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AN ELUENT PRESSURE DETECTOR FOR AQUEOUS 
SIZE EXCLUSION CHROMATOGWHY 

C. E. Lundy and R. D. Hester 
Department of Polymer Science 

University of Southern Mississippi 
Southern Station Box 10076 

Hattiesburg, Mississippi 39406-0076 

ABSTRACT 

An on-line viscometer which measures the eluent pressure 

Intrinsic viscosities of 
drop across a long capillary was developed €or use in aqueous 
size exclusion chromatography (SEC). 
several polymer standards were calculated from data collected by 
the viscometer. These viscosities agree well with the measure- 
ments made with a Ubbelohde four-bulb shear dilution viscometer. 
The on-line viscometer becomes more sensitive as polymer hydro- 
dynamic volume increases. Therefore, it can be more effective 
than a refractive index detector for SEC analysis of high mole- 
cular weight, water soluble polymers. 

INTRODUCTION 

Characterization of large, water soluble macromolecules, 

having high polydispersity, can be accomplished by using size 

exclusion chromatography (SEC). In SEC analysis, molecules are 

separated according to their hydrodynamic size. 

is accomplished by using a solvent to force a polymer sample in 

solution through columns packed with porous particles. Smaller 

size polymer molecules are retained for a longer time because a 

greater fluid volume located within the packing particles is 

This separation 
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1912 LUNDY AND HESTER 

access ib l e  t o  smaller molecules. Af t e r  s epa ra t ion  wi th in  t h e  

packed columns, some type  of d e t e c t o r  i s  used t o  sense  t h e  

ex i s t ence  of polymer molecules i n  t h e  e luen t  stream leaving  t h e  

columns. A p l o t  of d e t e c t o r  s i g n a l  ve r sus  t h e  e l u t i o n  counter ,  

which i s  t h e  t o t a l  mass o r  volume of t h e  e luen t  t h a t  has  passed 

through the  column s i n c e  t h e  i n j e c t i o n  of t h e  polymer sample, i s  

c a l l e d  an SEC chromatogram. From t h e  shape of t h i s  chromatogram, 

a molecular weight d i s t r i b u t i o n  of t h e  polymer sample can be 

determined. 

To a s su re  e f f i c i e n t  s epa ra t ion  by t h e  packing, t he  t o t a l  

i n j e c t e d  mass of t h e  polymer sample must be small .  I n  add i t ion ,  

t h e  concent ra t ion  of t h e  i n j e c t e d  polymer should be l o w  t o  a s su re  

d i l u t e  s o l u t i o n  condi t ions .  This requirement enables t h e  polymer 

c o i l s  t o  occupy independent volume domains wi th  r e spec t  t o  one 

another.  

Typica l ly ,  t he  polymer s o l u t i o n  i n j e c t e d  should no t  be 

g rea t e r  than one-half t h e  r e c i p r o c a l  of i t s  i n t r i n s i c  v i s c o s i t y .  

Under these  condi t ions ,  polymer molecules do not  i n t e r a c t  and 

d i l u t e  so lu t ion  cond i t ions  e x i s t .  For example, i f  a polymer sam- 

p l e  has an i n t r i n s i c  v i s c o s i t y  of 5 d l / g ,  t h e  maximum polymer con- 

cen t r a t ion  t h a t  should be i n j e c t e d  i s  0.10 g l d l .  It becomes 

obvious t h a t ,  a s  t h e  molecular weight o r  i n t r i n s i c  v i s c o s i t y  of 

t h e  polymer inc reases ,  t h e  sample concent ra t ion  i n j e c t e d  must 

decrease.  

I n  aqueous SEC, a polymer sample may be d i l u t e d  by a f a c t o r  

of 50 dur ing  i ts  f.Low through the  columns t o  t h e  de t ec to r s .  Thus, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ELUENT PRESSURE DETECTOR 1913 

if our example polymer sample has an intrinsic viscosity of 5 dl/g, 

the eluting concentration at the detectors is only 20 ppm. Usually 

in organic SEC, flourescence or ultraviolet detectors are used at 

these low concentrations. However, due to the lack of active 

chromophores in many water-soluble polymers, these detectors are 

not useable in aqueous SEC and a less sensitive refractive index 

detector (RI) must be employed. 

RI detectors measure the eluent refractive index. Therefore, 

both temperature and solvent compositional changes in the eluent, 

as well as the presence of polymer solute, will be detected with- 

out discrimination. Unfortunately, small changes in solvent com- 

position or temperature may result in a large RI response which 

may completely hide the signal due to the small presence of poly- 

mer. Thus, many SEC chromatograms obtained by using RI detectors 

are not usable due to the presence of phantom signals and/or 

highly unstable baselines. As an alternative to RI detectors in 

aqueous SEC, a continuous capillary pressure (CP) detector was 

developed to measure eluent viscosity. 

have shown that it has the sensitivity to both measure the pre- 

sence of polymer in the eluent and simultaneously determine the 

polymer sample intrinsic viscosity. 

Tests with this detector 

EXPERIMENTAL 

The first CP detector for SEC was developed by Ouano [1,2]. 

More recently, other researchers have designed and reported the 

performance of similar CP detectors [ 3 , 4 ] .  The CP detector 
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1914 LUNDY AND HESTER 

used in this study was based on the design recommendations of 

the above authors. 

A Validyne Model DP-15 differential pressure transducer, 

equipped with a number 42 diaphragm, was used to measure the fluid 

pressure drop during flow through a 91.5 cm long, stainless steel 

capillary with an inside diameter of 0.023 cm. 

and its location in the SEC system is shown schematically in 

Figure 1. 

are given in Table 1. 

performed by a Hewlett-Packard microcomputer system which has 

been previously described [51. 

This detector 

SEC system equipment details and operating conditions 

SEC data acquisition and analysis was 

The Hagen-Poiseuille relationship, equation (l), for steady 

laminar flow in a circular capillary, was used to determine the 

eluting viscosity, u, from the differential pressure measure AP, 

across a capillary: 

ITD‘AP , ’ = l28kQ 

In equation (l), R is the the length of the capillary and Q is the 

volumetric flow rate of the eluent through the capillary. 

Because the capillary length to diameter ratio is extremely 

large (almost 4000) ,  no capillary entrance or exit corrections were 

necessary when using equation (1). In our SEC system, the eluent 

volumetric flow rate was always maintained at approximately 0.50 

ml/min. These conditions produce laminar fluid flow in the capil- 

lary (a Reynold’s number of approximately 5 0 ) ,  and a shear rate 

at the wall of 6500 sec-’. 
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ELUENT PRESSURE DETECTOR 1915 

Solvent 

Pump 

. . . .  ....... ..... 7 
Columns 

CP detector 

RI detector 

Mass Balance detector  

Data Logger and Computer 

FIGURE 1. SEC System Schematic 

DATA ANALYSIS 

A definite advantage of a CP detector is that, unlike an RI 

detector, its signal is proportional only to the eluent viscosity; 

therefore, it is unaffected by small changes in solvent composition 

or temperature. 

taken simultaneously on a dextran polymer sample. Note that the 

RI detector signal has an unstable base line and has a solvent 

impurity signal with negative polarity convoluted into a polymer 

Figure 2 shows both an RI and CP chromatogram 
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TABLE 1 

LUNDY AND HESTER 

System Equipment Description and Operating Conditions 

System/Equipment Details and Conditions 

Polymerlsolvent 

Pump 

In j ec tor 

Packing Material 

Capillary Pres- 
sure Detector 

Refractive Index 
Detector 

Data Logger and 
Computer 

All dextran samples were purchased from Phar- 
macia and prepared in deionized water with 
10 ppm NaN3 added as a biocide. Sodium poly- 
styrene sulfonates (NaPSS) were purchased from 
Pressure Chemical Co. ,  and were prepared with 
0.2 M NaCl/Triton-40-5L as a surfactant. A l l  
solvents were degassed and filtered through a 
0.45~ Nucleopore filter before use. 

A Waters Model 6000A was used with an addi- 
tional pulse dampener (Milton Roy Mark 111). 
The nominal flow rate was maintained at 0.5 
ml/min . 
A Rheodyne Model 1025 injector with a 0.5 ml 
sample loop was used. The sample injections, 
typically, were 0.5 ml. 
All columns were packed with glyceryl- 
controlled porous glass purchased from 
Electro-Nucleonics. The nominal pore size 
and dry weight of  packing mgterial used per 
column set were: (1) 3000 A 10.62 g; 
( 2 )  1400 x, 6.22 g; (3) 500 8, 6.40 g. 
0.451-1 Nucleopore filter was placed in front of 
the column set to prevent possible pluggage. 
The column end fittings contained 1 0 ~  frits. 
A capillary having a length of 0.91 cm and an 
ID of 0.023 cm was connected to the trans- 
ducer at each end by capillary tubing with a 
length of 10 cm and ID of 0.04 cm. The pres- 
sure transducer was a Validyne Model DP-15 
with a Model CD15 Sine Wave Demodulator. The 
diaphragms for the transducer are interchange- 
able with a No. 42(880-2250 cm H20) being 
used in this study. 

A Waters Model 400 Differential Refractive 
Index Detector having a cell volume of 10 
microliters. 

A 

The Data Logger is a Hewlett-Packard Model 
34978 Acquisition/Control unit. The computer 
is a Hewlett-Packard Model 85A microcomputer. 
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ELUENT PRESSURE DETECTOR 1917 

- 
- RI Detector Raw Signal 

m 

- 
1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0.00 1.50 3.00 4.50 6.00 

ELUTION MASSgrams" 10-l 
DEXTRAN T500 ( R U N  72038) 

FIGURE 2 .  Typical  Cap i l l a ry  P res su re  (CP) and Ref rac t ive  Index (RI) 
Chromatograms 

s i g n a l  wi th  p o s i t i v e  p o l a r i t y .  In c o n t r a s t ,  t h e  CP d e t e c t o r  s ig -  

n a l  a l though noisy ,  has  a dec l in ing  but  s t eady  l i n e a r  base  l i n e  

and shows only  one peak which is due only  t o  t h e  presence of 

polymer i n  t h e  e luen t .  Most of t h e  no i se  i n  t h e  CP d e t e c t o r  is 

from f l u i d  p re s su re  pu l ses  in t roduced  by t h e  SEC rec ip roca t ing  

pump. Other f a c t o r s  such as f l u i d  temperature  f l u c t u a t i o n s  and 

f l u i d  l eaks  i n  t h e  SEC system can a l s o  in t roduce  a d d i t i o n a l  

no i se  [6] .  

Because the  r a w  CP d e t e c t o r  d a t a  has  a low s i g n a l  t o  no i se  

r a t i o ,  a computer a lgor i thm w a s  developed t o  smooth p res su re  
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1918 LUNDY AND HESTER 

detector data. 

as the continuous curve in Figure 2. 

A typical smoothed CP detector signal is shown 

The computer smoothing algorithm was a nonlinear regression 

that utilized the method of Marquardt [15] to fit raw CP detector 

data to a smoothing function [ 7 ] .  The smoothing function was the 

sum of two functions, a modified generalized exponential function 

(GEF) and a linear base line function (LBF). This smoothing 

function is given by equation (2): 

Y = GEF + LBF (2a) 

In equation (2), the detector signal and elution counter are 

Y and X, respectively. 

eluent pressure drop across the capillary and X is equal to the 

elution volume. The five fitted parameters in the smoothing func- 

tion are designated by P with a numeric subscript, and the two 

constants are designated by C with a numeric subscript. 

of the GEF function to fit chromatographic data has been previously 

described by Vaidya and Hester [ 8 ] .  

When using a CP detector, Y is equal to the 

The use 

The smoothing function appears complex when it is presented 

in the form of equation (2). However, in this form, all para- 

meters and constants in the smoothing function have a geometrical 

meaning whose value can be closely estimated from a chromatogram. 

This can be explained with the help of Figure 3 .  The constants 
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ELUENT PRESSURE DETECTOR 1919 

- 
- P,, P5 = SHAPE PARAMETERS - L = ( X - C 1 ) / ( P 2 - C 1 )  

- 

- 
c 

- 
- 
- I I 

I I I c1; ,  , pa; I I I I 1 
Elution Counter, X 

Y = Pg LP1 1 EXP [ (1 - LP5) (PI - l) /Pg] + C2 + P,(X . C1) 

FIGURE 3 .  Chromatogram Fitting Function Description 

C, and C, are the coordinates where the chromatogram signal first 

deviates from the linear base line (point a). 

line has a constant slope of P,. 

The linear base 

The parameter P2 is the elution 

counter X coordinate where the maximum polymer signal, P,, is 

obtained. 

function, and for SEC chromatograms they usually have values 

between 2 and 6 .  

in shape. 

The parameters P, and P, determine the shape of the GEF 

When P, = P5 = 3.2, the GEF is nearly normal 

The first term on the right side of equation (2b) is the 

GEF which represents the portion of the pressure detector signal 

due to the presence of polymer, APp. The last two terms on the 

right side of equation (2b) are the LBF portion of the chromato- 
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1920 LUNDY AND HESTER 

gram and r ep resen t  the por t ion  of t.he d e t e c t o r  s i g n a l  due t o  the 

presence of so lven t ,  AP,. 

The t o t a l  p re s su re  d e t e c t o r  s i g n a l  a t  any po in t  on t h e  

chromatogram, APi, i s  equal  t o :  

APi = AP + APoi = GEFi + LBFi 
P i  

The s u b s c r i p t  'i' used i n  equa t ion  (3)  r e f e r s  t o  t h e  va lues  

of t h e  GEF and LBF func t ions  taken  a po in t  i on t h e  chromatogram 

having a counter  va lue  X equal  t o  an e l u t i o n  volume of V e i .  

Equation (3) can be rear ranged  t o  g ive :  

APi - hPoi AP GEFi 

APoi APoi LBFi 
= p i = -  ( 4 )  

The Hagan-Poiseuille equat ion  can be  used t o  show t h a t  t h e  r a t i o  

of p re s su res  is equal  t o  t h e  r a t i o  of f l u i d  v i s c o s i t i e s .  

APi - APoi - __ GEFi )"i - %i - - 
p o i  APoi  - LBFi ( 5 )  

where pi i s  the  s o l u t i o n  v i s c o s i t y  and voi i s  t h e  so lven t  v i sco-  

s i t y  a t  e l u t i o n  volume Vei on t h e  chromatogram. 

equat ion  (5) is c a l l e d  t h e  s p e c i f i c  v i s c o s i t y .  Equat ion (5) can 

be  used t o  determine the  s p e c i f i c  v i s c o s i t y  of t h e  e l u e n t  a t  each 

poin t  on an  SEC chromatogram. Curves showing f l u i d  s p e c i f i c  v i s -  

c o s i t y  ve r sus  e l u t i o n  volume w i l l  be  c a l l e d  s p e c i f i c  v i s c o s i t y  

chromatograms. F igures  4 and 5 show t h e  s p e c i f i c  v i s c o s i t y  

The l e f t  t e r m  of 
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FIGURE 4 .  Normalized Specific Viscosity Chromatograms for Dextran 
Polymers 

1.501 ...... . .  
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FIGURE 5. Normalized Specific Viscosity Chromatograms f o r  Sodium 
Polystyrene Sulfonate Polymers 
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1922 LUNDY AND HESTER 

chromatograms of the dextran and sodium polystyrene sulfonate 

(NaPSS) polymers, respectively, which were obtained by using 

equation (5). 

The specific viscosity chromatogram of a polymer sample can 

be related to the intrinsic viscosity of the polymer sample, [n]. 
The following rationale can be used to explain this relationship. 

The intrinsic viscosity is defined as the limiting ratio 

of specific viscosity to polymer concentration, c, when the poly- 

mer concentration approaches zero [9]. 

limit 
C-to 

v - v, AP - AF, 
limit 
C-to CAP, 

For very dilute polymer concentration, such as those existing in 

SEC, equation (6) can be closely approximated by: 

AP - APo 
[rll = -- COP 0 

The specific viscosity for random coil polymer molecules 

in dilute solution can also be expressed by the Einstein rela- 

tionship [lo]: 

AP - AP, 
= k@ 

APO 

(7) 

In equation (8), @ is the volume fraction of polymer exist- 

ing in the solution, and k is the Einstein constant. For random 
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ELUENT PRESSURE DETECTOR 1923 

coil polymer molecules in solution which are spherically shaped, 

k is approximately equal to 2.5. Combination of equations (7) 

and (8) gives: 

k0 
rqi = 7 

The volume fraction of polymer in all the eluent that flows through 

the columns, 0, is equal to the volume due to polymer, Vp, divided 

by the total elution volume, Ve. 

fluid volume that passed through the SEC columns. This is the 

volume collected from point 'a' to point 'b' on the typical chro- 

matogram shown in Figure 3 .  

The total elution volume is the 

But, these volumes are equal to the sum of the incremental 

volumes taken at each point on the chromatogram starting at 

point 'a' and ending at point 'b'. 

age volume fraction polymer and the change in elution volume, 

respectively, at point i on the chromatogram, then: 

If Qi and AVei are the aver- 

V = CQiAVei 
P 

Ve = cave, 

Therefore equation (10) can be expressed as: 
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1924 

CQiAVei 

CAVei 
@ =  

Combining e q u a t i o n s  (12) and (9) g i v e s :  

LUNDY AND HESTER 

(12) 

I f  no polymer is l o s t  i n  t h e  packing by a d s o r p t i o n  o r  entrapment ,  

then  t h e  polymer c o n c e n t r a t i o n ,  c, i s  t h e  t o t a l  m a s s  of polymer 

i n j e c t e d ,  m, d i v i d e d  by t h e  t o t a l  e l u t i o n  volume. Thus: 

m 
ZAVei 

c = -  

Combination of equat ion  (13) and ( 1 4 )  e l i m i n a t e s  cZAV,i and g ives :  

By u s i n g  equat ion  (8), t h e  volume f r a c t i o n  of polymer a t  

p o i n t  i can b e  expressed  i n  t e r m s  of s o l u t i o n  and s o l v e n t  pres -  

s u r e s  a t  p o i n t  i. 

APi - APoi 
Qi = -- kBPoi 

E l i m i n a t i o n  of @i and k is obta ined  by combining e q u a t i o n s  

(15) and (16) .  The sample i n t r i n s i c  v i s c o s i t y  then  becomes: 
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ELUENT PRESSURE DETECTOR 

C [ (APi - AP .) AV IDoi I 01 e i  [rll = 

1925 

(17) m 

The summation t e r m  in equation (17) is simply t h e  area 

wi th in  t h e  s p e c i f i c  v i s c o s i t y  chromatogram envelope. 

t h e  s p e c i f i c  v i s c o s i t y  term, (APi - APoi)/APoi, i n  equation (17) 

can be expressed i n  terms of t h e  smoothing func t ion  by us ing  

equation ( 4 )  : 

I n  add i t ion ,  

c ( LBFi 
[rll = 

m 

PRESSURE DETECTOR CALIBRATION 

I n  order  t o  q u a n t i t a t e  d a t a  from t h e  CP de t ec to r ,  a cali- 

b ra t ion  must be developed which relates t h e  de t ec to r  vo l tage  s ig -  

n a l  t o  t h e  d i f f e r e n t i a l  p re s su re  ac ross  t h e  cap i l l a ry .  It is 

our experience t h a t  a c a l i b r a t i o n  using a s t a t i c  p re s su re  head 

ac ross  t h e  transducer diaphragm does not c o r r e l a t e  wi th  t h e  pres- 

su res  developed i n  a flowing system. 

c a l i b r a t i o n  was performed by record ing  t h e  CP de t ec to r  vo l t age  a t  

For t h i s  reason a dynamic 

va r ious  f l u i d  flow rates through t h e  c a p i l l a r y .  P l o t s  of t h i s  

d a t a  always were s t r a i g h t  l i n e s  which ind ica ted  good instrument 

l i n e a r i t y ;  however, l i n e  i n t e r c e p t s  were not  a t  t h e  zero vo l t age ,  

zero flow r a t e  o r ig in .  Therefore,  t h e  i n t e r c e p t  va lue  from a 

dynamic c a l i b r a t i o n  w a s  always subt rac ted  from a l l  p re s su re  

vo l t age  s i g n a l s  p r i o r  t o  f u r t h e r  ana lys i s .  This  sub t r ac t ion  
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insured a direct proportionality between voltage signal and the 

eluent pressure drop across the capillary. The stability of this 

calibration was found not to vary significantly from day t o  day. 

RESULTS AND DISCUSSION 

Data from the CP detector and equation (18) were used to 

determine the intrinsic viscosities of several polymer standards. 

These calculated iiitrinsics are listed in Table 2 together with 

the intrinsic viscosity determined by a Ubbelohde four-bulb shear 

dilution viscometer. Excellent agreement exists between the two 

measurements. A plot of intrinsic viscosities is shown in 

Figure 6 .  

Examination of equation (17) shows that the area of a spe- 

cific viscosity chromatogram per unit mass of fnjected polymer 

increases as the intrinsic viscosity of the polymer increases. 

This is confirmed by the dextran and NaPSS chromatograms shown 

in Figures 4 and 5, respectively. All the chromatograms in these 

figures were normalized to the same mass of injected polymer, 

one milligram. 

dispersion; however, corrections have been developed for SEC 

using similar on-line viscometers [12,13]. 

These chromatograms were not corrected for axial 

In true size exclusion chromatography, larger molecules will 

elute first followed by decreasingly smaller molecules. 

larger molecules, due to their larger intrinsic viscosities, will 

have a larger specific viscosity chromatogram. This is also shown 

by Figures 4 and 5. This detection characteristic gives an advan- 

tage to CP detectors over RI detectors when dealing with high 

Also, 
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FIGURE 6. Comparison of I n t r i n s i c  V i scos i t i e s  Measured by CP 
Detector and Ubbelohde Viscometer. See Table 2 

molecular weight polymers. Because R I  de t ec to r  s i g n a l s  are pro- 

po r t iona l  t o  t h e  mass of i n j e c t e d  sample and s i n c e  t h e  concentra- 

t i o n  of polymer must decrease as molecular weight increases  ( t o  

in su re  d i l u t e  so lu t ion  p rope r t i e s ) ,  a reduction i n  R 1  de t ec to r  

s igna l  must occur as the  molecular weight increases .  I n  c o n t r a s t ,  

because the  s p e c i f i c  v i s c o s i t y  s i g n a l  i nc reases  with molecular 

weight, t he  CP de tec to r  s e n s i t i v i t y  inc reases  wi th  increas ing  

polymer molecular weight. This accounts f o r  d i f f e r e n t  chroma- 

togram shapes obtained f o r  R I  and CP de tec to r s  as shown by Figure 

I .  

N o  mass de tec to r  i s  required t o  determine t h e  concent ra t ion  

of polymer i n  the  e luen t  when using equation (18) t o  e s t a b l i s h  

t o t a l  sample i n t r i n s i c  v i scos i ty .  However, s imi l a r  on-line visco- 
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FIGURE 7. Comparison of RI and CP Chromatograms 

meters have been previously used with mass detectors to determine 

both the concentration and the pressure drop at each point along 

an SEC chromatogram. 

used to determine one-point intrinsic viscosities [l-4,12,13]. The 

mass averaged sum of these intrinsics at each point is equal to 

the sample intrinsic viscosity [14]. 

This detector coupling technique can be 

In equation (19), [ q ]  is the total intrinsic viscosity, mi is the 
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1930 LUNDY AND HESTER 

m a s s  of polymer a t  po in t  i, and [q l i  i s  t h e  i n t r i n s i c  v i s c o s i t y  

a t  po in t  i. 

I n  order t o  compare our d a t a  c o l l e c t i o n  and a n a l y s i s  tech- 

niques wi th  equat ion  (19),  a Dextran T500 chromatogram was col-  

l e c t e d  us ing  both a CP and R I  de t ec to r .  The t o t a l  i n t r i n s i c  

v i s c o s i t y  f o r  t h i s  polymer w a s  ca l cu la t ed  us ing  equation (18) 

a s  w e l l  as equation (19) t o  sum t h e  ind iv idua l  i n t r i n s i c  visco- 

s i t i e s  along t h e  chromatogram. The t o t a l  i n t r i n s i c s  determined 

by using equat ions  (18) and (19) were 0.54 and 0.55 d l / g ,  respec- 

t i v e l y  . 
One advantage i n  c a l c u l a t i n g  ind iv idua l  i n t r i n s i c  v i scos i -  

t i e s  along a chromatogram i s  t h a t  Mark-Houwink "k" and "a" va lues ,  

i f  known, can be used t o  determine t h e  molecular weight d i s t r i b u -  

t i on .  A t y p i c a l  d i s t r i b u t i o n  determined i n  t h i s  manner i s  shown 

i n  Figure 8 f o r  Dextran T500. 

I n  Figure 8, t h e  r e l a t i v e  number of molecules is p l o t t e d  

aga ins t  l o g  molecular weight and shows the  expected molecular 

weight d i s t r i b u t i o n .  Molecular weights f o r  Figure 8 were ca l -  

cu la ted  by us ing  Mark-Houwink "k" and "a" va lues  of 9.78 x 

d l l g  and 0.50, r e spec t ive ly  [16]. The ca l cu la t ed  va lues  f o r  num- 

ber  and weight average molecular weights were 135,000 and 310,000 

g/mole. The va lues  repor ted  by t h e  dext ran  manufacturer are  

165,000 and 480,000 g/mole. 

A unique f e a t u r e  of  many high molecular weight polymers i s  

t h e i r  shear  th inning  behavior in a flow f i e l d .  It is ,  the re fo re ,  

important t o  approach zero shear  condi t ions  i f  t h e  i n t r i n s i c  v i s -  
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4.00 5.00 600 7.00 

Loglo of Molecular Weight 

FIGURE 8. Molecular Weight Distribution of Dextran T-500 as 
Determined by CP Detector 

cosity is to be determined under Newtonian conditions. The shear 

rate through the CP detector capillary was approximately 6500 

sec-'. 

expect shear thinning. However, no effect of shear rate on the 

intrinsic viscosity could be detected. This absence of shear 

thinning is probably due to the very low concentrations of poly- 

mer in the eluent. 

analysis of extremely large macromolecules. 

deal with polymer samples having larger intrinsic viscosities. 

This work may show that shear thinning does influence the visco- 

sities measurements made by the CP detector. 

This shear rate is quite high and one might normally 

Shear thinning may be experienced in SEC 

Future work w i l l  
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1932 LLJNDY AND HESTER 

CONCLUSIONS 

We have described the application of a viscosity detector 

for aqueous size exclusion chromatography. This detector senses 

the volume fraction of polymer present in the eluent rather than 

its mass concentration. Thus, it can be more sensitive to higher 

molecular weight species than a mass sensitive refractive index de- 

tector. Therefore, for the characterization of water-soluble 

polymers, where large molecules with large hydrodynamic volumes 

are common, a viscosity detector can be extremely useful. A 

data analysis technique has been developed in which sample intrin- 

sic viscosities can be calculated using only an eluent viscosity 

detector. 

a 

b 

C 

'i 

GEFi 

k 

R 

L 

LBFi 

NOMENCLATURE 

point on the chromatogram at which polymer first starts 
to elute, see Figure 3 

point on the chromatogram at which a l l  polymer finishes 
eluting, see Figure 3 

polymer concentration 

constants used in the smoothing function; defines point 
'a' on the chromatogram shown by Figure 3 

value of the generalized exponential function at point 
'i' on the chromatogram, see equation (2 )  

Einstein constant 

capillary length, see equation (1) 

parameter used in the data smoothing function, see 
equation (2c) 

value of the base line function at point 'i' on the 
chromatogram, see equation (2) 

m total mass o f  polymer sample injected, see equation (14) 
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1. Ouana, A.  C., J. Poly. Sci. Symposium, 3, 299,  1973. 

1933 

number average molecular weight 

weight average molecular weight 

fitted parameters used in the data smoothing function, 
see equation (2) 

total elution volume, defined as the total eluent fluid 
volume that contains polymer; elution volume from point 
'a' to point ' b '  of Figure 3 

total volume of polymer found within Ve, see equation (10) 

elution counter 

detector signal 

total fluid pressure drop across the detector at point 
'i' on the chromatogram, see equation ( 3 )  

fluid pressure drop across the detector at point 'i' 
which is due only t o  the presence of solvent, see 
equation (3) 

fluid pressure drop across the detector at point 'i' 
which is due only to the presence of polymer in the 
fluid, see equation (3) 

change in elution volume at point 'i' on the chromatogram, 
see equation (11) 

polymer sample intrinsic viscosity 

intrinsic viscosity at point 'i' on the chromatogram 

total fluid viscosity at point 'i' on the chromatogram 

fluid viscosity at point 'i' which is due only to the 
presence of solvent 

fluid viscosity at point 'i' which is due only to the 
presence of polymer 

volume fraction of polymer in the total elution volume 
defined by equation (10) 

volume fraction of polymer in the elution volume at point 
'i' on the chromatogram 
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