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SUsBARY
The eggregation of caffeine in aquecus solution has been studied

by means of absorption spectroscopys Caffeins in agueous solution
was found to consiat of equilibrium mixtures of monomers, dimers
and tetramers, end the absorption apectra for these species were
obtained from numerical analysis of ths speotral changes on dilution,

A Geussian analysis was oarried out on the 36,600 om !
absorption band of the caffeine molecsule to determine the vibrational
aspacing for the oxeiﬁd stats,

Oriented filas of caffeine in polyvinyl slechol were studied,.
The dichroio speotrum was ssparated inte bands and the transition
dipole direotions for the mein transitions were determined,

A CNDO/2 total electron calsulation was performed to determine
the caffeine o and ™ elestron distributiona, A PiP-SCF oslculation
was performsd on the caffeins ™ electrons and elsctronic ensrgies
and osoillator strengths were cbtained for the «~"—n transitions.
Cherge distributions and transition menopoles were caloulsted, and
from these the intersction energy between the smcnemer units were
ocalculated using ths monopole-monopole approximation., The ocoupling
coefficient was estimated both from the momopole~-monopole and the
dipcle~dipole approximations.

The experimental dimer spectruam is ocmpared with the dimer aspectrum
obtained from theoretical caloulstionas for verious values of the

exoiton coupling coeffioient,



A high resolution fluerimster was built, and the fluorescence

speotrua of ceffeine wes studied in squeous solution,
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The interaction betwsen purine and pyrimidins molecules hes been
the subjset of considerable research in recent years, This interest
arises froa hopss that, firstly, the study of intersctions and asso~
ointed modes of aggregation in these moleoules will throw light on the
foroes responsible for the organisation in nuolsio aoids, and seocondly,
& knowledge of the nature of the interaction of radiation with these
molecules and their aggregates will give an underastanding of the
radiobiological damage and other biclogical proessses involving exsited
atates of muclsio aoids,

Caffeins (113517 trimethyl xanthine) is a weter soluble purine
derivative that has been shown to aggregate in squsous solution
(Guttmen and Higuohi, 1957), It was seleoted for study because it
is obtainable relatively pure, is soluble in water and shows no pH
or salt effects since thers are no acidic hydrogens in the compound
(Cevalieri et al, 1954). Fige 1.1 shows the caffeines moleculs drewn to
scale agoording to the orystallographie dats of Sutor (1958), with
the usual numdering aystsa used for purine molecules.

Aggregation has been studied by & variety of methods, These
inolude:

1) Vapour Pressure Osmcmetry.
isasurement is made of the tempsrature difference between a drop of
solvent and e drop of asolution., This difference is direetly
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proportionsl to the nuzber of solute particles per unit volume in the
solution, For aggregating systems the number of sclute pertiocles per
unit volume is less than if no eggregation ocours, which will result
in a reduction in the temperature difference, This reduotion can be
related to the equilibriua oconstant for the eggregation procesa,
Vapour pressure osmometry is discussed in more detail in Appendix 8,

2) Absorption Speotrosoopy.
Since the monomer, dimer, trimer, eto, will be chemically distinet,
although related, species, changes in the abaorption aspeotrum will ocour
when aggregetion takss plsce., When there are major changes in the
speotrum such as shifts of the relative positions and intensities of
the bands, then the systesm is said to show metashromsey., On the
other hand, if the only noticeable changs in the spectrum iz a relative
drop in the intensity of the bands, then the system is ssid to show
hypoehromieity. By studying the ohsnges in the apectrum as a funotion
of oonoentretion, e measure of the amount of aggregation can be
obtained, These changes will also give an indication as to the type
of aggregates formed,

3) Uicrooalorimetry.
It is assumed thet sll heet of dilution effects are dus to dissociastion
of complex apecies of the foarm An related to the squilibria

= & A
AT Pt

1f equal sguilibrium constents and equal enthalpies of dissociation
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for each atep are assused the following relation is found (Stoesaer

and G111, 1967): i i
g, = a -(Q;Ff(-&) 1.9

where & is the molarity and ¢L is the relative molal enthalpy, The
enthalpy of reaction and the sggregation equilibrium constant can
therefore be found from & plot of §, versus (ﬁL/m)i. Equilibrium
constants and enthalpies of disscoiation are given for & number of
purines, inocluding ceffeine, by Gill, Downing and Sheats (1967).

4) Partition Equilibria,
The distridbution of the sggregating molecules between water end e
non-aiscible organio solvent is studied over a range of concentrations.
It ia assumed that a reversible eguilibrium exists in the aquecus
phase, while no aggregation cocurs in the organic phase, The monomer
congentration in the organic phase is direetly proportional to the
monomer congentration in the aqueous phase, sinoe the chemiocal
potential of the momomer in both phases must be equal (Denbigh).
Guttmen and Higuchi (1957) have derived the following equations:

(PuC)AP.C) = 1+ K (X) #3000 % 4 0w s mk () 102

where (“n is the monomeric consentration of X, and P,C is the partition
cosfficient equal to the molar conocentration of X in water divided by
the molar conoentretion of X in the organio layer and (P.C }In is the
pertition coefficient when only monomers are present, i.e, at infinite

dilution. Guttman and Higuohi showed that in the case of caffeine a



he

reasonable fit to 1,2 is obtained only if a monomer~dimer-tetramer
equilitriun is assumed in whigh case 1,2 reduces to
3 « . T 2
((PG)/(ReC), = 1I/CAF = 2K, + WK (CaF) 1.3

In this case a plot of the left-hand side versus (w): @ve a straight

line, The intercept was K, end the slope K.+ The results on

3

13 with 11 equal to 13,5

1
interpolation showed tha$ L’ approximates K

litre mole ' at 23°C.

5) Nol.R, ‘
When the enviromment sround protons changes, changes in the NMR
speotrum cocur dus to & change in the shielding of the proton by the
surrounding eleotxrons., Becauss of this, NMR is & sensitive indioator
of sggregation and the type of interaotion causing the aggregation,
T's0 ot ol (19645,1965, 1967) showed that the HMR shifts observed in
purines on aggregation sre likely to be caused by ™ eleotron
interaotions dus to verticel staocking of the planes, An intermelecular
distance of 3-4 § was found to be most likely. Thakker et al (1970)
studied the MNMR shifta in the caffeins molscule on aggregation and
from the relative shift in the proton resonance peaks concluded that
a configuration of the oaffeins dimer known in group symmetry as 62
is most likely, An equilibrium constant of 8,6 was caloulated although
the aoouragy of the value is sxtremely doubtful since no tetramers

were inoluded in the caloulstions. The C, configuration of the caffeins

2
dimer is shown in Fig, 1é20
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2, /\BSORFTION SPECTRA
2,1 INIRODUCTION

Absorption speetroscopy has been used extensively es a tool in
the atudy of the intereotions of moleculss in solution, The presenae
of solecular interections can bs observed by a change in the speotrum
when the congentration of the solution is insreased, If only one aclute
specios is present, these speotral changes sre dus to the combinetion
of these molecules to form aggregates. By studying theas spectral
changss as & funotion of oonscsntration, the type of aggregates and the
equilibrius conatant for the eggregation csn be deteramined (e.g.
Remette and Sandell, 1956; snd Haugen and ielhuish, 1964 ),

The type of speotral ohangss observed on aggregation will indicate
the degree of exciton coupling between the units of the aggregate.
Strong coupling results in considerable changes in the speotral
struoture, such as changes in the relative intemsity of bands, end the
splitting of bands. Kuruosev snd Strauss (1970) studied the changes
in the speetrus of agridine orange hydrochloride on aggregation, and
oxplained these changes in terma of atrong exeiton ooupling in the dimer,
For weak or intermediate coupling smell ehanges in the spsotrum are
observed; mainly a slight brosdening of the bands (dus to splitting)
or amall changes of the relative intenaities,

2.2 IHEORY
Electromagnetio rediation, such as light, interacts with matter
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through indusing an oscillsting moment, For an harmonie escillating
dipole, the dipole moasnt at any given instant may be expressed as
i = 4 oon(2mk) 21
whers » is the frequenoy of the osocillating dipole, and !o is the
aaplitude weotor, The total energy emitted per unit iime by such an
osolllating dipole, is given by Gilbert as

16 vy 2
it " L3

where ¢ is the welceity of 1light,

in the claseioal picture a transition can only be expected when the
frequenoy of the osoillating dipole is equal to the frequency of the
osoillation of the elsotric field weotor. In quantum mechanics the
instantensous dipole moment is replaced by the expeotation velue if

the tims averaged dipole for the initial and final states is different.
The dipole moment essooiated with the ohange of state is

!.b = 2e cos(2w gab )!tb 2.5

]
where L . sf\f. L f, 4% in which a denotes the highest state end b
denotes the lowest state, Substituting 2.3 in 2,2 yields

Glnr"\’ by
: ab 2
% T (x,,) 2eb

From this it follows that the ebsorption and instantansous re-emissions
associated with soattering depends on the fourth power of the frequency.

Equation 2.4 is of'ten writien in the form:
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-1
at h\’cb A:b 2.5

where A“ is the Binstein cesfficient of spontanscus emission, It
oan be shown (Bauman) that Ay is related to B, the Einstein

coefficient of indused ealssion, by

‘L

3
81 ch

The Einstein coeffieient of induced eaission can be shown (Bauman)

to be relatsd to the extingtien coefficient by the relation
ELa YT ] 2.7

The ultraviolet absorption speetra of purine and pyrimidine
beses have been studied extensively by meny suthors such as Mason
(1954 ), Stewart and Davidson (1964), Voet, Gratser, Cox and Doty (1963)
and Clark and Tinoeo (1965). Thess spectra show three or four M W
transitions in the region 30,000-40,000 oa ', in addition to a week
w*—n transition which has been observed in soze purine end pyrimidine
bases (Kelly, 1970; Drobmik et el, 1966, 1967; Rieh and Kasha, 1960),

Clark and Tincoo (1965) have correlated the spsotra of these bases
with the spsetrum of pyrimidine, whose electronic states may be derived
from bensene, On this baais, spectrsl bdands of the bases can de

separsted into one basd in the 36,000-40,000 ea ' region, one band in
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the 40,000=44,000 on~ | region, and two bands in the 47,000-55,000 on’

region, which can be correlated to the bensens an. Bw and the Eiu
transitions respectively.

The speotruam of caffeins in aqusous solution is shown in Fig. 2.1.
It shows & peak at 36,600 ea ' (B, ), & smell peak at 43,500 on™ (8,,)
and a large peak at 48,000 ea", whioh may be dus to two bands (Em),
and & possible wesk (*n transition in the 35,000 om ' region.

iIf caffeine ia oonsidered to be a perturbed bensens aystem, acze
indication of the polarisation directions of the transitions can be
obtained., The theory of the intsnsity ohenges and polarisation
direotions of ferbidden bensene transitions on substitution have been
discussed by Platt (1951)., In caffeine the main perturbers of the
system are the two leto groups, Thanzuhndulmutobopohrim
slong the lins jolsing these groups, while the B1u band would be
perpendicular to this line. 1The strong perturbetion required in this
case leaves the usefullness of ths correlation open to doubt, For
this reascn the bands in purins spectra are often referred to by
nunber in preference to the label derived froa the bensene bands.
(e.g. Chen and Clark, 1969; end Stewart and Jensen, 1964) The weak
n*<—p bard is labelled band T, while the four n*¢7 bands are labellsd
II-V in the order of their tranaiticn energiss, starting et the low
end, The B,, bend (36,600 on”!) is called bend II while the b, band
(43,500 oa™') s labelled bend IiI, The two E,, bends in the fer

ultraviolet (47,000-53,000 om™1) will be referred to as bands IV emd V,
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2.4 GAUSSIAN ANALYSIS

The witronie bend for caffeins at 36,600 03.1 conaists of a number
of vibrational bands, It can be assumed that one vibration (the
symostrio one) dominates, and thet this vibration is harmonic. These
assumptions have been mads many times and they are the basio
assumptions in meny of the exciton theories (5isbrend, 1964; HcRee, 1962).
The bend oan then be conzidered to conaist of a number of vibrational bands
whose oentres are given by

W =W 4RV on”} 2.8
a o o

ihe shaps of the bands can be desoribed by s large number of
mathenatical funotions, many of which are deseribed by Jones end
Sandorfy (1956)., The most commonly used of thess funotions ere the
Geussian function and the Lorens fumetion. Although the Lorens funotion
is often more suitabls the Geussian function has been solected because of
its mathematiocal simplicity. If a Gaussian wawefunotion is assumed
for each of the vibrationsl bands, then the intensity at any velue

of the wavenumber (w) is given by the relation:

o) e B T ®) 29

where o is the bandwidth and w_ is the position of the n®" vibretional

band in wavenucbers. Ion is the intensity of the transition from the

th th

o vibrational lewvel in the groundstate to the n~ vibretional level

in the exvited atate and is related to Io =1 through the relationi
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1 1 1
uzaﬁnzfgfajﬁum 2,10

il is a feotor derived from the displageasnt of the egquilibrium
vitretionsl position in the exoited state with respect to the
equilibrium vibrational position in the groundstate and is called the
Frenck~Condon or displacemsnt parameter.

A ocomputer program was written to fit the msasured absorption
spectra to equation 2,9 and 2,10 acsording to the least aquares
mothod, with the bandwidth, J4 , the trensition emergy to the ground
vidtrational stats of the exoited atate, L the displaceasnt paramster,
M, and the vibrational spacing in the first exoited state, Vo 88
variables, This progras is shown in Appendix 2,

The ebasorption speotrum of caffeine in water was obteinsd by taking
the average of the extinotion voefficients as a function of wavenumber
as obtained from the 1 om cell readings described later in this chapter.

The following valuss were found to give the best fit:

d = 1044 om !
= 1,23
w, = 35,255 ou '
v, = 1260 oa”!

The fit for most pointa was acourste to within 1.0% which indicates
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that the assunptions made are basically correct, There is some evidence
of a very low intensity band around 35,000 om ' which causes a slight
distortion in the fit at the high energy end of the range. Absorption
dus to the low energy tail of transition 1III esuses the disorepanay
between the fitted and measured valuss in the 39,00040,000 ca ' region.
The yesulting fit iz shown in Fig, 2.2.

Cyclohexane, 500 ml, (speetrossopic quality) waa obtained from
Drug liouses of Australis, A small quantity of saffeine was dissolved
ir qyoclohexane, 20 ml, and diluted to give an optical 2ensity resding
of spproximately .6, in a 1 on oell at 36,600 en.q. The speotrum of
this solution was run apimt air on the SFO0 speotrophotometer, The
run was then repsated with the solvent only and the spectra were
subtrected, Ths resulting optical density was then fitted to equations
249 and 2,10,
The best £it was ocbtained for the following wvalues of the veriables:
d = 8% om !
Hx 1,23
w, = 34,970 oa”"
i 1300 ea.’
The fit is reather insernaitive to small chenges in v

1
osn be obtained in the rangs 1250-1300 om 's The bendwidth has decreassd

and reasconable fits
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in the crganic solvent, with a shift to the red of about 300 oa ',

This shift is also evident in FVA films, The fit is not as good as in
the case of water and a shoulder which cannot be fitted by the given
aodel has appeared st 34,800 on ', The shoulder ceuses s distortion

of the fitted curve. The resulting fit is shown in Fig. 2.3 The
shoulder ocould be dus to the presence of the 1"« tramsition which
might be enhansed in non~aguecus solution, or due to the breakdown

of the assumption that only the aymmetric mods of vibretion is observed.
When the 35,400=34,400 region wes illiminated froas oconsideration

a batter overall fit was obtained, although piyting OFrors were still
relatively largs,

2443 Conoluplons.
The vibretionsl speoing of the caffeins molecule in the first
oxoited state ia 1260 oa"' 4 20 on ' while the displacenent paramster

1rortho

K wea oaloulated as 1,23 + (03, The value of 1260 om
vidrationel spasing of the first exoited state fits in well with the
value of 1300 ss given by Drobaik and Augenatein (19664, for purine.

These velues will be used later in the theoretical caloulation of the

dimer spectrua,

The following model is proposed to describe the aggregation of

caffeine in agqueous solution:
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. B 2

A‘+A‘<—A2 kz_nz/l&1

A1 + 1;2;* A} kj " ‘“3/'“-2“1

Ay ¢+ by = A k, = A Jhgh
hy # by g= by ky =AM, b

-
Kn = -l;l— k’. a n 2011
%

whars oy is the oconventration of the ith apeciss,

An allowance has to be nede for equilibria of the type:

A = A
Au—J'J n

Thesse squilitris do not affect the walidity of equation 2,14, although

thay do change the wvalus of Kn. If o is the total concentration of the

sggregating molecule:
030’0202450 + eee ¢ DO

b
1,00 8 = Zi@
»

N 2.12

where T denotes a summstion over all speciss present in the solutien.
5
Substituting 2,11 into 2,12:

o= T 10k, wherex =1 213
> 3 1

The copticel denaity of the solution is given by:

€O = E'e1 + €2°2 + ere ¢ £a°n 2.4

The apperent extingtion of the solution is obtained by dividing
the optical density by the concsentration, It should be realised that
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the messured absorption is dus to monomsr~dimer~triuer ete. species,

so that the extinstion is & linsar eombination of the coefficients of
these species. To distinguish between the mesasured extinotion and the
trus extinotion cosffisient dus to s given singular solecule, the
seasured extinotion will be referred to as the apparent extimotion ( t)‘

c
- -
Et g Ei(c ) 2.142
By solving eguation 2,13 for given values of 11. Kz’ seey In. valuas

for 40 02, suey °u' can be obtainsd, Thess concentrations oan be
expressed in the form of the fraction of the compound in the 1“’ aggregates

i
ic ik e
P m i o e, 2,15
i c
and henoe equation 3,14 can be written in ths fora:

P e P
TRl S LR
Et-i:,.eiPi 2.‘6

where &, is the extinotion of the 1™ species per monomer unit. This
equatiocn appliss to all solutions, If there are m solutions, then
the set of o squations oan be written in mtrix form ass
€4y = i'f.Pu & 2,17
whm_s_tiaawlmmm,gummum.
No exaot solution to equation 2,17 is possidle since the spperent
extinotion ovefficlents are experimental veluss end include experimentsl

errorss The mcat suitable oriterion for a sclution to the equation
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is to find veluss for the extinotion coefficisnta such that:

e = (e, =2 5P, )° 2.18
nag T BT A

is a m. This ceans thet a least saquares fit is carried out.
Equation 2,17 is more suitabls for the least squares solution

than equation 2.1k since the left hand side of equation 2.17 will

be of the ssme order for all conscentrations whils if eguation 2,14 were

solved, weighting faotors would have to be included in the calculations.

To solve sgquation 2,17, values for K1, Kz. PP Kn’ 51. 82, seep Ep0
have to be found such that the sum of the squares of the deviations
is & minimam, This however is imprectical since it would give rise to
a large muaber of varisblss, The simplifying assumption that the
eonstents for each conssoutive step are egual, has been used frequently
(T's0, 1963, 19644; Kankars, 1970}, This reduces the nuaber of variables
from 2n to net, Substituting Ki = k1 into equation 2,13 givess

¢ = Z: 1°k1.1

)5.:0

Ok Z‘. 1(511‘ 2019

»
Equation 3,19 is a simple polyncmial which can be solved by the
Newton=Raphson method {Fr8berg).

The mathematical treatment of the results can be reduced to five
stepat
1) The equilibrium constent is defined (e.g. k = 13).

2) With the total concentration (¢) of the eggregating speoies known,
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0.k can be ealculated, Equation 2,19 ean thon be set up as a
polynomial in e, sks For s monpmer-dimer-tetramer system, for inatanse,
the egquation hecomea:

| k(e1k)"’ + Z(Q‘k)z + (e,k) eok =0

This 1s an eguation of the type:

512021202{-.':0

This equation can be solved to give a unigue solution for o1k and
subsequently for 0,0
» oto, are oaloulated uasing

3) Ones o buhunfemﬂoz,e

1 3* %
equation 3,11 and froa these the perasntage of oaffeine in the monomer
(P‘), diwer (Pz), trimer (PB)' etc,., fora are calsulated,
4) For each solution {Jj) an equation of the type:

EtJ = F"Pu + EZPH + EBPM + see
can be set up., KEsch equaticn containing the unknowns ?1. Ez, 33. eve
being the extinotion coefficients per aonomer unit for the monoaer,
dimer, trimer, ets,, reaspectively, A large set of these simultansous
equations are available however {eighty or more), This set of m
simultanscus equations is solved by the least squares method to give
E,', '52, E,, ete,
5) The sum of the squares of the deviations for the best £it for the
k valus set is deteramined and compared with the sum caloulated for
other valuss of the equilibrium constant, The walue of the equilibrium

sonstant giving the beat fit is then seleotsd by inspectiocn,
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The computer mrogran for the caloulations is shown in Appendix J.
For s monomer-dimer systes there can be set up a much simpler
methenatical equation, which can be solved by & least squares linear

fit, The mathemetics of this method are shown in Appenrdix 4.

A1) absorption resadings were taken on a Unicam SP700 recording
speotrophotometer, situsted in arn air-conditionsd instrument room
msintained at 22°C 2 «2°. The instrument was allowed s minimum warm=up
poricd of 50 minutes. The sero transmisaion and sero optical density
were adjusted st 36,600 ca”| end were checked frequently while readings
were taksn, slthough gensrelly no adjustasent was found to be necessary.
The spectre were recorded at scen apsed 3 (2,200 m"/nin), chart apsed

120 imoh/hour, and resolution 2, over ths range 46,000-30,000 cn.1.

2,6.2 Calla.

The oells used in the absorption messuremsnts were of tiwee types
covering e range in pathlength froa 40 ma to ,012 mm, They were the
standard type of quarts silice long pethlength, 40, 10, and 5 mm cells;
the two silisa plates type, 3 snd .1 may end the ReI.I.C, (Research end
Industrial Instrument Compeny, London, ingland) UV-O1 ahort pathlength
ultraviolet cell, which oan bu used over a range from 2 mm to 012 ms by

ingarting teflon spacers,
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Eseh cell was calilrated uwsing freshly prepared alkaline potassiua
ohromate solution (Haupt, 1952) mrepared from potassium dishromate
(BuDoHe, ARALAR, 99,9% pure) in a solution of ,10N potassium hydroxide.
Potassiun dichromate was used in prefersnce to potassiua chromate sinoe
the forasy can be obtaimed in o purer form. The concentration of
chromate was sslected to give an opticel density of .6 ¢ .02 at 36,600
o ! in the oell used, The calibrated pathlength was reproduced to
better than 5% for the UV=0{1 cell, UThe types of cells used together
with the oalibrated pathlengths (mam) are shown in Table 2.1.

The readings taken with the UV=01 cell were found to be highly
reproducible. This ococuld be dus to the oell itself being set back in
& metal block such that the mindows would not be subjeot to damsge
or 4irt, The reprodueibility of the readings with the UV=O{ oell was
found to be highly sensitive to the method of £illing, Good
reproducibility was obtained when the solution was sucked in with en
even pressure using s 5 ml syringe connected to the Luer lock of the
cell, However whem the liguid wes forced in through the syringe, very
poor reproducibility was obtained, Only s small amount of solution was
required for rinsing and 5 ml or leas was sapls for several resdings,

24643

Ton alkaline dichromate solutions were [repared and their optical

densities measured at 36,600 u’1 in the UV=01 sell, using a .1 ma

spacer, againat e ,10N potessiua hydroxide blank. The short pathlength
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JABLE 241

CELL GAL, GAL, CAL,y
Qs 40 - - -
Q8 10 10,03 10,01 10,02
Q8 5 504 5,00 5.02
PLATES »3 «J227 I213 322
PLATES 2 «2%48 52456 215
PLATES ot +1000 #1004 1002
UV-04 2 175, 1,78, 179,
Uv-01 1 1,03, 1o0by, 1.03¢
UV=01 5 +520 522 521
UV=04 o2 +204, *204,, +204,,
UV~01 of +100, o101, 101,
V01 0% +0305 «0505 +0505
UV-01 L0285 0257, .0258, «0258,,
UV-01 012 o133, 0133, 0133,
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oell weas used because optical donsities can be msasured more accurstely
using this cell. A greph of optical density versus corsentrstion seoms
to cbey Beer's Law, but when the measured opticel density of the
solution was converted to the msasured pathlength of the cell
1 ={0,0/€. ¢), a suall non~linearity was observed, This is shown
in Fige 244

If i1t is assused that the resdings obtained et the low opticel
density end of the scals are correct, then :th. readings of .8 optical
denpity are spproximstely .5: too high. Since all cell calibrations
are done at .6 opticsl dsnaity all correstions should be mads with
respect to this walue and subsequently corrections will range from
~¢255 at the low optical density end of the scale to +.25% for the
highsat valuss used for Optipnl densitiss arocund .8, Thu; correotions
are of the order of the experimsntal nmr.\ |

2.,6.4 Preparation of aoluiions.

Sets of aguecus aclutions of caffeine were prepared in the range
12 gn/ditre (6 x 10°2M) to ,02 gn/litrs (1 x 10™). lLach set, containing
approximtely ten solutions, was jreparsd on the same day as the apeotre
were recoried and covered s range of optiocal densities from .7 to 35
in the ocell uassd, In this renge of optiocal densities, cnly a small
correction for the non=linssrity of the 5¢700 speotrophotometer was
NBOeSAArY .

The most consentrated solution of each set was prepsrsd by dissolving
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dried caffeine in weter containsd in a volumetrio flask, All other
solutions of the set wers prepered froa this solution by dlluting a known
woight of it with s known weight of water. The retic of the origimel
weight to the fimal weight of the solution gives the dilution factor,

A very small error is intrcdused becauss the dsnsities of the =olution
and the water are not the same, end hence the ratic of the weights is

not equal to the retio of the wolumes, The error introdused in the
congentration in this way is less than ,1% for the most oconcentrated

and effeotively non=sxistent for the more dilute solutions,

2,6,5 Speatreacepic asasurenents.

All absorption spectre were msasured on the Unicam SP700 recording
spectrophotometer using scan speed 3 (2,200 ca /ain), ohart speed
120 inoh/hour, resolution 1, and with damping om 2,

To ensure complets squilibration at room teaperature (22,0% ¢ 2°¢c),
the caffeine solutions were left in the instrument rcom for at least
one hour prior to measurement., If the UV-0t{ adjustebls pathlength cell
was used, the cell was celibrated within four hours of commencement of
the resdings. The sero transmission and optical density aettings of
the apectrophotometer were sdjusted prior to commencement and oheoked
at frequent intervals during the msesurements, Care was taken that the
ocells were always placed in the ssme position in the cell holder.

First two blanks (water) were run against air over the range
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46,000 an"

%o 30,000 ea '« The cells were then rinsed and filled
with solution end the opticel density wes determined against air at
the sbacrption mximum, The cells were then refilled and the optieal
denaity was determined ageain, If the optical density agreed withia
004, the spestrus wes run from 46,000 to 30,000 om ',

Ths apectra for all solutions helonging to a given set were run
ons after the other without a bresk, to keep the aystemstioc errors
withio the sst to & minimua,

For the apsoira determinmed in the UV01 o0ell, optiocal densities
were read froa the chart from 46,000 on.1 to 35,000 em“. et 1000 en!
intervals and at the absorption meximum (36,600 em '), while for the
siliea fized pathlength ocells, only the optical density at the maximun
was dsteramined, The aversgs of the optical denasities of the blanks
was then subtraoted after which s small baseline correction was made,
The baselins correction was made by comparing thes optiocal densities
of the solution and the blanks in the non-abacrpiion regien (33,000~
30,000 on'). L corrsetion for the non-lingarity of the spectrophotometer
was sede for the readings taken at the absorption maximua, but not for

those takez at the other peinmts,

2,7 BESULTS
2.7.1 1Ihe determination of the extinetion coefficientp of ceffeine
Lresiss with a floating k walus.

The apparent extinction at the absorption msxisum was fitted by
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the asthod described, to monomer-dimer, (1+2), mopomsr-dimer-trimer,
(1+2+3), scncmer-dimer-trimsr-tetrsmer, {1-2-3-4), emd wmonoser-dimer-
tetramer, (1-2-4), models, The resulting fits are shown in Table 2.2,

ZABLE 2a2
HODEL 1-2 1=2-3 1 =2=3wdy( 354s.) 12l
k ain bob 7.8 7.8 9,2
€ 9750 9780 9764 9788
& 4856 6718 6979 6755
€ - 5968 6364k -
Eh - - 6364 4938
St 157820 119454 119408 112595

If a 1=2=3<4 model is assumed, the valuss for the extinstion
cosfficient per monocmer unit for the tetrazer varying from =200 to
+1800 for k valuss in the range 6 to 13 are cbtained, while no significant
redustion in the sum of the squares of the devistions is obtained
(2a€? « 118973), Because of the larse musber of varisblss used in the
fit and the amll concentretion of the tetrauer invelved, there is a
largs unsertainty in the celoulated wnlus of the extinotion occefficient
for this species.

A mcre realistic approach is to assums that the extinatien

coefficient per monomer unit for the tetramer is the seme as that for
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the trimer., 1his ohanges equation 2,17 to:
fg = E-gPu + EzPaé + ES(PSJ + Pu} 2,20

which cin be solved as before. The results odtainmed from this are
those shown in Table 2.2.

An alternstive method of eliminating E“ froa the fit is to assume
a fixed valus for this coefficient which reduces equation 2.17 tos

€t.f ~E Py = EyFyy EaPay * FsPay 2,21

in which ocase the left hnml‘n:uh of the equation iz known for each
consentration.

The 1=2<4 modsl gives a fit thet is approximetely 6> better than
the other models., Fig. 2.5 and 2.6 show the messured extingtion
coefficients for the 1=~2-3 and the t=2-4 models reapeotively, ss e function
of the equilibrium constant, togother with the suus of the squeres cf the
devietions. TThe sum of the squares in sech casze variss only slightly
es a funetion of the equilibrium oconstant. For the 1-2-4 model for
instance, the aminioum of 112594 is found for an equilidrium conatant
of 9.2, For a k valus of 10,5, the sum of the squares 1s 112762« The
method does not seex to be senaitive to changes in the value of the
equilibrium constant used in the caloulationa, This results in a
very large uncertainty in the walus for this constant,

It should be realised that if the sum of the sguares of the
deviations is 112594, the mesjority of this is dus to deviations of the

experimental values from the idesl fit. Even if the correct model
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wore sassumed, and if the exmot extinotion coefficients were lknown
and if these were used in the fit, the sum of' the aguares of the
deviations would still be consideradbls and most probebly well above
100,000, In this case an iuprovesent from 113000 to 1412000 must
repressnt a conasidorabls iaprovesent in the fit, From this it can
be conoluded that a 1=2+4 aggregation model is mcet lilely, This
is in agreemsnt with the results obtained by Guttman and liguchi
(1957), who, using e two phase equilibtrium system, conoluded that
caffeine was likely to assocoiste in the 1=2-4 form and obtained measured
equilibrium comstants for temperatures in the rengs O C %o 40 C which
on interpolation give an equilibrium value of k = 13.2 litre/M at 22°C,
Guttusn and Higuohi's valus of the equilibriuam constant is in good
agreemsnt with the value that can be calculated froa the osmotic
cosffioient (.650 at 20°C) given by T'so, Helvin snd Olson (1963) for
caffeine, If a 1=2=4 equilitvrius is assumed the given ocsmoiic coeffiolent
would correspond to @ constant of 13.2 litre/il at 20°C, The werk of
's0, and Guttman and iHiguohi espesially, leaves very little doubt that
an equilibriua velue of the order of 13 is correot, uuttmen end Higuohi
caloulated an equilibrium constant for the formstion of the tetramer
in caffeine whioh is approximately the eube of the conatant for the
dizmeriseation which justifies the assumption which is wade in the
calculations that all steps in the aggregation are equally rrobeble,
Thakkar et &l (1970) derive an equilibrium constant of 8.6111itre/i
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from fitting the relative R shifts of the caffeins protons on
sgzregation, The aseurscy of this constant is extremly doubtful since

no tetresurs were inciuded in the ealsulation, At the highest coneen~
tration used (o 1M) in these measurements over 2Q% of the monomsr units would
be in the tetremsr form, The walus for the constant was deterained by
fitting the experimental waluss which sre limited to less than twenty

points for each ecaloulation to & lsest squares fit, The uncertainty in

the equilibriua conatant quoted in this work would be mary times larger
than the value given by the authors.

The direction end relative magnitudes of the proton shifts can be
explained, sceording to Thakker, by a configuration referred to in
group~sysmetrio terms as a cz eonfiguration, although other card stacked
configuretions ocould alao scoount for the obeerved shifts,.

The sxtinotion values caloulated for the solutionms used in the

UV-01 cell ahow s much smaller soatter (Fig, 2.7) and subsequently
only these data were used to csloulate the extinotion coefficients at
wavenusbers other than the absorption maximum, 7These sclutions give

80 experimental values to be fitted by k, 61(w.). Ez(')' and em(w).

1 -1

The data was fitted at wavemumbers from 46,000 om = to 35,000 om = at

1000 on" intervela and the corrected and ungorrected absorption maximun

dats velugs, Equilidrium comstants renging from 6 to 16 were obtained
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from the best £it oriterion depending en the wavelength used,

The ealoulated extinction ovefficients very strongly with the
valus of the equilibrius constant used, If & complets apeatrum is
required then it becomss nscessary to fix the equilibrium constant
and to esloulate the spsotrun asooxdingly,

With the equilibrium constant assuzed to be equel to 13 litre/M
ths valuss for the acmomer, dimer, end tetrsmer extinstion coefficients
were caloulztad for the monomer<dimer-tetramer and ithe monomer-dimer-
trimer models using the eighty UV=01 oell solutions for wavelengtihs
from 35,000 to 46,000 em & at 1000 ea | intervels, The extinstion
coefficisnts for the maximuz were als¢o cslculated for the data correoted
for the non-linsarity of the apsotrephotomster, and fer the unsorreoted
data, The resulting extinstion coeffieisnts are shown in Tables 2.3
and 2.4,

The extinotion cceffiocisnts caleulated from the measured apparent
extinotion for the t-2-) and 1-2-4 models ere shown as a function of
wavelength in Pig, 2.8, Neither mcdel gives a ccnsistently lower suam
of the squares of the deviations over the rangs studied,

Becauss of the aimilarities in tia spsetre obtaimed using ths

1=2=l and the 1-2-3 models, the following obssrvations can be aade
independently of the model that is ssleoted to correspond to caffeins

agagrezation,
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Wi €y 45 &y €2 € B
35,000 07 15 h252 124 a1 591
36,000 8899 14 632l 116 5316 554
36,600 9763 1 7407 S 5566

36,600, . 9194 9 7502 (4] 5030 348
37,000 9610 % 1414 118 5731 562
38,000 7662 14 6043 115 4945 547
39,900 5129 10 4256 83 2644 397
40,000 3094 7 2546 62 1463 . 383
41,000 2501 7 2546 62 1803

42,000 3352 12 3434 97 2184 462
43,000 4672 19 4072 123 3007 589
iy, 000 Sidb 13 4556 105 bt 501
45,000 6783 15 5830 123 5630 587

46,000 11087 26 9202 214 6365 1020
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ZARLE 244

TION TS FOR 1= MO
m € 1 A€ 1 € 2 A£2 £ 3 AE 3
35,000 5066 18 4636 226 2630 516
36,000 8886 17 6997 219 5406 498
36,600 9748 % [ 1 183 5836 416
36,600, 9713 11 8155 136 537
57,000 9597 18 7858 229 5996 521
38,000 7651 17 6414 217 5035 434
39,000 5117 12 A636 152 2793 345
40,000 3086 12 3238 150 1692 %3
41,000 297 9 2638 116 1908 263
42,000 3346 1% 3307 182 2518 415
434,000 4662 18 4383 226 2969 514
44,000 B0 15 4735 195 A6 WS
45,000 (Y443 18 6073 29 5478 529
46,000 1079 32 9829 hey 6910 914




30.

There is an overall decrease in the extinstion coefficient per
monomer unit on aggregation, This ohange in extinotion can be oorrelated
to the incresde in the extinstion of DNX on going from the native state
to the denatured stats, The extinotion st the maximum was found to
have inoressed by s factor of 1.43 by Falk (1964) when a DNA film was
danatured by high humidity. Falk regarded the increase in intensity
as dus to the change in the environment of the micleotides from ons in whieh
eaoh is in a olose staoked arrangement, to oms in whioh easch has bscome
hydrated., This is the inverse process to that whioh takes place when
the monomer units aggregete, For dimerisation one would expect the ohange
in intensity to be approximately half of the ehange observed in DNA
since the monomer units go from an environmsnt in which they ere fully
hydreted to one im whish they are hydrated on one 3ide and stacked with
another monomer usit on the other sids, Teble 2,5 shows the csloulated
changes in the extinotion of caffeine,

HODEL £ £ €,/
122k, 9794 7502 1430
1-2~4 9763 07 1.32
12230 9775 8155 1.20
1-2-3 9B 9k 1.2

DNA denatured netive 1.3
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For the 1=2-4 aodel the caloulated walue for ¢
1

2usrutumn

the velue celoulated for ¢, at 41,000 ea ', but even then the difference
hetween the values is well within the caloulsted variance, so that the
order of the two coeffiocisnts may asctually be reversed, This could be
dus to an increase in the intensity of transition III in the dimer,

One of the bes2ioc rules in abscrption spectrosoopy studies of
interaocting molecules is that the total integrated intensity of the
ebsorption spestrua for the intersoting system should remain constant
with respect to the non-interscting system, 1his meana that the
interastions responsible for the dscrease in the intemsity of transition
II are most probsbly associated with interaetions of bands in the region
sbove 47,000 om '+ The coupling in the dicer between transition II of
the first molecule and transition II of the sevond moleculs seems to
be weak, since little cohange is observed in the band ocorresponding
to transition II in the dimer spectrum, Although no large splitiing or
shifts are cbserved, the band does seem to be slightly broadened with s
possible shift to the blue of 50-100 oa.i.' Thease effects seen to be much
stronger in the tetramer (or trimer) speotrum, although the large uncer-
tainty in these apeotre leaves some doubt sbout any oconoclusions drewn
from them.

Interaotion between transitions II and III would be weak due to the
low osoillator strength of transition III, although ths relative

intensity of transition I1II in the dimer seems to have inareased,
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To esleulate the exsiton intersotion in the saffeine dimer,

knowledge of both the magnitude and direction of the transition moments are
esssntisl, Unfortunately, molecular orbital oaloulations at this stage
cannot accurately prediot ths amagnitude of the trensition moments, while
theoretical celoulations of the Lirsction of the transition moments

have not lsd o sny useful results at all, For purins, for instance,

the transiticn moment direetion for transition II ehanges by approxi-
mately 90° when configuration internotion is inoluded in SCF=HO
csloulations (Fullman, 1968),

Experimentally, the msgnitude of the trenmsition dipole, usually
refarred to as ths oseillater strength, can be obtained relatively
easily from integrating the extinotion of the ecrresponding vibromio
bend in the absorption speetrum (see seotion 4.5). The direotion of the
transition soment oan be determined experimentally by s varisty of
asthods including polariszed sbaorption of aingle orystals, polarised
ssoular reflsotion of single arystals (Stewert and Davidson, 1963),
polarised fluorescense (Jablonsiki, 1935), and polarised edsorption of
partislly oriented molecules. For the first tihres techniques extensive
instruzentation and highly speoislised skills are required, ezpeoially
for the orystel methods. Although e fluorimeter was aveilabdle, it waa
atill in the experimental atege and not ready for polarized fluorescence

studies.
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The polariszed ebsorptiom of partially oriented films methed is
restricted to planar molecules and in-plens transition moment directiona.
The sagnitules of the engles of the transition moments are obtained with
reapeot to the longitudinal axis of the moleculs, without indicsting
whother these are positive or negative angles, Often the ambiguity
in the angle determination can be resolved by atudying a derivative
of the oompound whioh has & differsnt orientational axis,

The most convenient method of orienting the molecules is by the
method developed by Fraser (1953, 1958, 1960) and modified by Tenizaki
(1959, 1965). ioleculss which ere dissolved in & polyvinyl elechol (VA)
sheet will tend to orient if the shwet is stretched along an axis, Both
Tanisaki and Fraser developed a method of correlating the measured
diohroic ratic and the amount of stretohing of ths zhset with the angle
of the transition moment, The Tanizaki method was based on 2 matheastical
model in whioh an imaginary aphers of the PVA film waas deforazed intc an
ellipscid of equal voluue, The stretch ratic was defined as the ratio
of the major and minor axes of the ellipscid, A set of complex
matheuatioal eguations was derived relating the stretsh and the dichroic
ratio with the transition soment angle. Experimentally the stretch is
detormined by putting four equally spaced dots on the film defining the
X and Y axes of the fila, Un stretching the A axis will become Lhe
ms jor axis while the Y axis becoses the aimor axis., The streteh ratio
is determined from the retio of the distance bLetween the dota on the

mejor axis and those on the minor axia,
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Yraser's model is wach siapler, The streteh retio is defined sa
the ratio of the original length of the film and length of the film
aftexr stretohing. 1w relationship bLetween the stretoh and the degree
of orisntation waa sssumed to follow the ons dsrived by Kratky (1933)
for the distribution of rod-like orystals in an isotropic matrix,

Both theories fail to include the molecular shaps in the
ealoulations, This means that for a given stretch chloredbensens would
be expected to be oriented to the same degree as anthragene, . better
theory would be one that imoludes an allowancs for the moleculsr shape
(@egs ratio of mimor to mejor axis of the moleculs). Recently
Thulstrup et al (1968, 1970) introduced a highly ocomplex model in which
the shape of the moleouls is teken into oonsideration,

Stretoh ratios caloulated by the Ilanisaki method are approximately
related to the ones caloulated by Fraser's method by the relations

Srj/a = St ) 3.4

The results odtained with the two methods for a given flilm were
found to be very similsr, Becauss of its grester simpliecity, Fraser's

method was selected for the interpretation of the results in this work.

342 IHERY
The properties of a light beam are specified by thres perpendicular

veotors; ¢, E, M, representing the veloeity, the eleotrical ard the

magnetic weotors respectively. Interszotion between the eleotrical vector
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of the light end the oscillating dipole of the wolecule gives rise to
transitions whose probabilities (P;b) ares proportiopal to the square
of the intersction between the electrical veotors and the transition
wonents (i ./ (Fraser, 1958).
Pap ™ (!nb’yz 3.2

When ordinary light pesses through s solution of the absorbing
compound, both the moleculss snd the elsotrical veotors are randomly
oriented, If howsver, plain polsrized light is used, and the molecules
are oriented by setting them in s FVA film, then:

Py | M2 [E[ eos® 3.3
where © is the engle between the plans of polarisation and ths trensition
moment, It follows that the sxtinotion coefficient (&) ia related to
the angle between the plans of polarization and the transition zoment by:

£ =K cos@ e

where K is a proporticnality constant.

Fraser introdused the following model, Consider e moleoule oriented
with its long axis along the OC axis of s three~dimensionsl cartesisn
sot of ooordinates, OABC (Fige 3.1). Because the molsouls oan take up
any position about the OC axis, the possible orisntations of the transition
soment veotor, -'iab’ form a oireular ocone of asai-angls o about the
OC axia, where 4. is the angle betwesen the transition moment veotor
and the long axis of the moleculs.

#ith the light travelling along the UA axis the elsctricsl wvestor
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is polarized either in the OC direction (parallel to the axis of
orientation) or the CB direotion (perpendicular), If the light is
polarised parallsl to the OC exls the angle between the electrical veotor

and the transition moment is equal to d, The extinetion is given by:
£, = X cosZd 3.5

4
For light polarised parallsl to the OB axis the projestiion of the

transition mosent on the eleotrisel wveotor is given by the relations

Bpok = 1M, |&] sin d sind 3.6
whers ¥ is the angle the plans of the moleouls makes with the UA axis,
The experimsntal extinotion however, is the measured averaged extinetion
of a large pumbsr of moleculss distributed over ell poasible orientations
about the OC axis, The extinectien is in this osse obteined from
integrating over sll possible orientations (0<g@<21n),

g - & j:‘:m‘*‘oc s1s%f if 3.7

The diochroio ratio for perfeet alignaent is defined as:
€s
R = -EL S 200*20(/ 3.8

N L
For s perfectly aligned sample, scu~tion 3.8 gives the sngle of
the transition moment veotor with reapest to the long axis of the moleouls,
In practice however, porfect alignment is impossible and only partisl
elignment of the sample ocecurs, resulting ir a lower dichroic ratie
than would have besn expected in the ideal case, The slumplest modsel

allowing for non-ideality, introduced by Fraser, (1953), assumes that
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a fraction {f) of the molecules is oriented while the remsinder of
the moleculss is rendomly distributed., For partial orlentationa
oequations 3.5, 3.7, and 3.8 ocoazbine to gives

1+ é(kn_- 1)(1 + 2¢)
1 o;ii,(no-ﬂ(‘l -f)

where R is the dichroic ratio for partial orientation. Substituting

R = 3¢9

f=11n 3.9 gives R = Ro'

Fraser (1958) found that ths most plausidle relation between the
fraction of oriented molesules and the extension ratio (3) of the
filo was derived by Kretky (1933) for the distribution of rod-like
orystals embedded in sn isotropic matrix, Fig. 3.2 shows the relation

between the frastion of oriented moleculss and the extension ratin S,

3¢5 EXEERIMENIAL

3.3.4 Ireparation of EYA filma.
A 9% solution of polyvinyl sleohol (J.T, Baker Chemical Company,

Beker greds, 99-100% hydrolysed) in 115 ethanol-water was prepared,

Of this selution 15 ml was poured intc s perspex trey (3" x 4") floating
on mereury, amd left to set, After 74 hours the FVA fila was reaoved
from the tray and the edges, which were slightly uneven, were trinmed ,
The remainder of the filn was cut into four equal rectangles and stored
between filter papers, under a light weight, uatil used.



A aguare glass plate (20 om x 20 em) was thorsughly olsaned with
distilled sloohol snd a thin laysr of caffeins solution (,2 gm/litrve)
was poured onto it, A pisce of PVA film was placed on top, ard a fow
millilitres of the solution wes then poured om top ant left to soak in
for 30 seoonde, after whish the solution wes poured off, To reasove
erinkles from the file it was rolled flast with & ; inmch glass rod
while exveas solution sround the edge of the film was abasorbed with
filter paper.

Beosuse of its high plastieity when wet, the PVA fils was dried
in a desiceater for J hours prior to transferring it to the stretedsr,
During drying the ccrners of the fila were stuck down with Dymo tape
to atop it from eurling,

The stretcher, based on & deaign by Tsuncdo and Yameoka (1965),
is illustrated in Fig. 3,3, The film wes clamped on by mens of two
brass platea whioch were screwed onto the fixed and ths movadle arms of
tha atretoher,

Ths stretohing of & FVA filn can bs aided in two ways, At high

temperatures the fils can be stretched to many times its original length

in & very short period of tims, but stretohing by this method would

be uneven and lsad to unreprodusibls results, The other method consists

of stretohing the film in an atmosphere of high husidity, Aas the film
absorbs moisture fromn the stmosphsre it can be stretshed relatively
easily., Enclosing the stretcher with film in a ocontainer with several
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orystallizing dishes filled with water at spproxisstely 60°C allows the
film to be stretched to three times its origimsl length in one hour,

It was nscessary to dry the films after they hed been atretched
tc overcome relaxstion effecta, and hence stop the film froam contracting
after it was removed froa the stretcher, A streesnm of hot air from a
hairdryer was found to be the most convenient method,

For the apectrosoopic measurements in the ultraviolet, the FVA
£ilus were put on & blackened machined block (4.3 em x 1.2 ea x .9 om)
through which an &liptical hols (3.0 om x .7 om) hed been drilled. A
smell freas with a rubber gesket was screwed onto the blook to prevent
the fila froa contrecting, The film hencs forms s window in the brass
block.

In between speotroscopio measuremsnts the filus were stored in a
blsckened desiccator over silica gel.

3+3.4 Corregtion to the spootre.

oat of the work on orisnted films up to now has been dote in the
infrared region of the spsotrum, In this region, soattering ocorreotions
cen be conveniently made by extrapclating from the region whors no
scattering occours., Sinos soattering depends om the fourth power of
the frequenoy (equation 2.4) a plot of log(optical density of soatter)

versua log(wevenumber) should have & gradient of 4. From this the
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opticul donsity due to the scaitering in the ebsorption region, in
theory, oan be prediocted.

This methcd was however found to be unsetisfactory for use in this
work for at lsast two reascns, Firstly; because of the high quality
of the films used, the intensity losses due to soatter were smell, mush
emaller than the losses dus to reflaction which do mot depend on the
fourth power of the wavelsngth, Secondly; for oorrections to measurements
in the ultraviolet, where the hydrogen lamp 1s used, the extrapolation
has to be done froa the visible region, where & tungsten lamp is used,
The difference in the optiosl density measured at 30,000 o' (the
change-over point), using the two lamps, make it extremely difficult
to aslke sn ascurate ocorrectisn,

It was found to be more convenient to repare & blank VA fila
from the same beteh of films with approximately the same emount of
stretoch, Fig. J.& shows the .cottering and reflection as a funotion
of wavelength as obtained from the blank, together with the unpolarised
spootrua of & caffeins-PVA film, It can be seen that the light losses
dus to soatter sre nesrly negligible for all walues of the wavenuaber
but the 45,000=45,000 on~' region, where the high sbscrption of caffeins
reduces the errors, introduced dus to insdsquate correotion, The use
of a blank PVA filz compensated for most socatter and reflection so that
only a =zall bese line ocrrection was needed to allow for ssell
variations in thicknees and quality of the film,
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The ratic of the corrected optical density at the absorption
maxizus, 36,600 om ', to the opticel density st the absorption minisum,
40,800 o8”', for the spectrun shown in Fig. 3.4, were found to be
within i¥ of the similsr ratio calculated from the solution absorption

speotrum,

3+3.5 Speetrescopie readinga,
411 readings were telen using the Unicam SFJ00 double beam

recording spsotrophotomster, Caloite polarising prisms (Arohard-Taylor
modification of a Clam Foucault polariser,) were placed in both the
reference and the sample compartment, The ineident radiaticn was polarised
perellel and perpendisular to the direction of stretohing of the film
by rotating the prisms, All resdings were taken asoording to the
following proesdure.

4 minimum wars up period of 30 minutes was allowed after which
the serc tranasmission and optical denaity settings of the speotrophotoazster
were adjusted at 36,600 oa~', The prisss were placed near the front
of the sample and reference compartments, always faoing the same
direction, whils the filzs were plsced near the beok of the sample
compartuent, to reducs scattering lossesa, The readings were taksn in
the following sequenset

1) Prisss /, blank

2) Priems 4, film



3) frisms 1, film

4) Prisas 1, blank

#hen the blank and the film were interchanged, the oomplets cell
holder was interohangsd to ensure a reprodusible positioning of the
fiim in the ¢ell holder. 41l readings were taken at acan speed 3 end
resclution 1. Since caffeins does not absorb in the 33,000-30,000 om”'
region the difference in absorptics betwsen the sample and the blank
was used to correct for asmall differences in fila thickness and reflection,
3ok LHE DETERMINATION Ul
3«4et Introdustion.
To acourately determine whioh way a given molecule will align in

e stretehed FVA filam, a highly coaplex model would be reguired, It
would have to imclude allowances for the energy of distortion of the
FVA strends when the molecule is ingluded in the film, the free space
betwesn the FVA atrands, and the molecular shape and size, Sinoe the
use of such a model is not possible, two independent methods have
been developed, both of whioh give comparable results,

3.4.2 The plaptic heg method.
/i model of the moleoule is stretohed in a plastic bag and the

angle of orientation of the molecule is observed, The plastiec bag
sinulates the environment around the molecule in the atretched film,
4 photograph of the alignment of caffeine in the beg ia shown in



FIG 3.5
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Fige 3.5. The angle of orientation is estimted at spproximetely 30°
with respeot to the perpendicular to the c“---c5 axis,

3ebe3 Ine mpior axis methed.
From the two-dimensional shape of the planar moleculs the mejor

and minor axes are ealculated.

The molecular shape was dsfined by the coordimates and the atomic
radius (Haylward and Findlay) of the atoms in the moleculs. 4 two-
dimensional density matrix was set up in whioh the density was set
oqual to uaity for a point inside the molecule and equal to szero for a
point outside the molecule. The centre of gyration and the mejor end
minor axes of the molecule were ocaloulsted socordingly. DBecsuse of the
three-dimensional distribution of the atoms in a methyl group, this group
was approximated by & single atomie radius of 1,20 £ centred at the
carbon atom. Other atomic radii used were .73 & for nitrogen, .77 %
for carbon, 73 ? for oxygen and 37 £ for hydrogen.

The computer prograsm for the mejor axis calculation based on the
above model is shown in ippendix 4. For caffeins the angle between
the perpendicular to the c&_—-cs axis and the axis of alignment wes
caloulated as =25° (approximetely the C,= O bond direction), while for
parent molecule xanthine the ocorresponding angle was caloulated as -9°.
Fig, 3.6 shows the molecular shape as definsd by the medel, together

with the major axis as calculated,
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3.5 Lk DICHROIC SFECTRUM OF CAFFEING

The dichroic ratio can be related through eguation 3,8 to the
angle between the transition dipole and the long axis of the mcleoule.
Subsequently when the dichroic ratic is asasured as a funotion of
wavenumber, it will remain oconstant throughout the region where one
transition dominates the speotrunm, The dichroic ratio will thus give an
indication where ons transition finishes and ancther starts.

i nitrogen n*¢—n transition by its very nature has a transition
dipole perpendicular to the plane of the moleculs, and as such,
perpendicular to the long exis of the moleculs, For complete orientation,
the dichroiec ratio for a nitrogen n*<—n trensition must be equal to
serc, while for partial orientation the dichroic retic would still be
conaiderebly less than one,

The maxisum of trensition II was found to have shifted from
36,600 on~! for oaffeime in squeous solution to 36,300 on~! for caffeine
in the PVA film,

Figs 3.7 shows the dichroio ratic es s funotion of wavelength
together with the parallel and perpendicular polarized spectrs for 2x
streteh, There is no indication of ths presence of a nitrogen n*«—n

transition in the 33,000=34,000 oz !

region although other workers

(Kelly, 1970; Drobnik end Augenstein, 19664,B, 1967; Clark and Timooo,
1965) have reported the presence of this band in purine and substituted
purines, The presence of & low intensity mn“—n trensition could account

for the pon={lucrescence of caffeiny in organic soclventa,
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The dishroie ratio was found to be constant over the range 34,000~
40,000 on~' whioh shows that only transition II contributes to the
spectrun in this region, In the 40,000e42,000 cu”' renge the dichrolo
ratic inoreases ani remeins apmoximately constant fream 42,000 to 46,000

on~!, although in the 45,000 to 46,000 ca™ '

region there must dbe a2 con-
sidarable contribution from transition IV, GS5inoe the diohroiec ratio is
greater than ons for the rangs studied and since all transitions have
high extinotions, it ean be concluded that transitions II, III amd IV
are all {Y% U transitions,

The diohroie ratie over the reglon 35,000-38000 en-1 was averaged
and plotted as a function of atretch as shomn in Fig, 3.8 together with
the predioted diohrole ratio ourves. Thess rredioted diohroio retio
curves were derived by oombining equation 3.8 (for R equal to .40 and
1,50) with Kratky's (1933) stretoh-orientation funotion. These limiting
ocases could correapond to transition moments st 50° and k9° respectively
with respsot to the longitudinel axis of the moleouls., Transition II
can then be assigned a transition dipols direetion of 500 4 1°, Transitions
IIi and IV can be assigned approximate trensition momsst angles of 4k~
and 43° respestively, if the dichroic retio for the 2x streteh (Fig. 3.7)
is extrapoleted to infinite stretoh,

3,6 LHE INPERPRETATION OF THE DICHROIC SFECTRUM OF CAFFEINE
To dotermins the absolute orientatior of the transition moment

vectors in caffeins, filns of xanthine and J-methylexzanthine in PVA
were prepered., The dichroic spectrum of xanthine ia shown in Fig. 3.9.
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The angle of the axis of alignment for xanthins was calculated as -'90

with respect to the perpendicular to the Gb—-c axis, while the

5
corresponding angle for caffeine was ocalculated as =25, If the tramsition
moment direotione are not strongly sffected by the substitution of the
three methyl groups on the xanthine molecule, the measured transition
zoment anglss would be expeoted to shift by approximately 16°. ihe
direction of the shift could be used to determine the absolute angles
of the transition moments,

No major changes in the trensition moment angles with respect
to the axis of aligument was obserwed. The trensition moment angles
were caloulated as 49°, 45° and 44° for trensitions 1I, 111 and IV
respsotively, ‘iransition moment angles for 3=methyl-xanthine were
also found to be the same. Teble 3,1 gives some of the transition
woment directions dstermined from oriented rVi studies by other authors,

All trensition moment direotions fall into the renge 42°-51°, ihe
substitution of wethyl groups of xanthine or adenine does not seem to
affect the axis of alignment, Lither the effect of substituting one or
sore methyl groups on the axis of slignment has been highly over-eatimated
in the modsls used, or somes types of forces other than mechanical forces
were responsible for the alignment of the moleculss in the FVi lattioce.
Thulstrup (1970B) and Swirnov (1957) sugsested that orientation may be
dus to elestrostatio forces.

To test the poseibility of forces other than meohanical forces being
responsible for the alignment of the molecules in the film, a film of
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caffeins in polyethylens was wepared by soaking a piece of polyethylens
(household type) in s warm solution of caffeins (%:) 4in carbon
tetrashlorids for 30 seconds. The film was stretshed to 3.5 times its
original length,

The dishrois speotrum of caffeine in polyethylene is showmn in
Figs 3410, A shouldsr hes appeared in the speotruxm at 34,600 em ',

This seems to be the same shoulder that is obasrved in the absorption
spsotrus of caffeins in oyclohexane, This band is not observed in FVA
since W*<—n transitions are, in gensral, less intense and shift to
higher energiss in polar medias,

The band has a dichroioc reatio greater than unity, The band caznnot
be 2 nitrogen M <—n band since these trensitions are, by definition,
perpendicular to the plans of the molesculs, and as such have & diehrois
ratio of less than ons, Carbomyl n*.{—n trensitions can have a dichroie
ratio greater than one and can be found at wavenuambers as low a8
30,000 en~ (Murrell), It oan thus be conoluded that the 34,600 om
band correapends to a carbonyl »*-—n transition,

The msasured dishrole ratio for the film of caffeire in polyethylers
for transition I1 can be estimated et 1,04, while the ratio for transitions
III and IV ocan bs eatimated as 1,13 and 1,20 respectively, These dichroioc
ratios combins with the estimated degres of orientation f - .64 (for 3,5
x atretoh) and equation 3,9 to give trensition moment angles of 54°,

53° and 52°,
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The transition moment anglss all seea to have shifted to higher
velues by angles ranging from 3° to 10°, 5inge ell thres transition
soments have not shifted by ths ssme amount, it seems likely that the
degree of orisntation of the caffeine in polyethylene of unknown history
i3 not the same oa that for a similarly stretehed PVA film, Thulatrup
ot al (19704) found that the degres of orientation of moleculea in
stretohed polysthylems films is, in general, leas then expected,

1f a Asgree of orientation of £ = .15 is easumed, transition moment
direotions of 50°, 45° and 42° are obtained., This is in good agreement
with the results obteined for caffeinms in #Va (50°, 44°, 43°).

It oan be conoluded that the axis of orientation of oaffeine in
polyethylene is the same as the axis of orientation in FVA, Since the
axis of alignment seeme to be independent of the medium, it seems
lilely that the foroes responaible for the orientation of the alignment
of ths moleculs are mechanical in nature., The resson why the
substitution of methyl groups on the besis purine skeleton dces not
seem to affect the axis of alignaent cannot be expleined at this stage,
although it can be speculated thet this axis is s property of the basic
purine skeleton enly,

4in attempt now has to be made to assign absolute transition moment
dirvections for eaffeine, No concrete evidence is available to eid the
sssignment of absolute moment direotions, but thers are some thscretical
considerations and experimentsl observations that can be used to determine

this epsigoment, It can be mied that if transitions II and III1 ere
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presuxzed tc be om opposite sides of the axis of alignment, the angle
betweon the two tramsition moment direotions is 95° 3 2° for sll sompounds
listed in Table 3,1, The same applies for the engle between transitlons
I1 and IV, Altheugh it is not conolusive evidenes it could be considered
as an indication that transitions II snd III have epproximately ihe

saap direction and are at spproximetely 95 to tramsition II, Other
indications to support this assignuent are:

1) Transitions II and III can be considered to have arisen from
perturbation of the bonzeme B, and B bends (Clark ard Tinooo, 1965)
whose polarisation directions are almost psrpendisular,

2) Polarised abscrption studies of a single orystal of 9-methyl-
sdenine (Stewart end Devidson, 1963) imdicate that transition II is
polarized at at lsast 70° to transition IV, Folarised absorption atudies
of & single crystal of 1-sethyl-thymins (Stewart and Devidson, 1963) and
polarized specular reflection studiea of a single erystal of thymine
(Rose, 1966) indicates that these bands are polarized at least 75
fron one another. Fhotoselsction studies of guanine, guanisine and
gethyl-guanine (Callis, Rosa and Simpson, 1964 and Horrensen, 1967)
show that trensitions II and III are not parellsl,

‘the only cess ia which evidenoe was found thet the proposed
essignment of treansition soment angles does mot apply to all purine
and pyrimidine basss was found for oytosine and 1-methyl-oytosine (Callis,
1966) where polarised apsoular reflestion studies indicate that bands II

and III sre parallel,
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Chen and Clark (1969) studied polariszed reflsction speotra of purine
and found an angls of 48° of the first n*< ™ trensition with respeot
to the C‘;—Cs axis but the assignment of the othsr dand was somewhat
indefinite,

Ir the caloulated axis of alignment iz assumed to be oorrect,
only the agssignaent of the aign of the angle of transition II with this
axis is required to produse an absolute assignmsnt of the transition
acment diregtions., Perturbation theory eapplied to the benzene ayaten
(Clark and Tinsoo, 1965) predicts that tranmiticn II is likely to be
polarized along the line of the two lwto groups, while tremsition III
would be polarized perpendicular to this line, If thess directions are
assused to be approximmtely correct the transition moment directions
es shown in Fig. 3.6 and Fig, 4.1 can be derived,

The trensition moment directions asaigned to caffeine and xanthine
are in close agreement to the directions assigned in urasil by Fucalero
(1969) uaing correlations with orystal data, and is alsoc in good
egressent with the transition soment directicns calculated from v
electron only selfe-gonsistent field molecular orbital caloulations with
configuration interaction (see Seotion 4.2).
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LGAL ULA TTONS
&ot ZNTRODUCTION

Theoretical evaluation of ground and exoited state molecular
interestions requires an accurete Xmowledge of ground and excited state
elsotron distributions axd ensrgy levels, Tless properties can be
obtsined from all valence elestrom Self uonsistent Field (SCF)
csloulations with configuration interections. Soms success has been
obtained recently in these types of caloulations (e.g. Klopman and
0'Leary, 1970).

At this stage in the development of the theory, satisfactory
results can be obtained for ground state molecular properties of dgomplex
systems, but extensions {o inglude excited atates of 7 eleotren systems
(Del Bene and Jaffe, 1968) offer little advantege over the much aimpler
SCF=i#0 7 eleotron ealoulations, For this reason, two separate sets of
calsulations were performed, one for the molecular ground state and one
for the exvited atates,

All valence electron SCF ealculations, without configuration
intersgtions, were used to caloulate ground state elsctron distributions
and dipole moments. Thesze results were then used to eatimate the megnitude
of the Van der Weals' interestions between the molesoules,

ihe 7 elssctron SCF-d0 ealoulations, with eonfiguration interactions,
were used for the purpoase of interpreting dimer apeotra in terms of exoiton
interactions,
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ke2 TOTAL ELECTRON GNDO GALCULATIONS
ke2ot Intredustion.

The Complete Neglset of Differential Overlap method (CHDO) was first
introduced by Peple, Santry and Segal (1965). In this method, which is
discussed in detail by Fople and Beweridge (1970), and by Klopman end
O'Leary (1970), only walsnce electrons are trested explieitly, the inner
shells being treated s part of e rigid ocre., The sero=differentisl
overlap approximation is used for all products of different atoais
orbitala (8, = [#f ar = 0), The two electron integrals are assumed
to depend only on the mature of the atoms on which the two orbitals involved
are oentred. This way XAB is the average eleotrustatio repulsion betwsen
any sleotron on atona A and any electron on atoa B,

Further assumptions imolude the neglest of momstomio differentisl
overlap in the intersotion integrals involving cores of other atozs
(<ulvglv) = § yoVap)s 804 the taking of diatomic off-diagonal core matrix
eolsasnts to de proportiozmsl to the carresponding overlap integrala. This
last asauaption tales the bonding capacity of the owerlap %o be dependent
on the extent of the overlap,

Maw * /{ uv /i;sm d
whare ﬁ is the resonance integrsl.

This reduces the Fock Hemiltonian for the diagonal element tot
Faa ® Uga ¢ (Byy = 0,08, ¢ b2 («Fa¥hs + (ip¥up = Vap))

- B(Ar)
be2
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while the non=disgonal Hamiltonian becozest

° .
Fav = /3 aB Suy ~ EPI.WKAB s b3

where all terms have their ususl quuntum chemiosal weaning,

4e2+2 ]pSegral syRlusilcn.

In the version of CNDO used (CHDO/2) the integrals /g;, Vo = un'

VAB’ are svaluated by the following approximetions:
#(I, = An) =V, ¢, -8, bode
A= &A% D) &5
where K is & known censtant (usuelly 1),
Vap * Zp%n ot

he2e3 GCaloulstisns.
The computer program of Fople and Beveridge (1970) was used with
minor modifisations on the University of Adelside CDC 6400 computer to

caloulate doth 6 and 1v ground state charge distributions in caffeine,

he2.4 Reaulta.
The oaloulated <; 1) and totel elsotron denmsitiss for the ground

states of caffeine and zxanthine are compared with those oalculated by
Pullman (4968) for manthine, in Table 4.1, There are no marked

veriations ip the elestron dengity for the differsnt methods used,



ATOM ATOM X Y o~ . o w TOTAL TOTAL
e SYMBUL COORU.  COORD,  PULLMAN  CNDO  PULLMAN  CKDO PULLMAN CRDO
1 N 2,37 =061 ~olpls - k91 234 «236 -9207 -a255
2 c “2¢h3 0481 «286 252 190 201 476 453
3 N -1,21 1.40 ~b3l =450 +25h 219 ~.180 o231
N ¢ 0,00 0.66 257 +168 -.033 <08k 224 232
5 ¢ 0.00 «0,66 <18 «360 145  =.263 <003 ~-.$03
3 ¢ 1425 -1,38 <191 «07%. «187 191 378 «265
7 N 1.35 -1.08 S 497 «392 423 ~4052 =07
8 c 2,02 0,06 «186 132 075 <069 o261 «201
9 N 1.22 1.13 =285 »030 306 =27 -o591 =o2hly
10 0 346 1obt =+053 2081 wdll  =hihb PX: TN -~ 365
1 0 «1.39 2459 -.065 <050 =406 =419 V4 =369
12 Cﬁj ~3.71 ~1.24 «195 «139 «195 139
13 CHy “1.15 2,90 <196 «134 «196 o134
TN ci, 1.89 2445 <195 «138 «195 «138
15 H 3.36 -0.11 069  -,020 <069 =020

17



he3 SEMI-SUFIRICAL (PPE~SCR-@0-CY) & SLECTh

e GALGUYLL TION

sugtion,

The Pavizer-PoploePayr {Farr, 1963} seaiecapirienl SUP-E0 sethed
Por T glectron systems hee beon used sucossafully for inderpretetion and
predioticn of ke absorptlon speolrs for srovatic avissulor. The
varepetors rpoaired ave ususlly oblained by cospurison of Ghe eslculated
sinzlet treenition snergies with the caporiseatsl zpeoivus of o tost
avlacule. Ihese ppreasters are then used 1o caloulate the spevira of
n zaxdes of rolated wolsculas, Ik present exisuvlstdens ars bused on the
zothed dsaeribed by Usiley (1969 ),

in this method, the core maraszter has bosn evelusted using the
Goopport-isyer sud Sklar {1935} spproxisation:

“aa © “u ¥
wherd Iiu is the wolence siteds ivuisoticn puientinl foxr the iascviated eilon.
ihe ore oenive ropulsicn integral (¥ perswetar; hes been epprovisated
by ihe foraula given by furisex and Farr (Perw, 1953t

- ¥ 3 %
Vg * 3y =4, bel

where 4, is the wleace state elselron affinity.
The two cenlre repulsion imtegrals ¥ J are osloulsted by the
Kishincto=dotoge (1965, 1986) epproxizetion:

_ _E ) Foi s 2 j
Yy 8 /By * 8y By w20/ + $ou! dre

ey

wheve X - iz the diatance bebwssen silosms. ilue Bwo conlre cors integrals

'&"»ﬁw are caloulstod from the gradiont of the overley integrals
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(Lindanberg, 1967).

For atoms ocontributing two electroms to the ¥ aystem, the X
paremster oan be saloulated by a method analogous to the one used for
the single elestron centre, The nsutral atom is replaced by the
poaitive ion in which the second and first ionisation potentials are
used instead of the wvalsnce state icnication potential and electron
affinity. This msthod, however, is unsatisfactory for the celoulation
of the core parameter, in whioh case ths approximstion discussed by
Kwistkowskl (1966) was used. The fomisation potentisl for these
systezs is written:

I, = Bx—x%) e X 4410

where X stands for the doudbly-charged core atoa in the appropriate
valenoe state.

Bailey {1970) introduses three different nitrogen core pareceters
for nitrogen atoms contributing two elestrons, These are the amino-
nitrogen, the pyrrolis-nitrogen and the laotamic-nitrogen, These are
illuptreted ia Fig. kete

Fige &o1 The aminoe-nitrogen (I), the pyrrolic-nitrogen (II), and
the lactamio=-nitrogen (III),
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The experimental ionisation potentials used by Bailey for thess core
paraceters were those of methyl amine for the amino-nitrogen, dimethyl
emine for ths pyrrolio-nitrogen, and Ne-asthyl scetsmide for the lactamio-
nitrogen, Although the use of the ionisstion potentials of methyl amine
and dimethyl amine for the smino~ and pyrrolic~ nitrogens seems reasomedle,
the use of the ilonization potential of N-methyl acetanide for the
laotenio=nitrogen Goes not seem to be justified, The lonization potential
odtained froa this molecule is mot the ionisation potential of the
nitrogen lons pair in an environment of the swrreunding atoms, but the
ionigation potential of the 1V electrons of the total nitroges~oarbdonyl
aystea. To obtain s pure lomization potentisl for the mitrogen lone pair,
this part of the molesule wouid have to be rejresented by the
u,c-g}l-cli’mup. The core parexster to be used in this case is the
one for the pyrrolise-nitrogen, Extension of this principle gives an
opportunity to inolude a ocorrestion for msthylation of the nitrogen atonm,
Caffeine (11317 trimethyl xanthine) and xanthins are indistinguisheble

as far as v ele#tron ealoulations are conoerned, yet the first n™<v
transition of caffeins is .07 eV (600 os ') to ths blus of the
ocorresponding treansition 4in xanthine, If the iomisation potential of
trissthyl anioe is used in the caloulation of the gore persumeter for the
methylated nitrogsns in caffeins, ths effect of methylation oan be
inoluded in the caloulations This leads to the defimition of three types
of nitrogens contributing two eleotrons; N“, N%, and N}o' standing for
nitrogens surrounded by ons oarben and two hydrogens (aminc), two cardons
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and one hydrogen (pyrrolio), and by three carbon ateas (methylated
pyrrolie), The paramstars used in the csloulations are shown in Table

'

c K N Moo n}c (o}

Core (V) w1446 =412 225,73 225,00 2438 =17,V
Y (ev) 1143 12,34 16,76 16,76 16,76 15.23
Se0e0e"® 3.25 3,90 3.90 3.90 3.90 4.55

¢ Slater sffective chergs.

The valenoe atate iomization potentials and elootron affinities were
taken from iinse apd Jarfe (1962) while the sxperimental ionisation
potentiels for the two electron centres were taken froam Turuer (1966).

he3e2 CaloulallQns.
Or. oh, Balley and Dr. J.Fie Builey kindly consented to the use

of their computer pregram for PiP=S(F~iO csloulations and this program
waa used with minor modifications on the CDC 6400 computer, The
coordimates of the atoms in the caffeine moleculs were taisn from an
X=ray orystallogrephis study by Sutor (1958) im preference to the
gocaetries proposed by Spencer (1959) whioh are often used for theoretical
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caloulations, The ooordinates for xanthine used im the ocsloulation
were assused 0 be the same as those for caffeine, aso that the effect
of methylation on the caleulation could be clearly observed, The
coordinstes for uresil were obtained from Stewart and Jensen (1967) and
were ussd for the caloulations on wweil and 4:3-dimethyl ureacil,
Caloulstions were carried out using both Slater orbitals and Clementi
(1963) Double Zeta-orbitsls,

heded
Calculations ware performsd on maathine, caffeine, uwreoil end

113~dimethyl waoil using both the Bailey nitrogen parameters and the
new parametsrs. The resulting trensition energies (4in eV) ere shewn
together with the caloulated cscillator strengths, in Table 4.3,

The transiticn energies ocaloulated for saffeins and manthine using
the now parameters seea to be mariedly better than those obtained using
the Bailey paremetera, The reverse applies, however, for uracil and
dimethyl wacil where ths Eeiley parameters seesz to produce better
agreeaent with the experimsntal dats,

The relative oscillator strengths of the first two transitions, as
caloulated using the new paraueters, seea to bs Teversed with respect
to the right order of the oseillator strengths.

The introdustion of the N}o oore pereaseter allows an acourate
prediction of the magnitude end direoction of the apectral shift of the
first o*c«~ transition on sethylstion. This is illustrated in Table 4.



61,

IADLE b3
MOLECULE NEY PARAMETERS BAILEY PARAMETERS EXPER TMENTAL
SLATER D, ZETA SLATER D, ZETA

Xanthine 4.80( ,0h)  &o75( JO4) 5.08(.14) 5.,03(.13) &.62(,18)
5.49(010)  5.45.13) 5.82(01) 5.77(601)

5.81(.12) 5.81(.15)  6,03(.22) 6,02(.24)
5489(+62) 5.88(.52)  6,27(.35) 6.25(.2)
6421(.10) 6.20(.13)  6.50(.25) 6.49(.28)
6.47(402)  6.48(403)  7.03(.02) 7.05(.03)

Caffeine 4e73(402)  4.69(.02) as for xanthine be54{+18)
5.39( 1)  5.36(.13) 5ebi{ +05)
5¢77(«28) 5.76(.32) » :
5.84(o49)  5.85(+37) }5'77( €0)
6.10(409)  6.14(,12)

6.37(.02) 6.39(.02) 6.45( +06)

Uraoil 4058(407)  4455(.07)  &e96(14) 4481( 420)
SeleI o16)  5.42(411)  5.83(.14)
5.67(+23) 5.68(.20) 5.96(.22) 6.11(.30)
6070 o0)  6.0k( o4) 6458( o34.) 6.85
Te3(402)  7441(02)  7.56(.03)

7:93(417)  7.93(.15)

133=d4mothyl  4o49(06)  L4eb7(406) as for uracil 4o
wasll  5.3u(e15)  5.33(410)
5462 28) 5.63(,21)
5697 ob2)  5¢99(obs2)
7.40(.02) 7.38(.02)
7+89(.02) 7.88(.18)
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TABLE Lol
E G » ) v

XANTHIRE CAFFBINE SHIFT
calc, (Do Zeta)  La76 69 07
Oxpo ‘0’62 kt% .%

URACIL 11 3=DIMETHYL URACIL SHIFT
oalo, ( Shtu-) " oS58 449 »09
oalo. (Do ht‘) 4055 ‘ 40‘&7 »08
8XDpe “.8‘ h-.ﬂ .10

In each cese methylation produces a red shift of approximately

L9 eV (700 “.1)0

Bailey method of parausterisation by using the ioniszation potential of

This red shift oan also bs reproduced uaing the

ascetanide An the calsulstion of the oore parsmeter.

beduh
The ground state T elsotron densities calculated by the SCF-NO

method using the various paraseters and orbitals are shown in Table 4.5
and oan be compered with those caloulated by the methods of Pullman (1968),
and Pople and Beveridgs (1970), as shown in Table 4,1. There seems to be



RO,
1 N 321 N 10 «260 «265 354 «J55 «380 «385
2 ¢ c C «218 216 +162 160 R 1V 145
3 N RZ]. N 30 o2h2 «2h8 332 338 o357 «363
b c ¢ ¢ «026 025 2005 <003 -2003 =< 004
5 c c c -e 191 =193 -9 190 ~y 192 -.198 =201
6 (M c c 236 234 196 195 «185 «183
7 N n2p H)ﬂ 490 A 490 433 519 323
8 c c c 036 031 037 <032 022 +018
9 N N K =336 o334 = Jhd o341 ~o 348 =o3h6
10 0 o o] =oh89 =493 a2k ~e527 =532 =537
14 0 0 0 =492 k92 =519 =519 =528 -.528

. {9
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no merked differoncs in the olsctron dsnsitiss caloulated using the
warious methods, : ’

Table ks6 shows the caloulated ground state dipole and the transition
dipoles for the first five W*<0 transitions in the ¢affeins spectruam,
The celeulated transition moment direetions for the first three
transitions are shown in Fig. &2 together with the direotions derived
from the experimsnial resulis on oriented filus,

The sxperimentally derived tyensition moment direstions ave in
reasomble agreement with the directions ecaloulated using the new
pevaswtiers, but when the Beiley parameters '&o used, different transition
aoment direstions were obtaimed,

While ealculated transition acment mmun- are in good
agresment with the directions prediocted from perturbation theory and the
directions derived expsrimentally, the agreement msy be due to ooincidenece,

The polarised film studies only give the adsolute value of the angle
of the transition moment divegtion with reapect to the molsoular axis,
whish has been eatimeted from s molesular model, Both the direotion
of this axis and the assignment of the aigm of the angle between this
axis and the tranaition moment can not be sssumed to be oertain,

There is also scas unoertainty associated with the results of
elsotron thecretical csloulations on molesulss of relative high complexity,
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STATE EXCITED STATE DIPOLES TRANSITION MOMENTS TRANSITION
, MOMENT
a X MY AMX oMY 1Y | ANGLE
e

CAFFRINE, NEW PARAMEIXRS, SLATER ORBITALS

0 Le695 <0357 4709 ground state

1 2,486  La172 4856 2,209 4,529 5,039 116
2 1,303 0,813 1.536 ~3.392 <0456 34422 -172
.3 o 15«2} {0 .775 0 0995 '“0072 «Q t‘b‘ 9 10-0095 =9 7‘0'
4 8,076 2.84,2 8.562 3.381 34199  Le654 43
5 Q75 0,287 0,555 wip o220 Qobhdy 44267 174

' CAFFEINE, NBW FARAUETERS, DOUBLE ZETA CGRBITALS

0 44688 «0.371 44703 ground state

1 2,557 4073 4,830 24091  bobbh 4908 115
2 1,618 =0.,841 1.82% 3,070 =0470 3.106 -7
3 0,055 =1,103 1.104 ~lpa633 0,732 690 -7
L 8,109 2,800 8,579 3429 3TV bo664 43
5 1,036 0.790 1,303 3,682 1,161 3,833 162

XANTHINE, NEW PARAMETERS, SIATER ORBITALS

o 4e659 0,330 4670 ground state

1 2,488 4,383 5.040 =217 4eT13 54189 115
2 1314 »1,116  1.724 «3,348 =0,786 3.436 =167
3 3.108 0,722 3,190 ~1,551 1,052 $.873 14,6
N 5.676 1,371 5.839 1.047 1,701 1,982 31
5 1.3 0,693 1.507 =3.321 1,023 3?5 16’

(“m.)
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TABLE iy (oontd,)
STATE EXCITED STATE DIHOLES TRANSITIOR MOMENTS TRANSITION
MOMENT
n aX MY M AMX A KY AN ANGLE
@
XANTHINE, NEW PARAMETERS, DOUBLE ZETA CRAITALS
0 beb5h O34k 4,667 ground state
1 2;”6 44268 4,996 =2,058 4,612 5,050 114
2 1,688 1,154, 2,045 2,966 3,662 4«3 =165
3 1,686 «0,169 1.9, 2,968 0,475 2,973 176
s 6,365 1,912 6.838 1,91 2,256 2,956 50
5 1.78h 1,137 2,116 «~2,870 1.481 3,228 153
CAFFEINE AND XANTHINE, BAILEY PAMAMETERS, SLATER CRBITALS
0 he639 «0,7T10 44693 ground state
| LohBO 3,636 5.7 0,159  Wo306 4348 92
2 4,867 24433 5314 0,228 2,843 2.851 85
3 3.97h ~1.473 Aulik “0,665 «0,463 0,810 148
& 4 T9 0983 4,586 0,160 «0,273 0,36 120
5 3.075 0,286 3,089 ~1.56L 0,996 1.854 148
CAFFEINE AND XANTHINE, BAILEY PARAMETHERS, DOUBLE ZETA GABITALS
0 haeOh2 0,720 4,698 geound state
1 hoh30 3,604 5,714 «04212 4325 4330 93
2 Le38 0,821 4,514 0204 1.542 1.555 98
3 5.720 «0.310 5,728 1.078 011 1,153 21
&4 3.180 -0.,833 3,288 =12 =0,112 1,466 =176
5 3:152 0,528 3.196 1490 1,249 1944 140




he345.1 Intredugtisn.
The interestion betwsen base peirs in nucleio seids has been

caloulated by Fullmen et al for both hydrogen bonded pairs (19664) and
for stacked base pairs in aguecus solution in the DNA helix and in single
stranded polyribonuelsotides, using the monopole approximation, The
monopole approximation is usually referred to the dipole approximation,
although the latter has been used to investigate the intersotion between
complementery bmse pairs in nuoleic acide,

The Van dexr Waals' forces responsible for theae interactions can be
divided into thres groups, the monopole interasiion, the monopole induced
dipole and the dispereion of Lom intersetion, For perallel atacked
monomer units in a dimer only the monopols~monopole intersctions are
strongly dependent on the angle between the mopomer units, The angular
dependence of the Van der Wasls' interactioz ars thus governed by the
angular dspendenss of ths monopole-monopole intersetion, The caloulaticns
by Pullmsn on verticslly stecksd base pairs (19668, showed that the
monopole~induged dipole and the disperaion interectiona are almost
independent of ihe angle batween the monomer unids,

The v oharges distributions shown for xanthine in Tabls 4.5 can be
combined with W'a ¢~ charge dlstributions shown in Table 4.1 te
saloulste the moat stedle oconfiguration of the caffeine dimer,

While the ground state intersotions dspend on the sum of the
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monopole=monopole, the monopole~induced dipols ard the diaperaion
intsrastions, the exeiton interaetion for a given transition depends to
e first spproximation only on ths interssction between the transition
monopoles (er the traneition dipoles in the dipols approximationj,

The transition monopoles cbtained from the SCF-V gsleotron oaloulation
oan be used to estimate the exsiton interastion, but because of the large
errors involved in these calsulations, no reascmable results were
obtained., The transition monopole~transition momopole exsiton
intersotion is » delicats balance between largs attreetiwe and repulsive
forces, while the transition aomopeles used in the ¢sloulaticns ere smsll
runbers defined as the difference botwesa two larger numbers.

The dipole approximation has the aivantags in exoiton interestion
caloulations that no theoretically csloulated tressition dipoles are
required, singe ths experimestally determined oscillater stwength can
be used in oonjunction with experimentslly determined trensition
monent direotions.

The dipole-dipole approximation is used in Seetion 4.5 to estimate
the angle betwesn the transition dipoles,

The aonopole-menopols interastion was cslsulated using the
caloulated ground state charge distributions fors
a) Two wertiocslly stacksd perallel monomer units, one of whioh is

rotated ebout the centre of the C, -l

& (] axis,
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b) Two vertioslly stacked monoser units, cne of which is rotated
180° about the axis pesrpendicular to the C 5 s after
which it is rotated sbout the centre of tho C,~C; axis

The calculations were performed for intermolscular distances of 3.4 £

and 4.2 £, Thess caloulations were then repeated for a rotation about a
point «2 £ displaced along the perpendicular biseotor of the C,—Cg axis
towards the 01-—02 axis, which would approximately correspond to the
cenize of the molscule, The angular dependsnce of ihe intersotion

eneray is ahown in Fig. 4.3 for an intermolscular distanse of 3.4 £ end

in Fig, 4ok for an intermolocular distanoe of 42 £, From these graphs

it ocan be seen that the two most stable configuretions are the C,
configuretion (Fige 1.2) which corresponds to rotation of oms unit through
180° sbout the perpendioular to the C 5 axis, and the configuration

5

cbtained by rotation of 180° about the perpendioular to the C --c5 axis

followed by a retation of 220° about the eentre of the cb—cﬂ axis, The
latter configuretion is the wmost stable configuration whieh is in
reasonable sgreement with the moat atadle configuration obtained by
fullmen et sl (1966B) for base peirs. This configuration is shown together
with the rotational axis in Fig, 4.5. The configuration in whioh both
molscules are aligned the seme way (c. sonfiguretion) is shown to be

ensrgetically highly unfavoursble.
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kb THEQRETICAL CALCULATION OF DDUM SPECTRUM
Lebol  Iutrodugtion.

Singce Davydov first introduced the exeiton theory of moleocular
erystals in 4948, a considereble amount of work has besen done on the
thecreticel rredistion and interpretation of crystal and polymer spectra,
Davydov's theory is based on the Frenkel (1931), or tight binding,
exciton model, A repid transfer of excitationsl energy is possible
within a cluster of identical molecules resulting in e dsgeraracy of the
systen equal to the musber of molecules, V¥hen there is interection
betwsen the exeited and ground atate molegules, these intersctions
remove the deganeraqy and lesd to the development of exeiton dands that
are the property of the cluster as a whole, The alternative end
eguivalent interpretation, in view of the Heisenberg unsertainty
principle, is that the exsciton migretes freely from unit to unit within
the eluster,

Early applicetions of this consept to aggregates and polymers in
solution have considered purely sleotronic wavefunctions. Kesha (1963)
gives a couprehsnsive review of most of ths early work on the exoiten
theory, The interest in this work is mainly fooussed on the dimer im
which case 2 rimple aplitting of the excited state ensrgy lewels ocours,
gorresponding to the wawefunotionat

POATIANTE T KA

The resulting two series of transitions from the ground state will bde
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denoted es the (+) end (=) series, The relative intemsity of the bands
carresponding to theas trensitions is governed by sslection rules and
dependa on the symmetry of the szgregates, If ome of the trarsitlons is
forbidden either a blue or a red shift can be cbtained, This simple
theory gives e satisfactory explanation of moat of the spectral changes
on apgregation,

The main disadvantege of the early spplications of the Davydov
Theory 1s that no vidrational interactions ere inoluded in the
ealoulations, In the oaloulation of the intermolecular interaction,
integrals invelving vilronic wawefunctions should be used instead of
purely elestronic funotions, %hen moleoular vibrations are insluded
soch integral must be maltiplied by & vibretional overlap faster whose
magnitude iz pot in general equsl or even close to unity, Davydov's
theory ignores ths complax vibrational structure of the elsctronic bands,
The inclusionm of the molecular vibretions is thus necessary for either
a guantitative or detailed application of the exeiton theory to
molecular aggregatss,

The Bora-Oppenheimer sepersbility which applies to a fairly good
approximation fer molscules cannot be sssumed to hold for electronisally
exoited aggregntes, Simpacn and Peterson (1957) proposed that the Born-
Oppenheimer approximstion applies in the two limiting canes,

1) Very weak ocoupling. Perturbation thsory applies to the two

mononer unmits,

2) Very astroag eoupling, Electronic wavefunstions are formed
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from the sum of the wavefunctiona, Vitrational wavefunctions
are forasd from gombining the irdividuel vikrational wave-
funotions, Perturbation theory is then applied to this systes
to cbtein the energy and intensity of the vibrational banda

as & funstion of ths intersction energy.

This methed was first applied by McRase in a series of articles
oslled “Molscular Vilrstions in the Exsiton Theory"., The main
sssumptions made are that the Born-Oppenheimer approxizatiom spplies
in the two limiting ocases and that there is only ons vibratien, which
is harsonie., These assumptions have been used in all later theories,
doRae's theory has beea spplied suscessfully by Kurucsev and Strauss
(1970)s The mein disedvantage of Kokae's theory is in the uncertsismty
sbout the important intermediste coupling region,

Siebrand (1964) using a veristion method obtained & contimuous
representation of the snsrgy of ths vikrationsl bands as» & function of
the interaction enmergy. The wawvefunctions obtained for the limiting
cases were cozbined to form a trisl function, Eiges walues were obtained
which behave properly in the limits and Join smoethly in the intermediate
region,

derrifield (1963) showed that if it is assumed that the only effeot
of electronic excitation on the molecular vibretion is to produce a change
in the equilibrium poaition without a changs im freguenoy, the wvilronio
Sohrosdinger equation fer a pair of identisal solecules cen be solved
nuzsrieally over the entire range of ooupling strengths, This hes been
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applied by Pulton and Gouterman (1961, 1964), who derived golutions to
the dimer problem in terms of the coupling coeffieient (€) amd the nuclear
displacement paramester (\), The Fulton-Goutermsn method haz been applied
by Chandross, Ferguson and MeRae (1966) to the analysis of the spsotra
of anthracene dimers and has been applied in this work to the calsculation

of the dimer spectrum of caffeine.

bolpe2 Calpulationge
The Haailtonian for the systex iy set up and then split into two

;3
commuting operators H' and I after tranaformstion to normal coordirates
(Merrifield, 1963) lesding to two functionss

B =% bebo fisel
- 4
fﬂ = ; O%ﬂo, ‘6.12

applying for both the (+) end (-) funciions where g's are the unperturbed
osoillator fumotions., The occefficients b/u/, are aimple overlap integrals,
For absorption or emission, one of the states inwlved 1s the ground state
and we only needs

(1»;“,)2 = (b“)z a (2% )" ARgrp(~5 02) 413
ihs expansion coafficient ei,. are cbtained by the wariation prineciple,
This results in a system of linear difference equations for the expanaion
coeffiocienta whioh oan bs solved numericslly,

: 2z
88, et * (4, - &, )09.0_' ve 40 boll
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where LY )\(éo’)" 415
X - J
a, =0+ 3 (~1)E PR T
In the matrix foram, equation 4.14 becomess
£ 2 10
(do = E\)) l1 019
1 3
s, (41 - E) s, %)
(az - E:) a c. | =0 447
*2 2" 3 ) e
*3

Thi; is a simple Eigen valus problem of the t‘v—po _(c-g JX«0 where C 1is
now a8 symmetric tridiagonal matrix, This metrix equation can be solved
by Given's method for tridiagonal metrices, or any other standard
Eigen valus=Eigen furoction methods.

Solutions to equation 4.17 wers obtained from a finite matrix
sufficiently large auch that the solutions of intereat were not sensitive
to truncetion, 4 amatrix twice the sise of the number of sclutions
required was found to be sufficient., Only the Eigen wvalues Eﬁ and the
corresponding first teram of the Eigen weotor Co , are of Anterest, since
we are dealing with abaorption,

The energy of the exoited aggregate with one moleculs in the
vibretionel level v and the othsr in vibrational level /4 is given by:
E.t = gt E;:' = 41 + %) & constant 4.18

while the intensity of the oorresponding band is given by:
X 9 5 3
Buv =12 Buo Oollly 2 4) be19
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where 5. and gb are the usual transition dipoles between electronio
states,

For purine eggregation, parallel stacking of the monomer units seeams
likely, This is in agreement with the results found by T'so (19645,
1965, 1967) from N.¥%.R., and theoretical caleulations dy Fullman et
al (1965). In this cass, if the tramsition dipoles are parallel, the
(=) series vanishes and & blue shift is observed, while if the transition
dipoles are antieparallel the (+) series vanishes and a red shift is
observed, If the transition dipoles ere not aligned in the dimer, the
speotrua will have contributions from both the (+) and (=) series. For
e given angle O between the transition dipoles, the relative contributions
of the (+) and (=) series to the dimer speotrum is given by Mcoug and
usiﬂ% reapectively.

The computer program for the theoretical caloulation of the dimer
apeotrun is shown in Appendix 7., Solutions are found for given £ and
Ao The vibrationsl spaoing and the bardwidth in the aqusous sclution
are included in the program to produse a complete dimer spectrum for both
the (+) and (=) series.

hehe3 Bpgults.

The experimentally determined dimer speotrum shows little or ne
splitting of the band ocorresponding to transition II, but shows a possible
shift of the sbsorption meximum to the blus of 50-100 om”', This implies

that the angle between the transition aoment directions of the two units
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of the dimer for transition II is bstween 0° (perallel) and 90°
(perpsndioulsr), Angles greater than 90° are unlikely sines this would
produce a red shift in the dimer speotrum,

The theoretical dimer spectrum for the band ¢orresponding to
transition II was caloulated by the msthod described using the bendwidth
(104 0a~") amd the vibrationsl speoing (1300 aa ') obtained from the
monomer spestrum (3eotion 2,3), for the case of parallel dipoles
(@ =0, W =1, = 0) and perpendiocular trensition dipeles (0 = O,
M= M_). The vibrational spacing in the ground state is, as part
of the theery, sssumed to be equal to the vibrational spacing in the
exoited state in whioh case the displsosasnt parsmoter (\) is egqual to
the i (1.,23) ealoulated in Seotion 2,5, The theoretical dimer speotrum
for the two limiting ocsses is shown es a funciion of the coupling
coefficient in Fig, 4.6 and Fige Ue7s

In the cass of parallel dipoles a strong blus shift is observed
for intereotion coefficients greater than .25, Im the expsrimental dimer

1 is obaerved, The

speotrun g blue shift of spproxiszately 100 ca
theoretically caloulated blus shift is in general over-estimated since
no coulombio intersotions are taken into scocount, ihese coulembio
interactions tend to produce s red shift whioh reduces the observed blue
shift, although this red shift is seldom grester than 400 om ', It thus
seems unlilely that & coupling coefficient any greater than ,25 oan

asccount for the experimentally determined dimer speotrum in this case.
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A comparison is made between the thearetioally caloulated dimer
spestrua and the dimer spectrum calculated froa absorption measurements |
for E= of, +25, and 5 in Fig. 4.8. In ecch canss it was found to be
necesasry to reduce the blus shift by s amall amount, allegedly due to i
ooulombic interaotions, For wavenumbers greater than 38,000 oa.1 a poor
fit is obtained between the theoretiocsl and experimsntal dimer speotra
beosuse the theorstically oalculsted dizsr spsotrum only takes acoount of
trensition II and ignoyres the contribution due to trsnsition III, This
contribution was estimated froa the Geussian fit for the monomer and
subtracted from the experimental dimer spectrum resulting in en expsrimental
estimate of transition II over the renge 39,000-41,000 en ' A very
good it was obtained for €= .i using a ocoulombioc shift of 100 ca ',

If perpsniioular transition dipoles are essumsd, a reasonable
comparison between the experimental amd oslculsted dimer spectra can
be obtained for both €= .1 and €= .25, The interaction between the
transition dipoles produces a separation of the (+) and (=) series
resulting in a broad speotrel band, The cbserved dimer speotrum cennot
acocunt for a coupling ccefficient greater than .25, The thecretical
ourve far €= o1, .25,and .5 and the experimentally observed curve are
shown in Fig. &9,

In both of the cases it is unlikely that ths experimental dimer
spectrum oan be acocounted for by assuming a coupling cceffioient any
greater tham .25 iUhis would elso hold in the intermediate range for
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0° < 9 < 90°, 1In all further csleulations it will thus be sssumed
0< € < ,25,

It seems libely that €= .1 will give a reasonabls estimate of the
coupling cocefficient for the caffeins dimer, This indicates that the
weak ccupling taies plsoe in the oaffeins dimer, and possibly in the

dimers of many other purines and subatantial purines.

The dipole-dipole approximation can be convenisently used to eatimate
the magnitude of the exciton interaotion energy in the ocaffeine dimer
singe the experimentally determined osoillator strength can be used to
deterzine the mmgnitude of the dipoles.

The snergy of intersotion between two idsal dipoles is given by
Kausmann (1957) as:

o = ::3 9“./‘1, =3 ,-:.b)%.;‘b)/r.:) 4,20

This equation would hold also for interasction between trensition dipoles.
For dimers oonsisting of parallel stacked units, and an inplane tramsition,
the last term can be neglsoted so that equation 4,20 reduces tos

yub ==_’_gl"!'b 421

3
rﬂ.b

where Ea and !b are the transition dipoles.
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The osoillator strength (f) for & transition is given by Hirsohfeldes

Bf?im 2

£ gt X e2
3he

where V 1is the frequenoy of the trensition, n, 1s the mass of an elsotron,

Curtia snd Bird (1964) ast

h is Flanek's oconstant and ¢ is the elsotromnio charge,
Substituting 4,22 into k.21 and converting to reoiprocal centimeires

gives)
2
gbz-l-g—gli——feuou" be23
N Tob By o f«"m°

where ¢ is the angle bstween the trensitiocn dipoles.
If transition II is considered io be centred at 36,600 om @ on
aubstitution we obtain:

ﬁ& =2|2&LL12_5.5£“.°“‘1 Lo2l
(rab x 107)

The cascillator strength of tramsition II cen be cobtained from
nuerical integration of the extinotion walus over the band, Since
band II overlaps with band III {he fitted Geuseian funetion was used
instead (Seotion 2.4), The oscillator strength is given by

£ = 432107 [€ (0)aw 425

& walus for the oscillator strength £ = 162 was found,
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k5.2 Reaults and intorvretetiop.
If the Van dor Yaals' separation velue of Tob = 3 £ 52 used we

obtains

h‘ﬂ.

A, = 1355 oos © on', £-1,042 000 0= v

whare £ i related to the interaeotion energy through the vibrational
spacing, The intersction energy estimated fyrom dipole-dipole interaction
in gensrel is too high and Kuruesev (1970) found that an intermolecular
distanee of 4,2 £ (Pullmen, 1966, uses 4.0 £) gave more realistio values
for the interectlion ensrgy. This results in a welus for the interaction
anergy of

1

ﬂ“cw& cos 0 em ', E = 4552 cos ©

If » coupling ooefficient of E£= .1 i» assumed, then an angle of 85° is
obtained for r, = 3.4 % and an angle of 80° 13 obtained for ry = a2 fo

For @ coupling coefficient of €=z .25, r,, = Jeb R gives 9 equal to
76° and v, = 4e2 R results in an angle of 63°,

From this it can be concluded that the angle betwsen transition
dipoles in the oaffeins diner can be estimated as 75° 3 10°,

The osloulated angle betwsen the transition womenta of the unite
of the dimer does mot fit in with the two comfigurations which are
predicted 10 be the most stable Ly the sonopole-monopole interasotion
onloulations (Seotion 4.3.5). In the model basss on reflsetion about
the X axis and rotation through 220°, Fige 4e5, the proposed transition

aoments would be nearly anti-parallel., If this were the case strong
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intersotions and a lerge red shift would be expected,

For the C, modsl based on reflsotion about the X axis (Fig. 1.2),
the angle between the transition moments is eatimated to be between
120° and 150° depsnding on tha angle of orientation of the transition
moment in the monomsr unit, If the two units in the dimer are slightly
twisted with respect to each other an angle of between 75° amd 105°
could easily ocour,

It is interesting to note that the stable eonfiguretion dased on
rotation through 65° without reflsction, gives en sngle between the
transition moments equal to the angle of rotatien, independent of the
propoasd axis of alignment,

It ahould be reeclised that the configuretions celoulated in Section
&43,5 wore dorived using theoretically calsulated monopoles, and as
such would not be very reliable.

The calculated angle between the transition moments of the two units
of the dizer of 75° 3 15° is in good agreement with the experimental
observation that little or no shift ocoeurs in the 36,600 on ! absorption
saxioum on dimerisation,
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5.1 ZMIRODUCTION

In the study of the exoited astates of molecules, fluorescence
speotroscopy is complemsntary to absorption spectrosdtopy. In ebsorption
spectroscopy, the transition from the lowest vibrational level in the
ground state to vibrational levels in the exoited state are obserwed,
The moleoule usually stays in the exoited state long emough for the
vibrational energy to be lost to the environment, so that fluoreacence
takes plooe from the lowest vibrational level of the exoited state to
vibrational levels in the ground state,

Fluoresoence oan thus be used to study the vibretional structure
of the ground state, In solution at room tempersture the vibronio
bands reasin unresolved, but if the temperature is redused to -20°C the
individuel vibrational bandas can be clearly observed. Cochen and Goodman
(1965) studied the luminesoence of purine and adenins in EPA (a 51512
mixture of ether, isopentans and ethamol) and other solvents at 77°K,
" for the ground
state of purine, At this tempersature phospherescence from the lowest

end found a vibrational spaoing of spproximately 300 om

triplet state wili make a major contribution to the luainssoence., The

deaotivation proosasses competing with fluoresoence are shown in Fige 5.1«
When the sampls is exoited with plane polarised light, the moleoules

whose transition moment direotions for abserption coincide with the

plene of polarisation of the light, will sbsorb strongly. On eanission,

the majority of the flucrescence will be polarised parallel to the
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trensition moment for the emission, Folarised flucrescense oan thus
be used to determins the transition moment direotion for the trensition
fron the lowest ninglet exsited state to the ground state,

If the orientation of ths moleculs changes significantly between
absorption and emission, the degree of polarigation of the light emitted
will be reduced, For this resacn polarised fluorescence studies are
ususlly dons on moleoules in highly visoous solutions (Heroulses).

If emission ocours from tho state to which the molesuls was originally
exoited, the transition moment veotor for the emission will be the
pegative of the veotor for the ocvrresponding absorption, so that the
same angle is obiained experimentally. If an inter-aystem orosa-over ccours
t0 a lower singlet state, the msasured transition moment direotion for
emission will be different from the one measured for absorption. In
this way, the presence of low lying wn states can be observed,

If, on aggregation, & dimer is formed whose quantum effisciency is
not equal to the quarntum effiociency of the monomer, or if the flucrescence
spsctrum of the dimer is significantly different from the spectrua for
the moncmer, the fluoresgence speotrum oan, like the absorption speotrua,
be used to study the eggregaticn,

4 high vesolution fluorimeter (Fig. 5.2), based on the one
desoribed by Ainaworth and Winter (1964), wee designed by Pr, T, Kurucsev
of the Department of Physical and Inorganio Chemistry of the University
of Adelaide,

This fluorimeter, which irsludes provisions for polarised and low
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temperature (-20°C) fluorescence, is described in detail in the following
section, Ths fluorimeter was tested in deteil end an epproximate
sorrection curve charagteristic of the flucrimetsr was determined, The
fluoreacence specira of gquinine sulphete and caffeine were recorded.
Pecauss the fluorimeter is atill in the experimental stage, it was nmot
possibls to inslude low temperature end polarised fluorescence studies
in this work.

The fluorimeter is shown schomatically in Fige. 5.3,

LT% PTION R ATy

S5e2.1 1kt ROUIGQ.

The souros consists of an Carem XBO/L 450 watt, high stability lamp
set in @ Schoeffel (Westwood, Nede, UsSede) LH 151 lauphousing (5)..
The lamphousing is set on & swivelling base so that the lamp can be used
es a source for both the flucrimeter and the birefringence epparstus (30),
The lamphousing festures a cocling fan, a sphericeal reflsotion airror
end o focunsing sleeve, The lamp voltage is obtained from a stabilised
300 volt supply (19) for a range of ourrents up to 50 emps. A maxisum
current of 28 emps wes used for the specirel seesurements, The lamp~
houaing is fitted with an additionel blowing fan (3) which further ccols
the lsmphousing by e flow of eir. The osons gensrated by the lamp is
drawn off through a vinyl exhaust tube (4) powered by a suetion fan,

The 1light frea the lamp is passed through a Schoeffel model (Fi-30
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prisa moncechromator (7), which is a small dimension monochromstor
fitting onto the fooussing sleeve of the LH 151 lamphousing. The
monochromator does not change ths direction of the light beaa, an:i 20
acts liks a filter inserted in the light beam, The prisa is turnsd by
weans of a micrometer. 7The wavelengih (and wavenuuber,) of the light
transmitted by the monovchromator is shown as a funotion of the miorometer
setting in Table 5. The spsotral bandwidth of the light is controlled
by mesne of a 3lit, The light beam passing through the monochrometor
can be focussed dy aesans of en attached Sohoeffel (PM=31 foousaing

sleeve (8),

5¢2+2 ihe gell compaKtasnt.
A achematic diagram of the cell compartment is shown in Fig, 5.4.

The renge of the wavelength of the light admitted to the cell oompartment
can be controlled by wesns of a filter (9), although no filter was used
in the ourrent usesurements. The light passes through s focussing lens
to the cell holder (10), which consiste of a oylindrical blsokened brass
container with & "red filre” plate top. Two quarts-silioca fluocressence
cells are set in a s0lid bress bleck, Quarts=-silica windows in the ocell
holder ellow & path for the light to psss through and allow observation
of the front, fluorescent, cell (12) at right angles. The back oell
contsins & solution of Rhodamine B (8 gw/litre) in ethyleme glycol. The
quantity of light trensmitted by the flucresocent solution is proportional

to the intensity of the exocitation besm. This 1light is absorbed by the



¥ IF REQUIRED

4562

GRATIHG
MONO -
dUHROMATOR

Puoto Mulmipliza,

&0
_nm'v"u Lo} off 28

ri16. 5.4 rluowri meTER. dell <dompaeTmEnT



86

Rhodamine B solution ard emitted at 1ts charscteristic wavelength,

The number of quanta of light emitted by the Rhodemine B is direetly
proportiomel to the gusnta of light absorbed, independent of the wavelength
of the exeitatlonnl beaw {Yguerabide, 1968), This light is passed

through & weveguide (16) to the chopper (18), The waveguide was cast

out of CR 39 {diethylene glycol bis{ellyl carbonate)) thermosetting

resin,

The light amitted by the flucrescent solution pesses through a
convex lens which foousses on the slit (14) of a Diffraction Produots
Ing, (River Forrest, 1llinois, U.5.A,) grating monochromator (15).

An srrangsmsnt has been sade to include an optical filter (13) in front
of the fooussing lens to remove light due to acattering of ithe exeitation
beas, The arating monochromstor wes modified to correct for an erver in
the design, The wmalls around the counter were built up te prevent light
leaking into the azonochromator around the wavelength counter. The
wavelength is seleoted by turring a aiorometer, attached to a counter,
whioh in turn pushes the grating through en angle. The monoshrometeor was
found to be lineer ower thonna-froumtemﬁ. The light of the
selected wavelength passes through e slit and & focuasing lens cnto the

chopper.

5.245 Zhe detector pyatem.
The fluorimeter deteotor aystem is represented in Fig., 5.5. The

chopper ocnsists of & rotating aetal dise io which were drilled asix
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equally spaoed holes st 2,75" radius and thirty-six equally spaced holes
at 2" radius, The monitor end signal beams are focussed on the 2,75"
and the 2" holes respectively, The dise, driven by en electric motor,
rotates at approxicately 235 rev/sec, so that the wonitor and signal
beams are chopped at 140 and 840 cycles reapectively. The chopped
signals are cbserved on an E.b.I. 6255 (5bCs) photo-muliiplier (19)
with a2 high sensitivity in the ultraviclet, and a low derk ourrent,

The 1light beams from two 2-volt pea lamps are chopped at fregquencies
equal to the frequencies et which the monitor end signel beaazs are
chopped, and are observed Ly two light-sensitive detectors, The
resulting two reference signals are fed intoc the rectifier (21) together
with the output from the photemultiplier,

5¢2.4 Ihe elsefricsl guatei.
5e2.401  Ihe flucresgent siinmle
The reoiifier is based on the design put forward by Alnsworth and

Winter (1964), and separates the signal composed of two superimposed

140 and 840 cyole pulses into two separate DC signals (23). These two
signels are passed through an impedence matoh (24) and fed into the AGC
(5ttenuated Gain Control (25))s The flucresoent signal is passed through
an amplifier, the gain of which is contrulled by the monitor aignal,

This haa the effect of dividing the fluorescent signal by the moniter
signal, The effects dus to lamp intensity fluctustiocns are thus removed

from the speotrum., An arrangement was made for a constant voltage supply
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generated within the AGC to replace the momitor sigml. UThis constant
aignal can be used when no refersnoce beem is used or for tests of the
linearity of the AGC output with respsot to the input, The output of the
AGC produced the Y axis on the Houston Eleotronies, Houston, Texas, XY
reccrder, ir, K, Shepherdson designed the AGC end the impedence match
and built these and the rectifier, The oircuits for the verious elements

of the eleotrical system are shown in Appendix 9,

Se2:402  Hpvalengths
The elsetrical system converting the wavelength setting to en

elsotrical aigml driving the X axis of the XY recorder is shown

in Appendix 8, A Paocific Eleciric Z-way ad justable~speed electrical

motor (1) is used to turn a Beckman Helipot medel ESP 100 potentiometer.
The potentiometer is coupled to the micrometer of the grating monochromator
by means of two rubber fanm belts, Since the output voltage of the
potentiomster is linesrly related to the angle through which it is

turned, and the wavelength of the light transmitted by the moncohromator

is a linear function of the micrometer setting, the voltage imput of the
recordey is a nmar funetion of the wavelength setting of the
monoohromater. The X axis of the recorded speotrs will thus be lineer

in wavelength,

The flucrescent solution cau be cooled to temperatures of =-20°C
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by plaoing the cell holder on a brass plate connected to a rod (11)
which is inserted in liquid air, Yo prevent condensation of water from
the atmoaphere, the cell holder can be evacusted, or flushed with
nitrogen.

5.2.6 Eront fege flucresgence.

¥When fluorescence studies ere done on conocentreted aolutions,
ths observed spectrua shows a definite oconcentration depu;donu. This
is dus to so-called inmmer-filter effeots. The light emitted by the
exoited molecules is reabsorbed by other moleculss and re-emitted. Thia
prooess can ooour many times in concentrated solutions before the light
pasaes out of the oell, cauaing & distortion of the spectrum, and im
gsueral a shift to lower energies. These effwects would conceal changes
in the flucrescence spsotrum due to molecular aggregation,

The frontal or surfsee fluorescence method (Parker and Rees, 1959, 1962
as used for solid ssmples can be used successfully on solutions of high
opticel density, In this method, the fluorescence of the molecules near
the front surface of the oell is cbserved. The experimental set-up for

the observation of front face fluorescence is shown in Pig, 5.6,

5+2.7 Eglaxised fluorescence.

Provisions have been made to include two polsrising prisss into the
syatem, one in the path of the exsitationmal beaaz, and one (17) into the

fluoresoence beam, The positioning of these prisms is shown in Fige Hobe
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53 b ZESTING AND CALIBRATION OF THE FLUORTMETER
5.3.1 Ihe xenen ere lamp.
5.3.1.1 Intensity stebAdity.

The intensity flustuations of the xenon arc lamp, operated at
25 amps, were tested in the following manner, A light beam from the xenon
arc lsmp wes puudthroush & Rhodamine B solution (8 gm/litre ethylene
glycol) the waveguide and the chopper onto the photomultiplier. The
signal was resolved and taken from the rectifier end recorded on a
10 volt recorder run at 75 ma/nour. The high tension applied to the
photomultiplier was sdjusted to give an output of 5 wolts, All
readings were taken after en initisl warmeup period of 30 minutes.
The output cbtained should be linearly dependent on the lamp intenaity
apart for the slight non-lineerity in the response of the photo=
multiplier. No notigeable fluctuations in the lamp intensity were
observed over the wavelength rangs from 2000 £ to 5000 £ during s
period of 30 minutes for a slit width between 2 um and 1 mm., When the
8lit width was reduced to ,5 mm slight fluotuations in intensity were
observed., The emplitude of the fluctuations was spproximstely 1% of
the output signal over the previously mentionsd wevelength rangs.
When the slit was redused to a minimum, flugtustions of approximately
107 were obssrved, At this slit width, only one or two 1lines of the
xenon aro lasp would be used as ths source, Fig, 5.7 shows the
fluotuations as a function of tize for a wvariety of slit widths, and

Yable 5.1 shows the data for the graphs shown, All ocases were chosen



uf
2
T
)
e
T
2
[a NN
T
S
0
o
s
4
-t
2
Do
ol
o
y Nu
»ti-:thrr.U
M
B
ﬂM
_rflm: L
PHoTo  mulmiplien QUTPUT (val7s ).

—5 20 MINUTES. e

1

{

o 4

TIAME

i

Ty,



M.

in the ultraviclet as the mavelsngth of the sxcitational beam for the

caffeire fluoreacenoce is in this region,

IABLE 2.9
NO, MONOCHROMATOR WAVELENGTH SLIT WIDTH (am)

1 750 2710 ainimus

2 10,00 2370 .

3 12.50 2150 =

4 7.50 2710 02

5 759 ano 5

7 750 2710 2.0

It can be concluded that the xenon arc lamp, operated at 25 aamps,
has no noticeadbls fluotuations in intensity when the monochromator slit
width is adjuated betwsen two and one millimetre, Under these conditions

the fluorimetsy can bs adequately operated without the use of the AGC,

5030142

The intensity of the xenon aro lamp was detormined as a
function of wavelength, The micrometer of the prism moncohrozator wes

set to select the required wavelength. The alit of the monoohromator

was 3ot et 1 @m sc that light of only a very small speciral band width
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was used, and this light was passed through e Rhodanmine B (8 gm/litre
ethylers glycol) sclution and the waveguide to the photomultiplier,
This means that light of a constant wavelength distributiosn,
cheraoteristio of that emitted by Rhodamine B, and with an intensity
direotly proportional to the intensity of the light at the wavelength
seleocted, is observed by the photomultiplier. The output voltage

of the photomultiplier was measured with the Keithley elsotrometer.
¥hen the micrometer setting of the prism moncohrometor wes varied, the
intensity of the light emitted by the lamp and prism monochromator as
@ unit, is obtained as a function of wavelength,

Beoause of the nonelinear diffraotion properties of a prisa, the
spectral band width ellowed to pses through a .1 mam slit varies
oonsiderably over the resnge of wavelengths studied, To obtain the lamp
intensity as a funotion of wavelsngth, the measured band intensity was
divided by the band width., Table 5.2 shows the lamp intensity as a

funotion of wavelength for soms seleocted wvaluss of the wavelength,

TABLE 5,2
WAVELENGTR BAND INTENSITY SPECTRAL BAND WIDTH INTENSI
X) (VOLTS) ) (vorrs/R)
3000 043 1.15 0374
3500 155 1.599 L0779
4000 370 3.27 1131
L5000 +840 4.59 «1830
5000 1464 5.85 2803
5500 4 o5 7.05 «6312

6000 50,00 8439 5.959




93

The intensity distribution in the ultreviolet of the xenon arc lamp

is shown in Fige 5.8

56342
The position of the grating of the grating sonochroustor was

adjusted so that the monoohromator transmitted the two orange D lines
of the sodium spectrum at 5390 and 5896 £, 1he prisa and grating
gonochrosators were then calibrated using known spsotral bands of the
xencn erc speotrum, The position and intenaity of thsse bands were
obteined from the "Handbook of Chemistry and Fhysiocs", 41st edition.

The osll holder was replaced by e airror which reflsoted ihe light
through 90° to the greting menochromator. The two slits of this
monochromator were both set et & minisux to reduce the intensity of

the light trensaitted to the photomultiplier. Uhe output voltage of the
photomultiplier was messured on the ieithley electromster.

An spproximate calibration ghart of micromster setting versus
wavelength of the light transmitted for the Schoeffel priss monochroma tor
wes supplizd by the manufactwrer. Using this chart and a knowledge of
the relative intensities of meighbouring bands, the micrometer was set
for a given spootral band of the xenon arc spectrum. The meximum of
the band was found using the wavelsngth setting of the grating monoohromato
after whioh the slit of the prism moumoohromstor wes reduced and the

nicrometer adjusted to give a maximum resding on the sleotrozeter. The

proceas was repeated until realings becawms constant. The monochrometors
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were calibrated uaing 69 banda over & range of 3000 teo 7000 cm". The

results obtained for some of the bands are shown in Table 5.3,

The correotions to the micrometer setting were extrapolated to
cover the range 1880-7000 X, The corrected chart is shown in Teble
54« This chart was checked ip August 1970 before the fluorescence
spectra were reccrded, The wavelength of ithe light emitted by the
grating monochromator is a linsar funetion of the angle through whioh
the mierometer is turned. As & result, the X-coordinate of the recorded

spectre will be linear in wavelength,

5¢3.3 Ihe dategter ayates.

The cutput of the photomultiplier wes msssured as & funotion
of the voltage that was applied to it for a fixed light signal falling
on it, The resulting output for one case is shown in Fig. 5.9, The
output originally shows an almost exponsntial dependence on the applied

voltege and reavhes saturation at an output of 3,2 volts,

503.302 T

~

L ibepeity o .

The output cf the photomultipliar for 2 constant applied
woltage was ucasured ss a function of the intenszity of the light of

constant wavelength falling onto it, The results are shown in Fig. 5.10.
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GRATING MONOCHROMATOR PRISH MONOGHROMATOR
XENON ARC D (R) MICROMETER SETTING
EXPECTED OBSERVED DIFFERENCE  EXPECTED® OBSERVED DIFFERENCE

3950 3951 +1 3.1 3.60 11
3968 3970 +2 3.68 3.57 «11
&O79 4074 =5 3 o505 3 .095
1180 8172 -8 3.37 34274 09,
'3 3] 4326 -5 3 -095 3.7, 08
4603 4604 *1 2.895 2.805 09
4697 4695 -2 2.794 2.7 <085
4807 4806 -1 2,70, 2,61 «09g
4844 4842 -2 2.68 2 .585 .095
5292 529 *2 2442 2, .075
5419 5420 4 2,35 2.27 .08
6036 6037 +1 1.95 1,88, 06,
6098 6099 *4 1493, 1.86 07,
6318 6318 0 1,82, 1.76 «06,
6595 659 -1 1.72 1.66 .06
6694 6693 -1 1.69 1 .625 .065
6942 6944 +2 1461 1050 .065

* Valuss obtained on interpolation from chart obtained from Sohosffel,



WAVELENGTH WAVENUMBER MICROMETER  WAVELENGTH WAVENUMBER MICROMETER

LY KK B KK
188 53.19 18.15 470 21,28 2.81
190 52463 1764 480 20,83 2,71
195 51,28 16.38 490 20,14 2,63
200 50400 15,28 500 20,00 2.56
210 47,62 13.42 540 19.61 2,48
220 45445 11,96 520 19,23 2,41
230 43.48 10.75 530 18,87 2.3,
240 41,67 964 540 18,52 2,28
250 40,00 8.90 550 18,18 2,22
260 38,46 8.17 560 17.86 2,16
270 37404 7455 570 1754 2,10
280 35.74 700 580 17.24 2,05
290 i oisB 6450 590 16,95 2,01
300 33433 6.10 &0 16467 1,97
310 32,26 5735 610 16.39 1,93
320 31.25 5440 620 16443 1.69
350 28,57 be58 650 15.38 1.75
360 27.78 4e35 660 15.15 1.72
30 27.03 4e15 670 14493 1,68
380 26,32 3.96 680 14,71 1.65
320 25,64 3.78 690 14449 1,61
400 25,00 3464 700 129 1.58
410 239 349 720 13.89 1.52
420 23.+8% 336 740 13454 1ebd
430 23.26 3.22 760 13,16 141
44,0 22.73 34 780 12,62 1.35
450 22,22 3.00 800 12,50 1430

460 21470 291
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The ocutput of the photomultiplicr seews to be & linear function
of the light intensity for photomultiplier outputs of up to 3 volts,
For higher valuss of the output voltage, the output of the photo-
mltiplier is non=-linear, Seturation is reached st 3,2 volts, 4All
fluorescence spectrs were recorded within the linear range of the
photomultiplier,

503e343

Standard methods for the determination of the reasponse curves
for the deteotor system as a function of wavelength are given by many
suthors, e.g., Demus and Crosby (1971) and Lee and Seliger (1965),
Soae of these methods are based on reocrding spectrs, first with the
fluorinster deteotor system, end then with a system where the response
is independent of wavelength, suoch as theraopiles or quantum sounters,
Ths correotion curve is derived by dividing the two ocurves. Other
methcds are besed on comparing the known spectral distribution of a
lamp or fluorescence of & compound (such es quinine) with the spectrum
measured by the systea,

Since the speclalized equipment required for these methods is not
available at this stege, and since ocaffeins does not fluoresce in the
seme reglon as gquinine whioh is the amost reliiable standard, a modified
method based on the Rhodamine B quantum counter of IYguerabide (1968)
was used to determine an approxinmate correction curve, The correvotion

ourve required should include the properties of all elements of the
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detestor aystem, the fosussing lans, the greting soncclwomstor and
the photemultiplier,

The micrcmster of the prisz sonochromator wms set to seleet the
wevelongth of the light, This light, over s range of 3000-6000 %, wes
reflscted through 90° by s mirror through the grating moneohrosstor
(narrow slits; onte the photomultiplier, and the output of the
photomultiplier was recorded on the reithley electrometer. ihis gives
the laap detestor function,

fhe lamp intensity (insluding the fumstion of the mirror) was
determined by reflesting the light through 90° by usams of the airrer,
through the RhoSamins B solution (8 ga/litre ethylens glyool) and the
grating moncehrozator snd onto the photemultiplier., The fluorimster
doteotor function was cbtained by dividing the two functions, This
funotion is shown 1n Fig. 5.11 end Fige 5.12.

There is soms uncerteinty in the funetion in the 20,000-26,000 em '

region, Ygusrabide (1968) studied the speetral distribution of a xsnon

are sonochromator systea using a thermopile and & Rhodemine 8 guantunm

counter ani found a etrong pesk at 21,000 on ' and two saaller peska at

17,800 oa

end 25,000 ca”' whioh sees to mtoh the high points found
in the fluorisster deteotor funotion., It seems likely that the high
ssatter found in the dsteetor fumetion is 4ue to an error in the laap
function, “hoz e coaperison with the zenon are spectrum was mads it
was found that an unusually high walue in the dstestor funstion ocourred

osch tine the wavelength of the light used coincided with ons of the
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intense bands of the xenon arc spectrum. Sinoe the Rhodemine B
solution absorbs strongly (R299%) & slightly wider slit was used in the
deteraination of the lamp funotion,

The dstector function was actually determined by the ratio of
the integrated intensities over the band width of the lamp-detector
funotion and lemp funotion so that a slight difference in slit width
would give rise to en unusually high value im this retic each time
the wavelsngth of the 1light used coincided with an intense band of the
xenon arc speotrus,

4 smooth deteotor funetion was drawn to cover the 26,000-20,000
oa! region. Any uncertainty in the detector function does not affeot
the interpretation of the ocaffeine fluoreacenge spectrua in any way
sinee the fluorescence peak of caffeins is at muoh higher wevelength,
It is intended to repeat the determination of the flucrimeter detection
funotion as soon as & lamp of known speotral distribution beoocmes

available.

5¢3¢¢ Zeating of the AGC.

5.3¢ket Linearity.

A conatant monitor signal was fed into the AGC while the
fluorescent signmal, obtained from a variabdble D,C, voltage supply, wee
varied over & range from O to 11 volta, The output was obtained as a func-
tion of input for momitor signals of 5.0 and 3.0 volts, The output waa

found to be linear for outputs of up to 7.0 volts, The results are shown
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in Fig, Seths

5e3ehe2 Eungtioning.
To simulste lamp intensity fluctuations, the wonitor and

flucrescent signals were ocoupled through the use of the systea shown

sohenatically in Fig, 5.13.

Conshant dC
Vo\\-oﬁe. S-u?fl

Monitor Slsr\ql

TP & | ouTePoT

Lanmp I.rde.ns'\\-j S'thnq\ \ % B
¢ <.

Fluorescent Sis nal

Fige 5.13

%hen the lamp intensity signal ia varied the monitor and fluoresoent
aignals vary proportionally, 7The lamp intensity and monitor signals
were set to 5 volts and the fluoreacent aignal for suocessive runs was
sst over a range of 1.5 to 5 volts, The lamp intensity aignel and the
monitor signal were then varied over a range from .1 to 8 volts, with
corresponding changes in the fluorescent signal., In the ideal ocase, when
parfect compensation takes place, the output voltege should remain
constant, Howewver, in the real ocase, the output voltage was not constant
but varied with the lamp intensity aignal, Ihe results are shown in
Fig. 5.15. The output voltage was found to be constant in the case

where the flucrescent aignal was 7/10 of the monitor signal, If the
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fluorescent over monitor ratio is lsss than thia figure the AGC
under-correots, while for e flucrescent-monitor ratio greater than
7/10 the AGC over-correscts., If the fluorescent signal is greater than
the monitor signal, the AGC beoomes ineffective, Experimentally the
AGC oan be used most effeotively if the monitor signal is 9/10 of the
fluorescent signal at the flucrescence maximum, Fig. 5.16 shows the
output at a constent monitor valus (as resd from Fig., 5.15) versus
fluorescent signal, The output in all cases was a lingar function of
the fluorescent signal, although the bazeline needs a correotion

whioh depends on the monitor signsl,

5e344e3 Stabilley.
lesting over s ons hour periecd, the AGC output was steady

to better than .5 and the noilse level was found to be negligible,

5¢3.5 Systen used for messyrements.
The intensity output of the xenon arc lamp showa little or no

fluctuation if a wide spectral band is used, Since caffeins fluoresces
oanly weakly in aqusous solution, wide excitational bands were used, In
thia osse it was found to be convenient not to use a reference monitor
beam and to record directly the output of the photomultiplier as a
function of wavelength,
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5. ELUCRESCENCE SPECTRUM OF QUININE

Quinine apd guinine derivatives have been used extensively as a
fluoreacence standard (e.g. Chen, 1967; Parker and Rees, 1959 selhuish,
1961). Their speotral properitiss are known and the absolute quantum
efficiency of quinine bisulphate has been msssured. Melhuiah (1961)
measured the quantum yield of quinine sulphate in 1N H SO, as Si6
for excitation at 3650 X,

For this reason guinine sulphate was used as a fluorescence standard
in this work. A solution of quinine sulphate (5 x 107> mole/litre in
10N HZSO“_) was prepsred. The solution was filtered and ultrecentrifuged.
The fluorescence speotrum of this solution was recorded with the reduced
fluorineter (see Section 5.3.5). The expsrimental details pertaining
to this apeotrum are shown in Table 5.5.

The spectrum ahowed no noticeabls baokground noise., Ths baseline
was found to be stable and constent, When a blank of 1.0N sulphuric
80id waa substituted, a constant background signal was obtained over
the range used.

The recorded spectrum was corrected for the properties of the
detector system, The ocorreoted speotrun was scaled such that the area
under the ocurve over the range studied remained the same,

The reccrded and correoted speatra are shown in Fig. 5.17, These
functions sre listed together with ths correction funotion in Table 5.6,
The oorrected apeotrum of quinine sulphate was found to have an emission

Q
meximum at 4520 A. This wvalue is in reasonable agreement with fluorescenoe
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ZABLE 240

RaZh FOR_THE CUININE SZECTIUM

Conpousd

Conesutration

Solvent

Sourcs

ilonschromtor
Exeitational wavelength
S1it widtk

Filters

Cell

Obesrwvation

Exission sonochromator
Blits

Detector
Fhotomitiplisr wiltage
Qutpat at maxisus
Teaperature

Sean speed

Juinine sulphate

5 x 10™° mole/1itre

10N 11250“»

Xe are (Csrem XBO/k, 450 watt)
Prisa (8chosffel QPi«30)

3650 £ (atlorcaster setting 4.25)
2 m

Noze

Quarts silica

Perpendioular

Grating (diffreetion products)
1 am, .50

31 6255 S»Cs photomultiplier
610 volts

o3 volia

%°C

50 §/mtn,



5 x 1070 z/litre in 9K H, 50

&
WAVELENGTH  WAVENUMBER FLUCRESCENCE CORRECTION  CORRECTED
INTENSITY INTENSITY
376k 264,30 3 o135 4
3848 26200 5 « 765 6
3852 25960 7 802 9
3886 25730 15 840 15
3920 25510 19 872 22
3954 25290 35 »900 39
3988 25080 57 92 62
4022 24,870 68 947 93
4056 24650 126 973 129
4090 244,50 170 +989 172
H124 24250 222 1,04 220
4158 24050 283 1.02 277
4192 23860 350 1404 336
4226 23670 419 1.05 399
4260 234,70 W87 1.06 W59
4294 23290 555 1,08 514
4328 23110 609 1.09 559
4,362 22930 665 1.10 605
4396 22750 700 1.9 638
4430 22570 Thds 1.12 66k
INNIN 224,00 768 1,94 673
4498 22230 783 1.15 680
4532 220 T8 1.5 682

(”atd.)
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ZABLE 3.8 (contd,)
WAVELENGTH  WAVENUMBER FLUCRESCENCE CORRECTION  CORRECTED
IWIENSITY INTENSITY
456k 21910 7m 1.16 671
4600 2970 762 1.17 651
4634 21580 738 1417 630
4668 21420 713 1,16 614
L702 - 24270 688 1.16 593
4736 21110 664, 1415 577
4770 20960 648 1.13 573
4804, 20810 622 1.11 560
4838 20670 586 1,09 538
4872 20520 53 1,06 501
4906 20390 498 1.04 L79
L4940 20240 4,68 1.00 4,68
497 20100 436 970 449
5008 19970 395 933 423
5042 19830 351 875 401
5076 19700 301 812 370
5110 15570 276 o739 373
544 19440 246 4686 359
5478 19310 218 o642 340
5212 19180 192 602 319
5246 19060 169 +555 305
5280 18940 151 511 235
5314 18820 133 476 280
5348 18710 115 oh36 264
5382 18580 100 392 251
5416 184,60 87 355 245
5450 18350 76 «320 231
5484 18230 6k «285 224,
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maxima found by other authors (e.g. Fleteher, 1968).

Correlation of measursd yuinine spectra with the work of other
authors is uafortunstely difficult dus to the dependence of the emission
spootrun on the wevelength of smscitation,

The shoulders on the low energy side of the quinine spectrum should
not have been thers, They are likely to have been csused by the non-
homogeneous transmission of the greting monoohromstor., This phenomena
hes been observed by many authors (e.8. King and Hercules, 1963) and is
commonly known as the Wood anomaly, A correotion for this should,
however, have been included in the correction funotion, The uncertsinty
in the 20,000+26,000 om | region makes it difficult to dstermine the

axaot correotion in this region,

5.5 FLUORESCENCE SeECTRUM OF CAFFELNE
The fluorescenge apectrum of caffeine was studied in squeous

solution and in qyclohexana. A solution of caffeine (5 x 107> m/litre)
was repared. This solution was filtered and ultracentrifuged. The
fluorezcence speotrum of this solution was recorded with the reduced
flucrizeter, The experimental details for the zessurement of this
spsotrun ere shown in Table 5,7,

The spectrum showed a background noise of epproximately 4%. When
a blank solution of distilled water wap substituted a oonstant background
sigral was obtained over the range studied. The quantum yield of caffeins

was estimated to be of the order of 005, Bescause of the low flucreacence



Conssntration

Solvent

Sowrsse

Exeitational wavelesngth
811t width

Filters

Cedld

Obssrvation

Enission aonochromator
3lits

Deteoterz
Photemultiplisr voltage
Output saximim
Temperature

Sean apsed

107,

5x 107> m/litre

Distilled water

Xo are (Osram XBO/k, 450 watt)
2700 £ (micromster setting 7,50)
2 mn

Fone

Quarts silioca

Perpendicular

Grating (diffraction products)
3mm

EMI 6253 SbCs photomultiplier
720 volta

o3 voits

%

50 £/min,



108,

yield of caffeins, high amplifiostion and wide slits hsd to be used,
with eorreaponding emplification of the scattered light, The scattering
of the exoitation beam was found to be considarable in the 2700-3000 f
region where it pertly overlaps with ihe emission speoirum, Due to this,
the smission speotrum had to be exirapolated to cower the range 2660~
3000 %,

The recorded fluorsscencs speotrum of caffeine was gorrected for
the properties of the deteotor system, <The co&octed speotruz was soaled
such that the srea under the ocurve over the studied ranges remseined the
ssmo,

The reocarded and corrected fluoreseence apeoire of caffeins are
shown ip Fig. 5.18, These functions are listed together with the
ecorreotion function in Tabls 5.8: The fluorescence speotrua is shown
togother with the sbsorption speotrum in Fig. 5.19. The fluorescence
speotrum olosely ressmbles the zirror image of the abserption spectrum
as would be expected if ths state from which the fluorescence takes
place is the same as the state to whioch the molecule i»s oxoited in the
absorption process. The displacement of the fluorescence speotrum to
lower wavelength with respeot to the absorption spectrum cen be readily
explained in terms of reorganisation of the solvent particles,

Caffeino wes found not to fluoresee in e¢yclehaxsne., This can be
expleined in terms of the shift of the W*¢n transition, Because n*,6 n
states have a relatively long lifetine, deactivation prooesses other

than fluworesocence preveil, As a result “Ws-n transitions are noted for
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their non~fluorescence (Keshs, 19560; HBdrrensen, 1963).

In non-poler medie the lowest excited stete of caffeine is e
Tyn state, The 1*—n transition has been observed for caffeins in
cyclohexane snd for caffeine in jolyethylens filma, In e polar medium
the n*<n transition deoreases in intensity and shifts to highsr energy.
In aquecus solution and im FVA films the n*<n transition is not noticeabdle,
but the fluorescence of caffeins in aqueocus solution would imdicate that
the n®—n transition hes moved to an energy higher then the n*«r
transition s0 that the band due to this trensition is under the band due
to the "< transition (band II), This combined with the low intensity
of the ©*<«—n transitior would maks it dAiffioult to detect its presence,

Polarised fluorescsnoce studies could be used to complement this
work, If the transition moment directions for the flucreacence are the
same as the directions for the mbsorption proeess, then it could be
oconcluded that the fluorescence talwes plece from the n*,r state. This
work should be dons asz soon as posgible to remove any uncertainty in
this caszignaent,
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TAZLE 5,8

THE FLUCRESCENCE SFECTRUM OF CAFFRINE I 2QUFOUS SOLUTION

WAVELENGTH WAVENUMBER FLUORESCENCE CORRECTION CORRECTED

INTENSITY INTENSITY
2840 35214 10 050 200
2060 3970 20 W073 273
2880 34,720 40 «110 365
2900 34480 60 +130 464
2920 3250 100 o164 621
2940 34010 130 «187 695
2960 33780 160 +211 738
2980 33560 230 +260 807
3001 33320 255 +308 827
3021 35010 508 365 843
3041 32880 342 406 843
3061 32670 384 o455 838
3082 32450 413 o511 808
3402 32240 4h6 576 Tl
3122 32030 478 033 755
3142 31830 498 «698 3
3163 31630 547 2763 678
3183 31420 532 .828 64,2
3203 34210 TR «909 595
3225 31 Q20 551 .gn 566
S2Uly 30820 552 1406 523
3264 30630 551 1094 485
3284 304,50 547 1,22 b9
3304 30260 540 1,31 411
3525 30080 530 11 375

(contd,)
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ZABLE 5,8 (ocontd,)
WAVELENGTH WAVENUMBER  FLUONBSCENCE  CORRECTION GORRECTED
INTENSITY INTENSITY
5345 29900 518 1451 343
3365 29720 503 1461 313
3385 295%0 487 1.72 283
3406 29360 L6y 1.85 253
3h26 29190 PN 1495 2%
3446 25020 429 2,06 208
34,66 28850 408 2.46 189
3,87 26680 386 2,27 170
3505 28510 365 2.45 149
3528 28350 349 2,58 135
3548 28190 334 2.7 121
3568 28030 M2 2,91 107
3589 2780 2% 3.08 95
3609 270 278 3.26 85
3629 27550 264 3bb 76
3649 27400 248 3469 67
3670 27250 231 3450 »
3690 27100 218 &et2 53
3710 26950 205 &.33 W7
3730 26810 196 458 &3
3751 26660 186 oo 77 »
3TN 26520 176 4495 36
3791 26380 165 5.1 32
3812 26240 154 5.28 29
3832 26400 14k 847 26
3852 25360 132 5¢57 24

(Wo)
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TABLE 5.8 (eontd.)
WAVELERGTH WAVENUMBER  FLUORRSCERCE  CORRECTION CORRECTED
INTENSITY INTENSITY
372 25830 122 575 21
3893 25690 112 5.91 19
391 25560 104, 6.0k 17
3933 25630 98 6.15 16
3953 25300 9 6+27 15
7% 25160 86 6436 13
3994 25030 I 649 12
4010 2,920 " 6.57 11"
4034 26799 @3 6,66 9
4058 24,660 57 6,75 8
W75 245460 52 6.63 8
4095 241,20 b 6.90 7
4115 20,300 43 6495 6
4136 2,180 39 701 6
4156 24070 36 709 5
4176 23959 33 7416 5
4196 23840 29 Te22 b
4217 23720 26 7.29 &
237 23600 22 735 3
4257 23450 20 T.40 3
277 23380 17 7645 2
4298 23270 1% 7+48 2
4318 23160 11 7.57 1
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§a CONCLUSIONS

The abscrption spesctrum of caffeine in aqueous solution was studied,
The 36,600 cn'1 absorption band of caffeins was found to deorease in
intensity as the concentration of caffeine was inureased, This decrease
in intensity was interpreted as being due to aggregation of calfeine
molecules to form dimers and higher aggregates. 4 monomer-dimer-tetramer
type of sggregation was considered to be wost likely. The decrease in
intensity of the 36,600 om ' band of oaffeine aggregation is similar to

1

the deecrease in intenaity that is observed in the 38,000 cm = band of DNA

when DNA iz dematwred,
The abacrption spectrum of the oaffeins dimer was determined. Apart
from the overall decrease in intensity, little ohange in the spectrum

of the dimexr compared with that of the mouomer was observed, ihe

1 1

36,600 em ' band of the caifeins dimer speotrum, which had shifted 50 cm

to higher ensrgy, wes found to be slightly broader than the corresponding
band in the monomer spectrum, These changes were interpreted as being

duve to exgiton intereotion.

An interaction energy of 100 o’

exciton transfer time of 107 || sec., was estimated. Ihis would put the

» Which would correspond to an

exciton ocoupling in the caffeins dimer in the intermesdiate range. If
the exciton intersction between the bases in DNA 1s of a similar
magnitude, these interaotions would allow the rapid tranafer of ensrgy

through hundreds of bases before deactivatioa,
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Folarised films of caffeine in PVA and polyethylene were studied.
The angle between the transition scment and the axis of alignaent of
oaffeine for the three lowest T*< Tt transitions were determined ss 50°,
1" apd 42° respeotively. It is likely thet the trensition moment for
the first 0*<T trangition is in the direction of the Cé*‘Gk axis, while
the trampition momexnts for the othar two N*<W tramsiticns are
approximately perpsndicular to this direction,

A carbonyl n*,n band has been observed on the long wavelength side
of the 36,600 on | band of caffeins in non-polar media. Since T%,n
states have a long lifetiue, caffeins was found to be non-fluorescent
in non-polsr solution, ©The o*,n band waa found to decrcase in intensity
end to move to higher snergy in polar medis, In aquecus solution the
x*, ataie has become the loweat exoited state, thus ensvling caffeine

to fiuoresce.
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ALLENRIX 1

BURIVICGATION
GALELLG

Ceffeine (25 gm, B,P, specifications; was obtained from D.H.A,

(Austrmlie) end purified by sultiple recrystallisstion from hot water,
Solutions of .250 gw/litre were made up of the original caffeine and
the purified caffeins after both had been dried to comstant weight
in an ovan at 140°C for & period of over 48 hours. The optical denaities
of both solutions were msssured op & Shimadsu speotrophotomster at
36,600 ow~' (2730 %) and were found to be equsl (599) in & o3 ma
quartz ailics cell for both the originsl and reerystallized caffeine,
Weighings were wiways made after the oaffeins had been drisd to constant

weight in un oven at 110°C and esoled dowx fur half an hour in a

desicoatoer,

Quinine sulphate (20 gm) was dissolved in hot water and sctive
charcoal wes added. The hot solution was filtered to removs the charcoal
and any insoluble impurities and the quinine sulphate was precipitated,
filtered off, and dried. Lihe process was repeated, after which the
quinine sulphate was dried to constent weight in the oven at 110°C,
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RHODAMINE B

Rhodaning B (5 gu) for use as a photon flux converter was obtained
from Hopkins amd Willisms (Englamd) and used after multiple
resryatellisstion froms het water,

MALZR
The water used for the reerystallisstions and the preparation

of the sslutions was obtained through distilling delonised water
through & 35 en freotionating eolumn, The condustivity of the distilled
nﬁanuj.Sx‘lo".n./m

SERIGAL CRUIS

Optical cells were clsansd by soaking in olhroale ecid for four
howrs, af'ter whigh the cells were dreined and washed in distilled water,
They were then ringed with doubdly distilled alechol.
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\EPENDLE 2

PROGRAM GAUSFIT (INPUT,OULPUL)
DIMENSION xr-(so).m(?).on(sonmy) m(SO).m(so.?)
DIKENSION DIFA(50),FODA(50,7),DIF 505
THIS PROGRAM FITS A SELECTED SECTION OF mx mcnonzc
SPECTRUM WITH A SET OF GAUSSIAN GURVES RESEMBLING THE
VIBRGNIC BANDS CORRESPONDING TO AR ELKCTRONIC TRANSITION,
ONLY ONE VIBRATION IS ASSUMED,
SPACING BETWEEN POINTS
POSITION OF PIRST VIERONIC BAND
10( 4)=34900
VIBRATIONAL SPACIKG
D8=4300
NUMBER OF POINTS FITTED
NPyt
mn m OPTICAL DENSITIES
(OD(I().I»ﬂ oIP)

yomus {32, 14( 7304 )
wavzmmm CORRESFONDING TU CPTICAL DENSITY VALUES
PO44I=t NP
XL(I )-53000+(1-1 )*200,
0D(I)=0D(I)/3L(1)
D010I=2,
xo(x)-x 4 }4DS*(I-1)
INTENSITY OF FIRST VIBRONIC BAND
mw1.m'm 5
nm(i)am/u.s
ue*2(Du)
DO2ld=160,164
S0M2=200
Di=1i/100,
CALCULATE INTENSITIES OF FURTHER VIBRONIC BANDS
Diti( 2 )=Diiad( 4 )*Dit
Didsd 3;:&& 2)*Dii/2,
D ( 4 )=DM( 3 ) “Dik/ 3
Digsd( 5 )=Diii( 4 ) *Did/ly o
M(s)snmésjmvs.
DiM( 7 )=Dit(6 )*Du/6,
BANDWIDTH
Bosmi-aéo.m,s
SUM{ =0
m-1 .HP
FID(1)=0,
DO5J =1 of
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AEPERIX 2 (contd.)

¢ GONTRIBUTION OF BAND 10 SPEGTRUM
1,J )=Dili JJ*EZP(-((XB(I)-KO(J))/W)“z)
5 IS:FTD(I +FOD(I,d)
1)=FTD(1)=0D(I)
c mums POINTS FROM PIT mmxou
IF(1oGEe 35 e, 15
15 mtasmthr(zmn(x)
4 CORTINUE
c SELECT BEST ¥I?
IP( SUM1 ,LE,.SUM2)9,6
9 ma-sm

ity

=1 ol

3 mm(x.: J=FOD(I,d)
6 PFRINT 7,NxW,Dii,Swiq ,DHH(‘!)

7 FORMAT(* BANDWIDTH®,I5,/,® TRANS, MOM, °F8,5,/,* SUM 5Q.*
x 281346,/ ,* FIRST BAND* 315.6)
2 PRINT 3.((mm(1,.l),.r-1,7). FTDA(L),0D(I),DIFA(I),I=1,NP)
8 PORMAT( 107 3,11)

STOP

XD
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1

PROGRAK KBGFID3 IRPUR,OUTPUT)

THIS PROGRAM CALCULATES EATINCTION COEFFICIENTS FOR
SELECTED AGGREGATION MODELS AND BQUILIBRIUM CONSTANTS
BY THE METHOD DESCRIAED IN SECTION 3,2 OF FH.D,
THESIS, JoN. KIKKERT (1974) FOR 4 GIVEN SET CF
SOLUTIONS ¥OR WHICH BOTH CONCENTRATION AND APPARENT
EXTINCFION COEFPICIENTS ARE KNOWN,

DIAEKSION ET(120,14),5F( 420,14 ),ED(120,14) wgwo,u.).c(wo)
DIMENSION CK 1zo§,cxig1zo).‘\(5).mr(1ao).x{51 .3(362
Bw\'gg“ B(by 1l ) V(i) o SUMA( 14) ,SUN2(14) ,CH( 120) BB (44 14)
SELECT MODEL; 0 INCLUDE NelER SPECY PUD A(NN+4)sN
EQe 142,3 BWIL. A(2g-1, A(3)=2, aéa}-;, A(5)=0
1,2,4 EWUIL, A(2)=1, Akjiaz' A(L)=0, A(5)=4
1,2  EQUIL, 4(2)=1, A(3)=2, A(4)=0, A(5)=0
i “-Jﬂuc
A(5)=h.
At})QZQ
A 2)-10
NaO
NUMBER OF SPECIES
w3
READ IN CONCENTRATIONS AND APPARENT EXTINCTIONS(GM )
DO11a1,120
READ 2,0(1),(B2(1,d),0a1,14)
FORNAT(E7 .5, 1455 ,2)
CONVERT TO MOLECULAR VALURS
CM( X )=C(I)/MWT
DO14J=1, 44
n&x.:)-m'(x.a)ww
IP(C(X)eBiUe0. )3,1
COUNTS KUMBER OF SOLUTIONS
Ruelis 1
SET EQUILIBRIVM CONSTANTS

3 DO6Ka13,14
EQ=K
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ABERIDIX 3 (aontd.)

G START 70 CALCULATE DISTRIBUTION OF SPECIES MR m GIVEN K AND
c CONCENTRATION
H".

DO I=1 N
Aiig I)=CH(I)*EQ
A4 )==a(1)
ESTIMATE MONOMER OONCENIRATION BY ASSUMING PERCENTAGE
MONOMER SAME AS IN PREVIOUS SOLUTION
CKI(I)aCK(I)*Pi
FIND MONOMER CONCENTRATION (EQN. 3.2.9)
CALL NEWRAP(A,5,CK4(I))
MSJLATE PERCENTAGBS OF SFECIES
I,1 Ja?ﬂuCK‘ISI)/GK(I)
x »2)=PC(1,1)%A(3)*CK1(I) »
I,sg ,1;% 4 )*CK1 )'cméx)
T4 )=PC(I,1)*A(5)*CK1(I)*CK4(I)*cK1(1)
c PLAGE PERCENTAGES IN FIRST M COLUMNS
Pe(1,3)=PC(1,4)
PC(I,4.)=0, ‘
4 PCT(I)..PO(I 1)+PC( I, 2)+pc2 o3 )ePC( X, g |
c SOLVE MATRIX EQUATION FCH(I) B4ePC2(I)cE2¢¢¢¢=ET(I)
CALL LEASTSQ(PC,E,ET,N,i,14,KEY)
c CALCULATE VARIANCE OF COEFFICIENTS
CALL VARIAN(FC,N,V)
DO12d=4,14%
uuu*!(a):o.
SWi2(J )=0,
DO121:x9,K
EF(1,d )=0,
DC13L=1 M
13 EF§ .J)unr(l,:)..mEI,L)*s(L,J)
ED(I 3:@(1 ~EF(1,J)
SUH{J usums +ED(I,J)"ED(1,d
12 8UM2(J )=8u2(J +;.B<.r(m)(1 J) 5
noao:ﬂ.u.
DO20L=1 ,M
20 FR(L,J jaSQRT(SUNI(J )*V(L )/(Neit) )
PRINT 60

60 FORMAT( 911, *EXTINCTIONS, PROBABLE ERRORS, SUM OF SQUARES,
A SUM OF ABSOLUTE DIFFIRENCES*)
PRINT 15,§(a(x$ ;.Jd,‘lkg J(ER(1,3),9=1,1h),Iat, i)

O O a0

PRINT 15,(5UM1(J),J=1,14
PRINT 15,(SUM2(J),J=1,14)
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AERENDIX 3 (eontd,)

[} Ly] (¢RtNeRrNeN N

15 FORMAT(14(2X,F6,0))
PRINT 64
64 FORMAT( 11t ,*PERCENTAGES, FITTING ERRORS®) ,
PRINT 16,(1 (PC(I,J),J::‘I.k),PGTSIj,(ED(I.J).Jﬂ.1#).1-1 »N)
16 FORMAT(13,5{1%,F603),14(1X,74,0))
PRINT 62
62 FORMAT(1H4,*MEASURED EXTINCTIONS®*)
ERINT 47,(1,(EV(I )odat,14),1a1,N)
PRINT 63
63 FORMAT(1H4,*FITIED EXTINCTIONS*) .
6 PRINT 17,(I,(EF(I1,J),d=1,14),I=1,N)
17 i‘%ui‘( Ty 14 2X,76,0) )

SUBRQUTINE NEWRAP(A,N,X)

THIS SUBROUTINE FINDS THE SOLUTION TO POLYNOMIAL EQUATIONS
BY THE MBWTON-RAPHSON ITERATION METHOD, AN I{FROVED
VALUE OF THE SOLUTION IS FOUND FROM

X = X=F(X)/FD(X)
THE ORIGINAL VALUE OF X IS OBTAINED FROM THE MAIN FROGRAM,

DIMENSIOR A(S5)
ACCURACY LIMIT
XLIX = X*4E=90
WILL FIID SOLUTION WITHIN TEN ITERATIONS
DO41s4,10
XL
x"‘c
CALCULATE FUNCTION AND I7S DERIVATIVE
D0, ,
DO2J=2,N |
FD=FD+A(J )*(J=1 j*x9
X1=X4%X
2 FaFei(J )*X1e
INPROVED VALUE OF SOLUTION
X=X<¥/¥D
CHECK ACCURACY
TP(ABS(X~XL )oLE,XLIN )3,
1 CONTINUE
NO SOLUTIONR FOUND
PRINT &
4 FORMAT( *MELP*)
3 RETURN
END



Consider dimeric system in which the consentration of the

sonomer 1s dsncted by 61', tbt of the dimer cz,‘wé the totsl
conventration is C, The equilibriun constant is represented by K,
C=C, 20, S (1)
&2 2
K= ca cz - ‘G1 (2)
1
EgC = €0, + £,0, (3)

where 'ETh the .pmcnmtmum.ommnms1 and Ezm
the extinotion ceefficients of the monomsr and dimer respectively,
Substituting (1) iate (3)t

£E,C = €C oez(.c-c')

T 14
< (g, = g)c, + €,0 (&)
Combining (1) and (2) gives:
Ca 01 + ncf
nzc:¢m1-xc-0 (5)

This is equation 3.9 for the dimeric ayateas,

¢, « BedE o 8KC ©)

3 N
Substituting (6) imte (4)s
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(€, = €)
€6 .—J%(-x ’sz + 8KC) + £

=€ -6 |&P 2 es,

o (- K=o [Eo)Z, 2E- £ ;
A plet of ( w+J(w) «2(“;) versus € will give e lime with a
alope of €1 - Ezsndanintereopt of £, To consider what happens at
low concentrationa put:
< B B2 2K |
W " \4(10-0) * 4

S‘F‘

‘ q(f-c-)z+2(§5)+1-1-

-%-c--o l(%c-+1)2-1

But if C—>0, (fc— s 15009

j(fc-.u‘q — (fc-+1)

'.om('%*’ ({,c_)i’*%:'
¢>0

The plot will thus give a greph with an i=0 intercept of £, and an X=1

2

intercept of E‘. The baselines demctes the fraotion of monomer in the

mixture, A least squares fit oan be done on the experimental data to
obtain the values for 81 and 82 while the sum of the asquares of the
deviations can be used as a oriterion for seleoting a K valus, A

simple progran for these caloulations is shown below,
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FPROGRAM KEQFIT{ INPUT,OUTPUT)

DIMENSION EX(120),87{120),¢(120),cH(420) ,06( 420),D¢5(120)
DIMENSION X(120)

REAL MWT

)
MWW Tu194,19
mIﬂ' ,13’
READ CONCENTRATION AKD EXTINCTION (Gil/L)
READ 2 c(x).mc(xg
2 FORMAT(FB,6,F4,2
EX(T)=EX(I)"awT
cu(x z.c(IJ/m
c I).]SI.;.O. )3’1
1 Naliet
3 DOAK=20,30
EQUILIBRIUM CONSTANT
BQKaK/S
DOSIat N
X(I )9 o/(Cl(I )%, *EQK)
FRACTION MONOMER ,
5 %)mxu)«sw(x(x)*(x(ma.))

CALL LEaSTSQ(X,EX,N,SLP,E2)
CH )
E4=8LP¢E2
DOBI=1 ,N
m(x)m*xsnvw
DC(I)=BT(1)=1x(1)
DCS(I)=DC(X)"DC(1)
X(I)=X(1)"100,
SUN GF SQUARES
6 SUM=SUM+DCS(I)
SU=SUK/N
FRINT 7,ByK,Eq,E2,SUM4
7 FORUAT(1H1,5X*EQUIL, CONST, = *F41.4/6X,*MON: EX, COEFF,
R =“F10. a*nm. KJ’-. COEFF. = "F’IO.UGIW DMTION =
B *F11.4/////1X s *CON( Gil/LIT ) *3X*CON( MOL/LIT ) *2X *PERG, MON
€ J*5X*EXF, EX, COEF,*1X*FI:, EX, COEF,*1X*DIFFERENCE*SX®
O BQUARE DIF.*) .
& FRINT 9,(0(1),011(I),XSI),BX(I),ET(I),DC(I),DCS(I),I=1,N)
9 NMT(1I:7(E110#"OX)
STOP
o
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SUBROUTINE msrsqix.r N,G,2)
DIMENSION X(120),Y(120

S=0

U=0

T=0

V=0

DO3L=1,N

susmr(z)-xgr)

T=TeX(1)%x(I)

UsUeX(I

3 VeVeX(I

z.z T¥V-U*s )/En*r-u‘u )
G K*SU*V ) /(N"T=U%U )
RETURN

EXD
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PROGRAM AXIS (INPUT,OUTPUT)

THIS PROGRAM CALCULATES A 2D CROSS-SECTION Of A PLANAR MOLECULE
THROUGH THE HORIZONTAL FLANE

THE MOLECULAR SHAPE IS DRFINED BY THE COCRDIMATES AND COVALENT
RADII OF THE INDIVIDUAL ATOMS

THE DENSITY IS SET EQUAL 10 9 INSIDE THE nommx.z AND O OUZSIDE
THE MOLECULE

THE MAJOR AXIS IS CALCULATED FOR USE IN eomuncnom WITH ORIENTRD
FILA DATA

INFUT

1ST CARD CONIAINS THE NAME FULLOWED BY 1 CARD FOR EVERY ATOM CON=-
TAINING ATOMIC SYMBOL I COL, 4, X COORD, ATOM IN COL. 46-25,

Y COORD, ATO# IN COL, 26-35,

ATOMIC SYWBOLS USED ARE N-NITROGEN, O~OXYGEN, C~CARBON, H-HYDROGEN,
H=METHYL,

THE LAST DATA GARD CONTAINS END

DIMENSION x(;o »¥(30),D(101,101),N1(101 ) ,N2( 101 ) ,AT(6) ,45(30)
DIMENSION CRAD 5). 5).RAD(30).RADS(301R(2)

DATA AT/4HC,1HH,1HN ,1H8, 1HO , 1HE/ ;CRAD/ ¢ 775 ¢ 375 07554420, 0 T/
INTEGER D

READ 68,C0iP ,COMP2

68 FORMAT(2A10)

FRINT 60,COMPY,COMP2

60 FORMAT( ™MAJOR AXIS CALCULATION A FOR *,/,2310)

FRINT 62

62 FORMAT(X,%A®,6X,%X*,10X,%Y*,10X,*C.R,*)

DO4I=1,401
DO4J =, 309
D(I,J)uo.

Na0

DU21Ix1,30

READ 3,48(1),X(1),Y(I)

3 FORMAT(A1,44X,2F10,8)

TEST FOR END
IP(AS(I).EQ.AT(6))12,7

7 DOLd =t 29

RECOGNIZE ATOM

IF(AS(I)eEQeAT(d ) )54
DEFINE COVALENT RADII

5 RAD(I )=CRAD(J)

FRINT 69,A5(1),x(1),Y(I),RAD(I)

61 lr:conum( 1X.M.5(5X.F6.3))
& CONTINUE
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ACPRNRIK G (eontd.)

PRINT 8,A53(I)
8 FORMAT(® UMRECOGNISED ATOMIC SYMBOL*,A3)
G0 TO 50
2 NaiNed
¢ FIND DENSITY MATRIX AROUKD ATOM I
12 DO9I=4 N
xél)ds 1)*104451.
Y I(-Y 1)%40.451,
RAD(X )=RAD(I)*10440,.5
RADS( L )=RAD(I)*RAD(I)
IY‘I:YEI RAD(X)+1
IY2=Y(I)+RAD(I)
DO9J=IY1,IY2
DX=SQRT(RADS(X )~(J=¥(X))*(J=Y(1)})
IX4=X( I JaDX44 ’
Ix2=X(I)eDX
DO9K=IX1,IX2
9 D(K,J )1,
c DENSITY MATRIX DEFINED
DO10I=1,101
H=IABS(I=51)
mi:):n/io
10 N2(I)=u=N1(I)*10
FRINT 13
13 FORMAT(1ii1)
FRIND 16,(04(I),1=1,101)
FRINT 16,(M2(I),1=1,101)
16 FORMAT(5X,10119
PRINT 17
17 FORMAT(/)
m‘uﬂi "01
I1=l<51
¢ PRINT DENSITY ,
14 PRINT 15,11,(D(1,8),J=1,104)
15 FORMAT(1X,I3,1X,10114)
c CALCULATE CENTRE OF GYRATION
NPx=0 ‘
RCX=RCY=0,
DO20X=1,104
WiOJa‘l .101
RCX=RCX+D(I,J3)°I
RCY=RCY+D(1 J;‘J
20 Nr-mm(l,.rs
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ADFEIDIX § (oentd,)

RCX=RCX/NT
RCY«RCY/NT
¢ COORDI FATES OF CENTRE OF GYRATION
RX=RCS=59
RY=RCY~5¢
PRINT 21,RX,RY
2% FORMAT( 1H{,*CENTRE OF GYRATION®*/,°X COORDINATE®,P10.4,* Y COCR
XDINATE,F1044,6(/))
SY2=8X2=SXY=0,
¢ CALCULATE MAJOR, MINOR AXES
DO30I=1,104
DO30J a1 ,401
ilal«RCX
YI=J=RCY
SY2=8Y24YJ*YJ*1(1,J
SX2=8X24XI°XI*D(I,J
30 SXY=SXY+XI*¥J*D(I,J
SkY=eSXY
8C=8X245Y2«8KY *SXY
SBae8X2-5Y2
Su=SURT(SB*SB=d+*SC)
R(1 )=(=2B+3¢)/2,
R(2)=(=5B=53)/2,
DO50I=1,2
Cinte
C2x=(5Y2~R(1))/sXY
C=SQRT(C1*C14C2%C2)
C4sC4/C
C2=02/C
60 10 (64,65)1
6h FRINT 66,C1,02
66 PORMAT( *MINOR AXIS®,F10,6,%,*,F10,6)
G0 T0 50
65 PRINT 67,C1,02
67 FORMAT( ®MAJOR AXIS*,F10,6,%,*,F10,6)
50 CONTINUE
STOP
END



WIT 'L 1%
— = X cor, iy 2,3 Bk 2,4
2 mm UV=01
22 9667 9776 9766 9781
O34 9747 9776 9766 9781
20469 9783 9816 9765 9780
20544, 9708 9764 9764 9777
+0586 9725 9781 9763 9776
0613 9686 9739 9762 9775
»0740 9717 9764 9760 9772
0730 9756 9762 9760 9772
0734 9801 9807 9760 9772
0767 9752 9752 9759 9N
1 sm UV-09
0807 9739 9803 9758 9770
+1080 9782 93 9752 9762
«1180 9700 9723 9750 9759
»1200 90 9760 9749 9758
«1270 9727 978 9748 9756
#1370 9768 9768 976 9753
1380 9729 9729 95 9753
«1450 9754 9754 974 9751
+1560 9752 9752 9742 9749

(contd,)
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W_ﬁ' , (contd, )
. = Etcom, 8y,2,3 By 2
o5 ma UV-01
+1520 9698 97127 742 978
«1840 9682 9702 9735 9740
«1910 9735 9754 9734 9738
+1950 9707 9727 9733 9737
«2140 9719 9729 9729 9732
2230 9715 9725 9727 9729
«2370 Gk 9Thds 9724, 9725
2450 9708 9708 9722 9723
«2500 976 9738 9721 9722
o2 mm UV-09

+3580 9655 9694 9698 9693
3730 9661 9600 9695 9689
4120 9649 9678 9686 9679
#4850 9595 9644 9671 9661
+5000 9633 9663 9668 9658
5330 9610 9620 9661 9649
»6060 9605 9605 9645 9632
«6100 9665 9665 9644 9634
#6290 9624 9624, 9640 9627
6560 9663 9653 9635 9621

(eontd.)
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APERIPIX € (oontd.)
CON KX EXom, EX, ,2,3 EX, ,2,b
o« am UV=01
5900 9597 9663 9634 9625
«65%0 9550 9603 9648 9620
«6720 9597 9634 9631 9617
« 7650 9556 9577 9612 9596
«8400 9599 9620 9596 9579
9340 9513 9533 9577 9559
«9580 9556 9576 9572 9554
«9980 9608 9618 9564 9546
1,090 9556 9556 9546 9528
1,150 9496 9506 9535 9516
1.180 9506 9506 9529 9511
«05 ma UV=01
1.550 %418 b7 9456 9440
1,610 9412 9440 9446 9431
1.650 9410 9440 9438 23
1,840 9421 A0 9403 9390
2,020 9424 Shh2 9372 9361
2,110 9301 94,01 9355 9346
2,180 9383 9354, 9343 9335
24400 9288 9288 9306 92301
2500 9271 9271 9289 9285
24,8410 9218 9208 9240 9244

(contd,)
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APPENDIX 6 (oontd.)
CON EX, EXoon, Exhz.) mnz.k
025 mm UV=O1
3200 9160 9180 9480 9486
34630 9092 9111 9119 9129
3,840 3061 9080 9089 9102
44310 045 9053 9027 9043
40580 8983 8993 8993 90114
4750 8950 8960 8975 8994
5.110 8917 8917 8829 8949
54420 8857 8849 86895 8915
5470 8837 8828 8889 8910
5.640 68647 8357 8870 8890
«012 mm UVe01

64072 8774 8810 8825 8845
6,382 8758 8789 8793 8843
7276 8n2 8781 8708 8724,
7.811 8704 8760 8661 8673
8,438 8678 8688 8609 8616
8,988 8583 8610 8565 8567
9.557 8439 8439 84,62 8449
10442 8560 8570 8523 8519
10,50 8414 84,03 84,57 842
11.37 6383 8373 8400 8376
11.98 8306 8aay, 8363 8331
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FROCRAK VIBCOU (INPUT,OUTPUT)

CALCULATES DIMER SPECTRUM FOR KNOWN COUPLING CORFFICIENIS (EP)
AND EXCITATION BAND WIDTH (XL) AS DESCRIBED BY R.L, FULTON AND
M, GOUTERWAN, J, CHEM, PHYS.,V41,N8,2280(1964)

DIMENSION nﬁao,zo),cgzo.zog,n 20,5,,80( 20 ) ,EN( 20,20),01(20,20)
DIMENSION X(100),5UM(100,3),FRi(2)
BANDWIDTH
BN =10kd.

FINT-*!.

VIBRATIORAL SPACING GROURD STATE
V1-13wo

VIBRATIONAL SPACING EXCITED STATE
V221300,

¥

Dii=1,23

V13=V4*V4

V28=V2*V2

vS=(V184v23)/2,

EXCITATION BAND WIDTH
ALaV4S*V2s*Du/(VS+Vs )

MATRIX SIZE

N=20

NUMBER OF SIGNIFICANT VALUES
NEV=40

HAX=N-NEV4+9

INTERACTION ENERGY

EP=1,

NPAG=1

NEX =Nt :

RELATIVE INTENSITY (+) SERIES
FPU(1)=,707

RELATIVE INTENSITY (=) SERIES
FPu(2)=,707

DO28In4,100 < - ,
CALCULATE B TERNS (BGN.16)
DO"I--‘ 'm

Kal=q ,

BO( I )=XL*(2,"K)/NFAC/(24 % K ) *EXP( =XL*XL/2, )

1 B
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APPEIDIX 7 (oontd,)

C

PQust FOR(+)EQN,, PQxet FOR(e«)EQH,
DO10EQ=1 .2
PQ=3-2%1Q
SET UP MATRIZ EQUATION (BQN.17)
MI=1 'n
D02J=1 N
2 B(I.J)-O.
Kale

1 B(I,I)=Ke0¢5+PQ%(=1)**K*EP
DO3I=2,NEX
) &S ,

3 B(I,I=%)=B(I~4,I)=XL*SGRT(.5°K)
FIND EIGENVALUES AND EIGENFUNCTION
CALL MLXW(N,B,C,EIC)

DOSI=NAX N
PRINT KIGENVALURS AND EIGENFUNCTION

5 FRINT 4,PQ,EIG(I,4),(C(J,1),d=1,NEV)

& FORMAT(F4,5%,F10,6,5X,10F10.6)
ALS=,5%(1 44XL XL) i
CALCULATE INTENSITIES AND ENERGIES OF VIBRONIC BANDS EQNS(19&20)
DO121a1 ,NEV
DO13J=NAX ,N

51 o Ja( Tt )4EIG(J, 4 )oXLS
I, )=EN(I,J)%V1+37.,1583
13 ¢1(1,J )= m(:)-cu 9 ))%%2 FINL/2,
FRINT 6, E ,J),J_rmx N
FRINT 5 ,J),J:MK N
6 mm:e(mma.é)

12 PRIKT TZ
/)
" SVENLY ‘SPAGED WAVENMERR VALUES

D022K=1 ,400
22 x(x)s(m.s) 1004437.2E3

D0211=1,KEV

Dozuamxsn |

IF(CI(I,d )eLE1E=d j24,23
23 DO21K=1,100

INCLUDE GAUSSIAN SHAFG
bal SVI(K-WF-‘-’U"(K;NQ)NPL((3(5)"33‘(1.3))/N)"Q)"’JI(I J )*FPU(Ng)
40 CONTINUE

DOLOK=1 ,400

sxm(x.ﬁusw(xn J+SUN(K,2)

DOAONQ=1 ,3
40 sm(u,m)-sms NQ)*X(K)

FRINT 24y, (X(K) ,{ SUR(K, NQ ), big=1,3 ) jK=1,100)
2 mmwr(afsx.ms.

STOP

END
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AFPENDIX G

VAPOUR PRESSURE OSNOMETRY

ZHEORY
The thermoslsetric determimation reliss on the difference between

the vapowr pressure of & solution and the oorresponding pure solwent.
From Reoult's Laws

ap
i;'; - x.'s (1)

AP = vapour presswure difference

X, = moles fraction of solute

1
g = oamotic coeffioient

£, = Vapour pressure of the pure sclvent,

If one oconsiders that the decrease in wvapour pressure due to solute
addition can be balanced by an inecrease due to a tempsrature rise, then

applying the Claussian Clapsyron equetion

AH
Mﬂ a mﬂ,‘, (2)

one opteina the ideal reletion represented by
o9
ATygpn ® Z\T;% e, (3)
where AHV&P! = heat of vaporisation of the solvent
R = gas constant
T = cell teapsrature,
Thus AT for a giver solution can be related to the mole fraotion of the
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solute; oconssquently ths moleoular weight of the solute can be caloulated
from & knowledge of the weight concentration of the solution,

Allowing for heat losses by ocondustion through the wvepour phase
leading to a steady state one obtains

T w ﬂ (‘b)
%8 " (Lm1?) + (RON/DL)(P-p)/F

where \ = thermal conductivity of vapour/air mixture

D = diffusion ocoeffioient of solvent vapowr through air

P = total pressure of the cell

p = wapour pressure of solvent,
ihis equation was first derived by Baldes., In most cases this equation
gives too high s walus for the temperature difference sinos no allowance
has been made for oonduction through the thermistor wires and convection,.
Iyengar (195;) introduced the correction factor, {, which is an a.proximete

constant for the apperatus nearly independent of the solvent used,

T = - (5)
o8 T (1ae?) 4 (REVDL)(P-p/P)(199)

At low conoentrations the mole fraotion can be assumed to be directly
proportional to molality and equation (5) cen be written in the form:

A ‘1". = Ken (6)

where Ko is & cell constant which oan be deteramined experimentally.
The temperature difference between a solvent and solution drop is

best mesaured through the use of a set of matched thermisters although
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thermocouples have been used (Van Dam, 1964)s The two thermistors
couprise two arms of a Wheatstone bridge in which the third wrm is an
sdjusteble resistor, and the fourth arm a fized reaistor, The basic
elsotrical diagrem is shown in Fig. Al.

Fige A1

Solvent drops are placed on both tharmistors and the bridge is

btalanced through the uae of the wvariable resistor R)'
drop on ons of the theraistors is replaced by a solution drop, the

¥hen the solvent

bridge becomes unbelanced, and the ocurrent msasured is proportiocnal to
the change in resistance. The temperature resistence property of a
theradstor is given by & = As™/7, For sssll teperature changes the
change in resistance of the thermistor is directly proportiomal to
the change inm reeistance and equation (6) becomea

i=K's (7)
where 1 is the output ourreat,

RISQUSSION
Vapour preasure osmometry studies of agueous solutions have bheen
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limited to the measurement of concentrations of 10™2

mole/litre to
aocuracies of approximately 57, and most ovmmercislly sveilsble vepour
pressure osmometers can be used up to this limit, elthough Dohner, Waohter
and Simon (1967) have built a highly sophisticated epparetus which can
improve thess limits by a factor of ten, In the present work it is

hoped to be adle to mscsurs the osmotic cocefficlient of ceffeine for

1 mole/litre to 1072 mole/litre acourste to 1.

e ocongentration range of 10"
Had this sccurasy been resshed then vapour pmesaure osmometry oould have
besen used to atudy the aggregation of caffeins, 7T'so et el (1963, 1964)
used wvapour pressure osmometry to study the eggregation of purine, uridine,
oytidine, 6~methyl purine and S5-bromo-uridine,

dost commercial vapour pressure osmometers use bead thermistors in
gonjungtion with a DC bridge. In this work an AC bridge was used, and
when the bead thﬂnisﬁﬂ were uesd for meesurements on aquecus solutions
large capscitances, which oould not be dalanced, were found to erise, Due

to this the less sensitive STC ¥45 glass thermistors had to be used,

JNSTRUNBNIATION
datohed F5 thermistors were obtaized from STC (UJK.) with the

specificationss

6) the resistance wes matohed to better than 1%

b) the temperature coefficient was matohed to better than 17,

After some experimentation, en spperetus, a oross-ssotion of which is
shown in Fig, A2, was designed with the following feeturea, The thermistor
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beads of the two F15 glaas thermistors rest on [" diamcter glass rods

on which small copper wire baskets sre placed, The solution and solvent
drops are passed through a polythens tube and run down the stem of the
thermistor into the basket, The pulythene tube is coiled imside the cell
to obtain e maximum degree of thermoatatting of the solvent and sclution
drops befors deliwery.

The basket on top of the glass rod arrangement resuita in a highly
reyroducible drop-size, while little rinaing is requirved. Drop-sise
control is considered vital to the reprodusibility of VPO readings (losks
and Goldfarb, 1967).

kach thermistor is contained in a brass gylinder, the walls of
which sre lined with blotting paper., This produses sn atumosphers rich
in solvent vapour, Ap overflow meinteins s constent solvent level in
each of the theraistcor cells, The thermistor eppsratus was placed in
a polyethylsns containsr which was ilumersed in a weter bath thermostatted
%o & constant temperaturs within 5 x 107> °C, The polyethylene conteiner
wes lined with several layers of aluainium foil to reduce eleotrical
interference.

An AG thermistor bridge based mainly on the eircuit used by
Neneolles and Hardy (1967) was built by Eileo Lleotronios, Adelside,
South Ausiralie, The siroult diagrenm for the system is ahown in
AT « To eliminate temperature fluctustion effects on the bridge
the two main 150 Ko resistors were replaced by iarma wound mica plate

resistors, while the whole circuit is conteained in ap insulated box in
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which the temperature is ocontrolled to .005°C through an arrangement
involving & teuwperature probe, e proportional wltage supply, a lemp as
e hesting unit end a 35 cubie ft. displacement fan to circulate inside
the bridge osaing. The theraistor bridge output was found to have &
noise level and stability ameny orders greater than required by the limite
of this project,

¥ige A3 shows the output of the thermistor bridge as s funotion of
the resistance differences between the two lridge arms for the lowest
senslitivity setting. Results for the other temperature settings are
poportionally similer,

Since the thermistor bridge is 1imu; over a limited range it was
found to be wore convenient to compensate for the reduotion in the
rosistence of the soluiinn thermisicr by including a deoade box
(10000 = .10) in the eircuit.

With solvent drops on both thermistors the bridge was balanced,
¥hen the solvent drop on one theraistor was replaced by e solution drop
e small teaperetwre riss cocurred resulting in a decrease in resistance
of the thermistor, This dsaresse in resiatance was then compensated for
by an incresse in the resistance of the decade box until the bridge was
balanced again, This method hea the advantage over the usual method,
which relies on reading the wariation in the thsrmistor bridges current
off a graph, that a direot velue in the resistance difference is obtained.
The scowraogy of the reeding is not limited by the scouracy of a recorder

or the socale of the recoxder,
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A set of agueous sucrose solutions was prepared, 4 solution of
.02 mols/litre was prepared esd the resistance decresse produced by this
solution was recorded. In each case equilibration took about 10 minutes
and the resistance differense was extrepolated to ¢ = O, The resistance
differsnoe values obtained were $1.0 ¢ «2, 114 £ #2, 11.2 ¢ 1 &nd
11.2 £ ole The reproducibility of the other solutions was found to be
sinilar, The relation between the resistence decrease and the
congentration was found to be non-linsar, The long equilibration time
is most likely dus to the use of the glasa-coated Fi15 theramistor,

When the thermistors became defective it was found to be impossible
to obtain a replaosment pair of theramistors within the time available
for this projeot,

Although the accurecy required seeams to be obtainable, the long
time required for the steady atate tc develop makes the present method
unsuitable, Unless ths wethod can be improved to reduce the time taken
for the steady atate to be reached, the present use of the F15 theramistor
will have to be abandoned. In thia case it would be more feasible to

use & DC bridge.
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