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JOURNAL OF LIQUID CHROMATOGRAPHY, 10(8&9), 1769-1787 (1987) 

HIGH SPEED LIQUID CHROMATOGRAPHY: 
A REVIEW 

M. E. Dwyer and P. R. Brown* 
Department of Chemistry 
University of Rhode Island 

Kingston, Rhode Island 02881 

IN?ROCUCTION 

Modern high performance liquid chranatography (HPLC) 

emerged in the l a t e  1960's.  The characteristics which make 

HPLC such  a pawerful technique, t h a t  is, v e r s a t i l i t y ,  

s e l e c t i v i t y ,  and s e n s i t i v i t y ,  a r e  rooted  i n  t h e  

chromatographic theory that evolved fran Martin and Synge's 

work of the 1940's (1). Presently there are several HPLC 

techniques being developed and ref ined i n  ana ly t ica l  and 

i n s t r u m e n t a l  l a b o r a t o r i e s .  The goa l  of making HPLC 

separations faster,  more 
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1 I10 DWYER AND BROWN 

e f f i c i e n t ,  and more s e l e c t i v e  is being achieved by the 

developnent of sensit ive detectors and improvements i n  overall 

instrumentat ion.  I n  addi t ion ,  s i g n i f i c a n t  changes and 

advances have taken place i n  the design and manufacturing of 

chr canatogr aph ic columns . 
C u r r e n t l y  column technology is  moving i n  two 

directions. F i r s t ,  tcwards the reduction in column diameter 

and second, tawards reduction i n  column length. Conventional 

HPLC columns have internal diameters of 3-5 mm. Knox and 

o t h e r s  have t h o r o u g h l y  t r e a t e d  t h e  t h e o r e t i c a l  and 

experimental a s p e c t s  of narrow b o r e  0r"micro"  1 i q u i d  

chromatography (2 -9 ) .  Microbore columns, typically 1 mm 

i.d. and packed w i t h  10-20 um p a r t i c l e s  o f f e r  s e v e r a l  

advantages over conventional (4.6nan i.d.1 HPLC columns. These 

advantages include l a w  solvent  consumption, a g r e a t e r  

sensi t ivi ty  when sample volume is limited, and a potential 

gain i n  analysis time and efficiency. Scott and co-workers 

have i n v e s t i g a t e d  t h e  performance c h a r a c t e r i s t i c s  and 

applicabili ty of these columns f o r  use i n  t h e  a n a l y t i c a l  

laboratory (10-13). 

The simultaneous reduction i n  column length and particle 

size is the other direction of in te res t  i n  current H E W  column 

technology. Conventional HPLC columns are  typically 25-30 cm 

i n  length and are packed with 10 um particles. More recently, 

Columns of 5-15cm and smaller, packed with 3-5um materials 
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HIGH SPEED LIQUID CHROMATOGRAPHY 1771 

have become cmnercially 

avai lable .  These short  columns of conventional internal 

diameter packed with mall particles have become known a s  

"high speed" l i q u i d  chranatographic (HSLC) columns. 

The question to  be addressed in  th i s  review is why has 

it taken almost 50 years for high speed l iqu id  chrcxnatography 

to  becme a viable tool for the separation scientist? 

The answer to  the question may be twefold. 

First ,  the l i te ra ture  abounds i n  experimentally sound 

and proven separation methods, HPLC methods which u t i l i ze  

conventional HPLC columns, are ncw routinely being used i n  

pharmaceutical, cl inical, qual ity control, and environmental 

laboratories. The scient is ts  using these methods on a daily 

basis are  not l ikely t o  change aver to high speed analyses 

until  H S C  beccmes anplayed more frequently ky researchers and 

cited i n  the l i terature.  Only when HSLC becomes the method of 

choice for a given chrmtographic separation w i l l  the impact 

be fe l t .  Column manufacturers have only recently begun 

actively marketing short columns with mall diameter packing 

materials. 'Ihe availabil i ty of these columns fran several 

manufacturers indicates tha t  HSLC w i l l  becane an essential and 

integral part of the chranatography laboratory. 

The second and more defined drawback t o  the use of these 

h igh  speed columns has  been t h e  slow e v o l u t i o n  of 

instrumentation design necessary for high speed separations. 
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1112 DWYER AND BROWN 

Since cmpnents  of an instrumental set-up must be optimized 

t o  perform efficient high speed separations, each canponent 

w i l l  be discussed i n  this review. 

I N S T W ~ T I O N  

pumps 

Pulsef ree  p p s  must deliver precise f lm  rates and be 

capable of the high pressures necessary to  perform HSLC. In 

gradient analyses, the pmp qs tm must have a reduced delay 

volume or delay time. This reduced delay volume should allow 

for adequate mixing of the mobile phase components and thereby 

achieve the fast gradient changes required. DiCesare and 

co-workers found t h a t  delay volumes of 0.5 ml maintains 

adequate mixing (14). v p i c a l  de lay  volumes in conventional 

HPLC systems are 2-4 ml. 

Injectors 

HPLC injectors must be capable of injecting accurate, 

mall amounts of mple t o  the chranatographic column, thereby 

minimizing band broadening effects. Band broadening due to  

sample injection volume has been discussed i n  d e t a i l  by 

Kirkland and others (15-18). micdl injection volumes of up 

t o  6ul minimize barad broadening effects. These volumes are 

a l s o  compatible with commercially available autosampling 

devices. 
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HIGH SPEED LIQUID CHROMATOGRAPHY 1773 

I n  a d d i t i o n  to the mall sample volumes ( l -dul )  t h e  

injector should have short valve-switching times (less than 

0.lsec) (19). It has been shwn tha t  long valve-switching 

times a r e  responsible for sane column deterioration due t o  the 

pressure surges encountered i n  the valve-switching procedure 

(20,211. This problem has been overcome by t h e  use  of 

i n j e c t o r s  with built- in flcw bypasses which eliminate the 

detr imental  pressure surges. These i n j e c t o r s  a r e  now 

carnmercially available. 

Detectors 

The eff ic ient  use of high s p e d  l iquid chranatographic 

columns has forced the dramatic impravement of HEW detector 

c a p a b i l i t i e s .  The engineering d i f f icu l t ies  i n  proper cell 

design and decreasing cell volumes have hampered the progress 

of high speed LC. Essential changes which have taken place 

are in  detector flw cell volumes, detector response time and 

detector sensit ivity . 
Conventional HPLC detector f l w  cells have t o t a l  volumes 

of 8-1Oul. Mellor found t h a t  using a 5cm, 3um column of 

conventional diameter with a w detector equipped with an 8 ul 

f l m  cell, only 90% of the potential column efficiency is 

achieved (22). He concluded tha t  conventiondl detector f lw 

cell volumes are too large and add i n  extra column dispersion 

(band broadening) when coupled with high speed columns. 
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1774 DWYER AND BROWN 

R i l e  and cworkers (23) designed a 2.4ul flaw cell  for 

a w detector. This smaller flaw cell reduced extra column 

band broadening by a factor of five mer a conventional 8 u l  

c e l l  (24,251. The influence of the extra column band 

broadening on chrcanatographic performance is illustrated i n  

Figure 1. Katz and Scott report that with a 1.4ul cell,  extra 

column dispersion was not significant (26).  More recently, 

3cm, 3um columns have been found to provide similar efficiency 

when used w i t h  2.4ul and 12ul w detector cells, hawever 

lawer efficiencies were found when 3 X 3 columns were used i n  

a system equipped with a l O u l  cell (27). Thus it appears that 

the effects of a detector cell on 3x3 column efficiency are 

determined by the design of the cell as w e l l  as the volume. 

The requirement for rapid detector response times or 

time constants for conventional HPLC has been studied i n  

detail. Higgins noted that HETP values and peak symmetry were 

dependent on the t ime  constant of the detector (28). L m  and 

Haddad recannend that column efficiencies be quoted a t  0 time 

constant i n  order to ranme the variability i n  plate count 

introduced by the varying time constant ( 2 9 ) .  "hey also 

reconmend that the detector time constant should not exceed 

one hundredth of the peak width for peaks used i n  calculation 

of plate numbers. 

HSLC places even further restraints on the  response 

times of detectors i n  that the time corresponding to  the peak 
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HIGH SPEED LIQUID CHROMATOGRAPHY 1775 

- - 
0 30 60 0 30 60 

TIME (SECONDS) 

FIGURE 1. 

Analysis of parabens using different detector flwcells. 
uu 8ul flascell 
(B) 2.4ul flm 
Column: lOOx4.6mn i.d. , 3um C18. 
Mobile Phase: Acetonitri lewater (65:35) a t  2.3 Ril/min. 
Ambient Temperature 
W detector a t  254nm. 
Peaks: (1) methyl paraben, (2 )  ethyl paraben, ( 3 )  n-propyl 
paraben, 
(4) n-butyl paraben. 

(Reproduced f ran reference 25) . 

width is snaller. Rapid response times are required so tha t  

peaks are not distorted. The effect  of detector response time 

is  most pronounced for early eluting cmpounds. Figure 2 

i l l u s t r a t e s  the influence of detector response time constant 

on band broadening e s p e c i a l l y  f o r  e a r l y  e l u t i n g  peaks. 

Response times should be reduced as the flw rate is 
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1776 DWYER AND BROWN 

T i m e  Constant 
( 3 8 s  full scale) 

1.0 Sec. 

0.5 

0.2 

0.1 - 
See. 6 3 0 

FIGURE 2.  

I n f l u e n c e  of detector r e sponse  t ime c o n s t a n t s  on 
chrmtographic resolution. (Taken fran reference 28).  
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HIGH SPEED LIQUID CHROMATOGRAPHY 1777 

increased, because the sample ccmponents sped less time in  

the detector cell. Wpical detector response times for  HSLC 

are  i n  the 20-100 msec range. 

One of the major advantages of using high speed columns 

is the gain i n  mass sensitivity. This gain is achieved k y  

the  higher eff ic iency,  f a s t e r  flaw rates and lcwer void 

volumes associated with short high speed columns. me end 

result is a chramatogram with reduced peak width and increased 

peak height, as i l lustrated in Figure 3.  Therefore much 

smaller mounts of solutes w i l l  give peaks of the same height 

as the height obtained fran a larger amount eluting fran a 

conventional length column. As a result, detection limits are 

lcwer in  spi te  of reduced sample size. 

The s i g n i f i c a n t  f a c t o r  i n  main ta in ing  de tec tor  

sensit ivity is that long path lengths (-6n-m) m u s t  be used 

(30) .  

The major d i f f icu l t ies  in  establishing good detector 

performance for  HSLC have been the  engineering problems 

associated with designing f l m  cells of l m  volume while 

maintaining a path length long enough t o  enhance detector 

sensitivity. 

Data Handling Devices 

The f inal  instrumental drawback is the need for rapid 

data co l lec t ion ,  recording and handling devices. Data 

co l lec t ion ,  including integration of peaks, calculation of 
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1778 DWYER AND BROWN 

H IG H-SPE E 0 
COLUMN 

CONVENTIONAL 
COLUMN 

- 1 
0 1 2 3 4  0 2 4 6 8 

TIME (MINUTES) 

FIGURE 3. 

Analysis of reverse phase test mixture on C18 bonded phase 
packings. 
High speed column: 100x4.6m i.d., 3um particles. 
Conventional column: 250x4.6mn i-d. ,  l o w  particles. 
Mobile phase: 65:35 Acetonitrile-water at 2.3ml/min. 
Ambient tenperature 
Sample Volume: 6ul in both cases. 
W detector at 254nm, same attenuation, cell volume 2.4~1. 
Peaks: (lluracil, (2) phenol, (3) nitrobenzene, (4) toluene, 
(5)ethylbenzene, (6)isopro~lbenzene, (7)tert-butylbenzene. 

(Reproduced frcm reference 24).  
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HIGH SPEED LIQUID CHROMATOGRAPHY 1119 

amounts and preparation of reports must be performed within 

seconds. It is impratical to have a 10 second separation i f  

t h e  d a t a  system takes  20 seconds t o  i n t e r p r e t  t h e  

chromatogram. Therefore, with extremely rapid analyses, 

faster recording devices are necessary. 

APE ICATIONS 

To date, separation methods which u t i l i ze  high speed 

1 iquid chromatography a r e  becoming more frequent in  the 

l i terature.  Since 1980, the  use  of high speed l i q u i d  

chromatography has been demonstrated i n  environmental, 

c l in ica l ,  pharmaceutical, b iological ,  food and plastics 

separations. 

In 1981 DiCesare and ccrworkers demonstrated the use of 

coupled high speed columns f o r  improved resolut ion and 

relatively fas t  analysis of plynuclear aromatic hydrocarbons 

(PAHI and other pollutants (24,311. 

Since 1981 several HSZC applications pertinent t o  the 

clinical  and pharmaceutical f i e l d s  have appeared i n  t h e  

l i t e ra ture .  Kabra and Marton reported an LC analysis for 

serum theophylline in  less than 70 seconds (321. Sample 

chranatograms are shcrwn i n  Figure 4. A 12.5cm, 5um C18 column 

and W detection a t  2731x11 were used for t h i s  sensitive and 

spec i f i c  chromatographic procedure. Sample preparation 

procedures required less than l O O u l  of serum. ?he savings i n  
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1780 DWYER AND BROWN 

- 
r? 

9 
c 

TIME (min) 

FIGURE 4. 

Chranatograms of (left) theophylline-free 
patient's 

I 
I 

A 

serum: 
- 
serum with 5.6mg of theophylline per liter; 
patient's serum 
with 21.511~3 of theophylline per liter. 
Column: 125x4.6m i.d., 5 m  C18. 

: 
c 

# 

tr 

(middle) a 

(right) a 

Mobile phase: Acet0nitrile:phosphate buffer (9.5:90.5) at 4.5 
nilfmin. 
W detector at 273nm, 2.4ul flw cell. 
Peaks: (1) theoplylline, (21 B-hydroxyethyl theophylline 
(internal standard). 

(Reproduced fran rderence 32). 
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reagent cost arid analysis time makes the method ccsnpetitive 

with the traditional ENITR enzyme hunoassay technique (33). 

Dong and Gant reported a 45 second theophylline assay on a 

3.3cm, 3um C18 column in  1984 (34). 

Kinberger and Holmen a n a l y z e d  s e r u m  f o r  t h e  

anticonvulsant drugs carbamazepine and phenytoin (35). These 

canpounds are the two most frequently used in  the treatment of 

e p i l e p t i c  pat ients .  Isocratic elution at  a flow rate of 

1.5ml/min with a 10.0cm, 3um C18 column pe rmi t t ed  a 

chranatographic analysis completed within 2 minutes. 

Conventional methods of HPLC analysis often require more than 

10 minutes t o  obtain similar resolution (36). 

The HSLC analysis of c m n l y  abused drugs such as- 

barbiturates and t r icycl ic  antidepressants were performed i n  

1982 (37). Dong and DiCesare used lO.Ocm, 3um and 12.5cm, 5um 

C18 columns and achieved a 2-4 fold reduction in  analysis 

time. Five t r icycl ic  antidepressants are separated on the 3um 

column in  one minute ard i n  3 minutes on the Sum column. 

Eight carmon barbiturates are separated and resolved i n  a 

l i t t l e  over 3 minutes on the 3um column. The chrcmatographic 

ana lys i s  of a n t i c o n v u l s a n t s  f r e q u e n t l y  r equ i r ed  f o r  

therapeut ic  drug monitoring typically t a k e s  10-15 minutes. 

Using the 5um high speed column, the separation was canpleted 

in under 3 minutes. A toxicological screening of 18 ccsranonly 

abused drugs was performed by gradient elution on the high 
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1182 DWYER AND BROWN 

speed 5um column i n  6 minutes. Precision i n  retention times 

and peak area reproducibilty for these high speed analyses 

were found t o  be 1-2. In 1984, an 80 second separation of 

eight cannon barbiturates was reported using a 3cm, 3um 

reverse &ase column (34). 

The HSLC analysis of analgesic drugs, available wer the 

counter, was performed by DiCesare and cworkers (24). The 

separat ion of the  four major components of these drugs, 

acetylsalicylic acid, caffeine, phenacetin and salicylamide is 

achieved i n  3-4 minutes w i t h  isocratic elution a t  2.2ml/min 

and a l O . O c m ,  3um C18 column. In 1984 th is  separation was 

performed on a 3.0cm, 3um C18 column i n  less than 2 minutes 

(34).  Gfel ler  et.al. separated and quant i f ied similar 

pharmaceutical preparations within 40 seconds on a lOcm, 5um 

Cl8 column (38). 

Other applications of c l inical  significance include the 

i s o c r a t i c  s e p a r a t i o n  of c a r d i a c  agen t s ,  i n c l u d i n g  

procainamide, in  3 minutes on a 12.5cm, 5um C18 column, and 

the 7 minute isocratic analysis of water soluble vitamins such 

as ascorbic acid, niacin, and thiamine also on a 12.5 cm, 5um 

c8 column (14).  

In 1983, Lin and Blank used 3um reverse &ase columns 

for the determination of biogenic mines (39). Separation 

t h e  was less than 3 minutes per sample. Hawever using high 

flw rates, they experienced a loss  i n  column efficiency. 

Fast, reproducible analysis of 6 different catecholamines was 
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HIGH SPEED LIQUID CHROMATOGRAPHY 1783 

reported i n  1984 ( 4 0 ) .  HSLC coupled with amperometric 

detection affords a signal of SOOpWpnol a t  0.7 V o l t s  

oxidizing poten t ia l  and a flaw r a t e  of lml/min. The 

separation took less than 8 minutes using a 5cm column packed 

w i t h  3um material and is il lustrated in  Figure 5. Earlier 

methods which achieved similar resolution took one hour for 

cmplete analysis (41) .  

DiCesare and cworkers reported the separation of 17 

pherylthi&ydantoin (PTH) derivatized amino acids (14).  They 

uti l ized step gradients and a 10.0~11, C18, 3um column for an 

analysis which was canplete i n  less than 6 minutes. 

Dong and Gant separated 12 nucleosides and bases in  70 

seconds on a 3cm, C18, 3um column. Applied t o  deproteinized 

human serum, the  separation was complete i n  less than 2 

minutes (34). 

Applications in  biochemistry are nw appearing in  the 

l i terature;  thus indicating that HSLC is becoming a more 

common tool  i n  clinical ,  pharmaceutical, environmental and 

indus t r ia l  laborator ies .  HSLC has wide applicability in  

routine analyses and is well su i ted  for methods developnent 

where optimum conditions for a new analysis can often be 

determined i n  a n-atter of minutes. 

The advantages of faster analysis times, increased mass 

sensitivity, and higher efficiencies make HSLC an attractive 

a l t e rna t ive  f o r  separation and quant i ta t ion  of complex 

mixtures of cmponents. 
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A. 

/II( 0 

4 
0 

1111111111 J L  

6. 

a 
a 
m 
I 

1 
C 

a l a  

0 1 3 5 7  0 1 3 5 7  
TIME (minutes) 

FIGURE 5. 

Chranatograms of catechols. (A) Standards ( 2 p o l  each) ; (B) lOul 
of 75ul 
alumina eluate of rat brain prefrontal cortex fran an animal 
which had 
been injected w i t h  an inhibitor of aromatic amino acid 
decarboxylase 
(m-hydroxylbenzylhydrazine 0.72 mmoldkg i.p.1 30 minutes 
earlier. 
Column: 5~0.5~n, 3 ~ m  C l 8 .  
Mobile @a=: 0.1 M monochloroacetic acid, pH 3.0, w/ 0.3mM 
N& 
o c t y l s u l f a t e ,  0.lmM EDTA, and 1% v:v acetonitri le a t  
1 . Oml/min. 
hperanetric detector: 0.70 Volts. 

(Reproduced fran reference 40). 
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