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V I S C O S I T Y  DETECTION WITH A PULSELESS 
PUMP FOR LIQUID CHROMATOGRAPHY 

Purnendu K. Dasgupta 
Department o f  Chemistry Box 4260 

Texas Tech U n i v e r s i t y  
Lubbock, TX 79409 

ABSTRACT 

The performance o f  a d i f f e r e n t i a l  pressure 
transducer as a v i s c o s i t y  de tec to r  i n  con junc t ion  w i t h  a 
pu lse less  h i g h  pressure syr inge pump designed f o r  t he  
purpose i s  described. The de tec to r ,  a l though r e l a t i v e l y  
i n s e n s i t i v e ,  i s  inexpensive and extremely rugged. 
Because i t  i s  non-des t ruc t ive  and in t roduces very 1 ittl e 
d ispers ion ,  s e r i a l  coup l ing  ahead o f  o ther  de tec to rs  i s  
possible. Response behavior  i s  demonstrated. 

INTRODUCTION 

The d i f f e r e n t i a l  re f rac tometer  i s  t h e  o n l y  commonly 
used un iversa l  de tec to r  i n  the  c u r r e n t  p rac t i ces  o f  HPLC 
(1). Although o p t i c a l  absorpt ion de tec to rs  dominate 
a n a l y t i c a l  HPLC, o v e r l o a d i n g  o f  such d e t e c t o r s  
( e s p e c i a l l y  f i x e d  wavelength types ) are f requent  i n  
prepara t ive  app l i ca t i ons  and the re fo re  necess i ta te  

unusual designs. V i s c o s i t y  i s  a b u l k  p roper ty ,  analogous 
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2368 DASGUPTA 

t o  r e f r a c t i v e  index. The v i s c o s i t y  o f  a chromatographic  

e f f l u e n t  changes accompanying s o l u t e  e l u t i o n .  V i s c o s i t y  

o f  a chromatographic  e f f l u e n t  i s  most e a s i l y  mon i to red  

by measur ing t h e  p ressu re  d r o p  ac ross  a c a p i l l a r y  

as t h e  column e f f l u e n t  i s  made t o  f l o w  t h r o u g h  i t  as a 
c o n s t a n t  r a t e .  The p ressu re  d r o p  P ac ross  a c a p i l l a r y  o f  
r a d i u s  r and l e n g t h  L i s  g i v e n  b y  t h e  Hagen-Po iseu i l l e  

equa t ion  ( 2 ) :  

where a f l u i d  o f  v i s c o s i t y  n i s  f l o w i n g  th rough  t h e  
c a p i l l a r y  a t  a c o n s t a n t  f l o w  r a t e  F. Since  F, L and r 

a r e  c o n s t a n t s  f o r  a g i v e n  exper imen ta l  c o n d i t i o n ,  t h e  

p ressu re  d r o p  i s  r e l a t e d  d i r e c t l y  t o  t h e  e f f l u e n t  
v i s c o s i t y .  Ouano (3-5)  f i r s t  conceived t h e  d e s i g n  and 

a p p l i c a t i o n  o f  a f l o w  t h r o u g h  con t inuous  v iscometer ,  

based on a p ressu re  t ransducer ,  as a d e t e c t o r  i n  HPLC. 
Such d e t e c t o r s  a r e  o f  p a r t i c u l a r  u t i l i t y  i n  s i z e  

e x c l u s i o n  chromatography, b o t h  because macromolecules 

cause s i g n i f i c a n t  changes i n  e f f l u e n t  v i s c o s i t y  and a l s o  

because i n t r i n s i c  v i s c o s i t y  v a l u e s  can be used f o r  

m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s .  By u s i n g  a 

d i f f e r e n t i a l  r e f r a c t o m e t e r  i n  tandem, t h e  samp le  

c o n c e n t r a t i o n  may be independent1 y e v a l u a t e d  and be used 

i n  c o n j u n c t i o n  w i th  t h e  v i s c o s i t y  d e t e c t o r  o u t p u t  t o  

c a l c u l a t e  t h e  i n t r i n s i c  v i s c o s i t y  and thence  t h e  MW 

(3-7).  
As t h e  H a g e n - P o i s e u i l l e  e q u a t i o n  i n d i c a t e s ,  a 

c a p i l l  a r y  p r e s s u r e  d r o p  t y p e  v i s c o s i t y  d e t e c t o r  i s  

s e n s i t i v e  t o  f low fl u c t u a t i o n s  and as demonstrated by 

Lesec - -  e t  a l .  ( 7 ) ,  may i n  f a c t  be used as a h i g h l y  
s e n s i t i v e  f l o w  meter.  The a p p l i c a t i o n s  o f  a v i s c o s i t y  

A P  = 8FnL/sr4 
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VISCOSITY DETECTION WITH PULSELESS PUMP 2369 

d e t e c t o r  have t h u s  f a r  been l i m i t e d  t o  s i z e  e x c l u s i o n  

chromatography. To m in im ize  f l o w  p u l s a t i o n s  common t o  

h i g h  p ressu re  r e c i p r o c a t i n g  pumps, v a r i o u s  t y p e s  o f  

p u l s e  dampening systems have been used. 

I n  t h i s  communication, t h e  des ign  and c o n s t r u c t i o n  
o f  a s imp le  p u l s e l e s s  h i g h  p ressu re  s y r i n g e  pump, o f  
p a r t i c u l a r  u t i l i t y  w i t h  a c a p i l l a r y  p ressu re  d rop  based 

v i s c o s i t y  d e t e c t o r ,  i s  desc r ibed .  The response b e h a v i o r  

o f  smal l  s o l u t e s  w i t h  such a d e t e c t o r  i s  demonstrated. 

MATERIALS AND METHODS 

The D e t e c t o r  was based on a v a r i a b l e  r e l u c t a n c e  t y p e  

d i f f e r e n t i a l  p ressu re  t ransducer  (model DP 45)  coupled 

t o  a c a r r i e r  demodulator (model CD 15) b o t h  f rom 

Val  i dyne  Eng ineer ing  Corpo ra t i on ,  Nor th r i dge ,  CA. T h i s  

t ransducer  t r a n s l a t e s  t h e  p ressu re  induced mechanical  

d isp lacement  o f  a f l e x i b l e  diaphragm i n t o  an e l e c t r i c a l  

s i g n a l .  The p a r t i c u l  a r  t r a n s d u c e r - d e m o d u l  a t o r  

c o m b i n a t i o n  used i n  t h i s  work  p r o d u c e d  a 0 - 1 O V  

a d j u s t a b l e  o u t p u t  w i t h  a d i f f e r e n t i a l  p ressu re  i n p u t  

equal  t o  1 i n c h  o f  water  column (0.035 p s i ) .  The 
v o l t a g e  o u t p u t  i s  l i n e a r l y  r e l a t e d  t o  t h e  d i f f e r e n t i a l  

p ressu re  i n p u t  and cou ld  be o f f s e t  up t o  1 5  p s i  i n  
e i t h e r  d i r ec t i on. 

The d e t e c t o r  was used g e n e r a l l y  i n  t h e  t r u e  

d i f f e r e n t i a l  mode, as i n  t h e  c o n f i g u r a t i o n  d e p i c t e d  in 
F i g u r e  l a .  The c a p i l l a r y  t u b e  (316 s t a i n l e s s  s t e e l ,  

5-15 cm long ,  0.05-0.015 cm i n t e r n a l  d iamete r )  was 

connected t o  t h e  t ransducer  i n p u t s  v i a  zero dead volume 

t e e s  (Val  co) and u n i v e r s a l  coup1 i n g s  (A1 1 t e c h ) .  The 

l a t t e r  f i t t i n g s  a r e  n o t  e s s e n t i a l ,  b u t  f a c i l i t a t e  r a p i d  
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2370 DASGUPTA 

0 from pre:;(="i source 

waste column 

C 
to 

waste 

( a )  (4 
F i g u r e  1. Two modes o f  d e t e c t o r  c o n f i g u r a t i o n .  T : zero  
dead volume tee; C : c a p i l l a r y ;  DP : d i f f e r e n t i a l  
pressure t ransducer  . 

exchange o f  d i f f e r e n t  c a p i l l a r i e s  f o r  exper imen ta l  

purposes. I n  t h i s  c o n f i g u r a t i o n  t h e  o u t p u t  can be o f f s e t  
o n l y  t o  t h e  e x t e n t  a l l owed  by t h e  d e t e c t o r  e l e c t r o n i c s  

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

and/or  f l o w  r a t e  (which t o g e t h e r  govern t h e  p ressu re  

d r o p  across t h e  t ransducer )  i f  b a s e l i n e  s i g n a l  i s  t o  be 

ad jus ted  t o  zero. 

The a1 t e r n a t i v e  c o n f i g u r a t i o n  d e p i c t e d  i n  F i g u r e  l b  

u t i l i z e s  t h e  c a p i l l a r y  connected t o  one s i d e  o f  t h e  

t ransducer ,  t h e  c a p i l l a r y  e f f l u e n t  be ing  a l lowed t o  

d r a i n  i n t o  a w a s t e  b e a k e r .  The o t h e r  s i d e  i s  
p ressu r i zed  w i t h  a s u i  t ab1  e source (e.g. c y l  i n d e r  gas 

w i t h  two-stage r e g u l a t o r )  t o  o b t a i n  a zero o r  near zero 

d i f f e r e n t i a l  p ressu re  w i t h  t h e  e l u e n t  f l o w i n g  th rough  

t h e  c a p i l l a r y  a t  t h e  d e s i r e d  r a t e .  I n  t h i s  

c o n f i g u r a t i o n ,  t h e r e  a r e  no r e s t r i c t i o n s  o n  t h e  

c a p i l l a r y  b o r e l l e n g t h  o r  f l o w  r a t e ,  up t o  t h e  maximum 
abso lu te  p ressu re  l i m i t  o f  t h e  t ransducer .  

I n i t i a l  exper iments w i t h  t h i s  d e t e c t o r  used i n  a 

c h r o m a t o g r a p h i c  sys tem w i t h  a s i n g l e  p i s t o n  
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VISCOSITY DETECTION WITH PULSELESS PUMP 2371 

r e c i p r o c a t i n g  pump equipped w i t h  a h y d r a u l i c  c a p a c i t o r  
t y p e  p u l s e  dampener ( A l t e x  model 110 A )  revea led  t h a t  
t h e  a t t a i n a b l e  s e n s i t i v i t y  i s  l i m i t e d  by t h e  b a s e l i n e  

n o i s e  (sawtooth t y p e )  induced by t h e  pump p u l s a t i o n .  A 
h i g h  p ressu re  s y r i n g e  pump t h e r e f o r e  was des igned and 

b u i l t .  
A s t a i n l e s s  s t e e l  ( t y p e  316) c y l i n d e r ,  15 i nches  i n  

l e n g t h ,  1 .5  i n c h  i n  d i a m e t e r  and 0.25 i n c h  w a l l  
t h i c k n e s s  was i n s i d e  p o l i s h e d  t o  a m i r r o r - f i n i s h  (3-4 

rms, M i e t h e r  M a c h i n e  Works, Odessa TX). I f  

n o n - c o r r o s i v e  e l u e n t s  a r e  used,  t h e  h y d r a u l i c  
shock-absorber housing o f  a t r u c k  i s  an i nexpens ive  
a l t e r n a t i v e  f o r  t h i s  purpose. A s t a i n l e s s  s t e e l  end 
cap, p rov ided  w i t h  a 1.5 mm d iameter  0.75 mm bo re  
s t a i n l e s s  s t e e l  o u t l e t  t u b e  was welded on to  one end o f  
t h e  c y l i n d e r .  P i s t o n  movements i n  t h i s  c y l i n d e r  was 
accompl ished v i a  a worm-driven screw j a c k  o f  2 t o n  
c a p a c i t y  (screw d iamete r  1 inch ,  screw l i f t  15 inches,  
model no. NKM-1802-15, Du f f -Nor ton  Company, C h a r l o t t e ,  
NC).  The l i f t i n g  screw o f  t h i s  j a c k  i s  keyed such t h a t  

t h e  l i f t i n g  screw does n o t  r o t a t e  d u r i n g  ascent ldescent .  
The gear r a t i o  produces 1 i n c h  t r a n s l a t i o n a l  movement o f  
t h e  screw f o r  100 t u r n s  of  t h e  worm. The worm s h a f t  was 
coupled t o  a 118 H.P. shun t  wound D.C. b i d i r e c t i o n a l  
mo to r  w i t h  40:l gear r e d u c t i o n  ( d r i v e  model 589 w i t h  
t y p e  916 speed c o n t r o l  u n i t ,  Bodine E l e c t r i c  Company, 
Chicago, IL). Except f o r  r e p l a c i n g  t h e  s i n g l e  t u r n  
po ten t i omete r  used f o r  speed c o n t r o l  by a 1 0 - t u r n  
v e r n i e r  readou t  po ten t i omete r ,  no changes were made. The 

worm r o t a t i o n  speed cou ld  be r e p r o d u c i b l y  a d j u s t e d  from 
1-56 rpm. 
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DASGUPTA 237 2 

The j a c k  and t h e  mo to r  were f i r m l y  mounted on a 1.5 

i n c h  t h i c k  wooden base w i t h  t h e  housing f o r  t h e  l i f t i n g  

screw p r o t r u d i n g  beneath t h e  base th rough  a s u i t a b l y  

accomodating ho le .  The p i s t o n  i s  a t tached  t o  t h e  t o p  o f  

t h e  l i f t i n g  screw (desc r ibed  i n  more d e t a i l  below) and 
f i t s  w i t h i n  t h e  c y l i n d e r .  The c y l i n d e r  i s  h e l d  i n  p l a c e  

b y  two 0.75 i n c h  t h i c k  aluminum p l a t e s  c o n t a i n i n g  h o l e s  

o f  a p p r o p r i a t e  s i z e  and a r e  a l i g n e d  i n  p o s i t i o n  by f o u r  

a l l - t h r e a d  (0.5 i n c h  d iameter ,  13 t h r e a d s  t o  t h e  i n c h )  

s t e e l  supports.  The pump may be used i n  t h e  h o r i z o n t a l  

o r  v e r t i c a l  p o s i t i o n .  The l a t t e r  p o s i t i o n  i s  p r e f e r a b l e  

s i n c e  i t  occup ies  l i t t l e  bench space and i n  t h i s  case, 

C-clamps a r e  recommended f o r  s e c u r e l y  c lamping t h e  pump 

t o  t h e  benchtop. The pump assembly i s  shown i n  F i g u r e  2. 

The p i s t o n  was f a b r i c a t e d  from s t a i n l e s s  s t e e l ;  a 3 

i n c h  l e n g t h  was machined t o  c l o s e l y  f i t  i n s i d e  t h e  

c y l i n d e r .  Approx imate ly  1.5 i n c h  l e n g t h  o f  t h i s  p i e c e  

was f u r t h e r  shaved t o  a d iamete r  o f  1 i n c h  and threaded 

w i t h  20 t h r e a d s l i n c h .  The threaded p o r t i o n  accmoda ted  a 
s e t  o f  cup shaped n y l o n  V - r i ngs  i n  p o s i t i o n .  N e i t h e r  t h e  

s t a i n l e s s  s t e e l  body of  t h e  p i s t o n ,  n o r  t h e  t e f l o n  d i s c  

c o n t a c t s  t h e  c y l  i n d e r  w a l l  d u r i n g  opera t i on ;  t h e  seal  i n g  

i s  p rov ided  o n l y  b y  t h e  r i n g s .  The t o p  0.75 i n c h  

p o r i t o n  o f  t h e  threaded l i f t i n g  screw was shaved t o  a 

d iamete r  o f  0.75 inch.  The s t a i n l e s s  s t e e l  p i s t o n  p i e c e  

was machined t o  accomodate t h i s  p o r t i o n  o f  t h e  screw a t  
t h e  end o p p o s i t e  f rom t h e  t e f l o n  d i s c .  W i t h  t h e  l i f t i n g  

screw head t i g h t l y  b u t t i n g  a g a i n s t  t h e  p i s t o n  body, a 
recessed and somewhat l o o s e l y  f i t t i n g  r e t a i n i n g  screw 

was p u t  i n  t o  a t t a c h  t h e  two pieces. The r e t a i n i n g  

screw p l a y s  a r o l e  o n l y  d u r i n g  t h e  w i thd rawa l  o f  t h e  

p i s t o n .  The p i s t o n  d e s i g n  i s  shown i n  F i g u r e  3. 
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V I S C O S I T Y  DETECTION WITH PULSELESS PUMP 2373 

lo / 

Figure 2. High p res su re  sy r inge  pump. M : motor; C : 
coupl ing ,  motor s h a f t  t o  worm s h a f t ;  JB : j ack  body; LS 
: l i f t i n g  screw; SH : l i f t i n g  screw housing; BB : 
baseboard; EB : edge of workbench; CP : sy r inge  b a r r e l ;  
BP : bottom r e t a i n i n g  p l a t e s ;  TP : t o p  r e t a i n i n g  p l a t e ;  
R : threaded suppor t  rods ;  0 : pump o u t l e t .  
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T 

TR 

VR 

P 

TP 

F i g u r e  3. T : t e f l o n  d i s c ;  TR : 
top ,  V - r i n g  set ;  VR : v - r i n g s  ( 5 ) ;  BR : bottom, V - r i n g s  
se t ;  P : s t a i n l e s s  s t e e l  body o f  p i s t o n ;  TP : threaded 
p o r t i o n  o f  P: LS : l i f t i n g  screw; S : r e t a i n i n g  screw 
a t t a c h i n g  l i f t i n g  screw t o  p i s t o n .  
l i f t i n g  screw key s l o t  i n d i c a t e  where numerals a r e  
engraved. 

D e t a i l s  o f  t h e  p i s t o n .  

Diamonds i n  t h e  
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VISCOSITY DETECTION WITH PULSELESS PUMP 2375 

The pump o u t l e t  i s  connected via a 0.5 pm l i n e  
f i l t e r  (SSI )  t o  a 3-way h i g h  pressure valve (SSI)  which 
connects i t  e i t h e r  t o  an inject ion valve (Rheodyne type  
7000) or a solvent reservoir .  These connections a r e  
made w i t h  0.75 mm bore t u b i n g ,  t o  avoid cavi ta t ion 
d u r i n g  pump f i l l i n g .  To f i l l  the pump (capacity 350 
m L ) ,  the  motor i s  run maximum speed i n  reverse w i t h  the  
inlet lout1 e t  connected t o  the solvent reservoir ,  which 
should ideally be placed a level above the pump head t o  
avoid cavi ta t ion.  Less than 2 5  min are required for  
complete f i l l i n g .  Since the p i s ton  i t s e l f  is  n o t  
v i s i b l e ,  i t  i s  necessary t o  provide a means t o  judge the 
p o s i t i o n  of the piston a t  any time. To accomplish t h i s ,  
numerals were engraved every 0.5 inch on the keying s lot  
of the l i f t i n g  screw [See Figure 3)  and could be 
inspected between the cylinder bottom plate  and the top 
of the jack housing. T h i s  allows one t o  avoid driving 
the p i s t o n  beyond e i t h e r  of i t s  intended limits. As a 
matter of convenience and further safeguard, especial ly  
t o  permit unattended f i l l i n g  and operation, two pairs  of 
photoelectric sensors ( infrared emitter-detector pa i r ,  
Radio Shack 276-142),  coupled t o  requis i te  e lectronics ,  
may be mounted i n  the l i f t i n g  screw housing which 
protrudes beneath the pump base. Obstruction of the 
l i g h t  path i n  the bottom pair  by the descending screw 
indicates  complete f i l l i n g  of the pump and is  configured 
t o  prevent fur ther  reverse movement of the motor. Lack 
of obstruction of the l i g h t  path i n  the top pair  by  the 
ascending screw indicates the p i s t o n  i s  a t  the end of 
i t s  t ravel  and is  configured t o  prevent fur ther  forward 
movement of the motor. The control c i r c u i t r y  i s  shown i n  

Figure 4. 
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MOMENTARY, L IMIT  BYPASS 

Figure 4. Control c i r c u i t r y  f o r  pump. All r e s i s t o r s  
a r e  1 / 4  W ,  5% un les s  o therwise  s p e c i f i e d .  

RESULTS A N D  DISCUSSION 
Pump Performance. The a t t a i n a b l e  flow r a t e  o f  the 

pump is  0.4-16 mL/min  and was p r imar i ly  designed f o r  
convent ional  a n a l y t i c a l  and p repa ra t ive  work. Smaller 
f low r a t e s  may be obta ined  w i t h  a slower revolv ing  motor 
a1 though f i l l  time wi l l  i nc rease  p ropor t iona l ly .  A 
simple sca l ing  down of  the c y l i n d e r  s i z e  and choosing a 
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VISCOSITY DETECTION W I T H  PULSELESS PlJMP 2377 

slower motor easi ly  permits a pump t h a t  del ivers  
p u l s e l e s s  flow a t  f low r a t e s  down t o  1 u L / m i n .  
Unattended pump f i l l i n g  i s  e a s i l y  achieved by a su i tab le  
t u r n - o f f  t imer  whether o r  n o t  photocont ro ls  a r e  
incorporated. The design pressure for  th i s  pump was 
3,000 ps i ,  primary limit being the rat ing of the jack. 
The pump has, however been used routinely a t  3,500 psi 
w i t h o u t  any observable i l l  e f fec ts .  On a number of 
occasions, a p a r t i a l l y  blocked column had inadvertent1 y 
led t o  the pump operating a t  5,000-5,500 psi head 
pressure w h i c h  caused leakage a t  the inject ion valve b u t  
was seemingly w i t h o u t  e f f e c t  on the pump i t s e l f .  A 
pressure r e l i e f  valve (Rheodyne 7037) s e t  a t  5,000 p s i  
was subsequently incorporated ahead o f  the injector  for  
safety measures. The long term ef fec t  of operating a t  
pressures higher than 3,500 psi i s  n o t  known however. No 

detectable  pulsation or any other flow aberration was 
noticeable when a rotameter was connected d i r e c t l y  t o  
the pump o u t p u t  fo r  flow measurements. Baseline noise 
leve ls ,  when d i r e c t l y  coupled t o  a Schoeffel 770 optical  
detector  s e t  a t  190 nm were two orders of magnitude 
below t h a t  obtained w i t h  an Altex 110 A reciprocating 
pump and i t s  associated pulse dampener while reagent 
grade methanol was pumped th rough  e i t h e r  system. A t  a l l  
b u t  the maximum operating speed (e.g. ,  d u r i n g  f i l l i n g )  
the opertion of the pump i s  inaudible. The pump was 
b u i l t  a t  a cost  under $1,200. 

Detector Performance. The direct ional  i t y  of a 
signal on such a detector  i s  n o t  predictable - a priori. 
This i s  unlike re f rac t ive  index detectors  where a 
knowledge of the R. I .  o f  the pure solute (or t h a t  of a 
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2378 DASGWTA 

concen t ra ted  s o l u t i o n )  and t h a t  o f  t h e  e l u e n t  g e n e r a l l y  
p e r m i t s  p r e d i c t i o n  o f  s i g n a l  d i r e c t i o n a l  i t y .  V i s c o s i t y  

o f  a m i x t u r e  o f  two substances A and 6 may o f t e n  be 
g r e a t e r  t h a n  t h a t  o f  A o r  B ,  such as f o r  methanol and 
water.  Because i n  a chromatographic  s i t u a t i o n  a s o l u t e  
e l u t e s  f rom t h e  column as a s o l u t i o n  i n  t h e  e l u e n t  and 
t h e  peak c o n c e n t r a t i o n  i n  t h a t  e f f l u e n t  band i s  
d e t e r m i n e d  by a m o u n t / c o n c e n t r a t i o n  o f  t h e  s o l u t e  
i n j e c t e d  as w e l l  as t h e  column e f f i c i e n c y  and o t h e r  
chromatographic  parameters,  t h e  v i s c o s i t y  b e h a v i o r  ( o r  
t h e  d e t e c t o r  response) i s  i m p o s s i b l e  t o  p r e d i c t  based 
s o l e l y  on v i s c o s i t y  d a t a  o f  t h e  e l u e n t  and pu re  s o l u t e  
( o r  t h a t  f o r  one s p e c i f i c  c o n c e n t r a t i o n  o f  t h e  s o l u t e  i n  
t h e  e l u e n t ) .  F u r t h e r ,  f o r  t h e  same s o l u t e - s o l v e n t  
combinat ion,  t h e  v i s c o s i t y  o f  t h e  s o l u t i o n  may change 
from a v a l u e  l e s s  t h a n  t h a t  o f  t h e  s o l v e n t  t o  a v a l u e  

g r e a t e r  than t h a t  o f  t h e  s o l v e n t  ( o r  v i c e - v e r s a )  as a 
f u n c t i o n  o f  t h e  s o l  U t e  c o n c e n t r a t i o n .  W i t h  
water/methanol  o r  w a t e r / a c e t o n i t r i l  e e l u e n t  systems i n  
c o n j u n c t i o n  w i t h  c o n v e n t i o n a l  r e v e r s e  phase (C-18) 

s i l i c a  columns and sma l l  o r g a n i c  mo lecu les  as so lu tes ,  I 
f i n d  f o r  most s o l u t e s  t h a t  a t  h i g h e r  c o n c e n t r a t i o n s ,  t h e  
peak response i s  i n d i c a t i v e  o f  a v i s c o s i t y  l ower  than  

t h a t  o f  t h e  e l u e n t .  A t  l o w  c o n c e n t r a t i o n s  however, t h e  
e l u t e d  s o l u t e s  g e n e r a l l y  produce a v i s c o s i t y  g r e a t e r  
t han  t h a t  o f  t h e  e l u e n t .  Because c o n c e n t r a t i o n s  o f  t h e  
so l  u t e  i n  t h e  chromatographic  band changes cont inuous1 y 
a s  t h e  s o l u t e  e l u t e s ,  t h e  i n j e c t i o n  o f  a h i g h  
c o n c e n t r a t i o n  s o l u t e  g e n e r a l l y  e l i c i t s  n o t  o n l y  a peak 
(dec reas ing  v i s c o s i t y )  b u t  i s  a l s o  commonly f o l l o w e d  by 
a d i p  ( i n c r e a s i n g  v i s c o s i t y )  f o rmed  b y  t h e  l o w  
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VISCOSITY DETECTION WITH PLJLSELESS PUMP 2379 

c o n c e n t r a t i o n  t a i l i n g  p o r t i o n  o f  t h e  s o l u t e  band, b e f o r e  
t h e  s i g n a l  r e t u r n s  t o  b a s e l i n e .  That  t h e  phenomenon i s  

n o t  a d e t e c t o r  induced a r t i f a c t  i s  conf i rmed by t h e  f a c t  
t h a t  t h e  peak /d ip  r a t i o  c o n t i n u a l l y  decreases w i t h  
dec reas ing  s o l u t e  c o n c e n t r a t i o n  i n j e c t e d  u n t i l  t h e  peak 
d i sappears  a1 toge the r .  T h i s  b e h a v i o r  i s  demonstrated i n  
F i g u r e  5 w i t h  t o l u e n e  as t h e  t e s t  s o l u t e  and 80/20  
a c e t o n i t r i l e / w a t e r  as e l u e n t .  The l a c k  o f  a d i p  
preceeding t h e  peak, as may be expected f o r  an e l u t e d  
band o f  Gaussian symmetry, i s  n o t  p r e s e n t l y  understood. 

The response, whether measured i n  peak h e i g h t ,  d i p  
h e i g h t ,  peak t o  d i p  h e i g h t ,  peak and /o r  d i p  areas i s  n o t  
a 1 i n e a r  f u n c t i o n  o f  i n j e c t e d  concentrat ion/amount ,  as 
may be expected. The d e p a r t u r e  f rom l i n e a r  b e h a v i o r  
i nc reases  w i t h  i n c r e a s i n g  so l  u t e  concen t ra t i on .  A 1  so, 
d e t e c t i o n  b y  v i s c o s i t y  measurement  i s  r e l a t i v e l y  
i n s e n s i t i v e .  A s e p a r a t i o n  o f  benzene ( 5  mg) and Toluene 
( 5  mg) on an a n a l y t i c a l  column ( 5  p-ultrasphere-ODS, 250 

x 4 . 6  mm) i s  demonstrated i n  F i g u r e  6. Benzene produces 
a peak and d i p ,  w h i l e  t h e  t o l u e n e  produces a d i p  o n l y .  
A t  h i g h e r  a c e t o n i t r i l  e /water  r a t i o s ,  which causes f a s t e r  
e l u t i o n  (and t h u s  l e s s  d i l u t i o n ) ,  t h e  same m i x t u r e  

y i e l d s  two peaks. 
When t h e  d e t e c t o r  i s  operated i n  t h e  exper imen ta l  

arrangement d e p i c t e d  i n  F i g u r e  lb, a g r e a t e r  p ressu re  
d r o p  across t h e  c a p i l l a r y  i s  f e a s i b l e  b y  u s i n g  a l o n g e r  
o r  n a r r o w e r  c a p i l l  a r y .  Consequent1 y,  d e t e c t i o n  
s e n s i t i v i t y  i s  s u b s t a n t i a l l y  increased.  A l o n g  term 
d r i f t  o r  s low o s c i l l a t o r y  b e h a v i o r  o f  t h e  b a s e l i n e  under 
these  c o n d i t i o n s  has however been noted. T h i s  may b e  due 
t o  t h e r m a l l y  i n d u c e d  v i s c o s i t y  changes o r  g a s  
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2380 DASGUPTA 

Figure 5. Detector response t o  toluene. The second and 
third sample are four- and sixteenfold d i lu t ions  of the 
f i r s t  sample, r e s p e c t i v e l y .  Eluent  8 0 / 2 0  
acetoni tr  i l  e/water , 1 m L / m i n .  

sorption/desorption on the gas pressurized s ide o f  the 
transducer. The r e s u l t s  reported i n  th is  paper pertain 
t o  work carried out  a t  room temperature w i t h  the 
experimental setup insulated by Styrofoam blocks. Under 
these conditions, the experimental arrangement i n  Figure 
l a  produces a baseline noise equal t o  2 x times the 
to ta l  pressure d r o p  experienced by the capi l lary.  More 
elaborate thermostatic control will be necessary t o  
a t t a i n  lower baseline noise levels .  

Bearincj i n  mind tha t  the transducer used i n  t h i s  
work i s  not  o p t i m u m  f o r  t h i s  a p p l i c a t i o n ,  t h e  
s e n s i t i v i t y  can be potent ia l ly  much bet ter .  Remarkable 
advances have been made i n  r e c e n t  years  towards 
fabricating miniature pressure transducers on s i l  icon 
wafers. The accuracy and low cost of such devices open 
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VISCOSITY DETECTION WITH PULSELESS PUMP 2381 

F i g u r e  6. Separa t i on  o f  benzene and to luene.  A : t h i s  
i s  caused by a c t u a t i o n  o f  t h e  i n j e c t i o n  va l ve .  Depending 
on t h e  e x a c t  t echn ique  o f  a c t u a t i n g  t h e  va l ve ,  t h i s  
s p i k e  can be s m a l l e r  o r  g r e a t e r .  B : benzene peak and 
d i p .  C : t o l u e n e  d i p .  E l u e n t  60 /40  a c e t o n i t r i l e / w a t e r ,  
1 rnL/min. C a p i l l a r y  : 0.25 mm bore, 10 cm leng th .  
D e t e c t o r  s e n s i t i v i t y  : 1 Vol t /0 .0035 pounds/sq. i n .  

up new v i s t a s  f o r  v i s c o s i t y  d e t e c t o r s  i n  HPLC. 
Transducers t h a t  a r e  b o t h  h i g h e r  i n  s e n s i t i v i t y  as w e l l  
as t o l e r a t e  a h i g h e r  a b s o l u t e  p ressu re  a r e  commerc ia l l y  
a v a i l a b l e  w i t h  approx imate c o s t  l e s s  t h a n  $1,000. W h i l e  

such d e t e c t o r s  a r e  n o t  l i k e l y  t o  be a t t r a c t i v e  f o r  t h e  
more common a n a l y t i c a l  appl  i c a t i o n s ,  c e r t a i n  advantages 
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2382 DASGUF'TA 

a r e  w o r t h y  o f  c o n s i d e r a t i o n .  Low c o s t s ,  e x t r e m e  
ruggedness, l a c k  o f  o v e r l o a d i n g  a t  h i g h  c o n c e n t r a t i o n s ,  
a l l  make them good c a n d i d a t e s  f o r  p r o c e s s  
c h r o m a t o g r a p h y .  The f a c t  t h a t  t h e  d e t e c t o r  i s  
n o n d e s t r u c t i v e  and can be c o n f i g u r e d  t o  i n t r o d u c e  
e s s e n t i a l l y  no d i s p e r s i o n ,  makes i t  p o s s i b l e  t o  use i t  
i n  s e r i e s  w i t h  o t h e r  d e t e c t o r s  f o l l o w i n g  it. For  

g r a d i e n t  a p p l i c a t i o n s ,  s i g n a l  p r o c e s s i n g  (e.g., 
d i f f e r e n t i a t i o n )  w i l l  be necessary however. 
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