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SUMMARY 

A programmable gradient synthesizer has been constructed which is capable of 
forming flow-programs and gradients (linear and non-linear) of variable duration. 
The synthesizer is constructed from simple digital integrated circuits and is interfaced 
to an inexpensive two-channel high-pressure reciprocating pump. Other components 
necessary to complete the chromatograph are specified to provide high performance 
and flexibility at moderate cost. 

The application of the system to the analytical and preparative separation of 
some azodye reaction mixtures is presented. A new procedure for reproducible 
sample application in preparative liquid chromatography, employing flow-program- 
ming, is introduced_ 

INTRODUCTION 

Recently’*2 the popularity of gradient elution in high-pressire liquid chroma- 
tography (HPLC) has grown rapidly due, no doubt, to the power of the technique and 
the availability of commercial instruments with built-in gradient forming capabilities. 
Though dtzirable, commercial instrumentation may be too expensive to justify in 
some laboratories. 

A number of publications have appeared describing gradient formers that can 
be constructed inexpensively 3-8_ The majority of these instruments rely upon gradient 
formation prior to pressurization with a high-pressure pump. An alternative method 
described here employs two high-pressure pumps’ with suitable electronic flow con- 
trol providing variable eluent composition at a lixed flow-rate. 

The merits and limitations of single- and dual-pump gradient formers have 
recently been brought to light by Billiet et al.“. The performance of a single-pump 

* Present address: Department of Chemistry, University of Wisconsin-Eau Claire, Eau Claire, WI 
54701, U.S.A. 

** Present address: Oregon Graduate Center, 19600 N.W. Walker Road, Beaverton, OR 97005, 
U.S.A. 

00X-9673/81/0000-0000/S02.50 0 1981 Elsevier Scientific Publishing Company 























430 B. D. WARNER, G. BOEKME, J. I. LEGG 

3.5 4.0 45 
- TlME(hoursl - 

Fig. 8. The successful separation of peak 5 from the diazotization reaction mixture utilizing a somewhat 
longer gradient (insert) to a solvent of intermediate composition. Other conditions are the same as in Fig. 7. 

either pump. Proper choice of gradient shape and solvent strength resulted in the 
complete resolution of peak 5 (Fig. 8). The third solvent shown on the insert in Fig. 8 
was used to remove other strongly retained components in a reasonable period of 
time. 

CONCLUSIONS 

The liquid chromatograph described here, in combination with a suitable sol- 
vent system and columns, has been used to perform separations that previously were 
confined to TLC or were not possible at all. Gradient elution and flow-programming 
played a crucial roie in the ability to perform preparative separations quickly and 
reproducibly. Additionally, the low cost of this system is an advantage where the 
high cost of a commercial unit cannot be justified. 

ACKNOWLEDGEMENTS 

This work was supported by the National Institutes of Health under grant 
No. GM2308 1. Excellent technical assistance was provided by Steven Kalaz. 

REFERENCES 

1 L. R. Snyder, Chromatogr. Rev., 7 (1965) 1. 
2 L. R. Snyder, J. W. Dolan and J. R. Gant, J. Chronmtogr., 165 (1979) 3. 



PROGRAMMABLE GRADIENT LIQUID CHROMATOGRAPH 431 

3 R. P. W. Scott and P. Kucera, J. Chrumarogr. Sci., 11 (1973) 83. 
4 F. Emi, R. W. Frei and W. Lindner, J. Chromatogr., 125 (1976) 265. 
5 E. H. Pfadenhauer, T. E. Lynes and T. V. Updyke, Artof. Client., 46 (1974) 623. 
6 M. H. Simatupang, Chromatographia, 12 (1979) 661. 
7 K. J. Bombaugh, J. Chromafogr., 107 (1975) 201. 
8 R. V. Lewis, Anal. Biochem., 9X (1979) 142. 
9 M. Savage, Amer. Lab., 11 (1979) 49. 

10 H. A. H. Billiet. P. D. M. Kechen and L. de Galan, 1. Chromafogr.. 185 (1979) 515 
11 Semicondzcfor Dora Library, Vol. 5, McMOS Infegrated Circuits, Series A, Motorola Inc., Austin, TX, 

1975. 
12 B. D. Warner and J. I. L.ege, Inorg. Chem., 18 (1979) 1939. 
13 E. L. Johnson and R. Stevenson, Basic Liquid Chromatography, Varian. Palo Alto, CA, 1978, p. 21. 
14 J. I. Legg, K. Igi, G. J. Pielak, B. D. Warner and M. S. Urdea, American Chemical Sociery, Symposium 

Series, 119 (1980) 195. 
15 M. S. Urdea and J. I. Legg, Biochemistry, 18 (1979) 4984. 
16 J. I. Lea, Coord. Chem. Rev., 25 (1978) 103. 


