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SYNOPSIS 

Herein i s  proposed a new s t a t i s t i c a l  ISF.  This f u n c t i o n  uhich i s  

gaussian and symmetric i n  shape. i s  an i n f i n i t e  ser ies.  The se r ies  i s  

described by two parameters. instrument peak d i spe rs ion  c o e f f i c i e n t ,  uL, 

and a neu c o e f f i c i e n t ,  a p o l s l a t y k u r t i c  c o e f f i c i e n t  Ak. 

parameters combine t o  form a peak broadening parameter, X. 

shape func t i on  seems t o  f a l l  u i t h i n  the expectat ion o f  severa l  authors 

i n  the past(1-11). 

aqueous SEC u i t h  se r ies  o f  dext ran standards. This paper i s  a continua- 

t i o n  o f  a ser ies of papers on these i n v e s t i g a t i o n s  (12,131 

The t u o  

This  neu 

This  se r ies  was obtained du r ing  s tud ies i n v o l v i n g  

Corresponding author 
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1132 OMORODION AND HAMIELEC 

INTRODUCTION 

Some tuenty years ago, Tung and others(l,14-18), discussed the  

problem o f  peak d ispers ion co r rec t i on  i n  d e t a i l  and gave ansuers on 

how t o  make adequate co r rec t i on  f o r  d i spe rs ion  e f f e c t .  Tung, i n  

p a r t i c u l a r ,  proposed a peak d i spe rs ion  equation uhich r e l a t e s  an 

experimental chromatogram w i t h  the  t r u e  molecular ue ight  d i s t r i b u t i o n  

(MWD) function, assuming t h a t  a monodisperse sample uould g i ve  a 

Gaussian-shape chromatogram and the chromatogram o f  a polydisperse 

sample uould be a composite o f  the Gaussian curves o f  a l l  i t s  cons t i -  

tuents. During the overalapping process, the o v e r a l l  f l a t t e n i n g  

process of the chromatogram which w i l l  depend on the  p o l y d i s p e r s i t y  

of the sample, has never been g iven adequate and proper considerations. 

A great deal o f  work has been done t o  e s t a b l i s h  t h e  major funda- 

mental parameters i n  SEC w i t h  vary ing degrees o f  success. The import- 

ance o f  the slope (D2) o f  the c a l i b r a t i o n  curve as a measure o f  peak 

separation has long been establ ished. The existence and importance o f  

peak d ispers ion phenomenon has a l so  been accepted. It i s  u e l l  known 

t o  be an inherent phenomenon, but i t s  r e l a t i o n  t o  molecular ue ight  

(MW) o r  r e t e n t i o n  volume, o r  p o l y d i s p e r s i t y  o r  the nature o f  the system 

has no t  been f u l l y  u e l l  understood. 

o f  i n f i n i t e  reso lu t i on  o f  SEC separation. From s t a t i s t i c a l  considera- 

t i ons ,  i t  should be independent o f  t he  slope o f  t he  molecular ue ight  

c a l i b r a t i o n  curve and the sample po lyd i spe rs i t y ( l , 4 ) .  

phenomenon has not  been g iven the  a t t e n t i o n  i t  deserves. 

c o e f f i c i e n t  i s  u s u a l l y  a measure o f  the excess f l a tness  o r  thinness 

o f  the chromatogram peak compared t o  t h a t  o f  a Gaussian curve. I t has 

been reported t o  be s t rong ly  r e l a t e d  t o  peak broadening e f f e c t s  

espec ia l l y  a t  very Lou f low-rates(l9). 

o2 = 0 has aluays been a r e f l e c t i o n  

The Kur tos is  

This  
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INSTRUMENTAL SPREADING SHAPE FUNCTION 1133 

Skewing phenomenon has been extens ive ly  studied(18.20-26) i n  

past years. 

condi t ions where the experimental va r iab les  have been a t  extreme 

condi t ions o f  operation. These inc lude h igh  f l ou - ra te  o r  sho r t  

residence times, increased v i s c o s i t y  e i t h e r  due t o  h igh  molecular 

weight species. concentrat ion e f f e c t s  o r  improper se lec t i on  o f  mobile- 

phases o r  column overloading, poor r e s o l u t i o n  a t  the h igh o r  low MU 

ends o f  the c a l i b r a t i o n  curve. Thus, u n l i k e  peak d i spe rs ion  and 

Kur tos is  phenomena which cannot be e l iminated by c o n t r o l  o f  t h e  

experimental var iab les.  skewing can be e l im ina ted  under w e l l  c o n t r o l l e d  

condi t ions.  However, i t  s t i l l  remains t o  be shown whether skewing o f  

s i n g l e  chromatogram r a t h e r  than the  o v e r a l l  chromatogram o f  a 

polymer. i s  as fundamentally important as other  parameters. 

Skewed chromatograms have been known t o  be produced under 

The newly proposed shape f u n c t i o n  was found t o  c o r r e l a t e  

e x c e l l e n t l y  w i t h  the data based on the Two Broad Standard TBS(12,13.27) 

method o f  MW c a l i b r a t i o n .  The f i v e  SEC multi-column systems employed 

are contained i n  Tablel.They are S4BRa S5CR. SSER, SSFR and S66R. 

These codings employed have been described before(13.27). 

a l l  i n  se r ies  o f  4, 5 ,  5, 5 and 6 columns respect ive ly ,  arranged 

w i t h  the  mobile-phase en te r ing  from the l a rges t  pore s i ze  column (R) 

as opposed t o  the conventional method o f  column arrangement. The 

order o f  column arrangement are shown i n  the tab le.  The molecular 

weight data o f  the dext ren standards employed are shown i n  Table 2. 

Experimental d e t a i l s  o f  t he  operat ion o f  t he  SEC system have been 

described before (1 3,27,28) . 

They are 

T H E O R Y  

Several shapes have been assumed t o  describe the  inst rumenta l  

spreading function. These inc lude Gaussian and d i f f e r e n t  types o f  
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1134 OMORODION A N D  HAMIELEC 

TABLE 1: DESCRIPTION AND OPERATING CONDITIONS FOR CASE STUDIES 

FOR DEXTRAN'~)  

Case Code No. 
Study I (b) 

I 
S4BR") 

S5CR") 

S5ER 

S5FR(d) 

S6BR 

' Length o f  
Columns Combined i n  Series 

729/700. 700/500/3701 240/ 
120A0, 120/88A0 

729/7OOi 700/500/370, 240/ 
1201 120/88, 88Ao 

729/700, 700/500 /370 J 

370/327, 240/1201 88Ao 

729/7OOi 700/500/3701 370/ 
327, 240/1201 125AO 

7291 700, 700/500/3701 370/ 
3271 240/1201 1201881 88Ao 

I 
15.58 

16.75 

18.08 

18.41 

20.75 

- 
F Lou- 
r a t e  
(m1/ 
m i  n) - 
4.50 

4.50 

4 .50  

4 .50  

4 .50  
- 

Cone. o f  
I n j e c t -  
i o n  
( w t  .%) 

0.05 

0.C5 

0.05 

0.05 

0.05 

Mobile-phase - 0.05#KF/0.02 w t . X  NaN3/1.0 9111124 l it. Tergitol/ l .OX CH30H 

(pH = 6.6). 

The coded form i s  used and w i l l  be preserved, s ince i t  may be used t o  

i l l u s t r a t e  other  phenomena i n  SEC. The f i r s t  l e t t e r  S stands f o r  

se r ies  combination. The numbers next  t o  S represent t h e  nurrber o f  

columns combined i n  series. The l e t t e r  next t o  the  n u h e r s ,  i d e n t i f i e s  

the  system i n  question and the l a s t  l e t t e r ,  R o r  C i d e n t i f i e s  the order  

o f  column arrangement. R i s  f o r  reversed order. This begins with the  

l a rges t  pore-size, fo l lowed by the next pore-size i n  s i z e  i n  the  

decreasing order down t o  the smallest pore s i re .  i ns tead  o f  the t r a d i -  

t i o n a l  order o f  co lum arrangenent which begins w i t h  the  smallest pore 

s i ze  - the conventional method C. 

These s y s t e m  have mJ gaps. The intermediate 370/327 A' pore s i r e  

column which i s  present i n  the o the r  systems i s  n o t  used f o r  these 

tuo  systems. 

I r r e g u l a r  pore-size colum arrangement a t  t he  end o f  the multi-colunm 

combination (i.e. small  pore-s i te  end). 
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INSTRUMENTAL SPREADING SHAPE FUNCTION I135 

iwx1 o - ~  

509.0 

231 .O 

154.0 

106.0 

70.0 

44.4 

22.3 

9.30 

TABLE 2: BROAD MWD POLYDEXTRAN STANDARDS EMPLOYED WITH LINEAR 
CALIBRATION METHODS* 

ipN 
2.94 

2.05 

1.79 

1.39 

1.65 

1.54 

1.69 

1.63 

Sample 1 ~ ~ ~ 1 0 - 3  

T500 

T250 

T150 

TI10 

T70 

T40 

T2O 

173.0 

112.5 

86.0 

76.0 

42.5 

28.9 

15.0 

- 
Mrms 

297.0 

161.2 

115.1 

89.8 

54.5 

35.8 

18.29 

I 7.28 

* Supplied by Pharmacia L imi ted 

non-symmetric shape-functions. 

o f  SEC. the proposed s t a s i s t i c a l  shape f u n c t i o n  o f  Provder and 

Rosen(17) i s  indeed important. The s t a t i s t i c a l  shape f u n c t i o n  

which accounts f o r  dev ia t i on  from the  Gaussian shape has the  form: 

Based on the fundamental p r i n c i p l e s  

2 
where Go(v-y) = 4 exp {-h(v-y) } i s  the Gaussian p a r t  o f  t he  

d i s t r i b u t i o n  and G n ( v y )  denotes i t s  n t h  order  de r i va t i ve ,  h i s  the 

reso lu t i on  f a c t o r  def ined as h = and 0 i s  t h e  variance o f  a 

s ing le  species chromatogram o r  the  peak d i spe rs ion  c o e f f i c i e n t .  The 

c o e f f i c i e n t s  An are t h e  fu l l c t i on  o f  u,,# t he  n-th order  moments about 

2 

2 
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I136 OMORODION A N D  HAMIELEC 

the mean r e t e n t i o n  volume u1 o f  t h e  observed SEC chromatograms. 

Provder and Rosen. f o r  p r a c t i c a l  purposes t runcated the  se r ies  a t  the 

t h i r d  term neg lec t i ng  As, A7, A8, ... and se t  A6 equal t o  IOA3.  This  

gave a model w i t h  th ree  parameters ‘J2, A j  and A,, as fo l l ows  

2 

where H 3 [ x l  = x3 - 3x 

2 H4Cxl = x4 - 6x + 3 

The c o e f f i c i e n t s  A3 and A4 are r e l a t e d  t o  t h e  moments as: 

The c o e f f i c i e n t  A3 o r  u3 provides a measure o f  skewness. 

zero. p o s i t i v e  o r  negative. 

d i s t r i b u t i o n  and provides a s t a t i s t i c a l  measure o f  the f l a t t e n i n g  o r  

Kur tos is  o f  the chromatogram o f  t h e  i d e a l  monodisperse standard. The 

Kur tos is  c o e f f i c i e n t  measures the  excess f l a t n e s s  or thinness o f  t he  

chromatogram peak compared t o  t h a t  o f  a Gaussian curve, A4 can be 

zero (Gaussian), p o s i t i v e  ( l ep toku r t i c )  o r  negat ive ( p l a t y k u r t i c ) .  

A3 can be 

F i n i t e  value o f  A4 gives a symmetrical 

I n  the absence o f  skewing, Equation [ I -21 becomes: 
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INSTRUMENTAL SPREADING SHAPE FUNCTION 1137 

w i t h  corresponding a n a l y t i c a l  so lu t i ons  from method o f  molecular 

weight averages given by: 

where k = 1,2,3, correspond t o  number -, weight -, 2- average mole- 

c u l a r  weights. The subscr ip t  (t) r e f e r s  t o  the inst rumenta l  spread- 

i n g  corrected o r  t r u e  molecular weight averages. The subsc r ip t  

(app) r e f e r s  t o  the SEC o r  uncorrected MW averages. However, 

based on what i s  t o  be expected from chromatographic theo r ies  o f  SECt  

Equation [I-43 i s  the f i r s t  and second member o f  t he  f o l l o w i n g  

ser ies equation, i.e. an approximate equation o f  equation [I-71. 

m n 
= Go(vy)  . [nil (1 + %)I --L----------I---- 1-71 

Ak a4 d 4 G o ( r y )  

11-81 ____ ----__-_ - m < x < O  = 2 4 4  w i t h  x 
dv 

where, A 

i n  equations [I-51 and [I-81 and the  Ak i s  c a l l e d  the p o l y p l a t y k u r t i c  

c o e f f i c i e n t .  since the  newly proposed func t i on  (eqn. [I-71) i s  an 

i n f i n i t e  se r ies  w i t h  on l y  f l a t t e n i n g  of chromatogran. Unl ike A4, 

A can on ly  be less than o r  equal t o  zero. 

[I-73 approximates t o  Provder and Rosen's proposed equation i n  the  

absence o f  skewing. 

t he  a n a l y t i c a l  so lu t i ons  of equation [I-71 f o r  Mu and in are given 

by : 

has replaced A 4  by v i r t u e  o f  :he l i m i t a t i o n  imposed on x k 

Thus, when n = 1, equat ion 
k 

Using the method o f  molecular weight averages, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1138 OMORODION A N D  HAMIELEC 

2 4  

12 
92 

Ak}l Ak 2 0 
-DZ2 = exp cz {a2 + 

[I-93 

[I-103 

[I7111 

[I-123 

[I-12a3 

Equation [I-12al i s  v a l i d  when both f, and in o f  the standard samples 

are invo lved i n  ob ta in ing  the t r u e  MW c a l i b r a t i o n  curve. 

From Equations [I-93 and [I-113, 

- - -  iu(t) in(app) 2 - exp I-D2 X I  
MU(app) in(t) 

Where P ( t )  and P(app) are the  t r u e  (or corrected) and apparent (or  

uncorrected) p o l y d i s p e r s i t i e s  respect ive ly .  

[I-133, the fo l l ow ing  i s  obtained 

Taking Log, o f  Equation 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



INSTRUMENTAL SPREADING SHAPE FUNCTION 1139 

From equations [I-101 and [I-123 

[I-153 

k 

c a l i b r a t i o n  curve i s  employed. According t o  equation [I-153, 

i s  a constant f o r  a given polymer sample. uhen a t r u e  MU n 

(i) X i s  a func t i on  o f  two parameters a2 and Ak f o r  a 

given SEC system. 

(ii) For condi t ions o f  i n f i n i t e  o r  p e r f e c t  r e s o l u t i o n  o f  

2 t he  SEC separation, on l y  X can be zero and not  ci 

since X i s  the instrument peak broadening parameter, 

except f o r  monodisperse polymer sample, when Ak = 0. 

L Under such condi t ions a f o r  broad samples i s  g iven oy 

(iii) Then when X i s  p l o t t e d  against  D2-' f o r  any g iven sample 

one should expect a s t r a i r h t l i n e  w i t h  a slope o f  Kn 

L and i n t e r c e p t  o f  o t o  be obtained. 

Meanwhile. i n  general. the a n a l y t i c a l  so lu t i ons  t o  Equation 11-73 are: 
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1140 OMORODION AND HAMIELEC 

and f o r  any method of l i n e a r  molecular weight c a l i b r a t i o n  where one 

o r  both o f  in and o f  a t  l eas t  two samples are employed, i n  general 

RESULTS AND DISCUSSIONS 

The f i v e  Dextran/CPG-10 systems used here have been described 

before(l3). 

Linear C a l i b r a t i o n  (ELC) (29) methods o f  c a l i b r a t i o n  were presented 

there in .  An I S F  uh ich was Gaussian i n  shape uas found n o t  t o  apply, 

since large negat ive values o f  a (which i s  now replaced by X) could 

n o t  be to lerated.  I n  evaluat ion o f  t he  methods o f  c a l i b r a t i o n ,  the 

I S F  was found t o  be a d d i t i o n a l l y  symmetric i n  shape u i t h  no skewing(l3). 

Tables 3 and 4 conta in  t y p i c a l  l i s t s  o f  X versus 02 values from the 

TBS methods o f  c a l i b r a t i o n  f o r  two of t he  f i v e  systems employed. 

Also, i n  t h i s  Table are X values from the  ELC method o f  c a l i b r a t i o n .  

These ELC values were obtained us ing Equation [I-191. 

where a s i n g l e  broad MUD standard i s  used t o  ob ta in  the  MW c a l i b r a t i o n  

curve,)( i s  meaningless. 

X- MN = 0. Where on ly  the i,, o f  tuo  standards are used, X i u  = ,,. 

The r e s u l t s  of t he  a p p l i c a t i o n  o f  t he  TBS and E f f e c t i v e  

2 

For the case 

Where on ly  the MN o f  two standards are used 

The p l o t s  o f  equation [I-151 are shoun i n  Figures 1-5 f o r  each 

o f  the f i v e  cases and f o r  each polymer standard. 

t he  equation where a l l  t h e  p l o t s  a re  found t o  be p e r f e c t l y  and sur- 

p r i s i n g l y  l i n e a r  i s  unquestionable. From these p l o t s ,  t he  slopes 

The v a l i d i t y  o f  

(Kn) and i n te rcep ts  (aL) f o r  each sample uere obta ined and these are 

l i s t e d  i n  Table 5. The a 

observed t o  be l a rge r  than expected and h i g h l y  dependent on the system. 

2 values which are now a l l  p o s i t i v e  are 
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INSTRUMENTAL SPREADING SHAPE FUNCTION 

P a r i e d  
ample 

- 
T40 
T70 
T I  10 
T250 
T500 
T I 5 0  
TI0 
T 20 

I141 

Doub l e  R, Double hw 
D2 x P a i r e d  02 

.-I 

X(Count)' X(Count)- (Count)-' M(cou" t ) '  2 Sample (Count) - '  MN 
W (Count) 

4.18 2.09 T 70 2.69 I .35 

9.22 4.61 T40 I .64 0.82 
0.233 6.02 3-01 . T I 5 0  0.323 1.24 0.62- 

0.190 25.18 12.59 T250 0.293 I .64 0.g2- 

0.236 0.52 4.26 T500 0.329 _____ -3.34 I .GL_ 
22.05 I I .03 T I 0  - I .05 0.53 

- -0 -Tllb- 1.10 0.55 
0.516 -5.80 -2.90 T250 0.280 -2.92 - I  .46 

TABLE 3 :  A p p l i c a t i o n  of TBS and ELC methods t o  Case-study S5ER 
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1142 OMORODION AND HAMIELEC 

I TBS Method i 
Pal r e d  
Samp I es 

TABLE 4: A p p l i c a t i o n  o f  TBS and ELC Method t o  Case-Study S6BR 

(Count)  

0.75 
- I  .56 
-0.63 

0.80 

-1.38 
-1.82 
-0.64 
- I  .75 
0.40 

-0,92 

- 
- 

- 

PX Dl9 D2 

(Count ) - I X I 0  

0,665 0.269 0.97 
I .06 

0.621 0.266 I .O% 

0.690 0.270 0.97 
I .04 

0.598 0.265 I .05 
I .07 

I I .06 

_ _  I .05 - _ _  

0.616 , c 2 6 6  I .02 

I 0.99 ----I 
I .09 1 

0.462 1 0.251 

0.644 i 0.270 1.03 

T40 
T250 
T 20 

T40 

T I50  - T 2 r 3  
T20 
T250 
T I  10 
T250 

T150 

I .03 
T I50  0.61 2.141 0.305 0,97 

T70 1 .81 2.051 0 ~ 303 0.92 

I 

ELC Method 
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4 . 0  5.0 

Figure 1. Overa l l  peak broadening parameter ( X I  versus D2'2 f o r  

Dextran standards f o r  case study #I. 

It  i s  i n t e r e s t i n g  t o  note t h a t  t ho  Kn values are t h e  same f o r  a l l  t he  

SEC systems f o r  each srnple and as shoun i n  Tablo 6 ,  these values 

(wi th  the  exception o f  t he  h igh  MU rarrple w i t h i n  tho  non-l inear reg ion 

o f  t h o  Linear MU c a l i b r a t i o n )  are t h e  loge o f  t ho  t r u e  p o l y d i s p e r s i t i e s  

of the srmplor as ~ u p p l i r d  by t h o  manufacturers. Thomforot  

[I-201 ........................ Kn = - ln P ( t )  
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I .5  

I .o 

0 . 5  

0 

X 
(count I *  

-0.5 

-1.0 

-1.5 

-7.0 

-2.5 

- 3.0 

OMORODION AND HAMIELEC 

Figure 2. Overall  peak broadening parameter (X)  versus D2-2 fo r  

Dextran standards for  case-study 1 2 .  

ELC method; 0 - based on TBS method. 

A - based on 
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2.0 I 
1 .0 ,  

9 

X 
(C*""t)2 

-I .o 

-2.0 

-5.0 

-4.0 

-5 .0  

?yoo a 
Figure 3. Overal l  peak broadening parameter (X)  versus D2-2 f o r  

Dextran standards f o r  case-study # 3. A - based on ELC 

method: 0 - based on TBS method. 
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5.0 

7 . 5  

2.0 

I . 5  

I .o 

X 
(comt)* 

0.5 

-0.5 

I .o 

-1.5 

-2.0 

Figure 4. Overal l  peak broadening parameter ( X I  versus D2-2 for  

Cextran standards f o r  case-study # 4. 

method; 0 - based on TBS method. 

A - based on ELC 
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INSTRUMENTAL SPREADING SHAPE FUNCTION 1147 

Figure 5. Overa l l  peak broadening parameter (X )  versus D2-2 f o r  

Dextran standards f o r  cam-study I S .  A - based on 

ELC; 0 - based on TBS method. 

Using equation [I-161, t he  Ak value f o r  each sample was calcu- 

l a t e d  and these are L i s ted  i n  Table 7 f o r  a l l  the systems. 

l i k e  the  u values, no th ing  s i g n i f i c a n t  can be s a i d  now about t h e  

Ak values. However, Table 8 l i s t s  t h e  molecular weight r e s o l u t i o n  

co r rec t i on  w i t h  respect t o  peak dispersion, whi 11 those corresponding 

t o  po l yp la tyku r tos l s  a re  l i s t e d  i n  Table 9. 

Jus t  
2 

I n  t h i s  tab le,  t he  
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2 TABLE 5 :  CALCULATED t r2  (count) AND K_ VALUES FOR EACH SYSTEM ( F R O M  T H E  PLOTS)  

-K" 

0.486 

0.395 

0.426 

0.490 

0.330 

0.573 

0.701 

1.060 

System 

TI0  

T2O 

T40 

T70 

T l l O  

T150 

T250 

T500 

2 
a 

3.72 

3.34 

3.99 

3.98 

2.76 

3.35 

4.25 

4.98 

2 - 
2.64 

3.08 

4.78 

5.58 

4.46 

6.21 

7.55 

8.93 

2 

3.89 

4.43 

5.82 

6.03 

4.55 

6.15 

6.95 

8.15 

-Kn 

0.480 

0.399 

0.430 

0.490 

0.331 

0.575 

0.700 

1.060 

-K n - 
0.488 

0.393 

0.427 

0.494 

0.330 

0.582 

0.710 

1.061 

4.16 

4.66 

5.89 

7.74 

5.33 

6.74 

8.47 

10.80 

(count)-' 0.300 1 0.353 +D2 I 

0.500 

0.395 

0.421 

0.493 

0.330 

0.570 

0.707 

1.067 

S S E R  ' S6BR i S S F R  - 
a2 I -Kn I a 2 

5.74 

4.99 

6.62 

7.23 

5.39 

6.97 

8.21 

9.27 

-K n 

0.485 

0.392 

0.422 

0.498 

0.330 

0.589 

0.695 

1.065 - 
0.286 0.267 

*D2 i s  the slope o f  the t r u e  MU c a l i b r a t i o n  curve obta ined by averaging 

D2s i n  the l i n e a r  reg ion o f  the MW c a l i b r a t i o n  curve. 

square root  o f  t he  t r u e  p o l y d i s p e r s i t i e s  ( t h a t  suppl ied by the 

manufacturers) o f  t he  samples are a l so  inc luded f o r  the purpose o f  

comparison. From Table 8. i t  i s  apparent t h a t  peak d ispers ion 

phenomenon i s  indeed inherent, i n  view o f  the f a c t  t h a t  the correct -  

ions are o f  t h e  same magnitude f o r  these dextran samples, varying 

s l i g h t l y  according t o  the q u a l i t y  o f  the system. 

f o r  each system and sample seem t o  d i f f e r  q u i t e  widely  (Table 51, 

t h i s  i s  no t  r e f l e c t e d  i n  Table 8, where peak d i spe rs ion  correct ions 

seem not t o  vary much from one system t o  the  other. 

ca re fu l  observation shows tha t  peak d i spe rs ion  co r rec t i ons  may be 

Though the aL 

However. 
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INSTRUMENTAL SPREADING SHAPE FUNCTION 

S5FR 

50.64 

33.60 

22.32 

14.99 

18.94 

22.98 

17.68 

16.40 

TABLE 6: COMPARING CALCULATED K WITH THOSE SUPPLIED BY THE 
MANUFACTURES 

56br 

35.02 

37.82 

23.27 

22.62 

24.38 

28.29 

24.35 

29.26 

Samp l e  

Supplied by Manufacturers 

T10 

T2O 

T40 

T70 

TI10 

T150 

T250 

T500 

1.63 

1.49 

1.54 

1.65 

1.33 

1.79 

2.05 

2.95 

Ln P ( t )  

0.489 

0.399 

0.432 

0.501 

0.329 

0.582 

0.718 

1.078 

Calculated 

-Avg Kn 

0.488 

0.396 

0.425 

0.495 

0.330 

0.580 

0.703 

1.063 

TABLE 7: POLYPLATYKURTIC COEFFICIENT VALUES OF DEXTRAN FOR THE 
DIFFERENT SYSTEMS 

Sample 

T10 

T20 

T40 

T70 

TI10 

T150 

T250 

T500 

-Ak Values 

S4BR 

103.86 

62.28 

28.00 

24.34 

22.34 

22.36 

18.22 

19.09 

S5CR 

27.29 

27.63 

20.96 

24.43 

30.44 

40.08 

30.38 

33.06 

S5ER 

53.30 

35.54 

21 -04 

22.73 

23.92 

25.40 

23.92 

26.34 
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1 I50 OMORODION A N D  HAMIELEC 

Sample S4BR 

TABLE 8: PEAK DISPERSION RESOLUTION CORRECTION FOR EACH 
SYSTEM AND SAMPLE 

S5CR 

Sample 

T I  0 

T2O 

T40 

T70 

TI10 

T150 

T250 

T500 

EXP (-DZLo2/2) 

S4BR 

0.888 

0.871 

0.807 

0.778 

0.818 

0.756 

0.712 

0.669 

S5CR 

0.793 

0.812 

0.780 

0.780 

0.842 

0.812 

0.767 

0.733 

S5ER 

0.847 

0.828 

0.780 

0.773 

0.824 

0.769 

0.744 

0.707 

S5FR 

0.844 

0.829 

0.786 

0.729 

0.804 

0.759 

0.707 

0.643 

56br 

0.815 

0.837 

0.790 

0.773 

0.825 

0.780 

0.746 

0.719 

TABLE 9: POLYPLATYKURTIC MU RESOLUTION CORRECTIONS FOR EACH 
SYSTEMS AND SAMPLE 

T10 

T20 

T40 

T70 

T l l O  

T150 

T250 

T500 

1.277 

1.221 

1.242 

1.278 

1.180 

1.338 

1.420 

1.699 

1.277 

1.220 

1.241 

1.285 

1.179 

1.338 

1.413 

1.701 

24 ) 

SSER 

1.276 

1.221 

1.240 

1.285 

1 .180 

1.338 

1.426 

1.705 

S5FR 

1.277 

1.221 

1.241 

1.286 

1.179 

1.337 

1.420 

1.706 

S6BR 

1.278 

1.220 

1.241 

1.284 

1.179 

1.340 

1.423 

1.708 

1.277 

1.221 

1.241 

1.285 

1.179 

1.331 

1.432 

1.432 
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I151 INSTRUMENTAL SPREADING SHAPE FUNCTION 

dependent on the SEC MWD of the polymer as w e l l  as the  q u a l i t y  of 

the system. 

I n  t a b l e  9 ,  t he  correct ions due t o  po l yp la tyku r tos i s  a re  

observed t o  be exac t l y  t he  same f o r  a l l  t he  systems. vary ing on ly  

from one sample t o  another, u n l i k e  t h e  Ak values. 

agreement between these values and 

ind i ca tes  the v a l i d i t y  o f  t he  newly proposed I S F  as f a r  as SEC separa- 

t i o n  according t o  s i z e  i s  concerned. This  imp l i es  t h a t  

The exce l l en t  

f o r  each sample c l e a r l y  

[I-213 4 4  = EXP(-DZ (J Ak/24) .......................... 
and on t h e  bas is  o f  equation [I-203, equation [I-153 becomes 

[I-223 x = u2 - Ln P( t )  ................................ 
2 

7 
When equation [I-22) i s  now compared u i t h  equation [I-143. 0 

which i s  a peak d ispers ion c o e f f i c i e n t  ( ra the r  than a x i a l  d i spe rs ion  

c o e f f i c i e n t )  i s  g iven by: 

2 
Thus, (J i s  

o f  t h e  form 

C 1-23] 

v i r t u a l l y  constant f o r  any l i n e a r  MW c a l i b r a t i o n  curve 

M(v) = D1 exp(-DZ V ) ,  f o r  any sample’s chromatogram. 

SUMHARY 

In summary, i t  has been shown t h a t  the I S F  o f  chromatographed 

broad MUD dextran standards are symmetric as w e l l  as gaussian i n  

shape. The so lu t i ons  o f  TBS l i n e a r  methods o f  t h e o r e t i c a l  MW 

c a l i b r a t i o n  uere found t o  f i t  the  a n a l y t i c a l  s o l u t i o n s  of t h e  form 
L 

o f  Equation [I-181 very p e r f e c t l y .  According t o  t h i s  equation, u 

can never be zero, unless under condi t ions o f  p e r f e c t  r e s o l u t i o n  

f o r  a monodisperse molecular species. From the proposed I S F ,  i t  
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I152 OMORODION AND HAMIELEC 

uas found t h a t  t h e  condi t ions o f  i n f i n i t e  r e s o l u t i o n  f o r  SEC separa- 

t i o n  i s  def ined by the  peak broadening parameter, X = 0, ra the r  
2 than 0' = 0. since IJ 

f unc t i on  o f  the w id th  o f  the experimental chromatogram f o r  a t  

least  three d i f f e r e n t  polymer standards, dextran(27), po lyacry la-  

mide(27,30) and sodium polystyrene sulfonate(27.31). 

Equation 11-23] uh ich has been der ived from ana lys i s  o f  experimental 

data using the neuly proposed I S F  w i l l  be the  subject  o f  f u r t h e r  

invest igat ions.  

has been shown t o  be a s t rong  
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