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JOURNAL OF LIQUID CHROMATOGRAPHY, 4 ( S ~ p p l .  Z), 359-398 (1981) 

PREPARATIVE LIQL'ID CHROMATOGRAPHY. 11. 
APPROACHES OM NON-CONPRESSED BTDS . 

Donald E .  N e t t l e t o n ,  J r .  
Dept. of Medicinal Chemistry 

B r i s t o l  Labora tor ies  
P . 0 .  Box 657 

Syracuse,  N.Y. 13201 

A ,  IiURODUCTION 

P a r t  I of  t h i s  review covered p r e p a r a t i v e  LC on mechanically 

compressed beds (1). 
s i d e r a t i o n  of o t h e r  systems. Much of t h e  theory and mechanics of 

t h i s  valuable  t o o l  were d iscussed  i n  t h e  first Dart, but some ad-  

d i t i o n a l  thoughts  w i l l  be presented  here .  

T h i s  p a r t  w i l l  conclude t h e  review with con- 

I n  cons ider ing  p r e p a r a t i v e  LC on mechanically compressed beds 

t h e r e  a r e  no problems i n  dec id ing  what should be included.  

systems used have unique f e a t u r e s  and a r e  c l e a r l y  products  of mo- 
dern chromatographic technology. However, such is not t h e  case 
when one comes t o  other  t y p e s  of prepaxat ive  LC, 
v i a t e d  name makes no d i s t i n c t i o n s  s i n c e  p r e p a r a t i v e  l i q u i d  chroma- 

tography has been p r a c t i s e d  s i n c e  t h e  days of Michael Tswett .  

The 

Even t h e  abbre-  

Actual ly  t h i s  term, where LC is  understood t o  mean HPLC, is  

of  modern d e r i v a t i o n  and,  by usage, Impl ies  t h e  i n c o r p o r a t i o n  of 
c e r t a i n  of t h e  l a t t e r ' s  a n a l y t i c a l  s t r e n g t h s  i n t o  t h e  p r e p a r a t i v e  

mode. Without going i n t o  t h e  many p o s s i b l e  c o n d i t i o n s  o r  s e n t i -  

ments €or which t h e  l e t t e r  ' P '  may s t a n d ,  t h i s  does al low one t o  

s e t  c e r t a i n  l i m i t a t i o n s  f o r  t h e  s u b j e c t  at  hand. I recognize t h a t  

359 

Copyright 0 I98 I by Marcel Dekkcr, Ins. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



360 NETTLETON 

my choice of t h e s e  limits nay not e n t i r e l y  agree with what o t h e r s  

p e r c e i y e ,  but 1 do hope t h a t  t h e  r eade r  would agree on t he  c o l ~ n n  

and its c o n t e n t s  a.s t h e  key f e a t u r e .  

The colum:: is where t h e  g r e a t  e f f l c i e n c y  of m d e r n  WL2 is 

r e a l i z e d .  One can plumb any o r  a l l  of t h e ' e x t e r n a l  L2 f e a t u r e s  

i n t o  t h e  most a n c i e n t  of glass cglumns, sometimes with g r e a t  

e f f e c t ,  but t h e  s e p a r a t i o n  i t s e l f  w i l l  proceed no d i f f e r e r , t l : ~ .  

The e x t e r n a l  f e a t u r e s  supply t h e  needs of t h e  coiurnn and mGni to r  

its ou tpu t ,  but  i t  must do t h e  work. Accordingly t h e  scope o f  

t h i s  review w i l l  be l i m i t e d  t o  systems where t h e  col,m,ns have,  

a t  l e a s t  t o  a l a r g e  e x t e n t ,  t h e  f e a t u r e s  o r i g i c a i l y  d e s i q m d  for 
a n a l y t i c a l  hPLC. Some b o r d e r l i n e  examples a r e  i cc lnded  'secause 

of unusual o r  i n t e r e s t i n g  f e a t u r e s ,  

There a r e  e s s e n t i a l l y  two k i n a s  c f  p r e p a r a t i v e  LC. On? i n - .  

volves  t h e  p repa ra t ion  of q u a n t i t i e s  of m a t e r i a i  f o r  some use ark 

i s ,  t h e r e f o r e ,  product o r i e n t e d .  The o t h e r  i s  i n v e s t i g a t i v e  i n  

n a t u r e ,  u s u a l l y  on a much sma l l e r  s c a l e ,  ar,d ded ica t ed  t o  some 

s o r t  o f  i n fo rma t iona l  purpose such as p rov id ing  an a n a l y t i c a l  

r e f e r e n c e  s t anda rd  o r  structural  s t u d i e s .  Gene ra l ly  t h e  prodilct 

o r i e n t e d  e f f o r t s ,  with p o t e n t i a l  needs of hundreds o f  grams and 

u s i n g  p rocesses  which may be run f o r  y e a r s ,  have been c a r r i e d  olit 

on compressed hcd systems with g r e a t e r  c a p a c i t i e s .  New technolo-  

gies may soon change t h i s  as l a r g e r ,  non compressed systems a r e  

now appearing.  On t h e  o t h e r  hand t h e  sma l l e r  s c a l e  work has  i n -  

volved a g r e a t e r  v a r i e t y  o f  systems wnich may i n f l u e n c e  coinpres- 

s ed  bed systems provided c o s t  f a c t o r s  can be m i t i g a t e d .  

Seve ra l  e x c e l l e n t  reviews and one bGok chap te r  on p r e p a r a t i v e  

Lc chould be noted. A s  c i t e d  i n  Tart I ,  t h e  1075 two-part revFew 

by DeStephano and K i r k l a n d  ( 2 )  is s t i l l  t i m e l y ,  and no chronato-  

grapher should he without t h e  second e d i t i o n  of  Snyder and K i r k  

land!?, f i n e  t r e a t i s e  on WLC ( 3 )  which inc ludes  a chap te r  on p e p a  

r a t i v e  a p p l i c a t i o n s  (pp. 615 - 661).  
(1980) i s s u e s  of The Journa l  

I n  t h e  September and 9c toSer  

ihramatograDhic Sc ience  a s e r i e s  
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PREPARATIVE L I Q U I D  CHROMATOGRAPHY. I1 36i 

of reviews appeared covering many a s p e c t s  of HPLC. 

LC is  d e a l t  with in' one by Verzele and Geeraer t  (4) .  Two o t h e r s  

by ,  r e s p e c t i v e l y ,  Rabel (5) and Majors (6) d e a l  with columns and 

packings and have much a p p l i c a t i o n  t o  p r e p a r a t i v e  work. 
by Henry and Smith (7) d e a l s  s p e c i f i c a l l y  wi th  t h e  small s c a l e  

and t r a c e  c o l l e c t i o n  a s p e c t s  of p r e p a r a t i v e  LC. 

P r e p a r a t i v e  

A review 

My purpose i n  both p a r t s  of t h i s  review has beer, t o  provide 

t h e  reader with a r eady  r e f e r e n c e  t o  t h e  s u b j e c t  from a chemical 

po in t  of  view. While t r y i n g  t o  p re sen t  a comprehensive overview 

of t he  t h i n g s  one can do with i t ,  I have a t t empted  t o  avo id  re- 

hashing material a l r e a d y  adequa te ly  covered i n  o t h e r  reviews.  

Some r e p e t i t i o n  is unavoidable.  

t h i s  review t o  c o n s t i t u t e  a s i n g l e  e n t i t y ,  t h e r e  w i l l  be a number 

of  r e f e r e n c e s  t o  P a r t  I i n  t h e  fo l lowing  t e x t .  

S ince  I cons ide r  bo th  parts of  

9. EQUIPMENT & MATERIALS 

The order  of p r e s e n t a t i o n  i n  t h i s  s e c t i o n  mainly fo l lows  t h e  

sequence of components i n  a Lc system w i t h  one except ion.  The 

column and its c o n t e n t s ,  i n  l i g h t  of i ts key r o l e ,  i s  considered 

f irst .  

1. Columns and Column Packings.  

V i r t u a l l y  a l l  p r e p a r a t i v e  and semi-preparat ive LC columns 

are made of s t a i n l e s s  s t e e l .  Occas iona l ly ,  i n  somewhat border-  

l i n e  systems,  glass i s  used, bu t  t h i s  material a t  b e s t  can sus -  

t a i n  150 p s i .  

co r ros ion  resistant.  
p a r t i c u l a r l y  I n  a c i d  media. 

s u b s t i t u t e  i o n  can u s u a l l y  be found. 

S t a i n l e s s  s t e e l  has  t h e  necessa ry  s t r e n g t h  and is 

I t  does p i t  i n  t h e  presence of  h a l i d e  i o n s ,  

T h i s  is r a r e l y  a problem s i n c e  a 

E a r l y  p r e p a r a t i v e  columns were g e n e r a l l y  s c a l e d  up from 

a n a l y t i c a l  columns. 

of t h e  l a t te r  f o r  what today would be c a l l e d  semi-preparat ive LC. 
The master ing of overload t echn iques  has allowed t h e  i s o l a t i o n  of  
milligram q u a n t i t i e s  on a n a l y t i c a l  systems, For l a r g e r  l o a d s  

I n  f a c t  t h e  e a r l i e s t  work involved t h e  use 
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362 NETTLETON 

wider diameter  columns soon found p o p u l a r i t y  as l a r g e r  s i z e  

packings (20  - 40 E l m )  were developed. 

used without excess ive  back p r e s s u r e s  and proved l e s s  expensive 

t o  produce. 

packed by hand and still d e l i v e r  t h e  d e s i r e d  e f f i c i e n c i e s .  

These packings could be 

Also t h o s e  wi th  p a r t i c l e  s i z e s  2 3 0  pm could be d r y  

For some y e a r s  t h e  use of sma l l e r  p a r t i c l e s  i n  p r e p a r a t i v s  

LC had been considered i m p r a c t i c a l ,  no t  j u s t  from c o n s i d e r a t i o n s  

of  c o s t  but a l s o  because of t h e  e x c e s s i v e l y  high back p r e s s u r e s  

a n t i c i p a t e d ,  However, f o r  some t ime chromatographers had known 

t h a t  t h e  more uniform a p a r t i c l e  s i z e  could be made t h e  b e t t e r  

t h e  flow characterist ics would be through i t .  
in t roduced  its Magnum 9 s e r i e s  of prepacked s t a i n l e s s  s t e e l  

columns ( 2 5  or  50 cm x 9 mm I D )  c o n t a i n i n g  i t s  microporous P a r t i -  

sil 10 (10 pm) series o f  a n a l y t i c a l  packings.  These columns xe re  

found t o  ope ra t e  with high e f f i c i e n c i e s  a t  remarkably low p e s -  

s u r e s ,  p r o p e r t i e s  a t t r i b u t a b l e  t o  t h e  very narrow range of  p a r t i -  

c l e  s ize .  Soon a f t e r  t h e  Magnum 20 l i n e  appeared f e a t u r i n g  

columns of t h e  same l e n g t h s  with 2 cm I D .  

I n  1976-7 Wnatzan 

Last March a t  t h e  P i t t s b u r g h  Conference t h e  Magnum 40 l i n e  

was introduced.  These columns, 50 cm x 4.8 mm I D ,  are supp l i ed  

wi th  very narrowly s i z e d  40 pm packings which t h e  user  packs 

by hand. 

need be purchased a f t e rwards .  

m a t e r i a l  and can be used at p res su res  up t o  2000 p s i ,  

Thus once a column i s  acqu i red  o n l y  replacement packings 

Each column ho lds  about 650 g of  

Although i t  has  t aken  a while many o t h e r  companies have cone 

o u t  with columns equ iva len t  t o  t h e  Nagnum 9 s e r i e s  f i l l e d  with 

t h e i r  own packings.  

The d e l a y w a  probably due t o  t h e  time requ i r ed  t o  develop t h e  

narrowly s i z e d  p a r t i c l e s  r e q u i r e d  f o r  t h e s e .  I n  t h e  p a s t  t h e  

p a r t i c l e  sizes given by many s u p p l i e r s  f o r  t h e i r  packings have 

a c t u a l l y  been average sizes f o r  a f a i r l y  broad range. 

t i c l e  s i z e  r anges  are not u s u a l l y  g iven ,  anyone packing h i s  cwn 

p r e p a r a t i v e  columns i n  house with a n a l y t i c a l  packings shou ld  ksep 

A few l a r g e r  columns have appeared as w a l l .  

S ince  pa r -  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 363 

t h i s  p o i n t  i n  mind. 

con tac t  t h e  manufac tu re r ' s  r e p r e s e n t a t i v e .  

If t h e r e  i s  any doub t ,  it would be b e s t  t o  

The ques t ion  of  whether o r  not  t o  pack o n e ' s  own colilmns 

m u s t  occur t o  many chromatographers a t  some time o r  o t h e r .  

once t h e  i n i t i a l  o u t l a y  f o r  equipment has  been made, c e r t a i n l y  

l e s s  expensive.  
spen t  running chromatograms and ,  by and l a r g e ,  t h e  commercially 

produced columns t e n d  t o  have higher  e f f i c i e n c i e s  and be more 

uniform. 

Verzele  and Geeraer t  (4) o f f e r  some u s e f u l  t i p s ,  p a r t i c u l a r l y  

concerning t h e  lower limits of p a r t i c l e  s i z e  f o r  d r y  packing. 

Some 20 pm packings ( s p e c i f i c a l l y  c e r t a i n  s p h e r i c a l  ones) a r e  

amenable t o  such use.  "Weighting" or  "wet t ing" with s o l v e n t s  

improves t h e  p rocess  and even a l lows  t h e  d r y  packing of  smaller 

p a r t i c l e s .  C i t e d  as an example is  10 m s i l i c a  wet ted with 

d i e t h y l  e t h e r .  

I t  i s ,  

However, F t  does t a k e  up time which cou ld  be 

For t h o s e  who do choose t o  pack t h e i r  own columns, 

DuPont, one o f  t h e  f irst  t o  fo l low t h e  Whatman l e a d ,  o f f e r s  

similar columns, t h e  largat one having a 21.2 mm I D .  
from i ts  German d i v i s i o n  (8) d e s c r i b e s  t h e  p r o p e r t i e s  and use of 
25 cm X 25 mn columns c o n t a i n i n g  7 pm and 10 ym packings ( s i l i ca  
and o c t a d e c y l s i l y l  bonded s i l i c a ) .  Majors '  review (6)  and S n y d s  

and K i r k l a n d ' s  book ( 3 )  both have p a r t i c u l a r l y  e x t e n s i v e  l i s t i n g s  

of a v a i l a b l e  column packings and t h e i r  s u p p l i e r s .  

A paper 

P i r k l e  (9) h a s  made some i n t e r e s t i n g  comments on commerci- 

a l l y  a v a i l a b l e  columns: 

high e f f i c i e n c i e s  (up  t o  40,000 t h e o r e t i c a l  p l a t e s /me te r )  , bu t  

r a r e l y  achieve t h e  same i n  a c t u a l  usage. However, t h e s e  e f f i -  

c i e n c i e s  a r e  g e n e r a l l y  measured with r a t h e r  i d e a l  systems,  espe- 

c i a l l y  i n  t h e  case of  s i l i ca  where p l a t e s  a r e  measured i n  anhy- 

drous systems whi l e  many s e p a r a t i o n s  are run i n  systems c o n t a i n i n g  

a l c o h o l s ,  water o r  o t h e r  even more p o l a r  m o d i f i e r s ,  a l l  of  which 

g r e a t l y  a l t e r  t h e  surface c h a r a c t e r i s t i c s ,  I n  t h e  l o n g  run t h e  

on ly  e f f i c i e n c y  needed is that which w i l l  effect  t h e  sepa ra t ion .  

He n o t e s  t h a t  t h e s e  may e x h i b i t  very 
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364 NETTLETON 

, ,  Cer ta in  of t he  p e v i o u s  c i t a t i o n s  ( 2 ,  +, 9)  dis:zss racking 

techniques and concepts .  Two Gerxar, x d h o r c  ?.ave desc r i - ed  ir. 

d e t a i l - a  p r e p a r a t i v e  LC sys ten  ~ti . ! . izLcg co iusns  :in t~ 5 C  27. Lr. 

l e n g t h  with 20 - 50 mrr, ID'S (10) .  

N . Y . )  o f f e r s  a r e l a t i v e l y  a f fo rda .dE  modular packLng s;:st?~. i; 

a S t a n s t e d  pump. One can s u s b s t i t u t e  a I iaskel l  p a ?  'xt m s t  

purchase t h i s  e lsewhere.  A brochtire fr2m tk.2 conoar.y (11; t e s -  

c r i b e s  the  system and o f f e r s  what  I cons ide r  t o  Se t h e  c l e a r e s t  

and most complete d e s c r i p t i o n  of a packing Trocedure y e t  5 0  a?- 
pear  i n  p r i n t .  

Phase S e p r z t l c n s  'Kau;?auge, 

Some mention might be made here  of Fackings aeslgned f'sr ;;31 
permeation chromatography (GPC), sometimes c a l l e d  s i z e  e x c l ~ ~ i ~ ~ .  

The i r  use i n  t h e  p a s t  has  been l a r g e l y  a n a l y t i c a l  o r  semi-Treca- 

r a t i v e ,  but  fully p r e p a r a t i v e  needs a r e  i n c r e a s i n g  ir. t h i s  area. 

Zany of  t h e  a n a l y t i c a l  GFC suppor t s  a r e  s o f t e r  t han  xos t  Eackizg: 

acd less  t o l e r a n t  of higher  pressi i res  and flow r a c e s .  The  ~ 1 2 c z c -  

porous packings have showri sizs exc lus ion  F r o p e r t i a s  and scP.e 

s i l i c a  based GTC suppor t s  have been developed,  bat  t h e s e  do r.ot 

seem t o  have g r e a t  c a p a c i t y .  There i s  a l s o  t h e  ?roblex i n  mr- 
king with s i z e  exclusion systems +,h;%t it t a k e s  lor.ger t o  :stab- 

l i s h  reasonable  equ i l ib r ium a t  each s t a g e  due t o  tk,e r.echir,ics 

o f  l a r g e r  molecules moving i n  and o i t  o f  pores  where they  can 5s 

accomcdated. Th i s  c r e a t e s  a need fsr  s:ow flow r a t e s  i f  any e f -  

f i c i e n c y  is t o  be at,taip.ed. LKB has  r e c e n t l y  introduced a G?: 
system u t i l i z i n g  what t hey  r e f e r  t o  as an c r g a n i c - i n c r s s c i s  tax- 

pos t ion  i n  s p h e r i c a l  n i c r o p a r t i c l e s  (1C * 2 pm o r  13 1 3 pr. )  and 

of a r i g i d  nature. 

o r  60 cm X 7 .5  mm I D ,  x i t h  a t o p  load of 10 ng. 

t o  maintain e f f i c i e n c y  flow r a t e s  must be kept  a t  or Selc:; 

50 p l / m i n ,  hence t h e  p r e p a r a t i v e  c a p a b i l i t i e s  o f  tl-,is 3y3:ern 

s e v e r l y  l i m i t e d .  A r e c e n t  book has  keen published cn G'ic an5, 

while p r i m a r i l y  concerned with a n a l y t i c a l  a ? p l i c a t f o n s ,  ' i oes  5.a.J- 

something t o  o f f e r  t h e  i n v e s t i g a t o r  w i t h  p r e p a r a t i v e  needs ( 1 2 ) .  

The columns a r e  s t e e l  (Zlue C o h m r s )  , 30 cm 

Ur.fsrt ,xatel: : ,  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 365 

The Sephadex gels ,  produced by Pharmacia, I n c .  and l o n g  used 

i n  low p r e s s u r e  GPC,  have never been s u i t a b l e  f o r  W E .  . However, 

a r e c e n t  paper (13) d e s c r i b e s  t h e  use of Sephascrb HP U l t r a f i n e  

i n  g l a s s  columns t o  i s o l a t e  3 ,8-dihydroxy-2-methylchromone, a 
degradat ion product of D-xylose. I n  a 3:2 wate r : e thano l  system 

t h e  s e p a r a t i o n  appears  t o  have proceeded by a romat i c  a f f i n i t y  

and/or hydrophobic e f f e c t s .  Use of t h i s  m a t e r i a l  is  l i m i t e d  t o  

low molecular weight compounds, t h e  upper exc lus ion  l i m i t  being 
500 d a l t o n s .  It  can be used i n  a wid.e v a r i e t y  of  s o l v e n t s ,  how- 

e v e r ,  and is amenable t o  g r a d i e n t  systems. 

Carbon black has l ong  been used as a s t r o n g  adsorbent  but 

u s u a l l y  only f o r  batch p rocesses  s i n c e  i ts  column c h a r a c t e r i s t i c s  

have proven d i s t i n c t l y  unappealing. 

c e s s  i n  gas chromatography have prompted some e f f o r t s  t o  overcome 

t h e  problems. One approach has  been t o  p y r o l i z e  benzene and form 

a modified carbon black wi th  a pyrocarbon s u r f a c e ,  Another t r i e d  

t o  c o a t  s i l i c a  with py-rocarbon, but  t h e  hea t  (-9OOO C )  involved 

tended t o  a l t e r  t h e  packing s u r f a c e  with adverse e f f e c t s .  

cal approaches have been more promising in ach iev ing  t h e  l a t t e r  

goal, bu t  as y e t  t h e  only commercially a v a i l a b l e  packing,  Sphero- 
sil XOB 75 from Rhone-Poulenc, has not  been a v a i l a b l e  i n  f i n e  

particles. 
carbon black HPLC appeared two yea r s  ago i n  a t r a d e  p u b l i c a t i o n  

(14). 
e f f o r t  f o r  t h o s e  i n t e r e s t e d  i n  t h e  s u b j e c t .  

Its p o t e n t i a l  and i ts  suc-  

Chemi- 

An e x c e l l e n t  r ev iew,o f  t h e  h i s t o r y  and s t a t u s  of  

T h i s  may be d i f f i c u l t  t o  f i n d  now, but it i s  worth t h e  

Very r e c e n t l y  a group of  I ta l ian i n v e s t i g a t o r s  r e p o r t e d  on 
t h e  mod i f i ca t ion  and f r a c t i o n a t i o n  of  a commercially a v a i l a b l e  

g r a p h i t i z e d  carbon b l ack ,  Carbopack B ,  80 - 100 mesh, from Supel-  

co (15).  T h i s  support  was d r y  packed in g l a s s  columns and e v a l u -  
a t e d  f o r  a v a r i e t y  of s e p a r a t i o n s ,  No p r e p a r a t i v e  work was done,  

but  t h e  p o t e n t i a l  is  o f  i n t e r e s t .  

The porous bu t  r i g i d  macro re t i cu la r  s tyrene-divinylbenzene 

copolymer r e s i n s  show chromatographic p r o p e t i e s  analagous t o  
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366 NETTLETON 

a l k y l  bonded r e v e r s e  phase packings.  The o r i g i n  o f  t h e s e  mate- 

r ials goes back some years  when' s c i e n t i s t s  a t  Rohm & Haas noted 

t h a t  non-ionic s p e c i e s ,  p a r t i c u l a r l y  a r o m a t i c s ,  were adso rb ing  

onto some of its ion-exchange r e s i n s  from aqueous systems,  Recog- 

n i z i n g  t h e  hydrophobic e f f e c t ,  t hey  developed a s e r i e s  of  Amber- 

l i t e  XAD r e s i n s  i n  which t h e  lower numbered members (I, 2 and 4) 
were simply t h e  r e s i n  matr ix  n i t h  no f u n c t i o n a l  groups.  O r i g i -  

n a l l y  t h e  r e s i n s  were used t o  c o n c e n t r a t e  o rgan ic  i m p u r i t i e s  from 

water and proved very u s e f u l  i n  p o l l u t a n t  a n a l y s i s ,  Nore r e c m t -  

ly t hey  have proven ve ry  a t t r a c t i v e  as HPLC s u p p o r t s ,  parti- : : .  

l a r l y  f o r  t h e i r  s t a b i l i t y  a t  higher  pH ranges.  

announced PRP-1 column from Rainan Instrument Co. c o n t a i n s  j u s t  

such a packing. Today t h e  on ly  f i n e  p a r t i c l e  materials of  t h i s  

t ype  a v a i l a b l e  i n  o t h e r  than i n  a ?repacked form appear  t o  te 
from Japanese sou rces .  Table  1 l is ts  t h o s e  a v a i l a b l e ,  

The r e c e n t l y  

There are s e v e r a l  drawbacks t o  t n e  r e s i n s  of t h i s  c lass ,  

When new t h e y  t e n d  t o  bleed o f f  p l a s t i c i z e r s  i n  o rgan ic  s o l v e n t s  

and r e q u i r e  ex tens ive  p re t r ea tmen t  i f  t h e  manufacturer has  n o t  

a l r e a d y  provided t h i s .  Also  some compounds have a tendency t o  

d i sappea r  onto t h e  support  and not  e l u t e .  Some f e e l  t h i s  is due 

t o  a l a y e r i n g  e f f e c t  where o t h e r  compounds a d s c r b  on t o p  of t h e  

first adsorbed subs t ances .  The t o p  l a y e r s  nay e l u t e ,  bu t  it 
seems d i f f i c u l t  t o  g e t  down t o  t h e  buried one, 

TABLE 1 

Ris;id and Porous Styrene-Divinylbenzene Copolymer HPLC Packings 

Amberli te XAD r e s i n s  100-200 mesh Rohm & Haas, P h i l a . ,  Pa.,US.4 

Diaion CW-3C 10 pm Mitsub i sh i  Chem., Tokyo 

Hi t ach i  gel  3010 25 pm S i t a c h i ,  Tokyo 

H i t a c h l  g e l  3011 10 p m  H i t a c h i ,  Tokyo 

J a s c o  Kp-01 10 p m  Japan Spec t roscop ic .  
.- 
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P i r k l e  has done a g r e a t  d e a l  of work with c h i r a l  s t a t i o n a r y  

phases and r e c e n t l y  has  r e p o r t e d  on t h e  s y n t h e s i s  and use of 

s e v e r a l  of  t h e s e  (16, 17). 

of a c h i r a l  r ecogn i t ion  r a t i o n a l e  based on t h e  obse rva t ion  t h a t  a 
minimum of  three r e f e r e n c e  p o i n t s  a r e  needed t o  d i s t i n g u i s h  t h e  

handedness of any c h i r a l  system, 

c h i r a l  s t a t i o n a r y  phase m u s t  undergo at  least  t h e e  s imultaneous 

i n t e r a c t i o n s  with a p r e f e r e n t i a l l y  r e t a i n e d  enantiomer.  

NMFi data they  then proceeded t o  des ign  chiral bonded phases  f o r  

s p e c i f i c  enantiomer s e p a r a t i o n s .  

The paper d e s c r i b e s  t h e  developement 
4 

The a u t h o r s  conclude t h a t  a 

Using 

2 .  Solvent  Del ivery and Sample I n j e c t i o n  Systems, 

For  non-compressed beds,  most p r e p a r a t i v e  LC systems have 

been a b l e  t o  u t i l i z e  t h e  same pumps and i n j e c t o r s  used f o r  ana ly -  

t i c a l  systems. 

i n j e c t i o n  l i m i t s  of 2 ml ( i n  some c a s e s  5 m l )  have been s u f f i -  

c i e n t .  Now, however, with 2 i n c h  diameter  columns ho ld ing  over  

ha l f  a kilogram of s i l i c a  one approaches t h e  p r o p o r t i o c s  of  t h e  

compressed bed systems which can r e q u i r e  l i t e r a l l y  t o r r e n t s  of 

s o l v e n t  a t  flow r a t e s  up t o  500 ml/min. 

General ly  maximum flow r a t e s  of 10 ml/min and 

Pumping systems t o  handle t h i s  demand are appearing.  DuPont 

r e c e n t l y  introduced its 88GG s e r i e s  p r e p a r a t i v e  pump wi th  a maxi- 
mal f low c a p a b i l i t y  of 40 ml/min and p r e s s u r e  limits of 2900 p s i .  

Glenco’s  Model WLPS systems a r e  r a t e d  t o  5000 p s i  and can d e l i -  

ver 0 . 2 5  - 15 ml/min, a l though t h e  exac t  range depends on t h e  

p a r t i c u l a r  pump one purchases.  

f eed  i t s  new Magnum 40 columns. 

t h e  WLC market one can expect more advances i n  t h i s  a r e a .  

Whatman is  deve1opir.g means t o  
Given t h e  competi t ive n a t u r e  of 

Meanwhile many chromatographers have been a b l e  t o  make cIse 

of pumps not  s p e c i f i c a l l y  designed f o r  HPLC such as me te r ing  o r  

s i n g l e  p i s t o n  u n i t s ,  I n  p r e p a r a t i v e  work t h e  needs are not  as 

c r i t i c a l ,  base l i n e  f l u c t u a t i o n s  and o t h e r  agg-revations t o  t h e  

a n a l y t i c a l  chromatographer t e n d i n g  t o  become l o s t  o r  swamped a t  
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368 NETTLETON 

t h e  higher  a r t e n u a t i o n s  used. 

q u a n t i t a t i o n  one can put  up with a ccns ide rab lg  messier  s i t u a t i o n .  

P i r k l e  (9) o f f e r s  some comments on high f low pumps with regar5 t o  

t h e i r  a v a i l a b i l i t y  and a d a p t a b i l i t y  t o  p r e p a r a t i v e  LC, 

I n  any case, with no need f o r  

Sample i n j e c t i o n  systems may p r e s e n t  more of a problem, 

e s p e c i a l l y  with r ega rd  t o  t h e  larger columns. 

diameter columns, loops of 2 ml ( i n  Some c a s e s  5 ml) have u s u a l l y  

been adequate t o  l o a d  a sample,  One might consider  b u i l d i n g  l a r -  

ger  l oops  which i s  p o s s i b l e  wi th  most i n j e c t o r s ,  but  t h i s  woulc! 

not so lve  t h e  problem of  t h e  o v e r a l l  system which w i l l  r equ i r ;  

mod i f i ca t ion  i n  a l l  modules, 

p r e p a r a t i v e  system and more i n  t h i s  l i n e  can be expected.  

Even u i t h  1 cm 

DuPont has designed an i n t e g r a t e d  

3 .  Solven t s  and Solvent  Cons ide ra t ionn .  

Except w i th  compressed beds,  most p r e p a r a t i v e  LC today is 

still  run on a n a l y t i c a l  systems.  Accgrdingly,  chromatographers 
t e n d  t o  use t h e  same HPLC s o l v e n t s  f o r  t h i s  work t h a t  t h e y  ase 

f o r  a n a l y t i c a l  e f f o r t s .  

more and more i n  p r e p a r a t i v e  columns t h i s  has  some r a t i o n a l e .  

However, one should keep i n  mind t h a t  HPLC g rades  of s o l v e n t s  

are developed more with a n a l y t i c a l  uses i n  mind. The re fo re  t h e  

presence of non-UV adso rb ing  r e s l d u e s  may no t  seem as important  

t o  a manufacturer as adso rb ing  v o l a t i l e s .  Given t h e  compe t i t i on  

today i n  t h e  s o l v e n t  market,  all i m p u r i t i e s  a r e  assuming g r e a t e r  

importance.  Most HPLC s o l v e n t s  now g ive  r e s i d u e  con ten t  i n  t h e i r  
specs ,  and one can hope t h a t  t h i s  w i l l  become t h e  p u r e s t  s o l v e n t  

grade of a l l .  

S ince  analytical packings are appea r ing  

Rabe l ’ s  review on columns (5) o f f e r s  a weal th  of  information 

concerning s o l v e n t s ,  E t h e r s  are d i scussed  a t  some l e n g t h ,  espe-  

c i a l l y  with r ega rd  t o  t h e  problems o f  f l ammabi l i t y  and peroxide 
formation.  Despi te  having u s e f u l  p o l a r i t i e s  and o t h e r  s o l v e n t  

p r o p e r t i e s ,  most a l k y l  e t h e r s  are s implytco dangerous t o  use  f o r  
p r e p a r a t i v e  LC purposes.  Burdick and Jackson o f f e r  methyl k r t -  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 3 69 

buty l  e t h e r ,  an e t h e r  which does not accumulate peroxides  due t o  

t h e  immediate breakdown of  t h e s e  as they  form. Presumably t h i s  

occurs through some f r e e  r a d i c a l  d i s s o c i a t i o n  of t h e  m - b u t y l  

group, This  so lvent  is v o l a t i l e  and,  d e s p i t e  a mildly unpleasant  

odor,  q u i t e  usefu l  i n  i t s  so lvent  p r o p e r t i e s .  

Rabel a l s o  makes t h e  p o i n t  that chloroform u s u a l l y  c o n t a i n s  

e thanol  ( g e n e r a l l y  one percent )  as an i n h i b i t o r  a g a i n s t  phosgene 

accumulation, a s i t u a t i o n  which he notes  some ckrornatographers 

f o r g e t  t o  t a k e  i n t o  cons idera t ion .  The a l c o h o l  can be removed 

but t h e  processes  t a k e  t ime and e f f o r t ,  

o f f e r s  HPLC grade chloroform conta in ing  a v o l a t i l e  o l e f i n  as i n -  

h i b i t o r .  

v e n t ' s  c u t  o f f .  If one switches t o  t h i s  product ,  however, t l ie 
l a c k  of a lcohol  should be kept  i n  mirid v h i l a  des igning  systems. 

One manufacturer (MCB) 

This  a d d i t i v e  is t r a n s p a r e n t  t o  U V  l i g h t  aSove t h e  sol- 

4. Detec tors .  

Probably t h e  biggest  problem a r e a  i n  p r e p a r a t i v e  L C ,  i n c l u -  

d ing  compressed bed systems,  has concerned d e t e c t o r s .  Even a t  

t h e  t o p  a t t e n u a t i o n s  most a n a l y t i c a l  UV d e t e c t o r s  black out  with 

any kind of load ,  

enough adsorp t ion  between peaks t h a t  they can not be d i f f e r e n -  

t i a t e d  on t h e  recorder  t r a c e ,  @ff-peak s e t t i n g s  with v a r i a b l e  

wave l e n g t h  d e t e c t o r s  sometimes h e l p s ,  bu t  o t h e r  components with 

d i f f e r e n t  s p e c t r a l  p r o p e r t i e s  may then  produce some very pecu- 

l iar  and misleading r e s u l t s .  R e f r a c t i v e  index d e t e c t o r s  may be 

somewhat l e s s  s e n s i t i v e ,  but - 4 t h  l a r g e  loads  t h e y  can st i l l  

black out  and t h e y  a l s o  may not d i f f e r e n t i a t e  peaks as well .  

They can not  be used with g r a d i e n t s .  

Even with e x c e l l e n t  s e p a r a t i o n s  t h e r e  may be 

There a r e  UV d e t e c t o r s  s p e c i f i c a l l y  designed f o r  p r e p a r a t i v e  

DuPont's 8800 s e r i e s  inc ludes  a v a r i a b l e  wave l e n g t h  (195 - LC. 
350 nm) u n i t  with e a s i l y  exchanged 10 mm and 1 mm p a t h  l e n g t h s .  

As noted i n  P a r t  I of t h i s  review,  Pharmacia o f f e r s  a U V - 2  de tec-  

t o r  with both a n a l y t i c a l  and p r e p a r a t i v e  c a p a b i l i t i e s .  Gow-Xac 
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370 NETTLETON 

Instrument Co. has  developed a p r e p a r a t j v e  LC d e t e c t o r  having a 

unique arrangement i n  p l ace  of a c e l l  (18). 
d i r e c t e d  onto a q u a r t z  p l a t e  t i l t e d  a t  an a n g l e ,  t y p i c a l l y  6 0 s ,  

from t h e  h o r i z o n t a l .  The l i g h t  beam, pe rpend icu la r  t o  t h e  p l s t e ,  

pas ses  through i t  a t  a s h o r t  d i s t a n c e  d i r e c t l y  below t h e  d e l i v e r y  

tube .  Film t h i c k n e s s  f o r  t h e  e f f l u e n t  f l owing  aown the  p l a t e  can 

be c a l c u l a t e d  from t h e  a n g l e  of t ilt ,  f low rate,  s o l v e n t  d e n s i t y ,  

and width of f i l m  spread,  T h i s  va lue ,  equ iva len t  t o  t h e  o p t i c a l  

p a t h ,  g e n e r a l l y  fa l ls  i n  t h e  range of 0 .1  - 0.3 m m ,  cons ide rab ly  

less  than one could expect  t o  achieve wi th  an enclosed c e l l .  The 

d e t e c t o r  can accomodate high flow r a t e s .  

Column e f f l u e n t  i s  I 

Combined Sc iences  Corp. o f f e r s  a combination UV d e t e c t o r  and 

peak s e l e c t i n g  f r a c t i o n  c o l l e c t o r .  While a 2 p a r e n t l y  designed. f o r  

s t anda rd  column chromatography, t h i s  u n i t  should have some a @ i -  

c a t i o n  t o  p r e p a r a t i v e  LC. Codina ha:; given a f a i r l y  d e t a i l e d  de-  

s c r i p t i o n  of i t s  components and usage ( 1 9 ) .  The o p t i c a l  p a t h  is 

3 mm, but  t h e  s e n s i t i v i t y  appears  a o i t  h igh and t h e  a t t e n u a t i o n  

r ange  (0.03 - 1 .0  OD) r a t h e r  narrow, 

a r t i c l e  o r  from company l i t e r a t u r e  whether t h e  e l e c t r o n i c s  o f  t h e  

system can u t i l i z e  o f f - s c a l e  r e a d i n g s .  F r a c t i o n  s e l e c t i o n  i s  

made by p o s i t i v e  and nega t ive  s l o p e  d e t e c t i o n ,  bu t  t h i s  w i l l  no t  

h e l p  i f  t h e r e  i s  no s l o p e  t o  d e t e c t  between peaks. 

I t  is not  clear from t h e  

For  s e v e r a l  yea r s  Vestal a t  the  Un ive r s i ty  o f  Houston has  

been s tudy ing  ways t o  couple LC systems t o  a mass spec t romete r ,  

a n  approach which has had g r e a t  success  i n  gas chromatogaphy.  

This work has r e s u l t e d  i n  cons ide rab le  p rogres s  f o r  both h i g h l y  

v o l a t i l e  (20) and r e l a t i v e l y  n o n v o l a t i l e  (21) s o l u t e s .  Last F a l l  

a t  t h e  15th I n t e r n a t i o n a l  Symposium on Advances i n  Chromatography, 

held i n  conjunct ion with Expochern '80 i n  Houston, Texas,  Vestal 

r e p o r t e d  on h i s  somewhat s e r e n d i p i t o u s  d i scove ry  t h a t  t h e  e n e s g  

adsorbed i n  t h e  i o n i z a t i o n  system o f  a mass spectrometer  could be 

measured and r e l a t e d  t o  s o l u t e  c o n c e n t r a t i o n  (22 ) .  He noted tha%, 

while  not  inexpensive,  t h e  i o n i z i n g  po r t ion  of t h e  appa ra tus  has  
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PREPARATIVE LIQUID CHROMATOGRAPHY. XI 371 

a cons ide rab ly  lower c o s t  t han  t h e  whole u n i t .  Fodif ied,  it has 

t h e  p o t e n t i a l  of being almost a un ive r sa l  d e t e c t o r  which might 

well be worth t h e  p r i c e .  

Two i n v e s t i g a t o r s  from t h e  I n s t i t b t e  f o r  Phys ica l  Chemistry 

i n  Bonn, Germany have r epor t ed  on t h e  i n t e r f a c i n g  of HPLC systems 

with a mass spectrometer  (23).  They use a moving wi re  o r  b e l t  t o  

t r a n s p o r t  eluate t o  t h e  ion  source  with a p p r o p r i a t e  s o l v e n t  evapo- 

r a t i o n  en r o u t e .  

t i o n s  which would have t o  be overcome f o r  p r e p a r a t i v e  use.  

des ign  of t h e  appa ra tus  reminds one of t h e  Pye Universal  De tec to r  

of t h e  e a r l y  and mid ' ~ O ' S ,  a n  appa ra tus  which a l s o  employed a 

moving wire  t r a n s p o r t  but fol lowed i n  t h i s  case by some r a t h e r  

complex chemical s t e p s .  

The system has some r a t h e r  s eve re  f low limita- 
The 

P r e p a r a t i v e  a p p l i c a t i o n  of a modified mass spectrometer  de- 

t e c t o r  seems l i k e l y  i n  t h e  next  decade, V e s t a l ' s  d i scove ry  is 

p a r t i c u l a r l y  s i g n i f i c a n t ,  

but t h e s e  may be higher  than expected. 

There w i l l  be molecular weight l i m i t s ,  

5 ,  General C o n s i d e r a t i 5  

C l e a r l y  t h e r e  have been g r e a t  advances i n  columns and sup- 

p o r t s ,  p a r t i c u l a r l y  with r ega rd  t o  m i c r o p a r t i c u l a t e  packings.  

Improvements are needed i n  s o l v e n t  d e l i v e r y  systems,  i n j e c t o r s ,  

and d e t e c t o r s ,  p a r t i c u l a r l y  t h e  last. However, p re sen t  systems 

are adequate  f o r  much of t h e  p r e p a r a t i v e  LC work now being done. 

The mechanically compressed bed systems enjoy an advantage i n  

p rocess ing  l a r g e  amounts of m a t e r i a l  due t o  t h e i r  g r e a t e r  capa- 

c i t i e s .  

t h i s  edge. 

Large bore columns a r e  now appea r ing  and may c u t  i n t o  

As t o  o t h e r  f e a t u r e s  which might be inco rpora t ed  i n t o  prepa- 

r a t i v e  systems, microprocessor o r  computer i n t e r f a c i n g  is t h e  

main one t h a t  comes t o  mind. 

desc r ibed  one such system. 

a v a i l a b l e  systems now on t h e  marke t ,  but  t h e i r  primary use is 

Almost f i v e  yea r s  ago Bris tow ( 2 h )  

There a r e  a number of commercially 
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372 NETTLETON 

a n a l y t i c a l .  They can be a p p l i e d  t o  p r e p a r a t i v e  uses ,  e s p e c i a l l y  

f o r  smaller  s c a l e  r e p e t i t i v e  runs.  

C. PRACTISE 

1. Theore t ica l  Considerat ions.  

Much of t h e  theory presented x i t h  regard t o  compressed beds 

i n  P a r t  I o f  t h i s  review is p e r t i n a n t  t o  o ther  t m e s  of  preparz-  

t i v e  LC. 

p repara t ive  columns provides  t h e  same degree of i n t i m a t e  contac t  

between mobile and s t a t i o n a r y  phases t h a t  mechanical compression 

has  a l ready  e s t a b l i s h e d  f o r  coarser  packings.  

The incorpora t ion  of micropar t icu la te  packings i n t o  

T h e o r e t i c a l l y  a l l  t h e  p r a c t i s e s  of high flow r a t e ,  over load ,  

and recyc le  a r e  poss ib le  on both compressed and non-compressed 

beds,  This  is t r u e  t o  t h e  ex ten t  t h a t  any two a r e  equiva len t .  

To d a t e  no r e a l  comparisons seem t o  have been made, a l though 

t h e r e  a r e  models t o  work with.  Xaters  Assoc ia tes '  micropart icu-  

l a t e  prepara t ive  columns and i t s  r a d i a l  compression modules f o r  

t h e  RCSS u n i t  employ t h e  same packings i n  beds with near ly  equi -  

va len t  ID'S. C a l c u l a t i o n s  can be made t o  adjust f o r  t h e  d i f f e -  

rences  i n  l e n g t h .  Another cornparisor. might be made between 

Whatman's Magnum 40 columns snd Waters'  Prep LC/System 500A 

loaded with two PrepPaks, 

would be e s s e n t i a l l y  t h e  same i n  both systems. 

Here t h e  a c t u a l  weight of support  

I t  i s  a l s o  i n t e r e s t i n g  t o  specula te  on how t h e  f i n e r ,  

c l o s e l y  s i z e d  packings might perform i n  mechanically compressed 

beds. 
p a r t i c l e  s i z e ,  but where t h e s e  might l i e  is c e r t a i n l y  not c l e a r .  

The d i f f e r e n c e s  between compressed and non-compressed system6 
should decrease with p a r t i c l e  s i z e .  A n a l y t i c a l l y  t h e  Waters 

r a d i a l  compression modules seem very analogous t o  t h e i r  pre-  

packed columns, 

should be s u p e r i o r ,  

Presumably t h e r e  would be l i m i t a t i o n s  i n  smallness  o f  

With larger p a r t i c l e s  t h e  c l o s e l y  s i z e d  packings 

Q u i t e  possibly Whatman's 40ym s i l i c a  would 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PREPARATIVE LIQUID CHROMATOGRAPHY. I1 373 

r e q u i r e  equ iva len t  o r  l e s s  p re s su re  and perform b e t t e r  t han  t h e  

c o a r s e r  and non-uniform s i l i c a  now used. I n  any case c o s t  w i l l  

be a s e r i o u s  d e t e r r e n t  t o  t h e  use of t h e  f i n e r  packings i n  com- 

pressed bed systems. T h i s  may change e v e n t u a l l y ,  b u t  a t  l e a s t  

now one can en joy  b e t t e r  ? r e p a r a t i v e  LC systems than  have ever  

been a v a i l a b l e  be fo re ,  

The same c a l c u l a t i o n s  and measurements d i s c u s s e d  i n  P a r t  I 

app ly  t o  non-compressed systems. With m i c r o p a r t i c u l a t e  s u p p o r t s  

one advantage of t h e  l a t t e r  i s  t h a t  t h e  column and system can be 

p r e t e s t e d  with an a n a l y t i c a l  s h o t  of t h e  mixture be ing  f r a c t i o n a -  

t e d .  I n  f a c t  t h e  l a r g e r  bore columns are very e f f i c i e n t  a n a l y t i -  

c a l l y  due t o  t h e  i n f i n i t e  diameter  c o n d i t i o n s  with small loads .  

Thejrdo r e q u i r e  more so lven t  and running t ime and c o s t  more, so 
g e n e r a l l y  t h i s  usage is not  economically a t t r a c t i v e .  

There are s e v e r a l  i n t e r e s t i n g a n d u s e f u l  papers  on prepara-  

t i v e  LC based on work with non-compressed beds,  

have publ ished a paper e n t i t l e d  "How t o  Approach P r e p a r a t i v e  

Liquid Chromatography" ( 2 5 ) .  

strate mathematical ly  t h a t  b e s t  results are ob ta ined  by u s i n g  t h e  

maximum i n j e c t i o n  volume consistent wi th  s e p a r a t i o n .  Means of  

de t e rmin ing  t h e  lat ter are d i s c u s s e d  as well as f a c t o r s  which can 

in t roduce  u n c e r t a i n t i e s .  With overloaded columns, i n  i n c r e a s i n g  

t h e  amount of sample being loaded it is  b e t t e r  t o  use i n c r e a s e d  

i n j e c t i o n  volumes at  t h e  same concen t r a t ion  t h a n  t o  keep t h e  

volume cons t an t .  For t h o s e  trained i n  c l a s s i c a l  methods, t h e  

tendency is t o  do t h e  oppos i t e .  

B. Coq e t  a1 

Using ove r load  t h e  a u t h o r s  demon- 

Another e a r l i e r  paper (26) a l s o  concerned t h i s  s u b j e c t  as i t  
demonstrated t h e  r e l a t i o n  between peak shape and sample volume, 

The a u t h o r s  d i s c u s s  ways t o  determine where t o  c o l l e c t  f r a c t i o n s  

o r  i n i t i a t e  r e c y c l e .  

that f e e d  volumes should be inc reased  t o  t h e  p o i n t  where r e s o l u -  

t i o n  starts t o  dec rease .  

sample volume effects  i n  p r e p a r a t i v e  LC chromatography of crude 

I n  t h e  same l i g h t  Wehrli (27) has noted 

Beck and Halasz (28) have s t u d i e d  
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3 7 4  NETTLETON 

polystyrenes ( M n  1100) on s i l i c a  ( s o l v e n t  system, 14: 1 c-heptane:  

methylene c h l o r i d e )  and s t e r o i d a l  c a r d i a c  g lycos ides  on octadecyl  

bonded s i l i c a  ( so lvent  system, 2 : 1 o r  3 :2 methanol :water) .  

The s u r f a c e s  of packings of ten  d i s p l a y  complex c h e m i s t r i e s  

which vary according t o  t h e  s o l v e n t s  being used. For s i l i c a ,  

S c o t t  has published an i n t r i g u i n g  paper on t h e  most ubiqfiiL-otis 

s u r f a c e  modif ier  of a l l ,  namely water ( 2 9 ) .  

i d e n t i f y  up t o  t h r e e  l a y e r s  of water and f e e l s  conf ident  that 

t h e r e  can be a f o u r t h  under t h e  r i g h t  c o n d i t i o n s .  

l a y e r s  are removed by d r y  s o l v e n t s  o r  r e l a t i v e l y  mild h e a t i n g ,  

l e s s  heat  being needed f o r  t h e  outermost one, The innermost 

l a y e r  is removed t o t a l l y  only by s t r o n g  hea t ing  t o  6500 C .  

removal of t h e s e  l a y e r s  is r e v e r s i b l e .  The e l imina t ion  of water 

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

changes i n  and break down of t h e  g e l  matrix.  

r e v e r s i b l e .  

He has been a b l e  t o  

The two outer  

The 

The last is  c o t  

One can r e a d i l y  a p p r e c i a t e  how much chronatographic  proper- 

t i e s  may be a f f e c t e d  by such d i f f e r e n c e s  i n  s u r f a c e  chemistry.  

Each v a r i a t i o n  a c t u a l l y  r e p r e s e n t s  a d i f f e r e n t  packing, a bonded 

phase system, so  t o  sTeak, which, while no t  s t a b l e  enough f o r  

b o t t l i n g  and s e l l i n g ,  is chromatographically r e a l  and unique. 

Other p o l a r  adsorbents such as alumina presumably w i l l  have 

similar i n t e r a c t i o n s  with water ,  

non-aqueous components can a l s o  be expected. Reverse phase sup- 

p o r t s  may have no such a f f i n i t i e s  ( u n l e s s  inadequate ly  covered) 

but do a t t r a c t  and adsorb r e l a t i v e l y  non-polar components, t h l i s  

a l t e r i n g  t h e i r  s u r f a c e  chemis t r ies .  I n  over load ,  s o l u t e  cornpo- 

nents  themselves may act  as s u r f a c e  modif iers .  I n  s h o r t ,  t h e  

s u r f a c e  of an LC support  is  a dynamic area, s e n s i t i v e  t o  every 

nuance of  t h e  so lvent  system. 

Hydrogen bonding e f f e c t s  with 

It is very important t h a t  a chromatographer keep t h e s e  con- 

s i d e r a t i o n s  of sur€ace chemistry i n  mind. T a i l i n g  peaks and pocr 

r e s o l u t i o n  may i n d i c a t e  a need fox  column r e p a i r  o r  rep lacexent .  
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PREPAUTIVE L I Q U I D  CHROMATOGWHY.  I1 375 

O r  they  may i n d i c a t e  a mixed mechanism where one sur face  a d s o r p -  

t i o n  is out of balance with another .  For example, t h e r e  a r e  t h e  

problems experienced i n  f r a c t i o n a t i n g  amine bases  on s i l i c a  where 

a c i d i c  s i l a n o l s  i n t e r a c t  i n d i s c r i m i n a t e l y  with t h e  l a t t e r .  T h i s  

was d iscussed  a l o n g  with o t h e r  l e s s  d r a s t i c , p r o b l e m s  among t h e  

examples c i t e d  i n  P a r t  I. 

s t r y  w i l l  not  e l i m i n a t e  t h e  t r ia l  and e r r o r  process  of  systems 

searching ,  it can expedi te  it and make it l e s s  confusing.  

2 .  Scope and Limi ta t ions .  

While cons idera t ion  of s u r f a c e  chemi- 

Prepara t ive  LC now encompasses l o a d s  i n  a range from l e s s  

than a milligram t o  t e n s  of grams, p o s s i b l y  more. 
na t ion  of whether a chromatogram is p r e p a r a t i v e  o r  not depends on 

t h e  purpose f o r  which it was run .  

i n  microgram q u a n t i t i e s ,  if t h e  goal  i s  t o  c o l l e c t  one or  more 
components and do something i r i th  them, t h e  chromatogram may be 

s a i d  t o  be p r e p a r a t i v e ,  o r  a t  l e a s t  semi-preparat ive.  

The determi-  

Even when a sample is loaded 

Most smal le r  s c a l e  work is c a r r i e d  out  on a n a l y t i c a l  columns. 
Where l a r g e r  amounts a r e  needed overload may be used. 

t h i s  scale s e r v e s  t o  prepare r e f e r e n c e  s tandards  f o r  analytical 

HPLC o r  m a t e r i a l  f o r  s t r u c t u r a l  s t u d i e s ,  With modern instrumen- 
t a t i o n  a g r e a t  d e a l  of information can be obtained from very 

small amounts of a compound. 

Mainly 

I n  pept ide  mapping s t u d i e s ,  workers at  t h e  Sa lk  I n s t i t u t e  

used r e v e r s e  phase prepara t ive  Lc t o  s e p a r a t e  complex mixtures 
generated by enzymatic cleavage of p r o t e i n s  (30). 
and d e r i v a t i z a t i o n  of drug  metabol i tes  f o r  l a t e r  a n a l y s i s  and 
s t r u c t u r e  a n a l y s i s  is of v i t a l  importance t o  t h e  pharmaceutical  
indus t ry .  

with g r a d i e n t  systems involv ing  metabol i tes  of carbamazepine (31) 
and quin id ine  and quinine ( 3 2 ) .  

and analyzed by gas chrornatography/mass spectrometry.  
products  i s o l a t i o n  and s t r u c t u r e  determinat ion can o f t e n  be done 

The i s o l a t i o n  

Two recent  papers  repor ted  work on C18 -pBondapak 

The f r a c t i o n s  were d e r i v a t i z e d  

Natural 
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376 NETTLETON 

a t  t h e  a n a l y t i c a l  s c a l e  as was t h e  c a s e  i n  a s t u d y  01' p o q h y r i n  

and ch lo rophy l l  mixtures  (33), 
by f i e l d  deso rp t ion  mass spectrometry.  

These were s e p a r a t e d  and analyzed 

A t  t h e  milligram t o  gram l e v e l s  t h e  newer m i c r o p a r t i c d a t e  

columns are probably p r e f e r r e d ,  

t h e  l a r g e r  compressed bed systems,  o u t  t hey  do tend t o  ge t  lost. 
I r o n  and o t h e r  i m p u r i t i e s  i n  t h e  Waters PrepPAK 500 s i l ica  car- 

t r i d g e s  can t o t a l l y  remove o r  d e s t r o y  c h e l a t i n g  and s e n s i t i v e  

compounds a t  l o a d s  on t h e  o rde r  of hundreds of  milligams, while  

t h e  e f f e c t  may be s c a r c e l y  n o t i c e a b l e  a t  multigram loads .  

Mil l igram l o a d s  can be r u n  cri 

For l a r g e  l o a d s  t h e  compressed 3ed systems may s t i l l  ?rOvide 

t h e  most economical approach.  

should be equal  i n  performance, j u t  t h e  s i l i c a  t o  pack one is 

over  $500 ( i f  purchased i n  q u a n t i t y )  as compared t o  under $200 

f o r  t h e  equ iva len t  i n  Waters '  PrepPAXs. 

The new 'dhatman Magnum 40 columns 

The examples t h a t  fo l low should provide t h e  r eade r  w i t h  a 

b e t t e r  i d e a  of  t h e  scope of p r e p a r a t i v e  LC on non-compressed beds. 

A real  advantage of t h e s e  systems l i e s  i n  t h e  wide v a r i e t y  of 

packings a v a i l a b l e  f o r  them and t h e  broad spectrum of chromato- 

g raph ic  p r o p e r t i e s  t h u s  provided. 

bu t  u sua l ly  a way can be found t o  d e a l  with a t  l e a s t  gram q u a n t i -  

t i e s .  

Loads may be more l imited,  

D. EXAMPLES 

1. S i l i c a .  
-_c_ 

S i l i c a  is probably t h e  most widely used packing i n  KPLC. 

A s  noted before  it does have problems. But it a l s o  has  g e a t  

v e r s a t i l i t y  due t o  l a r g e  ex ten t  t o  t h e  same complex s u r f a c e  

chemistry which c r e a t e s  many o f  t h e s e  problems. Thus, while  

capable of promoting some remarkable s e p a r a t i o n s ,  i t  can a l s o  

d e l i v e r  some exaspe ra t ing  s u r p r i s e s  t o  t h e  unwary chromatographer.  

The examples given here  are mostly c i t e d  t o  show t h e  range 

o f  s e p a r a t i o n s  a v a i l a b l e  on t h i s  medium. Unfo r tuna te ly ,  while  
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a n a l y t i c a l  HPLC has been a p p l i e d  t o  v i r t u a l l y  every chemotype 

imaginable ,  t h i s  is not  t h e  case  a t  t h e  p r e p a r a t i v e  l e v e l .  

probably safe t o  say  t h a t ,  i f  an a n a l y t i c a l  example does e x i s t  

and can be d u p l i c a t e d ,  it can be s c a l e d  up t o  at  l e a s t  a semi- 

p r e p a r a t i v e  l e v e l .  

I t  is  

For  a g e n e r a l  review of work i n  t h e  n a t u r a l  products  area, 

mainly on s i l i c a  bu t  a l s o  inc lud ing  some r e v e r s e  phase sys t ems ,  

a p u b l i c a t i o n  from Nakan i sh i ' s  group a t  Columbia U n i v e r s i t y  is 
recommended (34). 

For very non-polar mix tu res ,  where s o l u b i l i t y  c o n s i d e r a t i o n s  

p rec lude  r e v e r s e  phase anyway, h igh ly  a c t i v e  silicas i n  anhydrous 

systems w i l l  r e t a i n  components. Workers a t  G u l f  have publ ished 

two papers  on p reFa ra t ive  LC c l a s s  s e p a r a t i o n s  of hydrocarbons.  

I n  t h e  first a mixture of p a r a f f i n s ,  a r o m a t i c s ,  and p o l a r  non- 

hydrocarbor ; from which hexane i n s o l u b l e s  has been removed was 

re so lved  on Bio-Si1 A (20 - 4 p) ( 3 5 ) .  The p a r a f f i n s  e l u t e d  

t o g e t h e r  with hexane,fol lowing which t h e  a romat i c s  were ob ta ined  

by backflushing t h e  column w i t h  hexane. 

e l u t e d  with 1:l methylene cNor1de :ace tone .  

t h e  same group s e p a r a t e d  t h e  o l e f i n s  i n  t h e  p a a f f i n  f r a c t i o n  

from s a t u r a t e d  compounds, t h e  former e l u t i n g  from LiChrosorb 

Si-60 (10 pm) by backf lush ing  with =-octane (36). 

i n v e s t i g a t o r s  a t  t h e  Welsh School of  Pharmacy (37 ) .  
was t o  s i m p l i f y  a complex mixture ,  c o n s i s t i n g  g r i m a r i l y  of hydro- 

carbons,  p h y t o s t e r o l s ,  t r i t e r p e n e s ,  and t r i g l y c e r i d e s  f o r  ana ly -  

sis by gas - l iqu id  chromatography. I n i t i a l  f r a c t i o n a t i o n  u t i l i z e d  

TLC s i l i c a  packed i n  4 f t  by 1 i n  I D  s teel  columns w i t h  hexane 

e l u t i o n  f o r  1 h r  fol lowed by a hexane t o  1:l hexane:ethyl a c e t a t e  

g r a d i e n t  over 5 hr. 
d e t e c t  t h e s e  compounds, TLC was used f o r  t h i s  purpose.  

t r i t e r p e n e  and s t e r o l  f r a c t i o n s  were f u r t h e r  r e s o l v e d  i s o c r a t i -  

The p o l a r  mixture  was 
I n  t h e  later paper 

I n  t h e  same vein is t h e  f r a c t i o n a t i o n  of p l a n t  l i p i d s  by 

The purpose 

Since no on - l ine  d e t e c t o r s  a v a i l a b l e  could 

Mixed 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



378 NETTLETON 

c a l l y  on P a r t i s i l  10 (1Oym) i n  a 25 cm X 1 .0  cm I D ' c o l u m  w i t h  

a 10% e t h y l  acetate i n  hexane system. 

The s e p a r a t i o n  of isomeric  mixtures  is p a r t i c u l a r l y  sl;ited 

t o  p r e p a r a t i v e  LC where t h e  r a p i d  e s t ab l i shmen t  of equ i l ib r ium 

produces l a r g e  e f f e c t s  from small s t r u c t u r a l  db f fe rences .  

Bwedish workers have r e s o l v e d  (-) -menthone, 2 ,  and (+) -isomen- 

thone ,  2, using a Partisil 10 (10 y m )  column (30 cin x 7.7 mm I D )  

w i t h  a 30:l hexane:ethyl  a c e t a t e  system at  1 ml/min and l o a d s  o f  

50 mg (38) 

c h i r a l  norbornylcyclohexanones r e s o l v e d  an isomeric  p a i r  of 

a n i s o l e  d e r i v a t i v e s ,  3 and 2, made as i n t e r m e d i a t e s  (39). Prepa-  

r a t l v e  LC was carried ou t  on a P o r a s i l  T (37 pm) column (3.3 f t  X 

3/8 i n  I D )  us ing hexane a t  9.9 ml/min wi th  r e c y c l e  f o r  a t o t a l  o f  

f o u r  c y c l e s ,  

desc r ibed  f o r  compressed beds i n  P a r t  I .  

A group a t  I n t e r n a t i o n a l  F l avor s  & Fragrances s y n t h e s i z i n g  

* 

The shave t echn iques  used were t h e  same as t h o s e  

3 
L 
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 379 

N a t u r a l l y  o c c u r r i n g  normaytansine,  5 (R = CH3), r e q u i r e d  
r 

p r e p a r a t i v e  LC t o  s e p a r a t e  i t  from maytansine,  5 ( R  = H) (40 ) .  
c 

5 
J 

Chromatography was first c a r r i e d  ou t  w i th  5.2 g of t h e  mixture  on 

a column (1 m X 2 . 9  cm) developed by Montsanto Research Corp. 

and packed with EM s i l i ca  g e l  (230 - 400 mesh) e l u t i n g  succes- 
s i v e l y  wi th  methylene c h l o r i d e  c o n t a i n i n g  0 ,  3, and 4% m - p r o -  

panol .  
M9 l O / 5 O  s i l i ca  column with a 75:75:2:1000 methylene c h l o r i d e :  
methano1:diethyl amine:hexane system. 

needed f o r  f i n a l  p u r i f i c a t i o n .  

Enriched f r a c t i o n s  were rechromatogrammed on a P a r t i s i l  

P r e p a r a t i v e  TLC was still 

Even more impressive are t h e  p r e p a r a t i v e  s e p a r a t i o n s  of 
u n s t a b l e  o r  h i g h l y  s e n s i t i v e  compounds. 
e l e g a n t  work i n  t h i s  a r e a  wi th  r e t i n a l s  as c i t e d  above (34) and 
i n  P a r t  I. 

p r e p a r a t i v e  s e p a r a t i o n  of 11 -=- re t ina l ,  i, produced by irradi- 

a t i o n  of  a l l - t r a n s - r e t i n a l  i n  a c e t o n i t r i l e .  The work was done on 

Nakanishi has done some 

Another p u b l i c a t i o n  from Japan (41) describes t h e  
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380 NETTLETON 

d HO 

a s i l i c a  column (25 cm X 7.9 mm ID) us ing  a 88:12 hexane:ether  

system at  2 ml/min with l o a d s  of 20 - 50 mg. 

were also i s o l a t e d  as wel l  as unreacted s t a r t i n g  m a t e r i a l .  

Other c i s - r e t i n a l s  

Trio papers  have descr ibed  t h e  p r e p a r a t i v e  LC i s o l a t i o n  o f  

hydroperoxides of n a t u r a l l y  occurr ing  subs tances ,  compounds ithich 

have been very d i f f i c u l t  t o  ob ta in  i n  a pure s t a t e  by o ther  means. 

One paper (42) d e s c r i b e s  t h e  s e p a r a t i o n  of  9-hydroperoxy- if-1ir .o- 
l e i c ,  13-hydroperoxy- 21-l inoleic ,  and 13-hydroperoxyarachidonic 
a c i d s ,  as wel l  as t h e i r  e s t e r s ,  on P o r a s i l  columns (8 f t  x 3/8 i n  

I D )  using 50 - 100 mg l o a d s .  

1:10:989 a c e t i c  acid:&-propanol:hexane, and f o r  t h e  e s t e r s  1:249 

- iso-propano1;hexane. S i m i l a r  work was performed t o  s e p a r a t e  t h e  

var ious  c h i r a l  hydroperoxides of limor,enes of t h e  general  s t r u c -  

tures 7 - 9 (43).  
(25 cm X 4.6 mm ID) i n  tandem, t h e  first packed wi th  P a r t i s i l  10 

(10 pin) and t h e  seconde with P a r t i s i l  5 ( 5  pm), 

The systems were, f o r  t h e  a c i d s  

Best r e s u l t s  ensued from use of two columns 

Systems used 

9 - 8 
4L 7 

N 
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 381 

were 9614 hexane:ethyl a c e t a t e ,  99.5:0.5 to1uene:ethyl a c e t a t e ,  

and pure methylene ch lor ide ,  a l l  a t  2 ml/min. 

hydroxy compounds were a l s o  resolved. 
peroxides ciere generated syn the t i ca l ly .  

The analogous 

I n  both papers t he  hydro- 

Various tox ins ,  o f ten  present  i n  minute amounts, have been 

the  object  of preparat ive work, both f o r  reference samples and 
f o r  s tud ie s  t o  b e t t e r  understand the  nature  and p rope r t i e s  of 

t he  compounds. I n  an i n t e r e s t i n g  paper ,  two workers at t h e  Max 

von Pet tenkofer  I n s t i t u t e  i n  Ber l in  have described t h e  use of a 

LiChrosorb S I  60 (7pm) column ( 2 5  cm X 1.6 cm ID).in t h ree  

preparat ive appl ica t ions  t o  i s o l a t e  compounds of var ious biologi-  

c a l  i n t e r e s t s  (&), 
400 mg loads they were ab le  t o  prepare pure (9-tocopherol,  needed 

t o  e s t ab l i sh  a ca l ib ra t ion  curve,  from an o i l y ,  commercially pur- 
chased sample. 

- iso-octane:methanol mixture t o  i s o l a t e  Vitamin D3 from an i n s t a n t  

chocolate dr ink powder and a f l a tox ins  from peanut ex t r ac t s .  

Using 0.5% &-propano1 i n  --octane ar,d 

On t h e  same column they used a 7j:25:1 chloroform: 

Myr is t ic in ,  2,  t h e  major hallucinogen i n  nutmeg and mace, 

vcH2xH*H2 CHJO 

0 

L - - 0  

10 
clr 

was i s o l a t e d  on a P a r t i s i l  j (5 am) column (25 cm X 9 mm I D )  wi th  
a 1% e thyl  ace t a t e  i n  heptane system at  8.0 ml/min.. Three r e l a -  

t e d  compounds were s imi l a r ly  separated with a 3% e thy l  a c e t a t e  

concentration. 

of a 5 pin packing (45). 
This  work i s  p a r t i c u l a r l y  i n t e r e s t i n g  f o r  i t s  use 
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38 2 NETTLETON 

Toxins have been i s o l a t e d  from c u l t u r e s  of t h e  d i n o f l a g e l -  

l a t e  Cymnodinium breve on p - P o r a s i l  (10  ym) with w - p r o p a n o l  

modified hexane systems (46) , 
General ly  t h e  higher c a p a c i t y  compressed bed systems have 

been used f o r  s e p a r a t i o n s  of s y n t h e t i c  products  and i n t e r m e d i a t e s .  

However, Meienhofer 's  group a t  Hoffman-La Roche has  u t i l i z e d  E. 

Merck's s i l i c a  g e l  60 i n  g l a s s  columns (43 cm x 3.8 cm I D )  v i t h  

p r e s s u r e s  of 50 - 1-50 p s i  t o  r e s o l v e  a s e r i e s  of p r o t e c t e d  pep- 

t i d e  in te rmedia tes  ranging from t h r e e  t o  e i g h t  amino a c i d  u n i t s .  

For pept ides  e s t e r i f i e d  a t  t h e  te rmina l  carboxyl groilp, mainly 

chloroform t o  $ e thanol  in chloroform s t e p  sequences were used 

t o  develop t h e  ckromatograms. I n  one case  t h e  i n i t i a l  e l l i t ion  

was wi th  1-chlorobutane going then  i n  one s t e p  t o  chloroform and 

t h e  u s u a l  sequence. For one f r e e  a c i d  heptapept ide ,  chloroforn: 

modified with a - p r o p a n o l  and a c e t i c  a c i d  (9 l :7 :2)  was used 

i s o c r a t i c a l l y .  

ranged from 0.2 t o  5.0 g 
border l ine  LC, t h e  e x c e l l e n t  s e p a r a t i o n s  achieved a r e  of HPLC 

c a l i b r e ,  

Flow r a t e s  were g e n e r a l l y  10 niL/nin and l o a d s  

(47). While some might cons ider  t h i s  

2 .  Alumina. 

Unfortunately t h e r e  are very few uses  of alumina being re- 

por ted  i n  any of t h e  HPLC l i t e r a t u r e  today ,  much less p r e p a r a t i v e  

ones,  Whereas i n  t h e  c l a s s i c a l  e r a  t h i s  medium was widely used 

f o r  s t e r o i d s  and a l k a l o i d s  ( t h e  l a t t e r  no doubt due t o  t h e  s e v e r s  

and then  l i t t l e  understood problems encountered with s i l i c a ) ,  it 
now seems unable t o  compete with s i l i c a .  

Its use is r e p o r t e d  by a B r i t i s h  group i n  t h e  semi-prepara- 

t i v e  p u r i f i c a t i o n  of f r a c t i o n s  c o n t a i n i n g  t h e  mycotoxins p a t u l i n ,  

p e n i c i l l i c  a c i d ,  and zearalenone f o r  subsequent HPLC a n a l y s i s  

(481, Alox 0520 ( 5  - 20pm) from Machery-Nagel was used i n  
25 cm X 4.6 rn I D  columns wi th  a 50:50:1 cNoroform:hexane:ace t ic  

a c i d  system a t  4 ml/min and l o a d s  of 100 yl. P r e p a r a t i v e  LC: d a t a  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 383 

was a l s o  presented fo r  a f l a tox ins  and ochratoxin A on t h e  same 

support .  

3 .  Other Non-bonded Adsorbants. 

a. S i lve r  n i t r a t e  coated s i l i c a .  

Whether t h i s  support belongs here o r  i n  t he  s i l i c a  category 

However t h e  s i l v e r  ion  is c e r t a i n l y  respon- is not easy t o  say ,  

s i b l e  f o r  its unique chromatographic proper t ies  and I have the re -  

fo re  chosen t o  t r e a t  i t  separa te ly .  Two preparat ive app l i ca t ions  

are worth noting. 
A Florida based group has i so l a t ed  a number of o l e f i n i c  i n -  

s e c t  sex pheromones, needed i n  a highly pu r i f i ed  s t a t e  f o r  b io lo-  

g i c a l  s tud ie s  (49) .  A commercially ava i l ab le  suppor t ,  Adsorbosil- 

2-ADN (2% A@03 coated s i l i c a ,  2 - l lym) from Applied Science 

Laboratories,was evaluated as well as t h r e e  commercially ava i la -  

b l e  s i l i c a s  which were coated i n  house, Benzene or  benzene-hex- 
ane mixtures were used fo r  developement. Columns were 9.3 mm I D  
by lengbhs up t o  50 cm with maximal loads  of 100 - 200 mg. 

coated s i l i c a  from LiChroprep si-60 (15-25 ym) t o  separa te  u r u -  
sh io l  d i ace t a t e  on 60 cm X 2 . 2  cm I D  columns with a 4:1 benzene: 

chloroform system ( 5 0 ) .  

A Japanese group prepared t h e i r  own lC$ and 2% AgNO3 

b. Clay der ived supports.  

A r a the r  unique support was devised by workers at  G u l f  t o  

separa te  saturates, aromatics ,  r e s i n s ,  and asphal tenes  from 

various l i q u i d  f u e l s  (eg.  mixtures der ived from tar sands and 

coa l )  (51) The packing was prepared from Attapulgus c l ay  by 

treatment with anhydrous 'FeC13 t o  3% i r o n  content and s i ev ing  t o  

60 - 90 mesh. 
and e lu ted  with 1:1 methylene cNoride:acetone.  Elua te  is 

passed through a IRA-904-OH' column t o  remove any escaped 

i ron  I 

The r e s i n s  are r e t a ined  on the  c l ay  from hexane 
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384 NETTLETON 

c.  S ty rene -d iv iny l  Senzene copolymers. 

The o r i g i n s  of t h e s e  m a t e r i a l s  were d i s c u s s e d  i n  an e a r l i e r  

s e c t i o n .  There a r e  s e v e r a l  examples of t h e i r  p r e p a r a t i v e  use, 

no tab ly  t h e  fo l lowing .  

( c f .  Table 1) have been used t o  s e p a r a t e  polymixin a n t i b i o t i c s  

and c o l i s t i n s ,  t h e s e  being macrocyclic po lypep t ides .  Only t h e  

H i t a c h i  g e l  was used i n  a HPLC sense as it served f o r  t h e  f i n a l  

p u r i f i c a t i o n s  on a small s c a l e  (52). 

appears  much t h e  same as on a l k y l  bonded r e v e r s e  phase suppor t s .  

Swiss workers have s t u d i e d  micronized Amherli te XAD-2 (ave-  

rage s i z e  60,um) i n  g l a s s  columns (13  i n  X 0 . 5  i n  I D  and 23 i n  X 

1 i n  I D )  as a support  f o r  t h e  r e s o l u t i o n  of a v a r i e t y  of p o l a r  

and non-polar d rug  me tabo l i t e s  (53). 
t h a t  good r e t e n t i o n s  of many s o l u t e  components a r e  observed i n  a 

number of s o l v e n t  systems c o n t a i n i n g  high p ropor t ions  of o rgan ic  

components. T h i s  is not  u s u a l l y  the  c a s e  with t h i s  support  i n  

i ts normal form with classical  chromatography, 

Both Hi t ach i  g e l  3010 and Amberli te UD-2 

?he mechanism of s e p a r a t i o n  

T h i s  work is of  i n t e r e s t  i n  

d .  Other systems 

One paper has desc r ibed  t h e  use of  l i q u i d  c r y s t a l s ,  l o n g  

used i n  gas chromatography, as an WLC suppor t  (%), 
p r e p a r a t i v e  a p p l i c a t i o n s  were made, t h e  p o t e n t i a l  i s  of  i n t e r e s t ,  

While no 

4. Bonded Packings.  

a. With aqueous systems,  C - 1 8  suppor t s ,  

A number of  a p p l i c a t i o n s  have been made i n  v a r i o u s  areas of 

nuc leo t ide  r e sea rch .  Khorana's group has  used it t o  p u r i f y  i n t e r -  

mediates obtained i n  t h e  course of  s y n t h e t i c  s tudies  (55). Aceto- 

n i t r i 1e : aqueous  bu f fe r  (ammonium a c e t a t e  o r  triethylammonium ace -  

t a te )  systems i n  va r ious  p ropor t ions  were used on ?-Bondapak CIS 
i n  30 cm X 4 mm I D  columns. 

A l a b i l e  h y d r o l y s i s  p roduc t ,  2, formed from t h e  an t i t umcr  

nucleoside 5 -azacy t id ine ,  z, could only be i s o l a t e d  by chromato- 

graphy on a r-Bondapak c18 column (30 cm x 7 mm ID) using 32 mg 
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NH? 

li A N 
N H 2  NH;: 

I 

HO OH HO HO CiH OH 

11 12 13 

loads  and pure water as t h e  so lvent  (56).  
product ,  13, nas a l s o  i s o l a t e d  b u t  o n l y  i n  an impure state. 

Cl8-reverse phase prepara t ive  LC has  been used t o  i s o l a t e  

carcinogen adducts  such as t h e  adenosine-benzo(a)pyrene complex, 

14. Chromatography was c a r r i e d  out  on Rainan C-18 columns 

( 2 5  cm X 6.4 cm I D )  using water:methanol systems ( 5 7 ) .  

A secondary hydro lys is  

Y 

R 

KO ..- 

HO 'a 

OH 

A guanine-af la toxin adduct was i s o l a t e d  on a CI8 C o r a s i l  B 

column (70 cn X 8 mm I D )  us ing  a 1% t o  80% methanol grad ien t  i n  

water ( 5 8 ) .  
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386 NETTLETON 

Afla toxins  themselves were p - e p a r a t i v e i y  i s o l a t e d  on 318- 
P o r a s i l  B (35 - 75pm) columns (8  f t  X 3/8 i n  OD) wi th  aceto: 

n i t r i l e - w a t e r  mixtures (59),  an a l t e r n a t i v e  t o  t h e  n c r m i  phase 

systems noted e a r l i e r ,  

Normally chromatographers avoid counter  - ions (PIC reagents )  

i n  prepara t ive  LC due t o  t h e  d i f f i c u l t i e s  of g e t t i n g  them oil t  of 

t h e  products.  However, i n  f o r e n s i c  s t u d i e s ,  Lur ie  and Weber have 

used var ious a l k y l  s u l f o n i c  a c i d s  t o  i s o l a t e  ephedr ine ,  pher,yl- 

propanolamine, LSD, and &-LSD on Whatman Magnum 9 columns (60) .  
The f r e e  bases were i s o l a t e d ,  f r e e  o f  counter  i o n ,  by e x t r a c t i o n  

with chloroform at  pH 39. 
T r i t i u m  l a b e l l e d  amphenicols ( c f .  f i g .  1)  were synthesized 

and p u r i f i e d  on c18- Bondapak columns (30 cm X 7.8 nm 13) us ing  

methanol-water systems, eg. 15:85 f o r  TAP, 

The semisynthet ic  cephalosporin,  cephazol in ,  15, was p u r i -  

f i e d  on c18 F o r a s i l  3 columns (1.22 m X 8 mm I D )  us ing  water as  

e l u t i n g  so lvent  (62) 

- 

N C O N H  

C OOH H2S i--- CH3 

The s y n t h e t i c a l l y  der ived  d ias te reomer ic  mixtures B-DL- 

l d 3 d  -1eucinJ - and [~-DI,-[~-'~C] -leucine) -0xytocins were r e -  

solved on P a r t i s i l  10-MD ODS columns (50 cm x 9.4 mm ID) using an 

81:19 0 . 0 9  ammonium a c e t a t e  (pH 4) b u f f e r : a c e t o n i t r i l e  system a t  

a f low r a t e  o f  6 mllinin with 15 - 20 mg l o a d s  (63) .  
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R R 

c=o I FTOH 
I 

I I 
CHZOH CHZOH 

H-C-NHCOCHZC1 H-C -1fHCOCHZCl 

Chloramphenicol: R 9 NO2 (CAP) 

Thiamphenicol: R = S02CH,, (TAP) 

FIGURE 1 

b. With aqueous systems, o t h e r  than c18 packings. 

A general ized approach f o r  t h e  semi-preparat ive r e s o l u t i o n  

of complex mixtures such as crude p l a n t  e x t r a c t s  has been repor-  

ted by a group from Germany (64). 
g r a d i e n t  sequences on LiChrosorb RP 8 (C8 bonded phase ,  7pm) 
columns (25 cm x 8 nun I D ) ,  
t r a c t s  a r e  used as a model with a g r a d i e n t  system of 5 - ?(% 
a c e t o n i t r i l e  i n  water.  S t r u c t u r a l  e l u c i d a t i o n s  of i s o l a t e d  com- 

ponents is  c a r r i e d  out  by UV and mass s p e c t r a l  a n a l y s i s ,  

They use programed so lvent  

Gentian (Radix gent ianae)  r o o t  ex- 

An e t h y l  bonded suppor t ,  LiChrosorb C2 (10,um) i n  15 cm and 

25 cm X 1 cm I D  columns has  been used with good success  f o r  t h e  

semi-preparat ive f r a c t i o n a t i o n  of var ious  phencyclopeptides,  2. 
R * &-propyl o r  phenyl 

R ' = &-butyl,  phenyle thyl ,  
o r  - indol  ylmet hy l  

R"  = N-methyl-isoleucyl o r  
HN v a l y l  
\ HN 

16 R " R '  
c 
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388 NETTL ETON 

E l u t i o n  was c a r r i e d  ou t  u i t h  a c e t o n i t r i l e  c o n t a i n i n g  10 - 30% of 

O.OOlj% aqueous ammonia, t h e  a c t u a l  concen t r a t ion  depending on 

t h e  pept+des be ing  f r a c t i o n a t e d .  

gram, 10 - 20 i n j e c t i o n s  were needed t o  o b t a i n  enough m a t e r i a l  

f o r  s t r u c t u r e  work (65). 

A t  l o a d s  of less  than a m i l l i -  

Rubinstein a t  Roche I n s t i t u t e  has  explored t h e  p r e p a r a t i v e  

Lc of p r o t e i n s  on bonded phases  (66) .  While p e p t i d e s  of up t o  
12,000 d a l t o n s  are f r a c t i o n a t e d  well on c18 r e v e r s e  phase sup-  

p o r t s ,  small p r o t e i n s  t e n d  t o  be i r r e v e r s i b l y  bound. Reso lu t ion  

and recovery a r e  poor on C 2  packings.  

LiChrosorb RP-8, has  proven s u i t a b l e  f o r  t h e  f r a c t i o n a t i o n  of  Fro- 

t e i n s  up t o  30,000 d a l t o n s .  

t a i l  on t h e  chromatographic p r o p e r t i e s  of  the p r o t e i n s  .*rith both 

i s o c r a t i c  and g r a d i e n t  g-propano1:aqueous bu f fe r  s o l v e n t  systems. 

A C8 s u p p o r t ,  s p e c i f i c a l l y  

The paper goes i n t o  cons ide rab ie  de- 

I n v e s t i g a t o r s  a t  Johannes Gutenberg U n i v e r s i t y ,  ?lainz,  Ger- 

many have used LiChrosorb d i o l ,  having a dyhydroxyalkyl bonded 

phase,  t o  f r a c t i o n a t e  p r o t e i n s  i n  t h e  molecular weight range of 

10,000 - 100,000. 

cm 

s e p a r a t i o n s  t o  proceed almost e n t i r e l y  by s i z e  exc lus ion  e f f e c t s .  

They f i n d  t h i s  packing w p e r i o r  t o  f l a c c i d  g e l s  stich as Sephacryl  

s-200 Superf ine both i n  terms of time and t h e  volumes of l i q u i d  

which mus t  be processed (67).  

Using aqueous b u f f e r  systems and columns 2j 
by 0.6 cm or  2.35 cm I D  (depending on s c a l e ) ,  t hey  f i n d  t h e  

A group a t  t h e  Chemical S y n t h e s i s  Labora to r i e s  of Dynapol i n  
P a l o  Al to ,  Calif. has  used Waters '  carbohydrate  a n a l y s i s  packing 

i n  a 30 cm x 7.8 mm I D  column with i s o c r a t i c  w a t e r : a c e t o n i t r i l e  

systems t o  r e s o l v e  500 mg samples of s y n t h e t i c  carbohydrates  f o r  

eva lua t ion  as n o n n u t r i t i v e  sweeteners  (68). 
l a n d  ( 3 )  t h e s e  packings a r e  probably s i l i c a  based wi th  an amino- 

a l k y l  bonded phase,  

According t o  K i r k -  

Der iva t ives  of thienamycin,  2, a c e t y l a t e d  a t  t h e  C-12 

amino group and/or l a c k i n g  t h e  hydroxyl group a t  t h e  ? - p o s i t i o n ,  

were produced by mutants of Streptomyces c a t t l e y a  and p u r i f i e d  by 
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 389 

O H  

II 17 

p r e p a r a t i v e  LC (69) .  
suppor t )  i n  25 cm x 1 cm I D  columns was used with a c e t o n i t r i l e :  

0 .02 M phosphate (pH 6) o r  ammonium a c e t a t e  (pH 6.5) b u f f e r s .  

P ropor t ions  were e l :  19 and 74:26 r e s p e c t i v e l y .  

LiChrosorb NH2 (10 pm, an aminoalkyl bonded 

c .  K i t h  non-aqueous systems. 

Although r e l a t i v e l y  l i t t l e  p r e p a r a t i v e  LC has  been r e p o r t e d  

t o  d a t e  where bonded packings were used with normal phase s o l v e n t  

systems,  t h i s  is a s i t u a t i o n  which is l i k e l y  t o  change. 

two examples might be c i t e d ,  

For now 

I n  a d d i t i o n  t o  t h e  i s o l a t i o n  of m y r i s t i c i n  and r e l a t e d  natu-  

ral  products  on P a r t i s i l  5 ,  Wulf e t  a1 (44) used a P a r t i s i l  PAC 

(cyanoalkyl  bonded packing) column ( 2 5  cm X 4.6 nun I D )  t o  f u r t h e r  

p u r i f y  f a l c a r i n o l ,  5, on a semi-preparat ive s c a l e ,  The s o l v e n t  

CH 3-  (CH2) 5-CH=CH-CH2-C>C -CEC-CHZ-CHOH-CH=CHZ 

u 18 (be l i eved  s t r u c t u r e )  

system was % t e t r ahydro fu ran  i n  hep tane ,  run a t  3 ml/min w i t h  

r e c y c l e ,  

Rub ins t e in ,  a long  wi th  h i s  work on Cg r e v e r s e  phase systems,  

has s t u d i e d  t h e  f r a c t i o n a t i o n  of hydrophobic p r o t e i n s  on LiChro- 

s o r b  d i o l  (66) .  
with aqueous b u f f e r ) ,  t h e  au tho r  c o n s i d e r s  them normal phase. 

The most s e v e r e  l i m i t a t i o n  is  t h a t  t h e  p r o t e i n s  must be s o l u b l e  

i n  t h e  system. General comment is made concerning t h e  need f o r  

A s  t h e  systems are 50 - 80% 2-propanol  (mixed 
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390 NETTLETON 

slower flow r a t e s  in working with such l a r g e  molecules t c  d l o w  
ample time f o r  equ i l ib r ium s i n c e  t h e  lat:&r d i f f u s e  much more 

slowly than do mall molecules.  

5 .  Gel Permeation Media. 

Because of t h e  macroporous na tu re  c f  most HPLC c o l m n  sup- 

p o r t s ,  molecular s i e v i n g  e f f e c t s  a r e  o f t e n  encountersd when c h r o -  

matogramming l a r g e r  molecules.  

was c i t e d  i n  t h e  previous s e c t i o n  (67) .  
a l r e a d y  no ted ,  t h o  slow f lows  r equ i r ed  and the  problems of  sca- 

l i n g  up. 

One such case  on LiChrcsorS d i o l  

The l i m i t a t i o n s  z r e ,  as 

One r ecen t  paper has d e a l t  with t h i s  a r e a  i n  gene ra l  (70) .  

A v a r i e t y  of g e l  permeation media were evaluated i n c l u d i n g  some 

s u i t e d  only t o  low p res su res .  

tems i n v e s t i g a t e d  was 1 mg, Sut t h e  au tho r  no te s  t h a t  p r e p a r a t i v e  

columns are now a v a i l a b l e  wi th  c a p a c i t i e s  f o r  up t o  i00 rng of 

p r o t e i n .  

The maximum c a p a c i t y  f o r  t h e  sys -  

Gel permeation columns have long been used t o  c l ean  up san- 

p l e s  , pr imar i ly  by removing high mo1ecl;lar weight i m p u r i t i e s ,  

Th i s  usage has been a t  both t h e  a n a l y t i c a l  and semi -p repa ra t ive  

l e v e l s .  

6. Ion-Exchange Packings,  

A wide v a r i e t y  of ion-exchange packings a r e  now i n  use ana-  

l y t i c a l l y  and can be expected t o  make t h e i r  mark i n  t h e  ?repara-  

t i v e  a r e a .  As l o n g  ago as 1971, Pearson e t  a1 had developed a 

r eve r sed  phase ion-exchange system, t h e  RPC-j system. The s u 2 -  

p o r t  is a polychlorotrifluoroethylene r e s i n  coated with a Cg - C ~ O  

trialkylmethylammonium c h l o r i d e  adsorbent c a l l e d  Adogen 464. I t  

was designed t o  s e p a r a t e  i n d i v i d u a l  t R M A  s p e c i e s  (71). 
A group a t  Brown U n i v e r s i t y  has  adapted t h i s  m a t e r i a l  t c  t h e  

p r e p a r a t i v e  f r a c t i o n a t i o n  of DNA r e s t r i c t i o n  fragments ( 7 2 ) .  They 

found some f r a c t i o n a t i o n  p a t t e r n s  d i f f e r e n t  from t h o s e  observed 

on g e l  e l e c t r o p h o r e s i s ,  Although not a high r e s o l u t i o n  system, 
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PREPARATIVE LIQUID CHROMATOGRAPHY. 11 39 1 

it does have a much g r e a t e r  caTac i ty ,  a l lowing  loads of up t o  

5 - 10 mg. The a u t h o r s  found it i d e a l  f o r  f i rs t  s t a g e  frac- 
t i o n a t  ion.  

7. Other Systems. 
E a r l i e r  r e f e r e n c e  was made t o  t h e  work of  P i r k l e  (16,17) i n  

A unique approach t o  c h i r a l  developing c h i r a l  bonded phases ,  

packings has been r epor t ed  by a French group (73). 
obtained i n  two s t e p s .  

first prepared by copolymerization of acrylamide and methylene 

bisacrylamide.  An amino a c i d  was then  g r a f t e d  t o  t h e  r e s i n  by 

condensation with formaldehyde. F i n a l l y  the beads were shaken 

with an aqueous s o l u t i o n  of a complexing metal  s a l t ,  e g c o p p e r .  

The beads have a p o r o s i t y  of 

con ten t  was up t o  3 meg/g. 

A v a r i e t y  of amino a c i d s  were g a f t e d  and s t u d i e d ,  

p re sen t  va r ious  s t r u c t u r e s  poss ib ly  formed as complexes d u r i n g  

chromatography of DL-amino a c i d  m i x t u r e  h g i v s  c h i r a l  e n t i t i e s .  

Although only d i v a l e n t  copper was used i n  t h i s  s t u d y  r e f e r e n c e  is 

made t o  another  i n  which a dozen or  s o  complexing metal i o n s  were 
s t u d i e d .  

These were 

A porous beaded g e l  (10 - 20 urn) was 

I 

0 . 4  m l / m l  wet r e s i n  and amino a c i d  

Columns used were 30 cm X 4.8 mm I D .  . 
The a u t h o r s  

The support  i t se l f  has  some unusual p r o p e r t i e s .  As expected 

B u t  h igh  flow r a t e s  cause l o s s  of r e s o l u t i o n  due t o  compression. 

a t  low flow r a t e s  r e s o l u t i o n s  becomes poor a l s o  with peak t a i l i n g .  

I d e a l  f low rates appear t o  vary with t h e  p a r t i c l e  s i z e  from about  

2 ml/min f o r  t h o s e  20 - 28 r m  t o  abou t  5.5 ml/min fo r  those  10 pm, 
Examples g iven ,  however, were run  a t  much slower f low,  namely 

0.4 - 0.5 ml/min. 

E .  FUTURE PG”1ALS 

Today t h e  competi t ion among t h e  s u p p l i e r s  of HpL,C equiyxent 

’ and m a t e r i a l s  is enormous. I t  is p a r t i c u l a r l y  i n t e n s e  i n  two 

major a r e a s ,  s o l v e n t s  and microprocessors .  The end po in t  f o r  t h e  

first is not  t o o  d i f f i c u l t  t o  predict. L o g i s t i c a l l y  it w i l l  come 
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39 2 NETTLETON 

when everyone produces  a n  a b s o l u t e l y  pu re  , p a r t i c l e  f r e e  p r o d a c t .  
From t h e n  on i t ' s  a l l  a mat'ter of p r i c e  and  pe rhaps  a l i t t l e  

snake  o i l  s a l e smansh ip .  

T h e r e  i c  no l o g i c a l  end p o i n t  f o r  m i c r o p r o c e s s o r s .  Fang. of 
t h o s e  a v a i l a b l e  today  have p o t e n t i a l s  t o  do t h i n g s  f o r  which no 

i n t e r f a c i n g  h a s  as y e t  been made a v a i l a b l e .  They p r o c a b l y  have 

p o t e n t i a l s  t o  do t h i n g s  no one  h a s  even though t .  o f .  

Except  p o s s i b l y  f o r  l a r g e  s c a l e  work , the  a p p l i c a t i o n s  t o  

p r e p a r a t i v e  LC should  be many and v a r i e d .  Waters now s e l l s  t h e  

o n l y  u n i t  ( t h e  WISP) c a p a b l e  of  l o a d i n g  d i f f e r e n t  voltimes from 

v a r i e d  s i z e s  of  v i a l s ,  bu t  t h e y  probably  w i l l  no t  en j o y  this ad -  

van tage  much l o n g e r .  The a r m  of sample p r e p a r a t i o n  and i n j p c -  

t i o n  is j u s t  now be ing  developed  f o r  pu rposes  o t h e r  t h a n  r e p e t i -  

t i v e  a n a l y s i s .  

With t h e  coming decade ,  t h e  chromatographer  will f i n d  h i n -  

self a b l e  t o  p l a c e  any l i q u i d  sample i n t o  a c o n t a i n e r  ai?u program 

it t o  ho i n j e c t e d  o n t o  columns wi th  and /o r  w i thou t  d i l u t i o n s .  

i n t e r f a c i n g  wi th  t h e  d e t e c t o r  w i l l  be a v a i l a b l e  so t h a t  t h e  i n j e c :  

t o r  may be informed as t o  whether t o  go on o r  t o  r e p e a t  t h e  Sam.- 

p l e .  p o s s i b l y  at  n d i f f e r e n t  c o n c e n t r a t i o n  o r  l e v e l ,  Kicropro-  

c e s s o r s  w i l l  p r e p a r e  samples  w i t h  c a p a b i l i t i e s  o f  weighing ,  d i s -  

s o l v i n g  and d i l u t i n g  a n y t h i n g  t h a t  w i l l  pour whi le  b e i n g  i n  a 

r e a s o n a b l y  uniform s t a t e .  

shou ld  a l low c u t s  i n  t u h e s  t o  be sampled and  e v a l u a t e d  by a n a l y -  

t i ca l  HPLC. 

I n t e r f a c i n g  w i t h  f r a c t i o n  c o l l e c t o r s  

The p o t e n t i a l s  are limitless. With banks of s o l v e n t  r e s e r -  

v o i r s  and  s o l e n o i d  o r  o t h e r  s w i t c h i n g  d e v i c e s ,  i n t e g r a t e d  pamps 

may be d i r e c t e d  t o  run  sys t ems  s e a r c h e s  th rough  a v a r i e t y  of  s o l -  

ven t  sys tems wi th  multicomponent and g r a d i e n t  c a p a b i l i t i e s .  By 

u s i n g  h igh -p res su re  s w i t c h i n g  d e v i c e s  t o  go from one column t o  

a n o t h e r ,  a v a r i e t y  o f  s u p p o r t s  i n  bo th  p r e p a r a t i v e  a n d  a n a l y t i c a l  

modes cou ld  be e x p l o r e d  and u t i l i z e d .  I s u s p e c t  t h a t  e v e n t u a l l y  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I1 39 3 

t h e  e n t i r e  HPLC process  w i l L  become almost completely automated 

and a b l e  t o  run v i r t u a l l y  unat tended f o r  24 hours a day. 

For t h e  t r u l y  dedica ted  who may have home computer c e n t e r s ,  

t h e r e  w i l l  be t h e  opt ion o f  t y i n g  i n  t h e  l a b  microprocessor over  

t h e  phone l i n e s .  When something should go amiss i n  t h e  n i g h t  

such as a power f a i l u r e ,  equipment problems, o r  a s lapdash  j a n i -  

t o r ' s  mop handle ,  a l l  i t  w i l l  t a k e  is a few r i n g s ,  Clad i n  bath-  

robe and s l i p p e r s  t h e  i n t r e p i d  i n v e s t i g a t o r  can r u s h  t o  h i s  con- 

sole and, with a f e n  deft  manipulat ions a f t e r  c o n s u l t i n g  its 
s c r e e n ,  s e t  a l l  r i g h t  again.  

up p i c t u r e s  of  s c i e n t i s t s  s i t t i n g  comfortably a t  home beside 

t h e i r  home computer c e n t e r  ?;.acefully dreaming up new experiments ,  

while a t  t h e  l a b  work progresses  a t  breakneck speed with noth ing  

t o  be heard but  t h e  q u i e t  humming of t h e  pumps i n t e r s p e r s e d  wi th  

occas iona l  c l i c k s  as switches go and reels advance. 

From t h i s  one can go on t o  conjure  

I n  r e a l i t y ,  t h e  i n v e s t i g a t o r  w i l l  be working harder  than  

ever .  Someone w i l l  have t o  w r i t e  t h e  programs, e v a l u a t e  t h e  

r e s u l t s ,  decide what f r a c t i o n s  t o  pool ,  work them up ,  and then  do 

whatever it was t h e y  wanted t h e  s t u f f  f o r  i n  t h e  first p lace .  

Consider ing t h a t  t h e  system can run 168 hours a week, an easy 

computation shows t h a t  it has  c a p a b i l i t i e s  f o r  running b e t t e r  

than  four  t imes t h e  number of experiments t h a t  could  be done i n  a 
f o r t y  hour week. 

w r j t i n g ,  planning,  dec id ing ,  work up, an2 other  k i r l d s  of doing. 

As f o r  s t a y i n g  home with t h e  domestic u n i t  t o  do a l l  t h i s ,  t h i s  

is p o s s i b l e  t o  a c e r t a i n  e x t e n t .  

become popular with bosses  or  home bound spouses.  

T h i s  adds up t o  a s i z e a b l e  amount of e v a l u a t i o n ,  

However, i t ' s  h a r d l y  l i k e l y  t o  

While i t  is fun t o  s p e c u l a t e ,  some time w i l l  probably p a s s  

before  very many l a b s  w i l l  have a t o t a l  system anyth ing  l i k e  t h e  

one descr ibed  above. There a r e  c o s t  f a c t o r s .  And t h e r e  are 
human f a c t o r s .  

ence j u s t  t o  approach some k ind  of maximal use of such a complex 

It w i l l  r e q u i r e  cons idarable  t r a i n i n g  and e x p e r i -  
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arrangement of a p p a r a t u s .  Nost workers w i l l  probably p r e f e r  a 

less  f r e n e t i c  l e v e l  o f  a c t i v i t y .  S h a r i n g  t h e  s y s t e m  between d i f -  

f e r e n t  groups and persons w i l l  e a sz  i n d i v i d u a l  strain. I s o l a t i o n  

work w i l l  s t i l l  be f u n .  P r o d u c t i v i t y  w i l l  be i n c r e a s i n g  and 

bosses  w i l l  be s m i l i n g ,  

I n  ano the r  a r e a ,  column s u p p o r t s  o r  packings w i l l  necome 

even more varied. Three micrometers is now cons ide red  t h e  lower 

l i m i t  f o r  p a r t i c l e  s i z e  i n s o f a r  as one nay g a i n  e f f i c i e n c y  by re -  

& z i n g  Far . t ic le  s i z e .  However, t h i s  may not  be ha rd  and f a s t .  

Bonding w i l l  i n t r o d u c e  even more p r o p e r t i e s  t o  s u r f a c e s ,  Various 

polymers with r i g i d  m a t r i c e s  w i l l  appea r  i n  f i n e  macroporous 

forms. Hopeful ly  b e t t e r  terminology and i n s t r u c t i o n s  w i l l  aypear  

t o  h e l p  t h e  non-mathematically i n c l i n e d  t o  choose t h e  b e s t  pcro-  

s i t y  f o r  a given purpose. A c t u a l l y  many company r e p r e s e n t a t i v e s  

a r e  very good a t  he lp ing  one i n  t h i s  a r e a .  

F ine  packings i n  l a r g e  columns, compressed o r  o t h e r w i s e ,  

w i l l  b r i n g  even g r e a t e r  e f f i c i e n c y  t o  l a r g e  scale p r e p a r a t i v e  

work. 

on t h i s  k ind  of e f f o r t .  The t o r r e n t i a l  s o l v e n t  f lows  and r a p i -  

d i t y  with which t h i n g s  happen simply d o n ' t  a l low such  i n t e r f a c i n g  

t o  be worth t h e  e f f o r t .  

Microprocessors  w i l l  probably have t h e  l e a s t  d i r e c t  e f fec t  

One t h i n g  w i l l  no t  change. S t i c k y  p r e p a r a t i , r e  problems w i l l  

s t i l l  be s t i c k y .  But t h e y  probably w i l l  get s o l v e d  f a s t e r  j u s t  

because one can t r y  s o  many more t h i n g s  i n  a given amount o f  time. 
And t h a t  is t h e  primary commodity, t h e  on ly  commodity t h a t  money 

can not  r e a l l y  buy, which modern p r e p a r a t i v e  LC i s ,  and w i l l  b e ,  

g i v i n g  u s ,  namely time. 
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