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EFFICIENCY OF GLASS CGC COLUMNS I N  REVERSED-PHASE HPLC 

Pave1  SpaEek, S t a n i s l a v  Vozka' , J i P i  Coupek+, 

Miroslav Kubin,  J a r o s l a v  V o s l d f ,  and B e d f i c h  Por sch  

I n s t i t u t e  o f  Macromolecular  Chemis t ry ,  Czechos lovak  Academy 

o f  S c i e n c e s ,  1 6 2  06 P rague  6 ,  Czechos lovak ia  

'Labora tory  I n s t r u m e n t s  Works, 1 6 0  00 P rague  6 ,  Czechos lovak ia  

ABSTRACT 

The d e s i g n  of m e t a l - j a c k e t e d  g l a s s  columns of CGC t y p e  

i s  d e s c r i b e d ,  and t h e  dependence  o f  t h e i r  e f f i c i e n c y  on t h e  

f l o w  r a t e  i s  g i v e n ,  b o t h  f o r  a s i n g l e  column and f o r  t w o  

columns combined i n  series. The r e s u l t s  have  been  t r e a t e d  

i n  terms o f  r educed  q u a n t i t i e s ;  t h e  o p t i m a l  v a l u e s  o f  t h e  

r educed  p l a t e  h e i g h t  h ~ - , 2 . 5  s u g g e s t  a good q u a l i t y  of  t h e  

s o r b e n t  pack ing .  I t  i s  shown t h a t  t h e  d e s c r i b e d  combina t ion  

of  columns i n  ser ies  does  n o t  r e d u c e  t h e  t o t a l  e f f i c i e n c y  

of t h e  s y s t e m .  

INTRODUCTION 

Column i s  t h e  h e a r t  of e a c h  ch romatograph ic  a p p a r a t u s :  

i t s  p a r a m e t e r s  govern  t h e  e f f i c i e n c y ,  r e s o l v i n g  power and 

working  t h r o u g h p u t  of e a c h  chromatograph .  Fo r  a l l  the 50. 

r e a s o n s ,  m a n u f a c t u r i n g  o f  columns f o r  h igh-per formance  
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484 SPACEK ET AL. 

l i q u i d  chromatography i s  an  e x a c t i n g  p r o c e s s l  which of 

c o u r s e  i s  a l s o  r e f l e c t e d  i n  t h e  p r i c e  of t h e  column. I f  t h e  

l a t t e r  l o s e s  i t s  u t i l i t y  p r o p e r t i e s ,  t h e  p u r - h a s e  of a new 

one means s c o m p a r a t i v e l y  h i g h  a d d i t i o n a l  expense .  

Many m a n u f a c t u r e r s  t r y  t o  s o l v e  t h i s  problem by i n t r o -  

duc ing  j a c k e t e d  columns i n  which t h e  j a c k e t  assumes s e v e r a l  

f u n c t i o n s  o f  t h e  column. The l a t t e r  may t h e n  be composed 

of a c o m p a r a t i v e l y  s imple  t u b e  w i t h  c l o s u r e s I  p l a c e d  i n  

t h e  j a c k e t  ( t h e  s o - c a l l e d  " c a r t r i d g e "  t y p e ) .  Advantages o f  

such  s y s t e m  c a n n o t  be d e n i e d ;  t h e y  n o t  o n l y  r educe  t h e  p r i c e  

of t h e  column i t s e l f ,  b u t  a l s o  make p o s s i b l e  a s imple  

j o i n i n g  o f  several columns, o r  a combinat ion precolumn - 

- column, w i t h o u t  c a p i l l a r y  c o n n e c t i o n s  and w i t h  a smal l  

loss of e f f i c i e n c y .  

A t  p r e s e n t ,  t h e r e  are s e v e r a l  s y s t e m s  o f f e r e d  on t h e  

market  which make u s e  of t h e  p r i n c i p l e  j u s t  ment ioned.  The 

columns are made of s t a i n l e s s  s teel :  t h e i r  j a c k e t s  are 

a l w a y s  made o f  a combina t ion  of s t a i n l e s s  steel  and l i g h t  

metals .  With r e s p e c t  t o  some d i s a d v a n t a g e s  o f  metal  t u b e s  

and t o  o u r  own long-t ime e x p e r i e n c e  w i t h  h i g h - p r e s s u r e  

g l a s s  columns f o r  HPCL ( I ) ,  a system of m e t a l - j a c k e t e d  g l a s s  

columns h a s  been deve loped  by t h e  Labora to ry  I n s t r u m e n t s  

Works i n  c o o p e r a t i o n  w i t h  t h e  I n s t i t u t e  o f  Macromolecular 

Chemistry of t h e  Czechoslovak Academy o f  S c i e n c e s  ( 2 )  . T h i s  

system, w h i l e  m a i n t a i n i n g  advan tages  of t h e  c a r t r i d g e  

columns, h a s  s t a i n l e s s  s tee l  p a r t s  r e p l a c e d  w i t h  g l a s s  which 

i n  a l l  respects i s  more advan tageous .  A t  p r e s e n t ,  t h e  

columns are manufactured by t h e  1 , abora to ry  I n s t r u m e n t s  Works, 
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EFFICILSNLT OF GLASS CGC COLLPINS 485 

Prague.  T h e i r  d e s i g n  and some o f  t h e i r  p r o p e r t i e s  are d e a l t  

w i t h  i n  t h i s  pape r .  

Design o f  t h e  column 

Fig.1 shows t h e  d e s i g n  diagram o f  t h e  g l a s s  column. 

The CGC (compact g l a s s  column) c o n s i s t s  o f  a g l a s s  t u b e  ( l ) ,  

i n n e r  d i a m e t e r  3 .3  nun, 150 nun l ong .  The e n d s  of t h e  t u b e  

are ground,  smoothed by m e l t i n g ,  and t h e  whole t u b e  is  

chemica l ly  r e i n f o r c e d  so as t o  w i t h s t a n d  ave rage  p r e s s u r e s  

of 8 0  MPa. A t  t h e  e n d s ,  t h e  g l a s s  t u b e  i s  p rov ided  w i t h  

cemented g u i d e  r i n g s  ( 2 )  which s e r v e  t o  f i x  t h e  c l o s i n g  

and s e a l i n g  e l e m e n t s  and t o  g u i d e  t h e  column i n  t h e  m e t a l  

j a c k e t .  The gu ide  r i n g s  c o n t a i n  c e n t e r i n g  c o l l a r s  ( 3 )  w i t h  

a f i n e  gauze which r e t a i n s  t h e  column pack ing .  A s e a l i n g  

c o l l a r  ( 5 )  c o n t a i n i n g  a p r e s s e d - i n  s e a l i n g  r i n g  ( 6 )  is  

p l a c e d  on t h e  c e n t e r i n g  c o l l a r .  The c e n t e r i n g  and s e a l i n g  

c o l l a r s  are made from PTFE, t h e  s e a l i n g  r i n g  i s  made from 

h i g h - q u a l i t y  s t a i n l e s s  s tee l .  Under p r e s s u r e ,  t h e  s e a l i n g  

c o l l a r s  are p r e s s e d  i n t o  t h e  t h r e a d  of t h e  gu ide  r i n g s ,  

t h u s  p r e v e n t i n g  t h e i r  l o o s e n i n g .  The s y s t e m  makes p o s s i b l e  

a n  e a s y  f i x a t i o n  o f  t h e  column pack ing  and a n  a d d i t i o n a l  

s e a l i n g  of t h e  column i n  t h e  j a c k e t  by a p p l y i n g  a r e l a t i v e l y  

low a x i a l  p r e s s u r e .  

The column i s  p l a c e d  i n  a j a c k e t  which c o n s i s t s  of 

a m e t a l  t u b e  (8)  p r o v i d e d  w i t h  t h r e a d s  f o r  c a p  n u t s  ( 9 )  a t  

i t s  e n d s ,  and w i t h  end caps ( 1 0 )  screwed i n t o  t h e  t h r e a d s  

which s e r v e  f o r  a d d i t i o n a l  s e a l i n g  of t h e  column i n  t h e  

j a c k e t  and f o r  j o i n i n g  t h e  column w i t h  t h e  ch romatograph ic  
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486 SPACEK KT AL. 

Fig.1 Schematic view of glass  column of the CGC system 
(description cf. text) 
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EFFICIENCY OF GLASS CGC COLDMIW 48 7 

appara tus .  The j acke t  and nu t  caps a r e  made from l i g h t  metals, 

t h e  end caps are made from s t a i n l e s s  steel. The f a c e s  of 

t h e  end caps a r e  provided wi th  grooves; a f t e r  t h e  column 

has been i n s e r t e d  i n t o  t h e  j a c k e t  and t h e  end caps 

have been screwed i n t o  t h e  n u t  caps, t h e  whole s y s t e m  i s  

f i x e d  by a d d i t i o n a l  t i g h t e n i n g  of t he  nu t s .  This  produces 

a x i a l  p ressure  which i s  needed t o  ensure  s t a b i l i t y  of t h e  

s y s t e m  cen te r ing  coll 'ar  - s e a l i n g  c o l l a r  wi th  t h e  r ing -  

grooved f ace  of t h e  end cap up t o  high p res su res  (50  MPa).  

The columns are packed a t  40-50 MPa by t h e  s l u r r y  

technique used f o r  s t a i n l e s s  s tee l  columns. Only so rben t s  

wi th  par t ic le  s i z e  5 pm are used a s  column packing: a long 

wi th  the  des ign  which minimizes dead volumes and t h e  

i d e a l l y  smooth glass s u r f a c e l  they a l low high chromatographic 

e f f i c i e n c i e s  t o  be achieved.  The column dimensions have been 

chosen bear ing  i n  mind t h e  use of 5 u m  p a r t i c l e s ,  and are 

optimized f o r  l i m i t i n g  t h e  wa l l  e f f e c t s  according t o  ( ' I .  

The suggested s y s t e m  makes p o s s i b l e  a s i m p l e  j o in ing  

of the  columns i n  series aild t h e  use  of p r o t e c t i v e  precolumns. 

By us ing  t h e  cap nu t  ( 1  1 ) t he  i n s e r t  (1  2 )  (Fig.  1)  I a column 

of double l eng th  can be obta ined  from t h e  s tandard  s y s t e m  

us ing  an a d d i t i o n a l  j acke t  tube .  The use of a s h o r t  j a c k e t  

a l lows  a precolumn t o  be a t t ached .  Precolumns f o r  t h e  CGC 

s y s t e m  are 30  mm long. 

and 

EXPERIMENTAL PART 

The l i q u i d  chromatograph used cons i s t ed  of a syr inge-  

(Development t y p e ,  p o s i t i v e  displacement  pump VLD 30 ( 4 ' 5 )  
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488 SPACIK ET AL. 

Workshop of t h e  Czechoslovak Academy o f  S c i e n c e s ,  P rague )  , 
a home-made " s top - f  low" sample i n j e c t o r  ( 5 )  , d i f f e r e n t i a l  

r e f r a c t o m e t e r  R 4 0 1  (Waters A s s . ,  M i l f o r d ,  USA), and a 

p o t e n t i o m e t r i c  r e c o r d e r  (Servogor  2 2 0 ,  Goerz,  A u s t r i a ) .  

The columns w e r e  packed w i t h  s p Y e r i c a 1  s i l i c a  , ( 6 )  

( 7 )  s u r f a c e - m o d i f i e d  w i t h  c o v a l e n t l y  borjded o c t a d e c y l  groups 

(SEPARON S I X  C 18  , manufactured by Labora to ry  I n s t r u m e n t s  

Works, P r a g u e ) .  The a v e r a g e  s i z e  of s o r b e n t  p a r t i c l e s  w a s  

d =5prn .  An a c e t o n i t r i l e - w a t e r  m i x t u r e  w a s  t h e  mob i l e  phase 

( 8 : 2  v o l . ) ,  n - o c t y l  a l c o h o l  (OcOH)  and n - o c t y l  acetate  ( O c A c )  

i n j e c t e d  i n  a volume of 1 yl were used as  t h e  t e s t i n g  

compounds. 

P 

Two columns (deno ted  as  A and B )  w e r e  examined w i t h  

r e s p e c t  t o  t h e i r  e f f i c i e n c y  i n  t h e  r ange  of t h e  mobile  phase 

f l o w r a t e  0 . 1  - 1 . 2  ml/min, f i r s t  e a c h  column s e p a r a t e l y  

and t h a n  b o t h  columns combined i n  ser ies .  The f l o w r a t e  

w a s  f i r s t  g r a d u a l l y  i n c r e a s e d  from t h e  minimal t o  t h e  

maximal and t h e n  d e c r e a s e d  a g a i n .  I n  t h i s  manner, e a c h  

column w a s  t e s t e d  f i v e  t i m e s  ( t o  check t h e  s t a b i l i t y  

of t h e  pack ing  and t o  r e d u c e  t h e  e x p e r i m e n t a l  error) ;  t h e  

ave rage  from a l l  measurements w a s  t a k e n  f o r  f u r t h e r  t r e a t -  

ment.  A s i m i l a r  p rocedure  w a s  employed when b o t h  columns 

w e r e  connec ted  i n  ser ies .  The r e s u l t s  are summarized i n  

Tab le  I ,  t o g e t h e r  w i t h  t h e  measured v a l u e s  o f  t h e  c a p a c i t y  

f a c t o r  k -and  w i t h  t h e  c o r r e s p o n d i n g  v a l u e s  of p r e s s u r e  

d rop  OP a c r o s s  t h e  column o r  s y s t e m  o f  columns. The l i n e a r  

f l o w  v e l o c i t y  u w a s  c a l c u l a t e d  d i r e c t l y  from t h e  ch ro -  

matogram u s i n g  t h e  r e t e n t i o n  t i ne  o f  a n  u n r e t a i n e d  peak 
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TABLE I 
I 

P l a t e  number N ,  c a p a c i t y  f a c t o r  k ,  and p r e s s u r e  d r o p ,  AP, 

a t  d i f f e r e n t  volume f l o w r a t e s ,  V ,  and l i n e a r  v e l o c i t i e s ,  u 

V AP U O c  OH O c A c  
~~ -- 

ml/min MPa cm/min k' N k' N 

Column A 0 . 1  0 . 7 5  2 .01  1 . 3 6  8 0 5 0  2 . 8 2  8 4 0 0  

0 .2  1 . 5 0  3 .98  1.32 1 0 0 0 0  2 . 7 5  1 0 0 0 0  

0.4 3 .25  7 . 7 6  1 . 2 9  1 1 1 5 0  2 . 6 8  1 1 2 5 0  

0 .6  4 - 5 0  1 1 - 3 2  1 . 2 7  1 1 3 0 0  2 .66  1 1 1 0 0  

0 .8  6 . 2 5  1 5 . 0 0  1 . 2 8  1 0 1 0 0  2 .64  1 0 2 5 0  

1 .0  7 - 5 0  1 8 - 2 6  1 .26  9 2 0 0  2 .63  9 6 5 0  

1 .2  9 .25  23 .50  1 .27  8 3 5 0  2 . 6 3  8 9 0 0  
~ ~~ ~ 

Column B 0 .1  0 . 5 0  1 . 7 4  1 .35  8 7 0 0  2 . 8 1  8 8 0 0  

0 . 2  1 . 2 5  3.42 1 . 3 2  1 0 5 0 0  2 .74  1 0 5 0 0  

0 . 4  2.75 8 .11  1 .28  1 1 2 5 0  2 . 6 8  1 1 0 0 0  

0 . 6  4 .25  12 .62  1 .27  1 0 6 0 0  2 - 6 6  1 0 3 5 0  

0 . 8  5 . 5 0  16 .36  1 . 2 6  9 6 5 0  2 .64  9 7 5 0  

1 .0  6 . 5 0  1 9 . 3 5  1 .27  8 6 5 0  2 .64  91OG 

1 .2  7 . 7 5  22 .98  1 .26  8 0 0 0  2 .63  8 5 0 0  

Column A + B  0 . 1  1 .25  2 .00  1 .37  2 1 1 5 0  2 . 8 3  1 9 3 5 0  

i n  ser ies  0 .2  2 .75  4.22 1 .33  2 3 2 0 0  2.75 2 4 7 0 0  

0.4 5 . 5 0  7 . 9 6  1 . 3 0  2 5 1 5 0  2 .69  2 6 5 0 0  

0 . 6  8 . 2 5  12 .00  1 . 2 8  2 4 6 5 0  2 . 6 5  2 5 0 0 0  

0 .8  1 1 . 2 5  16 .36  1 . 2 6  2 1 8 0 0  2 .63  2 1 5 0 0  

1 . 0  1 3 - 7 5  20 .22  1 . 2 7  1 9 8 5 0  2 .63  1 9 5 0 0  

1 .2  1 6 . 0 0  23 .29  1 .27  1 8 6 5 0  2 .63  1 8 4 5 0  

and column l e n g t h .  The number o f  t h e o r e t i c a l  p l a t e s ,  N ,  

w a s  c a l c u l a t e d  from t h e  peak w i d t h  a t  h a l f  h e i g h t .  

RESULTS AND DLSCUSSION 

Tab le  I d e m o n s t r a t e s  t h e  good r e p r o d u c i b i l i t y  o f  t h e  

c a p a c i t y  f a c t o r  k-, a l t h o u g h  i t s  v a l u e s  s e e m  t o  i n c r e a s e  
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h 3> * t  

L 

h 

16 '* v 0 L 8 

Fig .2  Dependence of r educed  p l a t e  height,h, o n  r educed  
v e l o c i t y ,  v , for a) column A ,  b) column B ,  and c )  
columns A+B connec ted  i n  series 
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EFFICIENCY OF GLASS CGC COLUMNS 4Y 1 

somewhat a t  t h e  minimal l i n e a r  v e l o c i t i e s  of t h e  mobile 

phase. The observed p l a t e  numbers are r e l a t i v e l y  high,  

cons ider ing  t h a t  a column only 7 5 0  nun long packed wi th  an 

oc tadecyl  phase i s  involved;  t h e i r  dependence on t h e  flow 

rate  has  a f l a t  maximum near  u = 10 cm/min. 

It  is worth mentioning t h a t  t h e  sum of p l a t e  numbers 

of columns A and B is lower by 2-3 thousands on t h e  average 

than  t h a t  d i r e c t l y  measured wi th  both columns i n  series. 

This  sugges ts  t h a t  t h e  mode of d i r e c t l y  connect ing t h e  

columns obviously does not  i m p a i r  e s s e n t i a l l y  the  e f f i c i e n c y  

of t h e  whole s y s t e m .  It  should be borne i n  mind, however, 

t h a t  wi th  two columns connected i n  series,  t h e  extracolumn 

spreading i n  t h e  r e f r ac tomete r  c e l l  i s  ope ra t ive  only once,  

while  i n  t h e  case of t h e  i n d i v i d u a l  columns A and B t h i s  

nega t ive  e f f e c t  i s  inc luded  t w i c e  i n  t h e  sum of t h e  p l a t e  

numbers. 

The experimental  va lues  w e r e  f u r t h e r  eva lua ted  i n  t e r m s  

of reduced q u a n t i t i e s ;  t h e  r equ i r ed  d i f f u s i o n  c o e f f i c i e n t s  

of t h e  sepa ra t ed  compounds i n  t h e  mobile phase,  Dm, w e r e  

e s t ima ted  from t h e  approximative Wilke-Chang formula ( 8 )  . The 

reduced p l a t e  he igh t  h = H / d  (where H is t h e  a c t u a l  p l a t e  
P 

he igh t  and d is  t h e  p a r t i c l e  d iameter )  p l o t t e d  a g a i n s t  t h e  

reduced v e l o c i t y  v = u - d  /D f o r  t h e  i n d i v i d u a l  columns (A,B) 

and f o r  t h e i r  combination i n  ser ies  (A+B)  i n  Fig.2.  The 

curves  show a minimum of about  h 2.5 a t  V 5; t h i s  

i s  

P 

~m 

comparatively low va lue  of t h e  reduced p l a t e  he igh t  

i n d i c a t e s  a good q u a l i t y  of t h e  so rben t  packing and i t s  narrow 

p a r t i c l e  s i z e  d i s t r i b u t i o n .  
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CONCLUSION 

SPACEK ET AL. 

The results of this study show that columns of the CGC 

system can be used in high-performance liquid chromatography 

within a broad range of flow rates. The column efficiency 

(with Separon S I X  C 1 8  used as sorbent) does not depend to 

any considerable degree on the retention of the compound 

in the column. By connecting two CGC columns directly in 

series the obtained plate number is virtually doubled. 
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