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PRSFACE 

Th k f � db 
1 

d h" ll b t e wor o �ve erg an �s eo a ora ors 

in the early 1920's heralded the use of centrifugal fields 

for the study of macromolecular systems. Following this 

work the developments in both theoretical and experimental 

aspects have been dramatic, so much so that the majority 

of current researchers take the use of the analytical ultra­

centrifuge for granted as a basic tool for the determination 

of molecular weights of macromolecules. Th8 l�tter is just-

ified in view of the theoretical and experimental evidence 

to date, and reviews citing original references and covering 

the state of the art from its inception to the present day 
2-8 

are available. 

Physically, the problem associated with a study 

involving the analytical �ltracentrifuge is to obtain measure­

ments that will enable a specific solution of the Lamm
9 

equation to be obtained. For an ideal two-component system 

in which the partial specific volumes v (solvent) and 0 
v1 (solute) are constant the Lamm equation may be written

5 

1 
X 

() dX 
I 

2 2 i 
- S W X c1: 

-· 

(P1) 

where c1 represents the concentration of solute (component 1) 

with respect to solvent (component o), at a radial position 

x in a centrifuge cell. D and s represent the diffusion 

and sedimentation coefficients respectively for component 1, 

and (Jl is the angular frequency of the rotor. Lamm 1 s9 

original derivation of this second order partial differential 
10 

equation was non-rigorous, but the work of Goldberg using 

the concepts of irreversible thermodynamics has established 

clearly the conditions under which the equation applies. 

Similar equations exist for more complex molecular systems, 

but exact analytical solutions are difficult since the 

coefficients D and s are not constant but functions of 

the variables. Thus workers with the ultracentrifuge are 

confronted with the all too familiar problem in science of 

attempting the solution of partial differential equations 

with non-constant coefficients. Naturally, attempts have 

been made to derive analytical solutions to the Lamm equations 



9. 
under specified conditi ons, and the monograph by 

Fujita5 cont ains a useful summary of work in this area . 

O f  particular interest b oth theoret ically and 

in the cont ext of t his present study is the concentrati on 

dist r ibut i on in a centri fuge cell at sedimentat i on-di f fusi on 

equilibrium . This is a thermodynamic equilibrium state 

and is de fined as the state in which the t ot al p otential of 

any component in a solut i on being cent ri fuged is constant, 

and where the temperature is uni form thr oughout the centri -

fuge cell . Experimentally, this state is achieved under 

isothermal conditi ons when t he concent rat i on distr i but i on 

no longer changes with t ime wi t hin the accuracy o f  the 

experiment . Obvi ously, this allows the time dependent 

terms in t he solut i on o f  the relevant equat i ons to be 

equat ed t o  zer o .  The lat ter condition greatly simpli fies 

the analysis and the solut i ons then obtained are the most 

rigorous theoretically . 

It is 2ho�n by Creeth and Pain6 and elsewhere3-5 that 

the ideal two  component system considered in equat i on (P1) 

is distributed at sedimentati on equilibrium according t o  

the expressi on 

(P2) 

where M is the molecular wei ght of the solute (comp onent 1 ) 
-

and � and v the chemical p otential and partial speci fic 

volume respect ively of the solute at concent rat i on c1 
( measured on a scale mass / unit volume) . The st andard 

relat i onshi ps between � and c lead t o  the fundamental 

expressi on that is used in all experiments at sediment ati on 

equilibrium 

1 dc1 t-�(1-vp)w 2 Mapp(1-vp)w 2 
i . e .  dx 

= xc1 RT(1�£ny
ld£nc1) k -

= 
RT 

Here R is the universal gas c onstant, T is 

the absolut e  temperature, y is the activity coefficient 

on t he c scale, and 

weight o f  the solute . 

M i s  the apparent molecular a pp 
The lat ter may be related to the 

(P3) 

true molecular weight by use o f  the thermodynami c  non-ideality 
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.en y = BMc + 

in which B is a n  empirical c oeffic ient and where higher 

terms i n  the seri es can frequently be neglected. 

Using equati ons (P3) and ( P4 )  we note that 

M = a pp 
H 

1 +Bt-'ic 

The imp ortance o f  equ�ti ons (P3) and ( P5 ) i� 

that the molecular weight ia determinable from measure� 

ments o f  c ( x) at equilibrium . 

(P4) 

(P5) 

The ultracentri fuge operator has the choice of 

three separate optical techniques in the �odern instrument 

for the evaluation of the c oncentration distribution in the 

centrifuge c ell. Firstly , there is the Schlieren system 

that relies on the refractometri c  pr operties o f  the soluti on 

and gives a rec ord o f  refractive index gradient versus radial 

positi on for a c ell . Here it is assumed that the inc rement-

al solution refracti ve index is pr oportional to the solute 

c oncentration . Sec ondly, there is the Rayleigh i nter -

ference system which a�ain relies on the refractometri c  

properties of the solution but gi ves a photographic rec or� 

of difference in refractive index between the soluti on and 

solvent ( solute c oncentration ) versus the radial p ositi on 

in the cell . The interference and S chlieren systems 

c ommonly share the same opti cal c omp�nents in  the ultra-

centrifuge . Finally , there is the ultraviolet absorption 

system that utilises the specific absorption of radiation 

at 254 nm by mac r omolec ules suc h  as nucleic acids and 

pr oteins as the sensing phenomena f or determining the 

solute c oncentration . 

The comparati ve merits of the three systems 
4 11 ;>3 have been evaluated by S c hachman ' ,_ but the inter ference 

system is the primary c oncern of the present study . It 
12 has been demonstrated adequately that the i nterferenc e  

system is c apable of giving simple and ac curate data 

that is suited parti c ularly f or sedimentati on diffusion 

equilibrium work. To a Physicist this is not surprising, 

sinc e  interferometry has pr ovided the means of maki ng some 

of the most precise measurements available to man. 

H owever, with the advent of the first operati onal gas laser 
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b y  J a van e t  a l1 3  i n  19 6 1 , t h e  who le f i e ld o f  i nt er-

ferometry has undergone a r e v o lut i on .  Thi s  t he si s  i s  t h e  

c ulmina t i on of a s tudy i ni t ia t e d  by  t he aut hor in  lat e 

1967 int o th e possible  appli cati ons of a gas laser t o  

i nt e r ference  studi e s  i n  the  analy t ic a l  ultrac e nt r i fuge . 

Dr. J .  �. Lyt t l e t on o f  the Appli e d  B i oc hemi stry 

D i vi sion , D.S.I.R., Pa lmer st on N orth , was  k ind e nough t o  

a l l ow t he us e of his  B e c kma n M od e l ' �' analyt i c a l  ultra­

c en t r i fuge t o  b e  used  f or t hi s  work , and a l s o  a gr e e d  t o  

a c t  as one o f  t h e  supervis ors f or the auth or when t h e  

w o r k  w a s  deemed appropriat e a s  a s t a f f  Ph . D • .  pr o j e c t  

by  Mass e y  Univers i ty . Obvi ous ly , t he ultra c entri fuge 

was in r outine labora t ory u s e , and any modi f i c a t i ons t o  

t h e  inst rument had  t o  b e  c ompatible with  this usage . 

In chap t er 1 ,  a t h e or et i c a l  st udy o f  the  

R ay l e i gh interferenc e opt i c s  in  the analyt i c a l  ultrac ent-

ri fugc i s  undertaken . Ext e nsive us e is made o f  the  

Fouri er  theory of opt i c s, and the  basis upon  whi c h  t he 

r e fract ome tric  me asur e ment s are  ma d e  in t he i ns t rument is 
firmly e st ablish e d . 

A discussi on o f  c oherenc e the ory i s  inc lud e d  i n  

c hapt e r  2. The t he or e t i ca l  findings are appli e d  t o  the  

c onvent i onal mercury source  and a h e lium-ne on gas  laser  

employe d in t he w ork , a l l owing a d e f in it i ve c ompari s on 

b e t w e e n  the two ligh t  s ourc e s  t o  be made . 

Chap t e r  3 inc ludes  a descr ipt ion o f  the a c t ua l  

i n strumentat i on t hat was de signed  and c onst ruc t ed b y  t he 

aut hor , for us e in  t he ult rac entri fug e .  A d i s c us s i on o f  

t he opt ical  ali gnment  pr oc e dur e i s  given and e xperi men t a l  

r e su l t s  obt aine d  b ot h  w i t h  t he modulat ed lase r  and me r c ur y  

s ourc e s  a r e  c ompare d  and d i s c ussed. 

T he d e s i gn and c onstruct i on o f  a new  type o f  

i nt er ferenc e c e ll i s  t h e  c onc ern of chap t e r  4 ,  t oge ther  

w i th t h e  t h e ory upon  which t he measurements using t hi s  

c e l l  a r e  ba s e d . A n c i l liary equipment nec e s sary for  t he 

u s e  o f  t he new c e ll i n  t he ultrac e ntr i fuge i s  de scrib e d , 

t oget h e r  w i t h  a c r i t i c a l  analysi s o f  the  r e s u l t s  s o  far 

ob taine d· . 

Chapt er 5 i s  a d et a i l e d  t he ore t i c al analysis 

o f  the e f f e c t s  o f  t he r e fr a c t ive index gra d ients on t h e  



12. 

experimental data  derived fr om t he i nt er fer e n c e  syst em 

in t he analy t i c al ultr acentr i fuge . The study indi c at e s  

that t h e  e f f e c t s  ar e small f or t he assump t i ons made , but 

the analysis d oes pr ovi de c orr e c t i on pr o c e dur es  based on 

the raw  exp e r i mental  dat a  t hat c an be app l i e d  i n  prac t i c e .  

Finally , in  chap t er 6 t he e f fe c t s  of  c e l l  

dist or t i on i n  t he c e ntr i fuga l  fi e l d  ar e ev aluat e d  mat h -

emat i c ally . It s importa nc e  in  t he c ont ext of  th i s  t h e s i s  

is t hat  s e diment at i on e qui libr ium studi e s  fr e quent ly r eq u i r e  

a pre c i s e  know le d ge of  t he r adial  p osit i ons o f  t he me n i s c us 

and base  of  t he s olut i on c olumn . The t h e or et ic a l  and 

exper iment al w or k  shows that the la ser gi ves shar p er 

de fini t i on of  the meni s c i  t han does  t he mer c ury s our c e , 

and this  i n c r e as e d  pre c isi on gained  by t he laser  c ould  

w e l l  b e  lost  i f  t he menisc i posit i ons var y owing t o  

extr an e ous unknow n  fac t or s .  The w ork in  this  c hapt er 

has b e e n  publi she d 1 4  by t he aut h or in c on j unc t i on w i t h  

Pr o f e s s or N . F . B arber w h o  is a c t ing a s  a s e c ond sup er v i s or 

for this  pr o j e c t . A reprint o f  the  publicat i on i s  inc luded  

in an  app endix t o  t his w ork . 




