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INEXPENSIVE, LOW-DEAD VOLUME FLOW 
CELLS FOR MICROCOLUMN LC 

Larry A. Spin01 , Soon M. Hanl , 
Daniel W. Armstrongl, and Albert R.  Parrott2 

1 Department of Chemistry and Biochemistry 
Texas Tech University 

Lubbock, Texas 794094260 
2Dow Chemical 
Building B-1218 
Freeport, Texas 

ABSTRACT 

The dead volume of the  de t ec to r  flow c e l l  i s  very important 
in packed microcolumn 1 iquid chromatography. Most commercially 
ava i l ab le  de t ec to r s  a r e  inadequate because o f  excessive ex t r a  
column band broadening. In th i s  work, t he  conversion of 
conventional 1 iquid chromatographic UV de t ec to r s  t o  low dead 
volume cap i l l a ry  de t ec to r s  i s  described. Inexpensive flow c e l l  
conversion has been completed successfully on four d i f f e r e n t  LC 
de t ec to r s  . 

INTRODUCTION 

Since the advent of fused s i l i c a  c a p i l l a r i e s  ( l ) ,  packed 

microcol umn 1 i q u i d  chromatography ( L C )  has become increasingly 

popular ( 2 - 7 ) .  Indeed, i t  seems t o  be one of t he  most prac t ica l  

ways of obtaining very high numbers of t heo re t i ca l  p l a t e s  (>I0 ) 

in LC (8,9). Efficiency in packed microcolumn LC i s  very 
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1604 SPIN0 ET AL. 

dependent on e x t r a - c o l  umn band broadening e f f e c t s .  Consequent1 y, 

v e r y  l o w  volume i n j e c t o r s ,  d e t e c t o r s  and f i t t i n g s  a r e  a b s o l u t e l y  

e s s e n t i a l .  C u r r e n t l y ,  t h e r e  i s  b u t  one commerc ia l l y  a v a i l a b l e  

U V - v i s i b l e  d e t e c t o r  o f  a p p r o p r i a t e  f l o w  c e l l  volume (~0.03 ~ 1 ) .  

U n f o r t u n a t e l y ,  t h i s  d e t e c t o r  i s  v e r y  expensive (10).  The 

a l t e r n a t i v e  i s  t o  c o n v e r t  t h e  f l o w  c e l l  i n  conven t iona l  LC 

d e t e c t o r s  t o  low-dead-vol ume analogues t h a t  m a i n t a i n  reasonable 

s e n s i t i v i t y .  Some researchers  have b r i e f l y  r e p o r t e d  f l o w  c e l l s  

f o r  microcolumn LC (11-13) .  I n  t h i s  work, we d e s c r i b e  a f a c i l e ,  

i nexpens ive  f l o w - c e l l  conve rs ion  t h a t  has been completed 

s u c c e s * j f u l l y  on f o u r  d i f f e r e n t  LC d e t e c t o r s  ( i . e . ,  Shimadzu 

SPD-2A11 and SPD-6A, Waters model 440 and Gow-Mac model 080-20) .  

E XPER I M E  NTAL 

The c o n s t r u c t i o n  o f  t h e  m o d i f i e d  f l o w  c e l l  c o n s i s t s  o f  t h r e e  

main steps; c e l l  b l o c k  c o n s t r u c t i o n ,  r a z o r  b l a d e  ( s l i t )  a l i gnmen t  

and c a p i l l a r y  placement. Min imal  amounts of  s k i l l  and equipment 

a r e  necessary t o  c o n s t r u c t  a work ing "m ic ro -vo l  ume" f l o w  c e l l ,  

b u t  t h e  most d i f f i c u l t  s t e p  i s  a c q u i r i n g  and rep roduc ing  a 

dupl  i c a t e  c e l l .  

The c e l l  b l o c k  must be p r e c i s e l y  machined o n l y  so f a r  as  i t  

must f i t  i n t o  t h e  d e t e c t o r  housing as w e l l  as t h e  f a c t o r y  

p rov ided  c e l l .  The example we w i l l  d e s c r i b e  w i l l  be f o r  a 

Shimad;!u SPD-ZAM v a r i a b l e  wavelength d e t e c t o r .  F i g u r e  1 shows t h e  

o r i g i n a l  f a c t o r y  m i c r o b o r e  c e l l  t o  t h e  r i g h t  and t h e  machined 

c e l l  t o  t h e  l e f t .  The c e l l  was c u t  o u t  o f  a b l o c k  o f  g r e y  

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



LOW-DEAD VOLUME FLOW CELLS 1605 

Figure  1. Photograph of  f a c t o r y  suppl ied  microbore f low c e l l  
with 0 . 5  p1 volume c a p a c i t y  on t h e  r i g h t  and on the 
l e f t ,  t h e  machined c e l l  completed w i t h  r a z o r  b l a d e s  
and c a p i l l a r y  in p lace .  

polyvinyl  c h l o r i d e  (PVC). PVC was used because i t  was inexpens ive  

and e a s y  t o  machine. 

The Shimadzu SPD-LAM h a s  two l i g h t  p a t h s  t o  t he  

p h o t o d e t e c t o r s ;  one f o r  the r e f e r e n c e  and one f o r  t h e  flow c e l l .  

For the r e f e r e n c e  c a v i t y  o f  the c e l l ,  1/8 inch h o l e s  were 

countersunk t o  a depth  o f  6mm from t h e  f r o n t  and back. The 

r e f e r e n c e  hole was completed by connect ing t h e  two countersunk 

h o l e s  w i t h  a #79 (0.37mm) d r i l l  b i t  (Krivo I n d u s t r i a l  Supply, 

Chicago, IL). The c a p i l l a r y  f low c e l l  h o l e  was d r i l l e d  w i t h  a 
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7 /16  inch d r i l l  b i t  ( s e e  F igure  2 ) .  The s i z e  o f  t h e  hole  d r i l l e d  

f o r  c a p i l l a r y  placement on the c e l l  block should be s i g n i f i c a n t l y  

l a r g e r  than t h e  a c t u a l  c a p i l l a r y  and a l s o  be l a r g e  enough f o r  a l l  

the l i g h t  passing through t h e  c a p i l l a r y  t o  f a l l  on the 

p h o t o d e t e c t o r .  

Razor b l a d e s  were used a s  s l i t s  f o r  t h e  machined c e l l .  

S ince  i t  would be advantageous f o r  t h e  l i g h t  t o  pass  o n l y  through 

t h e  i n t e r n a l  d iameter  o f  the c a p i l l a r y  c e l l ,  t h e  r a z o r  b l a d e s  

( s l i t s )  were placed so a s  t o  block l i g h t  no t  coming through the 

hollow i . d .  o f  t h e  c a p i l l a r y .  Thin double  edged r a z o r  b l a d e s  

were used a s  s l i t s  because they  were easy  t o  c u t ,  shape and 

a1 ign.  

F igure  3 shows t h e  sequence o f  A )  f i x i n g  t h e  f i r s t  r a z o r  

b l a d e  ( s l i t )  t o  t h e  c e l l  w i t h  s i l i c o n e  g l u e ;  R )  p lac ing  the 

c a p i l l a r y  next t o  the f i r s t  s l i t  wi th  cyanoacry la te  adhes ive  

(Mil-A-46050C, Type I1 C1.2, Threebond o f  America, Inc. ,  

Torrence ,  C A ) ;  and C )  p lac ing  the second b lade  ( s l i t )  u p  a g a i n s t  

t h e  c a p i l l a r y  and adhering t o  t h e  c e l l  block w i t h  s i l i c o n e  g l u e .  

Polymide c o a t e d ,  fused s i l i c a  c a p i l l a r y  tub ing  (50 um i . d .  x 

150 urn 0.d. and 250 pm i . d .  x 350 pm o .d . ,  PolyMicro 

Technologies ,  Inc . ,  Phoenix, A Z )  was used t o  f a b r i c a t e  micro f low 

c e l l s .  10 mm o f  t h e  polyirnide c o a t i n g  in  t h e  middle  of  a 20cm 

l e n g t h  o f  c a p i l l a r y  was removed w i t h  concent ra ted  s u l f u r i c  a c i d .  

This c l e a r e d  p o r t i o n  o f  the c a p i l l a r y  was used a s  the a c t u a l  flow 

c e l l  arid a p p r o p r i a t e l y  placed over  t h e  c e l l  block h o l e  a s  shown 

i n  Figure 38 and 3C. 
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1 
31 mm- t 

0 0  

P 10.5 mm 

Figure 2 .  Shape and dimensions of  the  machine PVC c e l l  block fo r  
the  Shimadzu SPD-2AM. 

1 

A 

Figure 3 .  Steps used in making a working 0.013 p1 c a p i l l a r y  flow 
c e l l .  Step A shows the  f i r s t  razor blade secured over 
half  o f  the  c a p i l l a r y  hole.  Step B shows the  c a p i l l a r y  
glued next t o  the  f i r s t  razor blade. Note t h a t  the 
polyimide coating was retained except for  the  area 
t h a t  the l i g h t  must pass. Step C shows the  second 
razor blade secured aga ins t  t he  cap i l l a ry  . 
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A A B C B 

Figure  4 .  The connec t ions  involved i n  making t h e  0.24 ~1 (250 um 
pa th length)  flow c e l l .  A i s  t h e  50 i . d . ,  c a p i l l a r y  
w i t h  the polyimide c o a t i n g .  B i s  t h e  epoxied j o i n t  
descr ibed  i n  t h e  t e x t .  C i s  t h e  250 um i . d .  c a p i l l a r y  
w i t h  the polyimide c o a t i n g  removed. 

For a 0 .013 ~1 f l o w - c e l l ,  t h e  50 vm i . d .  c a p i l l a r y  was used. 

For a 0.24 ul f l o w - c e l l ,  the s m a l l e r  150 Vm o.d, c a p i l l a r y  was 

epoxied t o  the c l e a r e d  segment of  t h e  350 urn 0 . d .  c a p i l l a r y  with 

Epo-tek (Epoxy Technology, I n c . ,  B i t l e r i c a ,  M A ) .  This i s  shown 

i n  F i g u r e  4 .  

A Shimadzu model 5 A  Liquid Chromatograph was used in 

c o n j u n c t i o n  wi th  a packed C18 (packing m a t e r i a l  from Advanced 

S e p a r a t i o n s  Technologies ,  Inc . ,  Whippany, N J )  microcolumn a s  

p r e v i o u s l y  descr ibed  (14,151. A Valco (Houston, T X )  0.2 u l  

i n t e r n a l  loop  i n j e c t o r  was used. S o l u t i o n s  o f  diphenylamine 

(Fisher  S c i e n t i f i c ,  P l a n o ,  T X ,  t h r i c e  r e c r y s t a l l i z e d ) ,  

phenanthracene and pyrene (used a s  r e c e i v e d ,  Supelco,  I n c . ,  

Be1 l e f o n t e ,  PA) were used t o  measure e f f i c i e n c y ,  Measurements 

were made a t  2 5 4  nm. 

RESULTS A N D  DISCUSSION 

The e f f i c i e n c y  of  microcolumn LC i s  c r i t i c a l l y  dependent  on 

t h e  dead-volume of  t h e  d e t e c t o r  f l o w - c e l l .  This  i s  c l e a r l y  

i l l u s t r a t e d  by t h e  d a t a  i n  Table 1. Using a commercially 

a v a i l a b l e  microbore flow c e l l  (0 .5  111 volume) t h e  microcolumn 

system appears  t o  be q u i t e  i n e f f i c i e n t  (Table  1). Using a 
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LOW-DEAD VOLUME FLOW CELLS 1609 

Table I .  Ef fec t  of Flow Cell Size on  Chromatographic Efficiency 
in Microcolumn LCa .  

Cell Volume b tr ( m i n )  N 

A .  0.5 pl 1)  33.18  0 .14  14600 
(commercial) 2 )  40 .09  0.155 1 7 4 0 0  

3 )  45 .44  0 .18  1 6 6 0 0  

B. 0.24 pl 1 )  32.72 0.9 3 4 5 0 0  
( 2 5 0  pin i . d .  t u b i n g )  2 )  39.72 1.0 4 1  200 

3 )  45.39 1.2 37300 

C .  0.013 p1 1) 33.60 0.08 46100 
( 5 0  pm i . d .  tubing) 2 )  41.01 0.1 48900 

3 )  47 .14  0 . 1 1  47900 

acornpounds used were (1 )  d iphenylamine  ( 0 . 5 2 5  mg/ml), 
( 2 )  phenanthracene (0.15 mg/ml and ( 3 )  pyrene (0.25 mg/ml). 0 .2  
p1 of each solution was injected into a C packed microcolumn 
(50 cm X 250 pm i . d . ) .  The mobile H a s e  was 85:15 V : V  
Acetoni t r  i l e  :Water. 

bChart speed was 0.217 cmlrnin. 

converted flow c e l l  containing a 250 pm i . d .  fused s i l i c a  

c a p i l l a r y ,  t he  p l a t e  count more than doubles (Table 1 ) .  By 

changing to  a 50 pm i .d.  fused s i l i c a  c a p i l l a r y ,  t h e  e f f i c i ency  

increases  to  a leve l  obtained w i t h  a s ing le  commercial de t ec to r  

(Table 1) .  

The low-dead-volume flow c e l l s  ( see  Experimental Section) 

can be made in l e s s  than one day f o r  under twenty d o l l a r s .  The 

s e n s i t i v i t y  w i t h  the  0 . 2 4  p1 flow c e l l  i s  b e t t e r  than t h a t  of t he  

0.013 p1 c a p i l l a r y  c e l l .  This d i f f e rence  i s  due both to  
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1610 SPIN0 ET AL. 

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

c a p i l l a r i e s .  The d e t e c t i o n  1 i m i t  f o r  phenanthracene (measured 

w i t h  t h e  0.24 111 f l o w  c e l l )  was found t o  be 1.33 vg/ml  and 0.7 

pg/ml  f o r  0.013 p l  f l o w  a l l  a t  254 nm. No o t h e r  a l t e r a t i o n  o f  

t h e  d e t e c t o r  i s  necessary. Fur thermore,  t h e  d e t e c t o r  can be 

q u i c k l y  and e a s i l y  conve r ted  back t o  i t s  o r i g i n a l  s t a t e .  
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