrum is identi cal to that of Anthracene (5.5). 

THE EFFECTS OF CLEAVAGE: 

The intensities of fluorescence excitation spectra of polished 

crystals were found to have increased at all wavelengths if the spectra 

were remeasured after cleavage of the crystals in a vacuum as described in 

Chapter III. It was als o found ths.t the intensities of the spectra went on 

inoreasing and reached a maximum within tvrenty-four hours after the clea-

age. 

The effects described are illustrated in Diagrams 5.1 ani 5.3. . 

The least intense curves in each of these diagrams represent the fluores­

cence excitation spectra of polished crystals. The curves next above the 

least intense curves illustrate the increase in intensi ty of the spectra 

after cleavage of the crystals in a vacuum • Curve L in Diagram 5 .1 and 

the topmost curve ir Diagram 5.3 illustrate the further increase i n inten­

sity of the spectra within twenty-four hours. The intensity of spectrum K 
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at all wavelengths increased within five hours by at least fifty per cent 

of the difference in intensity between spectra K and L at the wavelength 

2500 A. The increase was occurring while the crystal was inside the vacuum 

in the spectrograph. 

The spectrograph was filled with air so that the effects on the 

intensities of the excitation spectra of storage in air of the cleaved 

crystals could be studied. It was found that storage of the crystals in 

air for periods of up to three weeks did not affect by any measurable amount 

the intensities of the excitation spectra which had already reached a maxi­

mum after cleavage of the crystals. 

The slow increase to a maximum value of the intensity of the exci­

tation spectrum of a crystal which has been cleaved in a vacuum might be 

caused by a gradual combination of the oxygen in the residual air in the 

vacuum with molecules on the surface of the crystal. (There is evidence 

that oxygen combines with the surface molecules of Anthracene crystals to 

form an oxide or peroxide of Anthracene (5 .6)). Such a conclusion would 

be surprising, for oxygen quenches the fluorescence of s olutions of Anthra­

cene (1.9). Nitrogen has no effect on the intensity of fluorescence of 

Anthracene solutions (5 .7), and probably does not affect the intensity of 

fluorescence of crystals. It is possible that pure Anthracene is non-fluo­

rescent, and that Anthracene crystals fluoresce by virtue of traces of oxygen 

impurity combined with some of the molecules in the lattice. 
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The slow increase in intensity· might be caused by a gradual self­

annealing of the newly fanned surface of the crystal. (Dr. J .A. Gledhill 

and the writer are indebted to Dr. D .B. Holt of the University of the Wit­

watersrand for this suggestion given in a discussion following a paper read 

at a conference of the S.A. Institute of Physics, Stellenbosch, July 1959). 

Evidence has been obtained recently to suggest that Anthracene crystals 

might fluoresce by virtue of strains and imperfections in the lattice (5.8). 

The slow increase in intensity might also be the result of a gradual conden­

sation of water vapour in the vacuum on the surface of the crystal on which 

the exciting radiation falls. Inclusion of a small quantity of drying agent 

in the main vacuum chamber of the spectrograph did not prevent the slow in-

crease. A study of changes in the intensity of the excitation spectrum of 

a crystal which has been cleaved in· an atmosphere of a pure dry rare gas 

might establish whether or not the slow increase in intensity of cleaved 

crystals is caused b7 oxygen. 

CHANGES IN THE EXCITATION SPECTRA OF CLEAVED CRYSTAlS: 

It has been explained that the intensities of the excitation spectra. 

of cleaved crystals attain a maximum, and that the intensities do not de­

crease again if the crystals are stored in air. When some measurements of 

the excitation spectra of cleaved crystals were made within a few days of 

each other (and the crystals were stored in a·ir at atmospheric pressure in 

the intervals between the measurements), it was found that maxima of inten­

sity had begun to "grow" on the spectra between the wavelengths 23 00 A and 

3300 A. 
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Some of these maxima appear weakly in the excitation spectrum J of 

a polished crystal in Diagram 5.4 o When the excitation spectrum was re-

measured soon after cleavage of the crystal in a vacuum, all trace of the 

maxima had disappeared (Curve K). When the spectrum was measured again, 

six days later, evidence of the maxima had reappeared (Curve L). The maxi-

ma hardly appear in the ( 001) excitation spectra illustrated in Diagram 5.3. 

Curve F in Diagram 5 .4 illustrates a remeasurement of the spectrum of maxi-
• 

mum intensity in Diagram 5.3 made after the crystal had been exposed to 

laboratory air for six days. A comparison of these two curves shows that a 

maximum has appeared in curve F at about the wavelength 2470 A. The mea-

surement of c~rve F was repeated after a further three weeks exposure of 

the crystal to laboratory air, arrl curve Gin Diagram 5.1 was obtained.(It 

was not possible to obtain the whole of curve G, for the spectrograph failed 

to function satisfactorily before the measurement was completed). The 

maxima have become very strong in curve G. 

The estimated wavelengths of some of these maxima are listed in 

Table v, together with wavelengths of maxima in the "photo-conductivity 

spectrum" of Anthracene (5 o9) o It '\-Tculd appear that the '\.JS.Velengths of 

three of the maxima in the photo-conductivity spectrum (3140 A, 3a)O A, 

2960 A) correspond to the wavelengths of three of the maxima which have 

11 grown" in the excitation spectrum. The photo-corrluctivity spectrum has 

been shown to have maxima at the same \.Javelength as many of the maxima in 

th~ absorption spectrum between the wavelengths 2500 A and 4000 A (5 .9) • 

The wavelengths of some maxima in the absorption spectrum and minima in the 

excitation spectrum of crystalline Anthracene are also listed in Table V. 
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Anthracene crystals are said to be photo-conducting i.e., a current 

will be conducted by the crystal if a voltage is applied between any two 

points on a section of the surface which is irradiated with ultra-violet 

light. If the wavelength but not the intensity of monochrom9.tic ultra­

violet light \-lhich illuminates the surface is varied, the current which 

flows will also vary. If, the current which flows per unit intensity of 

the monochromatic light is plotted graphically as a function of the wave­

length• the photo-conductivity spectrum of the crystal will be obtained. 

Aa Anthracene absorbs ultra-violet radiation strongly (3 .1, 3 o2), 

the current conducted by the crystal will flCM close to the surface through 

the molecules which absorb the radiation. The gaseous atmosphere surroun­

ding the crystal greatly affects the intensity of the photo-conductivity 

spectrum. The intensity almost vanishes if the spectrum is measured when 

the crystal is surrounded by a rare gas or a vacuum, and it beqomes rela­

tively intense if the crystal is surrounded by air or oxygen (5.10). 

It has been suggested that the photo-conductivity spectrum of an 

Anthracene crystal which has been prepared in a completely oxygen-free 

atmosphere, will vanish altogether (5 o9). 11 In a molecular crystal such 

as Anthracene, there should be no large change in the properties of the 

molecules on the surface compared with those in bulk" (5 .9, 5 .11). It is 

also possible that the intensity of excitation spectra of Anthracene crys­

tals prepared in a completely axygen-free atmosphere will vanish altogether. 

Recently, evidence has been obtained to show that it is likely that the 

fluorescence spectrum of an Anthracene crystal is not characteristic of pure 

Anthracene, but may arise from "chemical agents" such as cnrygen, or from 
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imperfections in the crystalline lattice (5.8). 

FINE STRUCTURE IN THE EXCITATION SPECTRUM: 

Fine structure which was observed in the fluorescence excitation 

spectra of Anthracene crystals between the wavelengths 1510 A and 1650 A 

is illustrated in Diagram 5.5 • (The spectra in Diagram 5.5 are sections of 

the spectra in Diagram 5.1). The vmvelengths, wave numbers, and arbitrari-

ly estimated relative intensities of the minima in the fine structure are 

given in Table VI. The wave numbers of the four most intense minima are 

listed in Table VII, and it would appear that the wave number spacings be­
-l 

tween these minima. have a 1m-rest common multiple of about 650 om • There 

appeared to be minima of slightly smaller intensity situated symmetrically 

one on either side of three of the four intense minima.. It has been sugges-

ted that the fine structure is an interference phenomenon associated with 

the paths of 11 7T 11 electrons around the "benzene ringstt of the Anthracene 

molecules (5.12). 

Although the excitation spectra in Diagram 5.5 are measured relative 

to Sodium Salicylate, the fine structure cannot be attributed to Sodium 

Salicylate. If the fine structure was characteristic of this chemical, the •• 

minima in the least intense spectra in Diagram 5.5 would be the most intense, 

and this is not observed to be the ease. 
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DIFFERENCffi BET\rlEEN THE EXCITATION SPECTRA OF A GIVEN CRYSTAL: 

The (001) spect~ of cleaved crystals were more intense than the 

( 010) or (1 1 00) spectra • 

~:- Compare the intensity of the (001) spectrum F 

with the intensity of the (1 1 00) spectrum L, 

and of the ( 010) spectrum I in Diagram 5 .4. 

(It should be noted that the zero of the ordinate scale for curve I is .6 

unit above the zero on the diagram). The surfaces obtained by cleavage of 

the ( 001) faces of Anthracene crystals were always very smooth compared with · 

surfaces obtained by oleBvage of other faces of the crystals, and possibly 

the smoothness of surfaces influences the fluorescent intensity. The crys­

tals appeared more translucent in a direction perpendicular to the ( 001) 

planes, than in other directions. When excitation spectra were measured, 

fluorescence passed through the crystal before reaching the photo-multiplier 

tube, and possibly a greater intensity of fluorescence reached the photo­

multiplier when the (001) spectra were measured than when the other spectra 

were measured • 

If the (001) spectrum Fin Diagram 5.4 is compared with the (1 1 00) 

spectra J, K and the (010) spectrum I, it will be observed that the two mi­

nima at the wavelengths 1910 A and 2220 A hardly appear in the (001) spec­

trum. The wavelength of the intense maximum in the excitation spectrum of 

a particular crystal: occurred a t a larger wavelength in the (010) spectrum 

than in either the (1 ' 00) or (001) spectra 

~:- Compare curve I, Diagram 5 .4, with curves F and L. 
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The surface of the crystal on which the exciting radiation fell had been 

rubbed with a cloth before the measurement of curve I, and it was possibly 

the rubbing which caused the maximum in the ( 010) spectrum to occur at a 

longer wavelength.. Also, minima in the fine structure appeared to be more 

intense in the (1 1 00) spectra than in either the (010) or (001) spectra. 

~:- Compare the (1 1 00) spectra K and Lin Diagram 

5.5 with the (.010) and ( 001) spectra I and F 

of cleaved crystals • 

(It should be noted that the zero of the ordinate scale for curve Lis .6 

unit above the zero on the diagram). As explained in Chapter TII, the 

normals to the planes of the molecules in the lattice made a smaller angle 

with the direction of the exciting light when the (1'00) spectra were mea­

s ured than when either the (010) or (001) spectra were measured, and this 

fact might account for the greater depth of the milli.wi in the fine structure. 

It was not possible to find a satisfactory correlation -between all the diffe­

rences in the spectra and the orientation of the planes of the molecules 

with respect to the direction of the exciting light. Investigation of 

these differences in the excitation spectra measured using polarised exci­

ting light might give interesting results, for the strength of absorption 

of polarised ultra-violet light by Anthracene crystals has been found to 

depend on the angle which the plane of polarisation makes with axes in the 

planes of molecules in the crystals (3 .2). 

THE FIRST IONISATION POTENTIAL: 

It was observed that the intensities of the fluorescence excitation 

spectra of Anthracene are irrlependent of wavelength between 1500 A and 
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1650 A (neglecting variations in intensity caused by the fine structure). 

The wvelength at which the intensities of the spectra become independent 

of wavelength is about 1650 A (See Diagram 5 .1). The ionisation potential 

of Benzene is as~ociated with the wavelength at which the absorption spec­

trum becomes intense and irrlependent of wavelength (5 .13). As Anthracene 

is closely rela ted in chemical structure to Benzene, it is likely that the 

ionisation potential of Anthracene is associated with the wavelength at which 

the Anthracene absorption spectrum becomes intense and irrlependent of wave­

length. 

The fluorescence excitation spectrum of crystalline Anthracene 

varies in an inverse way to absorption spectrum near the wavelengths 2200 A 

and 1890 A, and if the excitation spectrum still varies inversely to the 

absorption spectrum at shorter wavelengths, the wavelength 1650 A might be 

associated with the ionisation potential of Anthracene. The energy of a 

quantum of radiation having a wavelength 1650 A is 7.5 eV., and the ionisa­

tion potential of Anthracene has been estimated theoretically to be 7 .2.3eV 

(5.14). It is possible that the presence of surface oxides on Anthracene 

crystals would affect the value of the ionisation potential estimated from 

the excitation spectra. 

AN UNUSUAL EXCITATION SPECTRUM: 

The two excitation spectra of Anthracene crystals illustrated in 

Diagram 5 .6 were measured simultaneously, and it was found difficult to 

account for three minima in the more intense curve o It \.Jas recalled that 

the surface of one of the crystals had been wiped with cotton wool soaked 
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in Acetone before measurement of the spectra, and it is possible that 

Acetone adsorbed on the surface caused the appearance of the miniJI)9., the 

wavelengths of which are estimated as 1850 A, 1760 A, 1680 A. 

EXCITATION SPECTRA: 

When a beam of radiation falls on a slab of material, the energy 

of the beam which is neither transmitted nor reflected by the slab may be 

absorbed and converted to heat o If the radiation excites luminescence of 

the material, some of the energy of the beam can be converted to fluores­

ce:ooe and phosphorescence as well as heat a At the wavelength of a maximum 

in the absorption spectrum, there may be a maximum or a minimum in the ~ 

fluorescence excitation spectrum, depending on whether a greater fraction 

of the exciting radiation is converted to fluorescence, or to heat (and 

phosphorescence). Minima in the excitation spectrum at wavelengths 1910 :t 

10 A, 2220 :t 12 A, and a maximum at the wavelength 2710 :t. 20 A coincide 

closely with n:exima in the absorption spectrum at the wavelengths 1890 A, 

2200 A arrl 2680 A (3 0 2, 5 ol, 5 .15) • 

Two distinguishable luminescences, namely fluorescence and phospho­

rescence, can be observed when (Anthracene) molecules are excited by ultra-

violet radiation (5 .16). (Most of the wavelengths of the fluorescence 

spectrum occur in the vizible region, and the wavelengths of the phosphores­

cence spectrum occur in the infra-red region of the electromagnetic spectrum). 
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The intensity of the phosphorescence of Anthracene is usually weak compared 

to the intensity of fluorescence (1.8). Same of the excited molecules 7 in­

stead of returning directly to the ground state with the emission of fluo­

rescence, may pass into the "phosphorescent" or "triplet" state, and may t hen 

return to the ground state with the emission of phosphorescence (5.1?). 

Molecules in the phosphorescent state may also return to the ground state 

without the emission of phosphorescence, so that it is possible for all the 

energy which excites an (Anthracene) molecule to be lost without the emis­

sion of luminescence (5.17). 

Different wavelengths of ultra-violet light will excite molecules 

from the ground state to different vibrational levels of the first and 

higher excited states. If the probability of an excited molecule passing 

to the phosphorescent state depends on the vibrational level bo which the 

molecule has been excited (i.e., depends on the energy of exciting radia­

tion), variations in the fluorescence excitation spectrum might be expected. 

Molecules in the first excited state may pass to the triplet state when a 

mixing of vibrational levels of the two states occ~(5.17). 

The fluorescence excitation spectra of single Anthracene crystals 

are different from those of riUcroc:rystalline layers of Anthracene, in that 

the spectra of microcrystalline layers are almost independent of wavelength 

(3.47 5.18). The difference between the spectra might suggest that vari~ 

tions in the fluorescence excitation spectra with wavelength only appear 

when the Anthracene molecules are in a state of order. 
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The difference between the spectra might also be connected with the 

fact that the fluorescence ••••• spectra of microcrystalline layers 

extend to shorter wavelengths than the fluorescence spectra of single crys-

tals (5 ol9) • It Vl8S explained in Chapter I that the excitation spectra of 

solutions are independent of wavelength, and the molecules in solution would 

not be in a state of order. 

SUGG:EBTIONS IN CONCLUSION: 

Measurements of the fluorescence excitation spectra of Diathracene, 
I 

oxides and peroxides of Anthracene, and of other materials having the pro-

perty of fluorescence might give interesting information about fluorescence 

excitation spectra. 

Measurements of phophorescence excitation spectra should be made. 

It is suggested that maxima in the fluorescence excitation spectra might 

correspond to m.in.im9. in the phosphorescence excitation spectra (and vice-

versa). 

A method of measuring ultra-violet absorption spectra of non-fluo-

res cent substances is suggested. If a very thin layer of a non-fluorescent 

substance is coated on the surface of a fluorescent crystal, the fluorescence 

excitation spectrum, measured when the exciting light falls on any section 

of the ooated eurtace of the crystal should have the inverted absorption 

spectrum of the non-fluorescent substance superimposed on it. 
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OF CRYST~LLINE ~NTHRACENE 

by 

~. S. DRIVER B.Sc. Hons (Rhodes) 

SUMMARY OF CONTENTS. 

In ·Chapter I, the terms "quantum efficiency" and 

"fluorescence excitation spectrum" are defined. Previous work 

on the fluorescence excitation spectrum of single Anthracene 

crystals is briefly summarised, and the purpose of the invest­

igations undertaken in the course of the research is stated. 

The writers Pringsheim and Bowen believe that the intensities 

of fluorescence excitation spectra become independent of wave­

length when certain corrections are applied to the s pectra . 

Theories developed as a consequence of this belief, by Pringsheim 

and Birks, are described. 

In Chapter II, there is given a description of a prism 

spectrograph constructed for use in the vacuum ultra-violet 

region of the spectrum. The dispersion of the spectrum at 

various wavelengths is calculated. 

In Chapter III, the method of measurement of fluores­

cence excitation spectra is explained. By means of an attach­

ment to the spectrograph, it is possible to cleave an Anthra­

cene crystal inside the evacuated interior of the spec~graph, 

so that fluorescence excitation spectra of crystals can be 

measured in such a way that the radiation exciting fluorescence 

falls on a newly cleaved face, not yet exposed to the atmos-

phere. In agreement with the results of other workers, 

differences between the fluorescence excitation spectra of 



0od1um on11cy l a"te layers or ali r erenc. t.nlcKnesses aL't:J uu::~t:.rv~::u . 

A method for identifying the crystallographic planes of Anthra­

cene is described, and the possible effects of the spectral · 

variation of the reflectivity of Anthracene on the fluorescence 

excitation spectrum is discussed. The spectrum obtained from 

a Hydrogen capillary discharge tube is found to be similar to 

the same spectrum measured by workers using other types of 

spectrograph. 

In Chapter IV, the method of calibrating the spectro­

graph in terms of the wavelengths of identifiable spectrum 

lines is cescribed. Details are given of the construction of 

a Schuler hollow-cathode discharge tube used for exciting lines 

having wavelengths in the vacuum ultra-violet region of the 

spectrum. 

In Chapter v, measurements of fluorescence excitation 

spectra of Anthracene crystals, and deductions from the 

measurements are given. The results suggest that the fluores­

cence excitation spectrum of crystalline Anthracene is essent­

ially a surface phenomenon, and evidence is obtained to 

strengthen the view that fluorescence is not a property of 

pure Anthracene molecules. The first ionisation potential 

of Anthracene is estimated from the spectra, and fair agree­

ment is obtained with a value determined theoretically by 



fluorescence excitation spectrum at wavelengths corresponding 

to energies greater than the ionisation potential, and the 

wavelengths of about thirty minima in the fine structure are 

tabulated. A possible qualitative explanation of variations 

in the intensity of fluorescence excitation spectra with wave­

length is proposed. Problems requiring investigation are 

suggested, and also a method for measuring absorption spectra 

of non-fluorescent compounds. 

----- oOo -----


