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ABSTRACT 

The e f f e c t  of column dimension on resolut . ion,  sample c a p a c i t y ,  r e t m t i o n  t ime,  
e f f i c i e n c y  and mobile phhse composition were s t u d i e d ,  using both cons tan t  flow 
r a t e  and cor.stant l i n e a r  v e l o c i t y .  The f o u r  columns s e l e c t e d  ( A  - 2?8 x 3.2 m m ,  
B - 153 x 4.0 mm,  C - 116 x 4.6 mm and D - 50 x 7 m m )  had t h e  sane  volume. K '  
va lues  were found t o  be c o n s t a n t ,  wi th in  experimental  e r r o r ,  f o r  all columns. 
A t  cons tan t  l i n e a r  v e l o c i t y .  t h e  r e t e n t i o n  t ime was found t o  be a l i n e a r  f u z c t i o n  
of column l e n g t h ,  while  a t  cons tan t  flow r a t e  r e t e n t i o n  time was cons tan t  f o r  
a l l  columns. The l o n g e s t  column ( A )  genera ted  t h e  l a r g e s t  N va lues  while  columns 
3 end C gave t h e  lowest  H va lues ,  f o r  d i l u t e  s o l u t i o n s ,  while  tney decreased w i t h  
decreas ing  column length .  On t h e  o t h e r  hand, i t  was observed t h a t  a s  t h e  sample 
s i z e  increased ,  N generated by column A decreased more r a p i d l y  and e v e n t u a l l y  
f e l l  bel-ow t h e  va lues  generated by columns D and C.  These two columns ( B  & C )  
can t o l e r a t e  a l a r g e r  sample s i z e  w i t h  l e s s  r e d u c t i o n  i n  N vhlue than  t h e  l o n g e s t  
Column. I t  is important  t o  note  t h a t  a l though t h e r e  were minor d i f f e r e n c e s  i n  
performance between columns B and C ,  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  between 
them (B  and C) and t h e  o t h e r  two columns ( A  and D). Column A o f f e r e d  t h e  h i g h e s t  
s e n s i t i v i t y  (nar roww peaks) f o r  d i l u t e  s o l u t i o n s ,  whi le  columns B and C o f f e r e d  
higher  l o a d z b i l i t y .  The volume of organic  modi f ie r  i n  t h e  mobile phase a f f e c t e d  

*Presented i n  p a r t  a t  t h e  39th P i t t s b u r g h  Conference on Analy t ica l  Chemistry 
and Applied Spectroscopy,  New Or leans ,  LA, February 22-26, 1988, paper 1186. 

**Author t o  whom correspondence should be addressed.  
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3336 ISSAQ ET AL. 

the retentior. equally in the four columns. It xas also found that equal 
separation ((I) was obtained for each column at constant flow rate and constant 
linear velocity, except with the latter the retention times were longer. 

INTHCDUCTION 

High pcrformancc liquid chrcrndtography (HPLC) is becoming one of th? most 

widely used snalytical techniques, due to its applicability to small as w e l l  as 

large polymeric ana biomclecules, organic as well as inorganic ccmpounds. Secent 

research into HPLC methods development and application have been mostly concerned 

wit!] mobile phase optimization, type of coiumn support materials, particle and 

pore size effects and applications to different fields. Although there have been 

studies into tke effect, of column size, it is not an easy task to order d column 

for a spccific: need. Today's analytical HPLC columns have aifferent dimensions 

ranging frorr, approximatcly 1 to 7 mm in diamtter and 30 to 300 mm in length. 

So, it beco!r.es difficult to decide which co1um.n to use in order to ackievr 

op'-imurr, resolution of 3 mixture, and/or maximum sample loadability. 

Tne aesign of the column is a very important aspect in analytical as well 

as preparative scale liquid chromatography. The processes invol5Iea in peak 

broadening are basically isotherm nonlinearity dnd column dispersion. The 

sathematical treatment is complex and there are no analytical solutions to the 

set of differential equations describing the combined effect. Except at infinite 

dilution (linear chromatography) and perhaps moderaLe overload, no theory is yet 

available to describe peak profile (1-6). In preparative liquid chromatography, 

theories stress the complex interdependence of optimum performance on a number 

of parameters includina column length and diameter in addition to linear flow 

velocity, particle size, sample size and concentration and number of theoretical 

plates (7 ) .  In an attempt at simplifying the mathematical complexity, Hupe and 

co-workers ( 8 . 9 )  presented a simple relationship which allows a semi-quantitative 

determination of some of the parameters that optimize the amount of sample that 

can be separated per u n i t  time (the production rate). Among the many parameters 

involved, column length and internal diameter received more attention. It is 
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EFFECT OF COLUMN DIMENSIONS 3337 

c o n c l u a z d  t h a t  t.he p r o d u c t i o n  r a t ?  i n c r e a s e s  w i t h  i n c r e a s i n g  b o t h  cclumr, 1er ;gth 

dnd c r o s s - s e c t i o n .  Xowever, wr:ile t h e  i n c r e a s e  w i t h  c c l u r n  c r o s s - s e c t i o n  is 

l i n e d ,  t h a t  w i t h  colimri l e r i g t n  a s y m p t o t i c a l l y  a p p r o a c h e s  d maximum v a l u e .  

i n  t h i s  s t u d y  we p r e s e n t  e x p e r i m e n t a l  r 5 s u l t s  pe r t , : i n ing  t o  t h e  r v i s t i o n  

between coiunn d imens ions  a d  column l o a d s b i l i ' y  or s a n p l p  c a p a c i t y ,  column 

e f f i c i e n c y  hna r e s o l u t i o n  o f  s o l u t e  p r o b e s ,  a s  w e l l  as c f f e c t ,  of or{;snic  rnodif i t . r  

c0ncen t :~ ; t i i on  us1r.g f o u r  columns w i t h  d i f ' f e r e n t  d imens ions  ( l a n g t h  2nd l n t e r n a i  

diametc!r), w!ii:re a l l  o t h e r  p a r a m i t a r s ,  i n c l u d i n g  column volume w i r e  k e p t  

EXPERIMENTAL 

Kditer i d i s  : 

The columns s e l e c t e d  f o r  t h i s  s t u d y  had tk? f o l l o w i n g  d i m c n s i o n s :  Column 

A :  23C x 3.2 im; Columfi B:  133  x 4 m;  Coiumn C :  116 x 4.6 m% and Column 3: 5G 

x 7 rnm. Ehch column 

was packed w i t h  . ibout  1 .25 grams o f  5 pin s p h e r i c a l ,  r e v e r s e d  p h s s e  C 1 8  bonded 

s i l i c a  (Acvanced S e p a r L t i o n s  T ? c h n o l o g i e s ,  I n c . ,  Nhippany,  & J j .  'The t e s t  s o l u t e s  

were n i t r o b e n z e n e  frorr. Chem S e r v i c e s  ( W e s t c h e s t e r ,  Pi,), b i g n e n y l  (BP) and  2- 

pheny lpheno l  (2PP)  from Aldr i c? .  Cherr.lc;l Co. (Milhraukcc, v:Ij, d i g h e n y l m i n c  f r o a  

F i s h e r  S c i e n t i f i c :  ( F a i r l a w r . ,  N;) and t o l u e n e  from Burd ick  and J a c k s o n  (Muskegon, 

X) .  The mob i l e  p h a s e  was a c e t o n i t r i l e / w a t e r  ( 7 5 : 2 5 ) .  Its v i s c o c i t , y  a t  25'C 

was 0.59 c e n t i g o i s e  ( m x s m - ' ) .  The d i f f u s i o r :  c o e f f i c i e n t s  of 3P  and Z P P  i n  this 

s o l v e n t  sys t em were e s t i m a t e d  t o  be 1.53 x cm2/s, 

r e s p e c t i v e l y  ( 1 0 ) .  

All colunnns have t h c  same volume o f  1.923 i 0.007 nm3. 

cm2/s and 1.39 x 

A p p a r a t u s :  

A Wewlet t -Packard l i q u i d  ch romatograph  (Model 1050Mj equ ipped  w i t h  a 

p h o t o a i o d e  a r r a y  d e t e c t o r ,  an  i n t e g r a t o r  and an  a u t o  i n j e c t o r  was used.  A l l  

I r o b i l e  p h a s e s  were f i l t e r c a  and degassed  b e f o r e  u s e  and m a i n t a i n e d  u n ? e r  he l ium 

t h r o u g h o u t  t h e  e x p e r i m e n t s .  E f f l u e n t s  were mon i to red  a t  254 nm. Flow rates,  

s o l u t i o n  c o n c e n t r a t i o n s  and i n j e c t i o n  volumes a r e  a s  s p e c i f i e d  i n  t h e  f i g u r e  

l e g e n d s .  
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CESULTS AND CISCUSSION 

ISSAQ ET AL. 

Column S e l e c t i o n :  

The f o u r  colunns usea i n  this s t u d y  'were s e l e c t e d  based on k v , i i l h b i l i t y  

snd re:Asorl;iblc column dimensicns,  diameter  3nd l e n g t h ,  khich a r e  i n  t h ?  nwalan 

of comnerci?l ly  cAvai lzb lc  x n l y r i c a l  HPLC columns. it wds decided t h a t  tne 

m+,diLcm s i z e  column should be approxina te ly  15 cm i n  1;ngth and th-  S h o r t e s t  5 

2m. Long i r  colunins with srnhller d iameters  woulc! be too  long ( ?  2 mix didmett,r 

colunm having tilc shae volurna as those  s c l i c t 6 d  woulz hkve t o  be 61.2 CIG l o n g ) ,  

while s h o r t e r  colun~ns ( t h a n  5 cm) would hava t o o  wi?e an i n t e r n a l  d iz .ne te r ,  and  

would  prove t c  St i m p r a c t i c a l .  

Colmn Tes t ing :  

For each column, a chromatogrsm of a 5 ill i n j e c t i o n  of :he tw.s so1Utt:s BP 

I r t J  l P P  (.0:4 pg/yl of f a c h j  was obtained d t  s e v e r a l  l i n s a r  v e l o c i t i e s  b?twe?n 

0.5 and 5 r i m / ? ;  ?nd c h a - ? c t E r i s t i c  reduccb pi:t.e h r i g h t  . ierrss rcdiiced v a l o c i t y  

curves wTre detuririineu ( r e s u l t s  not  shown). 'Tnr sample concent ra t ion  w:as 

s u f f i c i e n t l y  low $0 ? s t h b l i s h  t h a  necessary condi t ion  of l i n e r r  ~ h r o n ~ t o g r b p h y .  

fiased on t h e s e  r e s u l t s ,  t h e  flow r a t e s  Tor this s t u d y  weri chosen t o  h a w  i i n r a r  

v6; loci t ies  a t  th-.  ninimurn of t h d  reduced p l a t e  te ight .  versus  reduced v e l o c i t y  

p l o t s .  Void volumes were determined us ing  sodium n i t r i t e  a s  a non-rs ta ined 

s o l u t e .  

In  t h e  f i r s t  set of experiments ,  t h e  columns were eva lua ted  a t  a f low r a t e  

of 0.7 mL/min each. In t h i s  case ,  t h e  r e s i d e n c e  t ime of each s o l u t e  is t h e  same 

f o r  each column. The l i n e a r  v e l o c i t i e s  were a s  fo l lows:  Column A :  3.16 mrn/s; 

Column B: 2.05 m m / s ;  Column C: 1.54 mm/s; and Column D: 0.66 mm/s. 

I n  t h e  second s e t  of experiments ,  t h e  flow r a t e s  fo r  each column were 

var ied  i n  order  t o  have s o l u t e  a a t a  a t  t h e  same l i n e a r  v e l o c i t y  of 0.67 mm/s 

for  each column. The flow r a t e s  were a s  fo l lows:  Column A :  0.15 m l / m i n ;  Column 

B: 0 .23 mllmin; Column C: 0.3 mllmin; and Column D: 0.7 mllmin. 
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EFFECT OF COLUMN DIMENSIONS 3339 

Fur the rmore ,  t h e  column pe r fo rmance  p a r a m e t e r s  KO, C$ and E were d e t e r m i n e d .  

These  p a r a n e t e r s  a r e  d e f i n e d  i n  t h e  f o l l o w i n g .  I n  HPLC t h e  v e l o c i t y  Of t h e  

m o b i l e  p h a s e  (11) which is c o n s t a n t  a l o n g  t h e  column is r e l a t e d  t o  t h e  column 

p a r a m e t e r s  by t h e  e q u a t i o n  

v - K O  dp2 AP/nL ( 1 )  

where tio ( a  d in i?ns ion le s s  q u a n t i t y )  is t h e  s p e c i f i c  column p e r m p a b i l i t y ;  dp  is 

t h e  e v e r a g e  d i a m e t e r  of t h e  pack ing  m z t e r i a l ;  ri is t h e  v i s c o c i t y  o f  t h e  aobi le  

p h x e ;  A? is t h e  column p r e s s u r e  d r o p  which is e f f e c t i v e l y  tile r e a d i n g  o f  m e  

i n l e t  p r e s s u r e  gauge ;  and L is t h e  column l e n j t h .  

The parameto-  4 - l /Ko is t h e  flow r e s i s t a n c e  f a c t o r ,  t h e  i m p o r t a n c e  o f  

which is e x p l a i n e d  by Yristow and  Knox ( 1 1 ) .  

The p a r a m e t e r  E ( t h e  s e p a r a t i o n  impedance)  was a l so  i n t r o d u c e d  by Bristow 

and  Knox ( 1 1 )  and is meant t o  measure th-  pe r fo rmance  o f  a g i v e n  Column i n  

c o n s i d e r a t i o n  of t h e  number o f  theoretical p i a t e s  g e n e r a t e d  by t h e  column (N), 

v o i d  t i m e  ( t o ) ,  p r e s s u r e  d rop  ( A P )  and m o b i l e  p h a s e  v i s c o c i t y  ( n ) .  I t  is 

o b t a i n a d  v i a  t h e  e q u a t i o n  

- $0 

where h is t h e  r e d u c e d  p l a t e  h e i g h t  (H /dp)  and  H is t h e  h e i g h t  e q u i v a l e n t  t o  a 

t h s o r e t i c a l  p l a t e  ( H  = L/N) .  

T h e  v a l u e  of K O  can be e v a l u a t e d  from t h e  Kozeny-Carmm e q u a t i o n  

K O  = E 3 / 1 8 0 ( 1 - ~ ) 2  

where E t n e  column e x t e r n a l  p o r o s i t y ,  t h a t  is t h e  f r a c t i o n  of t h e  column volume 

n o t  o c c u p i e d  by t h e  p a r t i c l e s  and is t h e r e f o r e  a v a i l a b l e  t o  t h e  S o l v e n t  f l o w i n g  

a round  t h e  p a r t i c l e s .  

E c a n  be c a l c u l a t e d  from e x p e r i m e n t a l  v a r i a b l e s  as f o l l o w s :  

E - F t o / r r 2 L  

where F is t h e  f l o w  rate and r is t h e  column r a d i u s .  For  a well packed 

c o n v e n t i o n a l  column E t y p i c a l l y  l i e s  between 0 . 4  and 0.5 ( 1 2 ) .  
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3340 ISSAQ ET AL. 

The column performance pzrameters  d e s c r i b e d  above were c a l c u l a t e d  f o r  a l l  

columns and a r e  p r e s e n t e d  i n  Table  1 .  

S e v e r a l  impor tan t  o b s e r v a t i o n s  about colunn performance a r e  r e v e a l e d  f r o n  

t h e  r e s u l t s  p r e s e n t e d  i n  Table  1 .  I t  is noted  t h a t  h is lowes t  f o r  Columns B 

and C ,  even though column A h3s  t h e  h i g h e s t  v a l u e  of  N .  Column D showed poor 

per fornence  as i n d i c a t e d  by t h e  v a l u e  of  h - 9.4 and t h e  v a l u e s  of t h e  o t h e r  

parameters .  The v a i u e s  of K O  and t h e  r e l a t e d  pararreter  0 f a l l s  w i t h i n  t h ?  range 

of  well packed convent iona l  columns. T y p i c a l l y  K O  v a l u e s  a r e  around 1 x 

and 9 values  a r e  t h e r e f o r e  about  1 x l o 3  ( 1 3 , 1 4 1 .  

The l a r g e  E v a l u e  for  column A is a r e s u l t  of somewhat h ign  va lue  of h ,  

whi le  t h e  very l a r g e  v a l u e  f o r  column D is a combinat ion of  both l a r g e  @ v a l u e  

and l a r g e  h va lue .  The r e s u l t s  presented  i n  Table  1 i n d i c n t e  t h a t  t h e  dimensions 

chosen f o r  columns B and C y i e l d  the b e s t  v a l u e s  f o r  t h e  co lunn  performance 

parameters  o u t  of t h e  s e t  of columns chosen f o r  t h i s  s tudy .  Column D (50 x 7 

mm) was repacked mori than  once by d i f f e r e n t  manufac turers ,  b u t  gave r e l a t i v e l y  

poor r e s u l t s  i n  ea-h c a s e .  

E f f e c t  of Sample Size on N, H and R:  

I n  t h e  l i m i t  of l i n e a r  chromatography ( v e r y  smal l  sample s i z e ) ,  t h e  two 

s o l u t e  probes  ( E P  and 2PP) and sodium n i t r i t e  were chromatographed f i r s t  a t  

TABLE 1 .  Column performance parameters  

E E - @ Column ( r n m ) ( " )  - h - ~ 0 1 0 3  - - 
238 x 3.2 3.6 1 .23 81 3 10537 0.459 

153 x 4 .0  2.4 1.28 781 4499 0.452 

116 x 4 , 6  2 .4  1.10 909 5236 0.457 

50 x 7.0 9.4 0.27 3704 327285 0.556 

( a )The  v a l u e s  were c a l c u l a t e d  for t h e  s o l u t e  b iphenyl  (k'-1.61+0.02 a t  a f low 

r a t e  o f  0.7 mL/rnin. 
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I I I I I I 

50 100 150 200 250 300 
Column Length (mm) 

Figurs 1 C-pacity fdctor versus column leneth for columqs of equnl volumes 

packed with 5 um spherical reversed pbase C,8  material and a mobile 

phase o f  ;cetonitrile/water ( 7 5 : 2 5 )  at a flow T3te of 0.7 ml/min. 

5 ul o f  a solution of 0.024 u g / u i  biphenyl and 2-phenylphenol were 

injected and the effluent was monitored at 254 nm. 

constant linear velocity o f  0.67k.02 mm/s (variable flow rate) and then at 

constant flow rate of 0.7 mllmin. (variable linear velocity) using &cetonitrile/- 

wdtcr ( 7 5 : 2 5  v/v). 

Figure 1 shows a plot of  k' versus column length. As expected k' values 

are constant, within experimental error, for all columns, at the two flow rates 

used for each column. 

On the other hand, when a constant linear velocity is used, the retention 

time is a linear function o f  column length irrespective of column cross-section. 

This result is clearly illustrated in Figure 2. Furthermore, when the solutes 

are chromatographed at constant flow rate (0.7 ml/min) the retention time for 

each solute is essentially constant, on all the columns, within experimental 

error for all columns (see Table 2 ) .  
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15- 

10- 

5 -  

P Bp 

2 PP 

NO2 

I 1 I 1 

100 200 300 400 0’ 

Column Length (mm) 

F i g u r e  2 R e t e n t i o n  t i m e  v e r s u s  column l e n g t n .  A l l  e x p e r i m i n t a l  c o n d i t i o n  

dre t h e  same a s  f i g u r t  1 e x c e p t  a linear v e l o c i t y  of 0.67 ma/s ( i . e .  

v d r i h b l e  flow r a t e ,  see t e x t  for  d e t a i l s ) .  

TABLE 2 

R e t e n t i o n  times f o r  BP a n d  2PP on column A ,  B ,  C and  D using 

a mobile p h a s e  of a c e t o n i t r i l e / w a t e r  (75:25)  and a flow 

r a t e  of 0.7 n l / m i n .  Sample s i z e :  5 ml of 0.024 p g / p l  

of each 3 P  and 2PP. 

Column A 6 C D 

a p  2.77 2.72 2.75 2 .04  

PP 3.59 3.54 3.59 3.68 
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EFFECT OF COLUMN DIMENSIONS 3343 

The above r e s u l t s  a r e  t h e  average  of  t h r e e  r e a d i n g s ,  having  a r e l a t i v e  s t a n d a r d  

d e v i a t i o n  o f  0.02. 

The d e c r e a s e  i n  column e f f i c i e n c y  w i t h  i n c r e a s i n g  i n j e c t e d  q u a n t i t y  is a 

matter of concern i n  a n a l y t i c a l  l i q u i d  chromatography. I t  is even more c r i t i c a l  

i n  ? r e p s r a t i v e  l i q u i d  chromatography because a c e r t a i n  minimdm number of  p l a t e s  

is r e q u i r e d  t o  o b t a i n  a subs tance  wi th  a g iven  degree  of  p u r i t y .  A l a r g e  sample 

s i z e  could be d e l i v e r e d  e i the r  a s  a smal l  volume of  a c o n c e n t r a t e d  s o l u t i o n  o r  

a l a r g e  volume of a d i l u t e  s o l u t i o n .  I t  h a s  been e s t a b l i s h e d  t h a t  an a d v e r s e  

over load  e f f e c t  dppears  Pore r a p i d l y  on a more e f f i c i e n t  column compared to  a 

less e f f i c i e n t  column. Furthermore i t  was shown (15) t h a t  t h e  l i n e a r  c a p a c i t y  

of t h e  column is higher  f o r  d i l u t e d  than  f o r  c o n c e n t r a t e d  sample s o l u t i o n s  f o r  

t h e  same amount of s o l u t e .  I n  t h i s  work, we a t tempted  t o  compare t h e  f o u r  

columns w i t h  r e s p e c t  t o  e f f i c i e n c y  and sample c a p a c i t y  ( l o a d a b i l i t y )  a s  a 

f u n c t i o n  of  i n j e c t e d  sample s i z e  by both  sample over load  ( f i x e d  volume of 

s o l u t i o n s  wi th  d i f f e r e n t  c o n c e n t r a t i o n )  and volume over load  ( d i f f e r e n t  volumes 

of  a d i l u t e  s o l u t i o n ) .  .Since t h e  columns s t u d i e d  i n  t h i s  work showed a s l i g h t l y  

b e t t e r  e f f i c i e n c y  ( lower  H v a l u e s  and h igher  r e s o l u t i o n  f o r  t h e  s o l u t e s  BP and 

2PP) n t  t h e  f i x e d  flow r a t e  of 0.7 ml/min. we w i l l  snow i n  what f o l l o w s  t h e  

r e s u l t s  o b t s i n e d  a t  c o n s t a n t  f low r z t e .  T h i s  should  be a c c r p t a b l s  b e c i u s e  t h e  

t r e n d s  obssrvud i n  both  modcs of o p e r a t i o n  wcre n e a r l y  i d e n t i c a l .  

F i g u r e  3 shows a p l o t  of  W ( t h e o r e t i c a l  p l a t e  h e i g h t )  v e r s u s  sample s i z e  

i n  t h e  mass ov2rload mode a t  2 c o n s t a n t  f low r a t e  of 0.7 ml/min. F i g u r e  4 shows 

a cor responding  p l o t  of  H v e r s u s  sample s i z e .  Examination of t h e s e  two f i g u r e s  

r e v e a i e d  t h a t  t h e  longer  coluinn ( A )  g e n e r a t e d  a l a r g e  N value  i n  t h e  l i n e a r  range  

and t h a t  N d e c r e a s e s  wi th  d e c r e a s i n g  column l e n g t h .  On t h e  o t h e r  hand,  H which 

measure colilmn e f f i c i e n c y  per  u n i t  l e n g t h  had lower v a l u e s  f o r  t n e  wider and 

s h o r t e r  columns B and C compared to  t h e  longer and narrower Column A .  

Furtnermore i t  was observed t h a t  a s  t h e  sample s i z e  i n c r e a s e d ,  N genera ted  by 

c o l m n  A d e c r e a s e s  more r a p i d l y  and e v e n t u a l l y  approaches  ena f z l l s  below t h e  

v a l u e s  g e n e r a t e a  by columns B and C at a sample s i z e  of about  100 ug ( 8 0  ug 
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F i g u r e  3 

h 
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E v 

I 

10,000 I A 

1000 D 11 , 
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0.1 

Sample Size bg) 

E f f e c t  of sample s i z e  ( b i p h e n y l )  on  N f o r  columns of equal volume. 

Experimental  c o n d i t i o n s  a r e  t h e  same as f o r  f i g u r e  1 .  

0.0101 I I I I 
0.1 1 10 100 1000 

Sample Size (pg) 

Figure  4 E f f e c t  of sarr.?le s i z e  on H. A l l  exper imenta l  c o n d i t i o n s  a r e  t h e  

same a s  f o r  f i g u r e  3 .  
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I I I 1 
0.1 1 10 100 1000 

Sample Size (pg) 

F i g u r e  5 E f f e c t  of sample s i z e  on r e s o l u t i o n .  All c o n d i t i o n s  d r e  t h e  same 

a s  for f i g u r e  3. 

sample/p, packing) .  I t  was a l s o  observea  t h z t  t h e  l i n c a r  range  of columns I3 and 

C is d i d e r ,  i . e .  they  can tolerdtb a l t r g a r  skmple s i x  wi th  r e l a t i v e l y  l a s s  

r e a u c t i o n  i n  P i .  It was Evident  that column A o f f e r s  t h e  advat:tage of g r e a t e r  

S e n s i t i v i t y  (narrower peaks)  i n  i ts l i n e a r  range  ( s m a l l  sample)  whi le  columns 

€3 and C o f f e r  t h e  advantage  of h igher  l o a d a b i l i t y .  Note t h a t  a l though t h e  

s o l v e n t  consuinption and s o l u t e  r e s i d e n c e  time is  t h e  same f o r  a l l  columns under 

t n c  chosen experimmLz,l c o n d i t i o n s ,  columns B and C weri- o p e r a t i d  c t  lower i n l e t  

p r e s s u r e s  compared t o  column A because of t h e i r  u i d e r  d iameter .  Column 0 whicn 

gave poorer  N and H v a l u e s  has  a wider  l i n e a r  range  t h a n  t h e  o t h e r  t h r e e  Columns. 

F i g u r e  5 shows t h e  effect .  of sample size on t h e  r e s o l u t i o n  of 5P and 2PP. All 

t h e  c o n c l u s i o n s  drawn from f i g u r e s  3 bnd 4 are inorr c l e h r l y  i l l u s t r a t e d  i n  t h i s  

f i g u r e .  I t  is s i g n i f i c a n t  t o  n o t e  t h a t  t h e r e  a r e  minor d i f f e r e n c e s  i n  t h e  

performance oi columns li snd C ana both  are widely d i f f e r e n t  from columns A and 

D. I t  is z l so  impor tan t  t o  n o t e  t h a t  whi le  peak wid th  is s i g n i f i c a n t l y  a f f e c t e d  

by i n c r e a s i n g  sample s i z e ,  k '  v a l u e s  i n  t h i s  sample size range  (0.12 !Jg - 125 
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up) are only slightly affected. At a sample size of 125 ug k '  was Only 2% less 

than that at the linear range of 1-5 ug. Figure 5 also shows that although 

column A gave much better resolution of BP and 2PP than that of the other columns 

at 0.12 ug, the resolution was equal to that obtained on columns B and C when 

125 ug of sample was chromatographed. Note also that column D had a wider linear 

range while column A had the narrowest and the highest drop in resolution with 

increasing sample size. 

Sample Size vs Sample Volume: 

The differences between the two modes of injection namely sample overload 

and volume overload were evaluated. Sample load can be studied in two different 

ways; (a) increased injection volume of the same dilute solution i.e. increased 

volume, increased concentration; or (b) injection of cifferent volumes having 

the same coneentration, where only the volume injected affects the resolution 

and not the concentration of the solute. For figures 6 and 7 the increased 

volume, increased concentration node was used while for figure 8 increased 

volume, constant concentration mode was used. Figure 6 gives a plot of 

resolution vwsus sample size for both modes of sample introduction using column 

A ,  and figure 7 gives a corresponding comparison on column B. It was observed 

that the sample overload mode gave higher resolution compared to volume overload 

at large sample size; howe'ver, the magnitude of the difference diminished when 

columns I3 or C were substituted for column A. Figure 8 shows the effect of 

volume injected on resolution using the four columns. The results for columns 

A ,  3. and C show an almost threefold drop in rasolution between a 2 111 and 60 

v 1  injection. The results also show that Columns A, B ,  and C gave equivalent 

resolution (within experimental error). 

Effect of Acetonitrile on Retention: 

In a previous study ( 1 6 ) ,  it was observed that for a set of columns having 

the same dihmeters but different lengths (i.e. different volumes) the sample 
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a -  

.- 
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- 
Q) 
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0 

Figure  6 Comparison of t h e  p l c t s  of r e s o l u t i o n  versus  s a a p l e  s i z e  on t h e  238 

x 3.2 mm column. 0 - volume overload (sample c o n c s n t r a t i o n  1 u g / p l ) ,  

@ = sample overload ( 5  u1 sample i n j e c t e d ) .  S o l u t e s  UP and 2PP .  

Other condi t ions  a r e  t h e  same as f o r  f i g u r e  5. 

I I I 

67-----Y 
Figure  7 Comparison of t h e  p l o t s  of r e s o l u t i o n  versus  sample s i z e  on t h e  153 

x 4.0 mm column. Experimental c o n d i t i o n s  a r e  t h e  same a s  for f i g u r e  

6. 
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' I  

"0 10 20 30 40 50 60 70 

Injection Volume 0.1) 

Figu-e 8 Cornparisor, of the plots of resolution versub volumi injected on 

Columns A, B, C, and D. A l l  experlmental conditions are tnt same 

ds for figure 3. 

26.5 

21.5 

16.5 

11.5 

6.5 

1.5 
30 40 50 60 70 80 90 100 

O'O Ace t ro n i t r i I e 

Figure 9 Th-. influence of acetonitrile concencration in the acetonitrile/water 

mobile phase for BP on the 4 columns having the same volume. A l l  

experimental conditions are the same as for figure 1. 
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A 

I 

B 

Retention Time (min) 

Figure 10 Chromatograms of the separation of a mixture of nitrobenzene, 2 P P ,  

toluene, diphenylsmine and 8 P  u s i n g  column B (153 x 4.0 mm) =nd a 

mobile phase of 60% acetonitrile/water at ( a )  constant flow rate (0.7 

ml/min) and (b) constsnt linear veloclty of 0.67 mm/s (a flow rate 

of 0.23 rnl lmin) .  Other conditions are the same as for figure 1. 
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res idence  time i n  t h e  column is imgortant  and can a f f e c t  r e s o l u t i o n .  This  meant 

t h a t  i f  a mixt,ure of A and B is reso lved  on a 25 em RP C-18 column using 80% 

a c e t o n i t r i l e / w a t e r ,  t h e  same mixture  can be reso lved  on a s h o r t e r  column, g iv ing  

equiva len t  s e p a r z t i o n .  i f  t h e  percent  a c e t o n i t r i l e  i n  t h e  mobile phase is 

decreased.  I n  t h i s  s t u d y ,  i t  was of i n t e r e s t  t o  s e e  i f  t h e  l e n g t h s  of t h e  same 

volumn columns have such an e f f e c t .  The r e s u l t s  show t h a t  tho  r e t e n t i o n  t imes 

obts ined  f o r  BP on t h e  f o u r  columns were not  a f f e c t e d  by t h e  column dimensions, 

and gave e q u i v a l e n t  r e t e n t i o n  t imes under t h e  same experimental  conoi t ions .  T h i s  

is due t o  t h e  e f f i c i e n t  d i s t r i b u t i o n  of t h e  shmple s o l u t i o n  a t  t h e  head of t h e  

column. F igure  9 shows t h e  va lues  f o r  columns A and B .  Those f o r  columns C and 

D o v e r l a p  w i t h  t h o s e  of A and 6. 

Constant Flow Rate v s .  Constant  Linear  Veloc i ty  

S ince  t h e  columns used i n  t h i s  s tudy  had t h e  samc volume, but  d i f f e r e n t  

l e n g t h  and diameter  it, was of i n t e r e s t  t o  see which mode ( c o n s t a n t  flow r a t e  o r  

cons tan t  l i n e a r  v e l o c i t y )  wouid g i v e  a b e t t e r  s e p a r h t i o n  of 2 m i x t u r e .  Figure 

10 shows t h ?  s e p a r a t i o n  of a m i x t u r i  of n i t robenzene ,  2PP,  to luene ,  diphenylarnine 

2nd BP on column B a t  a cons tan t  flow r a t e  (0.7 ml/min) and c o n s t a n t  l i n e a r  

v e l o c i t y  0.67 mm/s (0.23 ml/min). No a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  s e p a r a t i o n  

( a )  of t h e  mixture  is observed,  except  t h a t  t h e  r e t e n t i o n  t imes a r e  longer  a t  

cons tan t  l i n e a r  v e l o c i t y .  The results ( n o t  shown) were s i m i l a r  f o r  columns A ,  

C ,  and D .  
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