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A NEW METHOD FOR IDENTIFYING AND ESTIMATING THE PARAMETERS OF THE 
INSTRUMENTAL SPREADING FUNCTION I N  SIZE EXCLUSION CHROMATOGRAPHY- 

APPLICATION TO PARTICLE SIZE ANALYSIS. 

A .  Husain, A.E. Hamielec and J. Vlachopoulos 

Department of Chemical Engineer ing 
McMaster U n i v e r s i t y ,  Hamilton, Ontar io  

ABSTRACT 

Herein i s  r e p o r t e d  a new method f o r  i d e n t i f y i n g  and e s t i m a t -  
i n g  t h e  i n s t r u m e n t a l  spreading  func t ion  i n  s i z e  exc lus ion  chroma- 
tography.  
equat ion  when t h e  s i ze  d i s t r i b u t i o n  of  t h e  i n j e c t e d  s t a n d a r d s  a r e  
known. 
i n t e g r a l  equat ion  f o r  t h e  c o r r e c t e d  d i s t r i b u t i o n  i s  s u i t a b l y  modi- 
f i e d  t o  e s t i m a t e  i n s t e a d  t h e  spreading  f u n c t i o n  when t h e  t r u e  and 
measured chromatograms are both  known. The method i s  e v a l u a t e d  
for synthes ized  chromatograms us ing  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
of Dow polys tyrene  l a t i c e s .  It i s  t h e n  a p p l i e d  t o  exper imenta l  
chromatograms o f  t h e  l a t i c e s  obta ined  by s i z e  e x c l u s i o n  chromato- 
graphy. The r e s u l t i n g  spreading  f u n c t i o n s  were t h e n  ana lysed  f o r  
v a r i a n c e ,  skewness and k u r t o s i s .  

The method i s  based  on t h e  s o l u t i o n  o f  the i n t e g r a l  

A numerical  method a f t e r  I s h i g e  e t  a l . ( l )  t o  s o l v e  t h e  

INTRODUCTION 

I n  s i z e  exc lus ion  chromatography, t h e  d e t e c t o r  response F(v) 
i s  r e l a t e d  t o  W(y), t h e  chromatogram c o r r e c t e d  for peak broadening 

by t h e  i n t e g r a l  e q u a t i o n ,  

- - m  

where G(v,y)  i s  t h e  i n s t r u m e n t a l  spreading  func t ion  and both  v and 

y denote  r e t e n t i o n  volumes. To solve equat ion  (1) for W(y) re- 

q u i r e s  a knowledge of  t h e  spreading  f u n c t i o n ,  G(v ,y) .  When W(y) 

i s  composed of e s s e n t i a l l y  s i n g l e  s i z e d  s p e c i e s  t h e n  t h e  measured 
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460 HUSAIN, HAMIELEC, AND VLACHOPOULOS 

chromatogram i s  i n  f a c t  t he  spreading function f o r  t h a t  spec ies .  

The s t a t i s t i c a l  p roper t ies  of such a function a r e  s i z e  o r  reten- 

t i o n  volume dependent and hence attempts t o  es t imate  t h e  G(v,y) 

have involved the  use of narrow d i s t r ibu t ion  standards.  When t h e  

standards a re  ultra-narrow then it i s  j u s t i f i e d  t o  assume t h a t  

t he  measured chromatogram r e f l e c t s  t he  spreading c h a r a c t e r i s t i c s  

of t h e  chromatographic columns. Most ava i l ab le  standards a r e  how- 

ever,  not s u f f i c i e n t l y  monodisperse and t h e  i d e n t i f i c a t i o n  of t h e  

spreading function i n  general ,  requi res  a knowledge of t h e  s i z e  

d i s t r ibu t ion .  One exception i s  the  reverse flow technique, pro- 

posed by Tung, Moore and Knight ( 2 ) ;  t h i s  allows an estimate of 

t he  spreading function independent of t h e  s i z e  d i s t r i b u t i o n  func- 

t i o n  of in jec ted  standards.  

The reverse flow technique i s  based on t h e  assumption t h a t  

when the  flow i s  reversed t h e  process of s i z e  separation i s  rever- 

sed a l s o  while instrumental  spreading continues t o  broaden the  

peak. With t h i s  technique, a standard sample i s  allowed t o  flow 

through ha l f  of t h e  column length ;  t h e  d i r ec t ion  of flow i s  then 

reversed. The r e su l t i ng  chromatogram r e f l e c t s  t h e  spreading char- 

a c t e r i s t i c s  of t h a t  ha l f  of t h e  column. The process i s  repeated 

fo r  t he  other ha l f .  When a Gaussian spreading function i s  assumed, 

i t s  variance 52 i s  r e l a t e d  t o  512 and 02', t h e  variances of t h e  

measured chromatograms, by t h e  following r e l a t ionsh ip ,  

5 2  = (a12 + a22)/2 (2) 

A l e s s  tedious procedure ( 3 )  involves f i t t i n g  t h e  leading 

edge of t h e  chromatogram with a Gaussian function with var iance ,  

5c2, I f  52 (as determined by t h e  reverse  flow technique) and oc2 

a re  equal within experimental e r r o r ,  then it i s  in fe r r ed  t h a t  t h e  

leading edge of  t h e  chromatogram i s  monodisperse. Otherwise t h e  

assumption of a Gaussian W(y) toge ther  with t h e  ca l ib ra t ion  curve 

information leads  t o  an estimation of t he  s i z e  d i s t r i b u t i o n  of t h e  

leading edge. Such information i s  then used f o r  an unknown column 

t o  estimate i t s  spreading cha rac t e r i s t i c s .  This procedure assumes 

t h a t  t h e  leading edge of t h e  chromatogram is  composed of similar 
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PARTICLE SIZE ANALYSIS 461 

s i zed  species i r r e spec t ive  of t h e  column's reso lu t ion .  This 

c l e a r l y  cannot be expected t o  hold i n  general .  

A more d i r e c t  approach and widely used, involves t h e  use of 

moment equations derivable from equation (1). The parameters of 

t h e  spreading function, e i t h e r  Gaussian or skewed a re  ca lcu la ted  

from a knowledge of the  averages of t he  s i z e  d i s t r i b u t i o n ,  t yp i -  

c a l l y  t h e  number and the  weight average. The spreading function 

generated from such estimates may not necessar i ly  represent  t h e  

ac tua l  spreading cha rac t e r i s t i c  of t h e  column and co r re l a t ions  of 

t he  spreading function parameters with r e t en t ion  volume must be 

regarded with caution. 

Recently Berger (4) has suggested a ca lcu la t ion  procedure 

based on t h e  simultaneous so lu t ion  of equation (1) and 

where C ( v )  i s  t h e  chromatogram of t h e  re-injected f r ac t ion  co l lec-  

t e d  a t  r e t en t ion  volume v . No r e s t r i c t i o n  w a s  placed on t h e  form 

of G(v,y) except t h a t  it i s  uniform. 

n 

n 

In t h i s  paper we present a simple numerical procedure f o r  es- 

t imating t h e  spreading function from equation (1). 

t h a t  W(y) i s  known. 

obtained by e l ec t ron  microscopy. For a molecular weight sample, 

obtaining t h e  molecular weight d i s t r i b u t i o n  i s  considerably more 

d i f f i c u l t .  However, it i s  poss ib l e  t o  synthesize polymers with 

known molecular weight d i s t r ibu t ion  functions.  When a sample has 

a narrow d i s t r i b u t i o n ,  parameters of  t he  ca lcu la ted  G(v,y) may be 

r e l a t ed  t o  t h e  mean s i z e .  However, when t h e  sample i s  broad, t h e  

ca lcu la ted  G(v,y) i s  an e f f e c t i v e  spreading function which may be 

used t o  ca l cu la t e  W(y) f o r  an unknown sample having a s imi l a r  width. 

It i s  assumed 

Such information fo r  a l a t e x  sample can be 

Our procedure which i s  similar t o  t h a t  of I sh ige  e t  a l . ( l )  

fo r  ca l cu la t ing  W(y), i s  f i r s t  assessed using synthesized chroma- 

tograms and then applied t o  chromatograms of Dow polystyrene l a t i -  

ces obtained us ing  s i z e  exclusion chromatography. 
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462 H U S A I N ,  HAMIELEC, AND VLACHOPOULOS 

THEORY 

Consider t h e  chromatography of  a l a t e x  sample. For a t u r b i -  

d i t y  d e t e c t o r  

W ( Y )  = N ( Y )  K ( Y )  D2(y) (4) 

where N and K a r e  t h e  number concent ra t ion  and e x t i n c t i o n  c o e f f i -  

c i e n t  r e s p e c t i v e l y  of a p a r t i c l e  of  s i z e  D having a mean r e t e n t i o n  

volume y.  For a l i n e a r  c a l i b r a t i o n  c u r v e ,  

D ( Y )  = D1 e x p ( - D 2 ~ )  ( 5 )  

dD(y) = -Dg D ( Y )  dY (6) 

where D1 and D2 a 

t h e  p a r t i c l e  s i z e  

f"D(y) l  dD(y 

e t h e  c a l i b r a t i o n  c o n s t a n t s .  N(y) i s  r e l a t e d  t o  

d i s t r i b u t i o n  f [ D ( y ) ]  as fo l lows  

where f [D(y) ]  dD(y) i s  t h e  f r a c t i o n  of p a r t i c l e s  i n  t h e  s i z e  range 

D t o  D + dD. The negat ive  s i g n  i n  equat ion  ( 7 )  i s  due t o  t h e  neg- 

a t i v e  s lope  of t h e  c a l i b r a t i o n  curve.  It fo l lows  from t h e  above 

equat ions  t h a t  

W ( Y )  f [ D ( y ) l  K(Y) D3(y)  (8) 

S u b s t i t u t i n g  equat ion  (8) i n  equat ion  (1) y i e l d s  

m 

F(v) a 1 f [ D ( y ) l  K ( Y )  D3(y)  C(v,y) dy (9) 
- m  

A d i s c r e t e  form of  equat ion  ( 9 )  i s  more s u i t e d  when t h e  func t ion  

f [ D ( y ) ]  i s  d iscont inuous  and i s  given as 

For a molecular weight analysis us ing  a r e f r a c t i v e  index  d e t e c t o r ,  

corresponding t o  equat ion  ( 9 ) ,  one o b t a i n s  
m 

F(v) a ,/ f [M(y) l  M ( Y )  G ( ~ , Y )  dy 
- - 0 3  

i l l )  
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PARTICLE SIZE ANALYSIS 463 

where M(y) i s  t h e  molecular  weight c a l i b r a t i o n  curve.  Extensions 

o f  equat ions  ( 9 )  t o  (11) t o  a n o n l i n e a r  c a l i b r a t i o n  curve a r e  

s t r a i g h t - f  orward. 

NUMERICAL PROCEDURE FOR CALCULATING G( v ,y ) 

We now c o n s i d e r  t h e  numerical  s o l u t i o n  of  equat ion  (1) o r  

any of i t s  forms, equat ions  (9), (10) o r  (11). The a l g o r i t h m  pro- 

posed i s  similar t o  t h a t  used by I s h i g e  e t  a l . ( l )  f o r  c a l c u l a t i n g  

W(y). It i s  assumed t h a t  t h e  spreading  func t ion  i s  uniform, i . e .  

G(v,y) = G ( v - Y ) .  

d i s t r i b u t i o n  f u n c t i o n .  

It i s  t h e r e f o r e  necessary  t o  s o l v e  only  f o r  one 

If one i n i t i a l l y  sets t h e  spreading  f u n c t i o n ,  corresponding 

t o  y = v , e q u a l  t o  t h e  measured chromatogram F(v), i . e .  
P 

- RETENTION VOLUME 

Example : 
G(vl - y,) : a b  E F(v + v ,  - y , )  P 

F igure  1. The i n i t i a l  e s t i m a t e  for  t h e  spreading  f u n c t i o n  
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464 HUSAIN, HAMIELEC, AND VLACHOPOULOS 

G ~ ( v  - v ) = F(v) (12) 
P 

then s ince  the  spreading function i s  assumed uniform, it fo l lows  

t h a t  

Gl(v - y)  = F(v  + v - y)  ( see  F ig .1 )  (13) 
P 

v i s  t h e  peak r e t en t ion  volume of t h e  measured chromatogram. 

Equations ( 1 2 )  and (13) provide am exce l len t  i n i t i a l  guess f o r  t he  

spreading function since t h e  chromatograms o f  narrow standards 

l a rge ly  r e f l e c t  t he  spreading c h a r a c t e r i s t i c s  of t h e  instrument. 

P 

V 
P 

-RETENTTON VOTJJME 

Arrows i n d i c a t e  /J,4 
the direction 

of correction / I  
G.(v-v ) 

1 P  

-RETENTION VOZUME 

Figure 2.  Graphical i l l u s t r a t i o n  of t h e  algorithm (Equation 14). 
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PARTICLE SIZE ANALYSIS 465 

Subsequent improved estimates of t h e  spreading function a re  ob- 

t a ined  as follows, 

This i s  based on the  f a c t  t h a t  t h e  i n i t i a l  estimate G1(v-y) which 

i s  broader than the  ac tua l  G(v-y) causes t h e  ca lcu la ted  chromato- 

gram F1(v) t o  be broader than t h e  ac tua l  chromatogram F(v ) .  

f o r  t h e  ca lcu la ted  chromatogram t o  converge t o  t h e  a c t u a l  chroma- 

togram, G1(v-y) requi res  t o  be sharpened. 

t r a t e d  i n  Fig.2.  

Hence 

The algorithm is  i l l u s -  

The procedure i n  equation ( 1 4 )  i s  repeated u n t i l  convergence 

occurs. I f  

P = I F(v 
- m  

i s  l e s s  than a given tolerance ( a  to le rance  of 0.01 w a s  s e t  i n  our 

ca l cu la t ions )  o r  i f  t h e  value P f o r  t h e  ith i t e r a t i o n  exceeds the  

value a t  t h e  previous i t e r a t i o n  without t h e  to le rance  being satis- 
f i e d ,  then t h e  ca lcu la t ions  a r e  terminated. It is  t o  be noted 

t h a t  each new estimate of t h e  spreading function must be normal- 

ized. 

EVALUATION OF THE NOMERICAL PROCEDURE 

We evaluate t h e  procedure s t a t e d  i n  equation (14) by synthe- 

s i z ing  F(v)  using an assumed spreading function and an assumed 

W(y). 

function obtained by s e t t i n g  a l l  coe f f i c i en t s  except Ag equal t o  

zero i n  the  s t a t i s t i c a l  shape function proposed by Provder and 

Rosen ( 5 )  ( see  equation 1 6 ) .  To ca l cu la t e  W(y), e l ec t ron  micro- 

scopy da ta  of  Dow polystyrene l a t i c e s  were used and t h e  ex t inc t ion  

coe f f i c i en t s  were ca lcu la ted  using e i t h e r  Rayleigh o r  Mie theory.  

The results are  presented i n  Figs.3A-H where t h e  estimated G(v-y) 

i s  compared with the  ac tua l  function. 

The spreading function w a s  e i t h e r  a Gaussian o r  a skewed 
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85 nm sample 
~ ( v )  = 2684 exp(-.O5968v) 
0 2  = 0.5 (Gaussian) 

I .O 

! I 

- _ _ _ _  ( : ( v , v  ) 
P 

0 RF:COVFFIED C,(v,v ) 

"lumbers i n d i c a t , e  ratio of 
as5umed to recovered 

P 

i : ( v , v  ) 
P 

Y ! - O h  

I \ \  
\ 
0 1 . 0 3  
\ 

I L 
53 55 57 59 61 63 

RRTENTION VOLUME, v 

Figure  3. Comparison of assumed and recovered spreading  f u n c t i o n s .  
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85 nm sample 
D ( V )  = 2684 exp(-.05968v) 
u 2 =  0.5, A 3  = 1 (skewed)  

/-- 
0 

0 
/ 

0 

1.0 
I, 
I \  
I \  
I \  
I \  
I 1  
I \  
I \  

1.0. 
I d1.08 

F(V)MIE 
----- G(v,v )ASSUMED 

P 

P 
Numbers i n d i c a t e  r a t i o  of I 
assumed t o  r e c o v e r e d  

G ( V , V  IRECOVERED 

G(v,v ) 
P 

5 
RETENTION VOLUME, v 

Figure 3 (Continued). 
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468 HUSAIN, HAMIELEC, AND VLACHOPOULOS 

85 nm sample 
D(v) = 2684 exp(-.05968v) 
D2 = 4.0, A3 = 1 (skewed) 

0.98._ 
/ 0,l~Ol 

F( v) RAYLEIGH 0.97.1 \ 
----- G(v,v ) ASSUMED 

P 
RECOVERED 

Numbers i n d i c a t e  r a t i o  of 

52 54 56 58 60 62 64 66 

RETENTION VOLUME, v 

Figure 3 (Continued). 
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--a_- 

469 

85 nm sample 
D(V) = 2684 exp(-.05968v) 
oz = 8.0, Aj= l(skewed) 

__ F ( v )  RAYLEIGH 

--___ G(v ,v  ) ASSUMED 

C,(v,v ) RECOVERED 

Numbers indicate ratio of 
assumed to 

0 . 9 4 4 .  

/ \ 1.014 

\ 

RETENTION VOLUME, v 

Figure 3 (Continued). 
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0.36 
0 

1 

I 
J 

I 

F ( v )  HAY1,F ' IGH 

----_ c , (v ,v  ) ASSUMEn 
P 

P 
o G ( v , v  HECOVERFD 

Numbers indicate r a t i o  of 
as surnpd t o  r e  c overed 

48 52 54 5.6 60 62 
RETENTION VOI,IJME, v 

Figure 3 (Continued). 
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22 
17 : 1.1 

v 

cr 
\ w 0.9 

Y 

176 nm sample 
D = 2684 exp(-.05968v) 
u2 = 0.5 m12 (Gaussian) 

- 0 -  

-4 - - -  

RETENTION VOLUME, v 

Figure 3 (Continued). 
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176 nm Sample 

o z  = 0.5 m 1 2  A j  = 1 (Skewed)  
D = 2684 exp(-.05968v) 

RETENTION VOLUME, v 

Figure 3 (Continued). 
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- - - -  
0 

Numbers 
assumed 

220 nm sample 
D(V) = 2684 exp(-.O5968 v) 
u 2 =  0.5 n12 (Gaussian) 

0 
0 

0.98 

F(V)MIE 
G(v,v ) ASSUMED 

G(v,v ) RECOVERED 

indicate ratio of 
to recovered G(v,v 

P 

P 

5 
RETENTION VOLUME, v 

Figure 3 (Continued). 
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474 HUSAIN, HGMIELEC, AND VLACHOPOULOS 

The va lues  of t h e  parameter u 2  used i n  t h e  computations span 

a wide range w i t h  a va lue  of 0 . 5  m 1 2  be ing  r e p r e s e n t a t i v e  o f  

columns used i n  hydrodynamic chromatography whi le  l a r g e r  v a l u e s  

are encountered i n  s i z e  exc lus ion  chromatography. S i g n i f i c a n t  

skewing i s  in t roduced  by s e t t i n g  A 3  = 1.0 .  It i s  ev ident  from 

t h e  r e s u l t s  t h a t  t h e  c a l c u l a t e d  spreading  f u n c t i o n s  compare very  

favourably wi th  t h e  assumed f u n c t i o n s  over t h e  e n t i r e  range of  

r e t e n t i o n  volumes. 

Also shown i n  t h e  p l o t s  a r e  t h e  r a t i o s  of t h e  chromatogram 

h e i g h t s  c a l c u l a t e d  accord ing  t o  Mie t h e o r y  t o  t h o s e  accord ing  t o  

Rayleigh theory .  These i n d i c a t e  a r a t h e r  low s e n s i t i v i t y  o f  t h e  

c a l c u l a t e d  chromatograms t o  t h e  l i g h t  s c a t t e r i n g  t h e o r y  a p p l i e d .  

ESTIMATION OF THE SPREADING FUNCTIONS FROM EXPERIMENTAL 
CHROMATOGRAMS 

Having e s t a b l i s h e d  t h e  v a l i d i t y  of t h e  n u m e r i c 4  procedure 

f o r  e s t i m a t i n g  t h e  spreading  f u n c t i o n ,  t h e  method w a s  a p p l i e d  t o  

experimental  chromatograms of a number of Dow polys tyrene  l a t i c e s  

obtained by s i z e  exc lus ion  chromatography. The d a t a  were meas- 

ured a t  a wavelength of 254 nm. 

E r r o r s  r e s u l t i n g  from t h i s  assumption ( 6 )  are l i k e l y  t o  be i n s i g -  

n i f i c a n t  due t o  t h e  prev ious ly  noted  observa t ion  t h a t  t h e  calcu-  

l a t e d  F ( v )  are r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  l i g h t  s c a t t e r i n g  

theory  appl ied .  

Mie t h e o r y  w a s  assumed v a l i d .  

The measured chromatograms and t h e  corresponding es t imated  

spreading func t ions  a r e  shown i n  Figs.hA-D. 

sample t h e  es t imated  spreading  f u n c t i o n  d i d  n o t  d i f f e r  markedly 

from t h e  experimental  chromatogram and hence t h i s  r e s u l t  i s  not  

graphed. 

For t h e  220 nm 

I n  s i z e  exc lus ion  chromatography of polymer molecules ,  a 

s t a t i s t i c a l  shape f u n c t i o n  proposed by Provder and Rosen ( 5 )  i s  

f r e q u e n t l y  used t o  r e p r e s e n t  i n s t r u m e n t a l  spreading .  It  i s  o f  

i n t e r e s t  t o  examine t h e  f i t  of t h e  spreading  f u n c t i o n  d a t a  t o  

t h i s  shape f u n c t i o n .  W e  f i rs t  p r e s e n t  a b r i e f  d i s c u s s i o n  of t h e  
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85 nm SAMPLE 

475 

RETENTION VOLUME, v 

Figure 4. Estimation of the spreading functions from experimental 
chromatograms. 
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476 HUSAIN, HAMIELEC, AND VLACHOPOULOS 

109 nm SAMPLE 

D = 3028.4 exp(-0.1707v) 

RETENTION VOLUME, v 

Figure  4 (Continued). 
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RETENTION VOLUME, v 

Figure  4 (Continued). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



4 78 HUSAIN, HAMIELEC, AND VLACHOPOLJLOS 

312 nm sample 
D = 3028.4 exp(-O.l707v) 

RETENTION VOLUME, v 

Figure 4 (Continued). 
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l a t t e r .  The shape function i s  given by, 

where 

and 

x = (v-y) 
U 

H ( x )  a r e  the  Hermite polynomials, u2 i s  t he  second moment of t he  

spreading function about t h e  mean r e t en t ion  volume y and t h e  co- 

e f f i c i e n t s  An a r e  functions of t h e  n th  order moments, of t h e  

spreading function about t h e  re ten t ion  volume y .  The f i r s t  two 

coe f f i c i en t s  a r e  of d i r e c t  s t a t i s t i c a l  s ign i f icance  and a r e  given 

n 

u n  

u4 

112 

A4 = - 2 - 3  ( 2 0 )  

The coe f f i c i en t  A3 provides an absolute s t a t i s t i c a l  measure of  

skewness while A4 i s  a measure of t h e  f l a t t e n i n g  o r  ku r tos i s  of 

t h e  spreading function. 

A spec ia l  case of equation ( 1 6 )  i s  c a l l e d  t h e  Edgeworth ser -  
2 i e s  and i s  obtained when A6 = 1 0 A 3  In  a 

subsequent paper, we develop an ana ly t i ca l  so lu t ion  t o  equation 

(1) ( a s  applied t o  partic1.e chromatography) using t h e  Edgeworth 

s e r i e s .  Therefore we examine t h e  f i t  of t h e  spreading function 

da ta  t o  t h i s  s e r i e s  r a the r  than considering add i t iona l  terms i n  

equation (16) .  

Figure 5 i l l u s t r a t e s  t h e  f i t  obtained f o r  t h e  85 nm sample. 

and An = 0 f o r  n 2 7. 

The cen t r a l  portion i s  adequately represented while t he  low and 

high r e t en t ion  volume ends a r e  respec t ive ly  underestimated and 
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TABLE 1 

F i t  o f  t h e  Spreading Funct ion Data by t h e  Edgworth S e r i e s .  
(GE/GF denotes  t h e  r a t i o  of t h e  e s t i m a t e d  G(v-y) t o  t h e  f i t t e d  

Span of  t h e  lower Span of t h e  c e n t r a l  Span o f  t h e  high 
r e t e n t i o n  volume p o r t i o n  of t h e  r e t e n t i o n  volume 

GE/GF > 1.1 where 0 . 9 < G ~ / % < l . l  GE/GF < 0.9 

G ( v - Y ) )  

spreading  f u n c t i o n  end where Sample end where 

( % I  ( % )  

85 4.1 79.6 16.3 

109 6.2 

176 12.4 
73.0 
66.2 

21.8 

21.4 

220 10.3 70.0 19.7 

overes t imated .  

s imi l a r ,  v h i l e  t h a t  f o r  t h e  312 nm sample was r a t h e r  poor. Table 

1 summarises t h e  r e s u l t s  o f  t h e  f i t t i n g .  

The f i t s  f o r  109, 176 and 220 nm samples were 

The va lues  of  0 2 ,  A 3  and A4 f o r  t h e  spreading  f u n c t i o n s  are 

given i n  Table 2. A similar t r e n d  i s  observed for a l l  t h r e e  en- 

t i t i e s ,  i . e .  t h e y  i n d i c a t e  a n  optimum w i t h  r e t e n t i o n  volume. The 

t r e n d  i n d i c a t e d  may be  f o r t u i t o u s  s i n c e  the d a t a  is r a t h e r  l i m i t e d .  

However, t h e  method suggested i n  t h i s  paper  can form t h e  b a s i s  of  

a sys temat ic  i n v e s t i g a t i o n  o f  t h e  v a r i a t i o n  o f  t h e s e  parameters  

w i t h  r e t e n t i o n  volume under a wide range of  o p e r a t i n g  c o n d i t i o n s .  

TABLE 2 .~ 

Parameters  of t h e  S t a t i s t i c a l  Shape Funct ion 
Peak 

Sample Reten t ion  Variance Skewness Kurt 0s is  
Volume ,2 A 3  A4 

85 21.02 5.13 0.396 -0.0992 

109 19.70 5.62 0.509 -0.0137 

176 17.00 5.34 0.737 0.4830 
220 15.35 3.58 0.716 0.0930 
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482 HUSAIN,  HAMIELEC, AND VLACHOPOULOS 

It should be s t r e s s e d  t h a t  t h e  0 2 ,  A3 and Ah values  c a l c u l a t e d  i n  

t h e  manner shown r e p r e s e n t  t h e  a c t u a l  second moment, skewness and 

k u r t o s i s  of  t h e  spreading  func t ion  r a t h e r  t h a n  manipulated para-  

meters such as a r e  obta ined  when searching  f o r  t h e i r  v a l u e s  wi th  

t h e  h e l p  of moment equat ions .  

CONCLUSIONS 

A numerical method has  been developed and evalua ted  t o  e s t i -  

mate t h e  ins t rumenta l  spreading  func t ion  i n  s i z e  exc lus ion  chro- 

matography. It r e q u i r e s  t h e  s i z e  d i s t r i b u t i o n  informat ion  of t h e  

i n j e c t e d  s tandards .  

s tandards  by electron-microscopy.  The numerical  t echnique  per-  

forms s a t i s f a c t o r i l y  and i s  s imple t o  apply ,  No r e s t r i c t i o n  i s  

placed on t h e  form of  t h e  spreading  f u n c t i o n  except  t h a t  it be 

uniform. 

Such informat ion  can be  obta ined  fo r  p a r t i c l e  

A Gaussian func t ion  or t h e  s t a t i s t i c a l  shape f u n c t i o n  are 

f requent ly  used t o  r e p r e s e n t  i n s t r u m e n t a l  spreading .  The calcu-  

l a t e d  spreading  func t ion  d a t a  a l lows  an independent assessment of 

t h e  adequacy o f  f u n c t i o n s  assumed t o  d e s c r i b e  them. Also it en- 

a b l e s  t h e i r  parameters  t o  be es t imated  unambiguously. 
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