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DENSIMETRIC DETECTION I N  SEC. 

A SEMI-AUTOMATED METHOD FOR CALCULATION O F  

MOLECULAR WEIGHT AVERAGES. 

+ B.Trathnigg*,Ch. J o r d e  

I n s t i t u t e  of Organic Chemistry 

+ I n s t i t u t e  of P h y s i c a l  Chemistry 

* 

U n i v e r s i t y  of  G r a z  

Graz  , A u s t r i a  

ABST RACX 

I t  i s  shown t h a t  d e t e c t i o n  by measurement of  d e n s i t y  

(mass p e r  u n i t  volume) o f f e r s  some advantages: t h e  

s i g n a l s  from such an in s t rumen t  are i n h e r e n t l y  d i g i t a l  

and i n t e g r a t e d  ove r  each measuring i n t e r v a l ,  which makes 

ca l cu la t ion  o f  molecular  weight averages very easy. A 

BASIC program i s  d e s c r i b e d ,  by which d a t a  r educ t ion  can 

be performed w i t h  good accuracy by means of  a low-cost 

minicomputer. 
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1790 

INTRODUCTION 

TRATHNIGG AND JORDE 

One of t he  most important advantages of s t e r i c  

exclusion chromatoaraphy (SEC) i n  the  cha rac t e r i za t ion  

of polymers with respec t  t o  t h e i r  molecular weiaht 

d i s t r i b u t i o n  i s  the  p o s s i b i l i t y  t o  obta in  molecular 

weight averages (Mn,Mw,Mz a s  w e l l  a s  po lydispers i ty  

( M  / M n )  from a s i n g l e  chromatogram. The determination 

of molecular weight averages by a manual procedure i s ,  

however, r a t h e r  laborious and presents  many opportuni- 

t i e s  f o r  opera tor  e r r o r s .  Hence, var ious automated data-  

handling systems have been developed!-'' which save 

t i m e  and improve the  accuracy of t h e  r e s u l t s .  I n  gene- 

r a l ,  t h e r e  a r e  two approaches towards automated d a t a  

reduction i n  SEC: 

W 

1 .  Real-time d a t a  acqu i s i t i on  and o f f -  

l i n e  da t a  process ins  

2 .  Combined real- t ime d a t a  acqui- 

s i t i o n  and processing 

Both of them involve usua l ly  t h e  following stepsl each 

of which may be sub jec t  t o  e r r o r s ,  as  s eve ra l  authors  

have pointed out  

1 .  Conversion of t h e  analog s i g n a l  from t h e  de t ec to r  

11-15. 

(UV, R I  e t c . )  i n t o  a d i g i t a l  form. 

2 .  Transformation of e l u t i o n  times i n t o  e l u t i o n  volumes. 

3 .  Defin i t ion  of a base l ine  
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DENSIMETRIC DETECTION IN SEC 1791 

4.  D e f i n i t i o n  o f  s t a r t  and end o f  a peak 

5 .  Div i s ion  of t h e  peak i n t o  s m a l l  slices ( u s u a l l y  of  

e q u a l  e l u t i o n  volume i n t e r v a l s )  

6 .  Assignment of a molecular  weight t o  each s l ice  (from 

a c a l i b r a t i o n  curve)  

7. Determination of t h e  area of each s l ice  ( u s u a l l y  by 

approximation as a r e c t a n g l e )  

8. C a l c u l a t i o n  of molecular weight averages and poly- 

d i s p e r s i t y .  

I f  peak sp read ing  i s  n o t  n e g l i g i b l e ,  s e v e r a l  a d d i t i o n a l  

stepsmav be necessa ry  €or t h e  c o r r e c t i o n  of molecular 
1 weight averages o r  even of t h e  whole MWD. 

A s  w e  have shown i n  a p rev ious  paper16 t h e  use  of 

a d e n s i t y  measuring d e v i c e  according t o  t h e  mechanical 

o s c i l l a t o r  method I 7 ' l 8  as a d e t e c t o r  i n  SEC 

mina te s  some of t h e s e  s t e p s  and e l i m i n a t e s  consequent ly  

some p o s s i b l e  sou rces  of e r r o r :  The s i g n a l s  from such 

an in s t rumen t  are i n h e r e n t l y  d i g i t a l  and i n t e g r a t e d  over  

each measuring i n t e r v a l .  D a t a  r educ t ion  could be per-  

formed by means o f  a programmable pocket c a l c u l a t o r  w i t h  

good accuracy;  b u t  s t i l l  many operator manipulat ions 

w e r e  r e q u i r e d  i n  t h i s  way?6 Hence w e  have developed a 

much more convenient  method, which invo lves  s t o r a g e  of 

t h e  r a w  d a t a  i n  t h e  memory of a low-cost minicomputer 

p r i o r  t o  c a l c u l a t i o n  of  molecular weight averages.  The 

main reason f o r  t h e  cho ice  of an o f f - l i n e  method w a s  

19-26 eli- 
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1792 TRATHNIGG AND JORDE 

t h a t  it enables  t h e  o p e r a t o r  t o  i n t e r a c t  with t h e  com- 

p u t e r  i n  t h e  course of t h e  c a l c u l a t i o n s  i n  o r d e r  t o  avoid 

a r t e f a c t s  which might be produced by d a t a  reduct ion  

"on t h e  f l y " .  

DETECTION BY MEASUrnMENT OF DENSITY 

The measuring c e l l  of a dens imet r ic  d e t e c t o r  i s  an os- 

c i l l a t i n g ,  u-shaped ( g l a s s  o r  metal)  tube ,  t h e  per iod  

of which depends on t h e  reduced m a s s  of t h e  osci l la tor ,  

which i t s e l f  r e s u l t s  from t h e  m a s s  of t h e  empty cel l  and 

t h e  mass of t h e  sample. A s  t h e  sample volume i s  con- 

s t a n t ,  t h e  per iod  of t h e  ce l l  r e p r e s e n t s  t h e  d e n s i t y  of  

t h e  sample. 17,18,20 

Per iod  measurement i s  performed by count ing t h e  

per iods  of  an oven-control led 5 M c  - q u a r t z  o s c i l l a t o r  

wi th in  a predetermined number of per iods  of  t h e  m e a -  

s u r i n g  cell .  

A small change A p  i n  d e n s i t y  w i l l  cause a change 

AT i n  t h e  p e r i o d  To: 

A p  = 2A.To.AT 

wherein A i s  a c o n s t a n t  f o r  each i n d i v i d u a l  cel l .  

The concent ra t ion  ci of a s o l u t e  i s  given by 

2A. To 
AT - ci - -* 

o i  I - p  . v  
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DENSIMETRIC DETECTION IN SEC 1793 

wherein po i s  t h e  d e n s i t y  of  t h e  pure s o l v e n t  and G y  

is  t h e  ( appa ren t )  p a r t i a l  s p e c i f i c  volume of t h e  s o l u t e .  

A s  t h e  thermal  volume expansion c o e f f i c i e n t  of most 

o r g a n i c  s o l v e n t s  i s  i n  t h e  o r d e r  of  magnitude of  

1. 10-3K-1 , one w i l l  have t o  keep temDerature c o n s t a n t  

w i t h i n  fl. 10-4K, i f  a r e s o l u t i o n  i n  d e n s i t y  of 

1. lo-’ g / c m 3  s h a l l  be achieved,  which corresponds t o  a 

d e t e c t i o n  l i m i t  of approximately 1 ppm ( i n  t h e  c e l l )  

f o r  a u s u a l  polymer-solvent system, such as po lys ty rene  

i n  t e t r ahydro fu ran .  The more f e a s i b l e  way i s ,  however, 

t h e  use of a r e f e r e n c e  c e l l f o r  compensation of temperature  

v a r i a t i o n s .  24r25 By choosing a h ighe r  r e s o l u t i o n  f o r  t h e  

r e f e r e n c e  ce l l  combined w i t h  a s l i d i n g  average a s t a b l e  

b a s e l i n e  can be achieved wi thou t  an i n c r e a s e  of  b a s e l i n e  

no i se .  16 

EXPERIMENTAL 

A d e t a i l e d  d e s c r i p t i o n  of  a dens ime t r i c  d e t e c t o r  has  

been given i n  a p rev ious  c o m m ~ n i c a t i o n ? ~  I t  c o n s i s t e d  

of two cel ls  DMA 602 M of about  100 p l  volume (A.PAAR 

KG, Graz, A u s t r i a ) ,  and a c a l c u l a t i n g  u n i t  developed i n  

ou r  l abora to ry .  For  a l l  measurements, temperature  w a s  

k e p t  c o n s t a n t  a t  25fO.0l0C usincj a the rmos ta t  Haake F3C. 

Both cells  w e r e  arranged p a r a l l e l  i n  t h e  the rmos ta t  

c i r c u i t :  a mixing chamber of  about 10 1 volume w a s  p l aced  
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1794 TRATHNIGG AND JORDE 

between thermostat and cells to keep temperature changes 

slow. 

The calculating unit was connected via a VIC 1011B 

interface to a Commodore VC 64 computer equipped with a 

monitor, a VC-1541 floppy disk and a matrix printer 

Epson MX 80. 

The chromatographic apparatus consisted of a pump 

LDC Constametric IIG, a Valco injection valve equipped 

with a 100 p l  loop, a column Microgel M (Polymer Lab.) 

with an exclusion limit of about 5. lo6 , i t s  (mobile  

phase) volume w a s  about  21 ml,a UV-photometric detector 

LDC Spectromonitor 11 and the densimetric detector. 

Chromatograms were also registered using a 3-channel 

strip-chart recorder (UV, density with and without 

temperature compensation). 

The solvent  (tetrahydrofuran) was distilled over 

benzophenon-potassium prior to use, polystyrene stan- 

dards (from Pressure Chem.Co.,Pittsburgh,Pa. and Waters, 

Framingham,Mass.) were used as received. 

All chromatograms were run at a flow rate of 

1.00 ml/min, sample concentrations varied from 0.05 to 

0.3% (w/v). 

THEORETICAL CONSIDERATIONS 

Several authors ''-I5 have pointed out, that even in a 

perfect separation system under correct chromatographic 
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DENSIMETRIC DETECTION IN SEC 1795 

c o n d i t i o n s  v a r i o u s  sou rces  of  e r r o r  have t o  be t aken  i n t o  

account ,  which might d e t e r i o r a t e  t h e  accuracy of mole- 

c u l a r  weight averages c a l c u l a t e d  from SEC: 

1. Depending on t h e  type  of column used e r r o r s  i n  

t h e  de t e rmina t ion  of e l u t i o n  volumes of  on ly  0 . 1  % may 

cause e r r o r s  i n  molecular  weight of  s e v e r a l  p e r  c e n t .  

Even high q u a l i t y  pumps reproduce flow rates on ly  w i t h i n  

0 . 3  %, which makes c o n t r o l  of  f low r a t e s  necessa ry  ( f o r  

example by t h e  use of a low molecular weight i n t e r n a l  

s t a n d a r d ) .  

14,15 

2 .  F i n i t e  d i g i t i z e r  r e s o l u t i o n  as w e l l  as n o i s e  

l i m i t  t h e  p r e c i s i o n  of d a t a ,  e s p e c i a l l y  a t  low sample 

s i z e s .  A s u f f i c i e n t l y  h igh  sampling frequency ( a t  least  

20-30 p o i n t s  p e r  peak) reduces t h e s e  e r r o r s .  

With dens ime t r i c  d e t e c t i o n ,  t h e r e  are no problems w i t h  

d i g i t i z e r  r e s o l u t i o n :  sampling frequency is ,  however,in- 

d i r e c t l y  p r o p o r t i o n a l  t o  s e n s i t i v i t y ,  s i n c e  h ighe r  re- 

s o l u t i o n  r e q u i r e s  longer  measuring t i m e s .  Using 1000 

p e r i o d s  of  t h e  measuring c e l l  per i n t e r v a l  one ach ieves  

a r e s o l u t i o n  i n  d e n s i t y  of 2 . 8 ~ 1 0 - ~  9 / c m 3  a t  measu r ing  

12,13,15 

t i m e s  of " ~ 4  s e c  (corresponding t o  $67 111 a t  a flow rate  

of 1.00 ml/min). Th i s  proved t o  be a good compromise: 

even with s t a n d a r d s  of  very narrow MWD, 20-30 p o i n t s  ner  

peak are obtained.  

3. Noise a l s o  causes  u n c e r t a i n t i e s  i n  t h e  d e f i n i t i o n  

of  b a s e l i n e  h e i g h t  as w e l l  as of s t a r t  and end of  a 
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1796 TRATHNIGG AND JORDE 

neak15 which leads t o  e r r o r s  i n  t h e  a r ea  of each s l ice  

and of t he  whole peak. 

4.  I f  a d r i f t  of t h e  base l ine  adds t o  the  e f f e c t s  

mentioned above, e s a e c i a l l y  t h e  end of t h e  peak may be 

poorly ciefined, which leads  t o  se r ious  e r r o r s  esDecial ly  
1 5  i n  Mn. 

5 .  Addit ional  e r r o r s  may a r i s e  from v a r i a t i o n  of 

de tec tor  response with concentrat ion o r  molecular weiqht. 

(The response of a d i f f e r e n t i a l  refractometer  f o r  poly- 

s tyrene  i n  toluene v a r i e s  up t o  a molecular weight of 

apDroximately 50000 '. 
6.  A s l i a h t  curvature  of t h e  c a l i b r a t i o n  curve may 

a l s o  lead  t o  erroneous molecular weights. I n  t h i s  case 

l i n e a r  i n t e rpo la t ion  between s tandards should be 

super ior  t o  a c a l i b r a t i o n  curve obtained by a l e a s t  

squares l i n e a r  f i t  of t he  same da ta?  S t a r t i n g  from these  

considerat ions,  our goal  w a s  t h e  development of a 

program which should nrovide algorithms f o r  minimi- 

zing these  errors. 

SEC - PROGRAM 

The bas i c  idea w a s  t h a t  t h e  opera tor  should be able  t o  

examine the  raw da ta  before  s t a r t i n g  da ta  process ing , to  

e l iminate  a r t e f a c t s ,  and t o  repea t  any s t e p  o r  even the  

whole ca lcu la t ions .  Def in i t ion  of a base l ine  and in t e -  
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DENSIMETRIC DETECTION IN SEC 1797 

g r a t i o n  should be performed w i t h i n  t h e  l i m i t s  e n t e r e d  by 

t h e  o p e r a t o r ,  c a l c u l a t i o n  of  molecular  weights  should 

be p o s s i b l e  u s i n g  a l i n e a r  c a l i b r a t i o n  o r  i n t e r p o l a t i o n  

between s t a n d a r d s ,  a l t e r n a t i v e l y .  Flow rate changes should 

be compensated by t h e  use  of an i n t e r n a l  s t anda rd .  

A flow c h a r t  of  t h e  program i s  given i n  Fig.1. 

To i l l u s t r a t e  how t h e  program works, a t y p i c a l  r e p o r t  

of a chromatogram and t h e  c a l c u l a t i o n s  therefrom are shown 

i n  F igu res  2 and 3. (The d a t a  e n t e r e d  by t h e  o p e r a t o r  are 

under 1 ined  . ) 
Before i n i t i a l i z i n g  t h e  program, t h e  expected 

number NE o f  va lues  h a s  t o  be e n t e r e d  ( i . e .  t h e  number of 

measuring i n t e r v a l s  of  t h e  d e t e c t o r  w i t h i n  t h e  t i m e  re- 

q u i r e d  f o r  t h e  whole chromatogram). !qhen d a t a  a c q u i s i t i o n  

has  been completed (N=NE), t h e  r a w  d a t a  are d i s p l a y e d  on 

t h e  s c r e e n  f o r  examination: I f  s i n g l e  va lues  are i n  

e r r o r  f o r  w e l l  understood r easons ,  t hey  may be c o r r e c t e d .  

On e n t e r i n g  t h e  number of  t h e  f i r s t  and t h e  l a s t  v a l u e ,  

t h e  i n t e r e s t i n g  part(s1 of t h e  chromatogram are p l o t t e d  

on t h e  p r i n t e r .  

To  i n t e g r a t e  a peak, t h e  o p e r a t o r  has  t o  d e f i n e  

i t s  s t a r t  and end as w e l l  as a r e g i o n  be fo re  and a f t e r  

t h e  peak, r e s p e c t i v e l y ,  between t h e  averages o f  which t h e  

program e s t a b l i s h e s  a l i n e a r  b a s e l i n e .  Th i s  procedure 

can be r e p e a t e d ,  i f  t h e r e  i s  more than  one peak t o  be 

i n t e g r a t e d .  
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1798 TRATHNIGG AND JORDE 

ON-LINE DATA ACRJISITION 

L 

T 
DISPLAY RAM DATA 

PCOT INTERESTIND P M T I S )  
ff CnrmYITOBRP+I ON PRINTER 

INTEORATIONI I DEF1)IE -LINE (UID PEAK LIMITS 
CALCULATE PEAX m n  

b 
FLOU RLTE CORRECTION 

L I 

LINEAR INTERPOLATION 

I 
CALCUTION ff VaLECUAR UEIQHTS 

PRINT RESUTS 

R 

FIGURE 1 

Flow c h a r t  of t h e  SEC - program 
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DENSIMETRIC DETECTION IN SEC 1799 

CHROM.NR. DATE: 19.12.1983 DENSITY DETECTOR DNA 61: 

SAMPLE: POLYSTYRENE 50000 

COLUMN SET: MICROQEL M ELUENT: TETRAHVDROFURRN 
CONCENTRRTION: 0.1 % (W/V) 
FLOW RATE : 1 ML/MIN BASELINE: 19098910 

INJECTED VOLUME: 100 MYL 

N 

200 
20 1 
202 
203 
204 
205 
206 
207 
,108 
209 
210 
21 1 

-13 
214 
215 
2,lb 
..17 
218 
219 
220 
221 
212 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
259 
240 
24 1 
242 
243 
244 
245 
24h 
247 
248 
249 
250 
25 1 
252 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
264 
265 
266 
267 

-69 
270 

$12 

268 

TCMIN) 
12.73 
12.80 
12.86 
12.92 
12.99 
13.U5 
13.11 
13.18 
13.24 
13.31 
13.37 
13.43 
13.50 
13.56 
13.62 
13.69 
13.75 
13.81 
13.88 
13.94 
14.01 
14.07 
14.13 
14. 20 
14.26 
14.32 
14.39 
14.45 
14.52 
14.58 
14.64 
14.71 
14.77 
14.83 
14.90 
14.96 
15. 02 
15.09 
15. 15 
15. 22 
15. 28 
15.34 
15.41 
15.47 
15.53 
IS. 60 
15. 66 
15.72 
15.79 
15.85 
15.92 
15.98 
16.04 
1 6 - 1 1  
16.17 
16.23 
16.30 
16.36 
16.43 
16.49 
16- 55 
16.62 
16.68 
16.74 
16.81 
16.87 
16.93 
17. i x )  
17.06 
17.13 
17.19 

MAXIMIJM AT N = 230 
MINIMUM CIT N = 201 

D(N) DETECTOR RESPONSE 
6 
5 
6 
6 
6 
6 
7 

6 
.= 

$ : 
6 
5 
6 
7 
6 
6 
4 
6 
10 
14 
23 
35 
53 
69 
88 
99 
104 
101 
92 
82 
69 
57 
47 
39 
31 
27 
22 
20 
16 
14 
1 1  
10 
10 

8 
8 
8 
b 
8 

8 
7 
6 
7 
6 
7 
6 
8 
6 

8 
8 

9 
8 
8 

* * 
* 
L * 
* * * * 
* * * 
* 
* * 

* * 

* 

* 
* 

t * 
t 

* 

* * 
* * * 

* 1: 

* * 
1 * 

* * * * * * 
t 

t 
t 
t 

L 

i 
* 
* 
* 

* 
* 
* 
* * * 
* 
8 

* 

ELUTION TIME: 14.64 #IN 
ELUTION TIME: 12.9 MIN 

FIGURE 2 

Plot of a chromatogram. Operator responses are underlined. 
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1800 TRATHNIGG AND JORDE 

BASELINE BEFORE PEAK : 200 - 221 
AVERCIQE : 5.95 +- .65 
BASELINE AFTER PEAK : 248 - 270 
AVERCIQE : 7.26 +- -92 

START O F  PEAK: 

END O F  PEAK : 247 

PEAK AREA 980.02 NURBER O F  VALUES: 26 

* * * F L O W  RCSTE CORRECTION***  

INTERNCIL STANDARD : N(RAX) * V E =  2 0 . 7 5 M L  
FLOW RCITE 3241.006 ML/RIN 

* X X  C6%LIBRCSTION * * X  

DCITE: 6.12.1983 ELUENT: THF FLOW RATE: 1 RL/RIN 
STFINDCIRDS: POLYSTYRENE CONC.rO.05 - 0.1 X VOLUME: 100 RYL 

N 

222 
223 
224 
22s 
226 
227 
228 
229 
230 
23 1 
232 
233 
234 
235 
236 
237 
238 
239 
240 
24 1 
242 
243 
244 
245 
246 
247 

mw 

600000 11.84 
11 1000 13.88 
50000 14.77 
20500 15.66 

9000 16.55 
4000 17.31 
2200 17.76 
800 18.71 

72 20.75 
( L I W R  INTERPOLATION) 

TCIBLE O F  MOLECULAR WEIQHTS 

V I  R I  W I  ( X )  X C W  

14.22 
14.28 
14.35 
14.41 
14.47 
14.54 
14.60 
14.67 
14.73 
14.79 
14-86 
14.92 
14.99 
15.0s 
15. 11 
15.18 
15.24 
15.31 
15.37 
15.43 
15. so 
1S.S6 
15.63 
15.69 
15.75 
15.82 

0202s 
77450 
73131 
69052 
65201 
61SW 
S8131 
54889 
5 1828 
488 13 
45780 
42935 
40267 
37764 
35418 
33217 
31152 
29216 
2740 1 
25698 
24101 
22603 
21 199 
19928 
18782 
17702 

.38 
* 79 

1.70 
2.92 
4.76 
6.39 
8.32 
9.44 
9.95 
9.64 
0.72 
7.70 
6.37 
S. 14 
4.12 
3.30 
2.48 
2.07 
1.55 
1.35 

.94 
-73 
.42 
.32 
.31 
.21 

100.00 
99.62 
98.83 
97.13 
94.21 
89.46 
83.07 
74-75 
65.30 
55.36 
45.71 
37.00 
29.30 
22.93 
17.79 
13.68 
10.38 
7.90 
5.83 
4.28 
2.93 
1.99 
1.26 

-52 
.21 

. a4 

- 46240 MN = 4 4 7 1 9  

MU/MN i.~ X - 0 8  

FIGURE 3 

Output of c a l c u l a t i o n s  from t h e  chromatogram shown i n  
F igu re  2.  Operator  responses  are underl ined.  
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1801 DENSIMETRIC DETECTION IN SEC 

Before s t a r t i n g  t h e  c a l c u l a t i o n  of  molecular 

weights ,  t h e  a c t u a l  maximum of an i n t e r n a l  s t a n d a r d  and 

i ts  e l u t i o n  volume i n  c a l i b r a t i o n  have t o  be e n t e r e d ,  from 

which t h e  program c a l c u l a t e s  t h e  a c t u a l  f low rate. 

The c a l c u l a t i o n  of molecular  weights  can be per- 

formed e i t h e r  u s ing  a l i n e a r  c a l i b r a t i o n  or a l i n e a r  

i n t e r p o l a t i o n  between s t anda rds .  The molecular  weights  

and e l u t i o n  volumes of t h e  s t a n d a r d s  are r ead  from a 

d a t a  f i l e  on t h e  f loppy d i s k .  A f t e r  completion of t h e  

c a l c u l a t i o n s  t h e  r e s u l t s  are p r i n t e d ,  and t h e  o p e r a t o r  

can dec ide  whether t o  r e p e a t  any of  t h e  s t e p s  mentioned 

above o r  t o  f i n i s h  t h e  c a l c u l a t i o n s .  

RESULTS AND DISCUSSION 

A s  has  been po in ted  o u t  i n  t h e  previous s e c t i o n s ,  t h e  

accuracy o f  molecular weight averages and p o l y d i s p e r s i t y  

c a l c u l a t e d  from SEC i s  determined by t h e  fo l lowing  cri-  

te r ia :  

1. choice of  chromatographic c o n d i t i o n s  

2. q u a l i t y  of  t h e  s e p a r a t i o n  system 

3 .  r e l i a b i l i t y  of t h e  c a l i b r a t i o n  curve 

4 .  s e n s i t i v i t y  and s t a b i l i t y  of t h e  detector 

5. r e l i a b i l i t y  of  d a t a  a c q u i s i t i o n  and d a t a  p rocess ing  

Any d e f i c i e n c y  i n  p o i n t  1-3 w i l l  r e s u l t  i n  more o r  

less r ep roduc ib le ,  s y s t e m a t i c  errors, inadequacy i n  p o i n t  
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TRATHNIGG AND JORDE 

t I 

Peak a r e a s  as a f u n c t i o n  of molecular  weight. Po lys ty rene  

s t anda rds  600000,50000,9000,4000,2200; Microgel M ( 6 0  c m ) ,  
THF, 1.0 ml/min, i n j e c t e d  volume 100 ul, sample concentra-  

t i o n :  0 . 0 5  % ( @ 1 ,  0 . 1  % ( 0 ) 

4 and 5 w i l l  cause i r r e p r o d u c i b l e ,  random e r r o r s .  S ince  

t h i s  paper d e a l s  mainly with t h e  performance of  t h e  de- 

t e c t o r  and d a t a  hand l ing ,  w e  have t e s t e d  t h e  accuracy 

a s  w e l l  as t h e  r e p r o d u c i b i l i t y  of t h e  r e s u l t s  ob ta ined  

with our  system by means of r epea ted  a n a l y s i s  of poly- 

s t y r e n e  s t anda rds .  

F i r s t  of a l l  w e  had t o  c o n s i d e r  an o f t e n  n e g l e c t e d  

source  of e r r o r ,  which may occur  i n  t h e  low molecular  

weight range of t h e  chromatogram, i .e.  t h e  v a r i a t i o n  of 

d e t e c t o r  response with molecular  weight.  Although w e  have 

shown i n  a p rev ious  paper2 '  t h a t  t h e  response of t h e  

dens ime t r i c  d e t e c t o r  i s  n o t  very s e n s i t i v e  t o  molecular 

weight ,  w e  have determined t h e  peak areas ob ta ined  from 
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DENSIMETRIC DETECTION IN SEC 1803 

TABLE I 

Molecular weight averages and p o l y d i s p e r s i t y  from re- 

pea ted  i n j e c t i o n s  o f  po lys ty rene  s t anda rd  60917 ( P r e s s u r e  

Chem.Co.1 on Microgel M i n  THF. Flow rate  1 .O ml/min, 

sample c o n c e n t r a t i o n  0 . 1  % , i n j e c t e d  volume 100  111. 

Molecular weights  r e p o r t e d  by t h e  d i s t r i b u t o r :  

By l i g h t  s c a t t e r i n g  = 53700  k 6 % 

By i n t r i n s i c  v i s c o s i t y  M = 47400 f 6 % 

By membrane osmometry Mn = 51150 & 6 % 

K i n e t i c  molecular weight Mnk= 47000 2 6 % 

Mw/Mn 5 1,06 

n 

Mn Mw/Mn 

48165 

49894 

4895 1 

49067 

49489 

49580  

49413 

48551  

49027 

50193 

48813 

48755 

48240 

49063 

44985 

46820 

45807 

45813 

46 307 

46096 

45780 

4491 1 

45753 

46908 

45289 

4 5 207 

44719 

45652 

1 .07  

1 .07  

1.07 

1 .07  

1 .07  

1 .08  

1 . 0 8  

1 .08  

1 ,07  

1 .07  

1 .08  

1 . 0 8  

1 . 0 8  

1 ,07  

49086 k 1 .2  % 45718 1 .5  % 1 .074  f 0 . 0 5  
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1804 TRATHNIGG AND JORDE 

r epea ted  i n j e c t i o n s  o f  po lys ty rene  s t a n d a r d s  (mol. weights 

from 600000 t o  2200 ;  sample volume: 100 ul, concen- 

t r a t i o n :  0 .05  and 0 . 1  % ) .  A s  can be seen from F igure  4 ,  

on ly  below a molecular weight of 4000 a s i g n i f i c a n t  de- 

crease of peak areas i s  observed. The s t anda rd  d e v i a t i o n  

of  peak areas w a s  t y p i c a l l y  less t h a n  5 % even a t  sample 

s i z e s  of  50 ug (100 111, 0.05  % ) .  

Base l ine  s t a b i l i t y  can be e s t i m a t e d  from f i g u r e s  

2 and 3 :  I n  g e n e r a l ,  n o i s e  i s  less than  f 1 d i g i t ;  a f t e r  

an e q u i l i b r a t i o n  p e r i o d  b a s e l i n e  d r i f t  w i t h i n  an average 

chromatogram does n o t  exceed f 5  d i g i t s  (1 d i g i t  co r re s -  

ponds t o  a d e n s i t y  d i f f e r e n c e  A p  = 2 . 8 ~ 1 0 - ~ g / c m ~ ! ) .  

R e p r o d u c i b i l i t y  and accuracy of  molecular  weight 

averages i s  demonstrated i n  t a b l e  1: even f o r  a narrow 

MWD s t anda rd  25  1 p o i n t s  p e r  peak are ob ta ined ,  Mw and 

Mn are determined wi th  a s t a n d a r d  d e v i a t i o n  of  1 . 2  % and 

1.5 % r e s p e c t i v e l y .  

Data r educ t ion  and p r i n t i n g  of t h e  r e s u l t s  can be 

performed i n  t h i s  manner w i t h i n  less t i m e  t han  t h e  ex- 

cluded volume r e q u i r e s  t o  pas s  t h e  column ( a t  1 ml/min). 

Hence one may i n j e c t  t h e  n e x t  sample be fo re  p rocess ing  

t h e  d a t a  from t h e  l a s t  one, and s t a r t  d a t a  a c q u i s i t i o n  

t h e r e a f t e r .  

CONCLUSIONS 

It has  been shown t h a t  t h e  system desc r ibed  i n  t h i s  

paper f u l f i l l s  t h e  requirements  o f  high performance SEC, 
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DENSIMETRIC DETECTION IN SEC 1805 

as they  have been formulated by T c h i r ,  Rudin, and Fyfe15: 

1. For an average polymer a s u f f i c i e n t  

number of p o i n t s  p e r  peak i s  o b t a i n e d  

2.  Noise l e v e l  i s  less than  2 % even a t  

sample s i z e s  of  50 pg 

3.  Base l ine  l e v e l  i s  de f ined  t o  w i t h i n  

2 % a t  t h e  same sample s i z e  

4 .  Peak width i s  de f ined  t o  w i t h i n  2 0  % 

( t y p i c a l l y  5-10 % )  

The r e p r o d u c i b i l i t y  of molecular  weight averages i s  t y p i -  

c a l l y  b e t t e r  t han  f 2 %, i f  an i n t e r n a l  s t a n d a r d  i s  used 

f o r  f low rate c o r r e c t i o n .  

Hence, t h e  method d e s c r i b e d  i n  t h i s  paper makes 

r a p i d  and a c c u r a t e  de t e rmina t ion  of molecular  weight 

averages p o s s i b l e  by s imple and inexpensive means. 
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