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ABSTRACT. To elaborate a HPLC system is a challenge for each engineer in the lab: on one hand, there are complex mechanical components like the solvent delivery system, the injector system and the detector; on the other hand, an intelligent control system is necessary to co-ordinate these various modules. Recent advances in instrument hardware and software technology are of particular importance for anyone who is involved in the development and optimisation of HPLC methods. The paper describes the "LC100" system with particular attention given to the main components of the HPLC system.

1. INTRODUCTION
High-Performance Liquid Chromatography (HPLC), as a separation technique for non-volatile substances in mixtures, has a wide range of applications in the industrial world today. Over the last decade, instrumentation for liquid chromatography has evolved towards higher flexibility, greater ease of use and higher reliability.


Designing an HPLC system requires a high degree of interaction between various disciplines, including mechanics, materials science, chemical physics, optics, electronics, firmware and software. Problems that must be solved include the handling of liquid having a wide range of solvent properties at flow rate from 1(l/min to 10,000(l/min and pressures up to 400x105 Pa, control of mechanical components, detection of chemical substances and data handling.

2. SYSTEM DESIGN OBJECTIVES

To get a cost-effective, easily upgradable, and flexible system, some key objectives were decided for our "LC100" system:


- To provide the chromatographer with the necessary hardware and software tools for the methods development process in a wide range of application areas, and to allow the user to choice various approaches to the methods development problem; 

- To provide the user with single-point control system through a uniform, intuitive operator interface. With this system of integrated modules, the user and system communicate using the personal computer screen and keyboard;

- Distribute the functions of the system into hardware control, data acquisition, data processing, and a user interface;

- Use a hierarchical structure that is easily understandable;

- Use a LC-IB as the communication link to a standard personal computer (PC).

3. SYSTEM OVERVIEW

Figure 1. shows the general architecture of the "LC100" System. It is a typical hierarchical structure with the PC as the head. The PC serves two purposes: the human interface and the management of automatic multiple analyses with variable parameters. 

The separation part of LC100" System consists of the solvent delivery system, the column compartment with heated oven and the injector system. The detector part is a spectrophotometric detector in ultraviolet domain. All this independent modules are connected to the LC controller. 
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Figure 1. The Architecture of LC100 System.


Figure 2. presents the system communication in the LC100 System. The distribution of the system into modules is done on three levels. Level 1 can be seen by the user. It is represented by the physical devices, like PC or the plotter, and is connected via LC-IB. Level 2 is created by the hardware design of the LC devices, which is based on several single-processor computers located on different boards inside the mainframe and connected by special hardware. Level 3 is implemented by software within a single-processor computer.The applications software is based on a multitasking operating system. It is designed as a collection of tasks, each performing a particular function and interacting through a communications mechanism.

The different components at any distribution level within the system are relatively independent. Each level can be characterised by the usable resources for coupling the components. For level 1 it is the message communication over the LC-IB by cables and standard hardware interfaces. The level 2 environment consists of hardware designed specifically for liquid chromatography. The coupling of components at level 3 is done by the operating system, which provides an intertask communications mechanism. 
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Figure 2. Communication in the LC100 System.

4. TECHNICAL SOLUTIONS

Contained within the LC100 System mainframe are component modules designed to perform as one integrated system, so the user can configure the system for a particular type of application and each module can be easy removed and exchanged.

4.1 SLS100 Solvent Delivery System

Because the parameters for solvent delivery have a major influence on resolution in HPLC, great care was taken to provide flexibility and programmability in solvent delivery while increasing the level of reliability and precision essential for the HPLC method development chemist. The programmable solvent module as a high-performance pump is characterised by pumping a constant flow of solvent at working pressures up to 400x105 Pa. Constant flow, in the range 0.1 – 10 ml/min, is achieved with a pair of specially-driven positive-displacement pumping chambers. Each pumping chamber consists of a pump head cavity in which a small, accurately machined plunger slides back and forth. The two pistons are driven such that their reciprocating directions are opposing resulting in one plunger drawing in solvent while the other is expelling solvent. By this arrangement, the pumping chambers alternately supply the solvent. 


Figure 3. graphically illustrates how the flow from each pumping chamber may be combined to obtain a steady flow is achieved by complex piston displacements. Noncircular gears are utilised to drive the pistons so that their forward motion in expelling solvent takes more time than their reserve motion in drawing solvent. 
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Figure 3. Combined Delivery of Pumping Chambers.

The minor fluctuations which remain as a result of the crossover intervals of the pumping cycles are smoothed by a pulse damper. This unit is a small flow-through device in which fluid is accumulated and discharged and it provides a flow rate accuracy about ± 0.005 ml/min. The smooth solvent flow from the high pressure pulse damper is piped to the transducer unit, which is a flow-through Bourdon type pressure sensor with a very low dead volume, that detects the magnitude of the solvent back-pressure.

The electronic module of SLS100 provides the following functions: the flow rate control, detect and indicate the solvent back-pressure, limit pumping operation to pre-set overpressure level and compensate for solvent compressibility to maintain constant flow rate.

We realised a prototype of the SLS100 System delivery system which is presented in figure 4.

4.2 Model SIA100 Sample Injector

Model SIA100 is an automatic syringe loading sample injector with an electromagnetic actuator built it in a compact package an it can be applied to every chromatographic task. This injector provides maximum versatility in both methods of loading the sample: complete loop filling and partial filling. The great advantage is that it can be used as a conventional fixed loop injector , which is known to give the best volumetric precision, or as a variable injector with zero sample loss. The injection volume can be chosen in the range 5 (l – 2 ml and the sampling time is compatible with high-speed LC.


The prototype of Model SIA100 Sample injector was submitted to some experimental measurements, and those confirmed its features.

Figure 4. SLS 100 System Delivery System

4.3 DUV100 Absorbance Detector

The model DUV100 is an UV filter-photometric detector and consists of an optics unit and an electronics unit. The schematic diagram of the DUV100 detector is shown in figure 5. Light from the mercury lamp which is transmitted through the cell assembly is converted into electrical signals by a photo-detector. The electrical signals are transmitted to the amplifiers, components of the electronics unit .


An important problem in absorbance detection is distinguishing between genuine absorbance and a change in energy reaching the detector because of refractive index changes in the sample cell. As the refractive index in the cell varies, the fraction of light which strikes the cell wall varies. Since reflection of UV light from the cell wall is negligible, the deflected light which strikes the cell is absorbed and appears as an absorbance, change on the detector even in the absence of any sample, so the fraction of deflected light absorbed by the cell wall will vary with changes in refractive index within the cell. This problem is solved, using a taper-cell which insures that all the light which enters the cell will leave it if there is no true absorbance. As shown in figure 6.a taper-cell walls diverge to a greater extent than the worst possible case of light beam bending due to some of the light strikes the wall of the cell thus resulting in false absorbance readings.


The taper-cell of DUV100 Detector is especially useful where RI effects pronounced such as in gradient elution work in which many solvent pairs produce RI curves with maximum in mid range, and RI correction is especially significant for work requiring high sensitivity due to low sample concentrations.
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Figure5. DUV 100 Detector Optics and Electronics Diagram
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   a. DUV100 Detector Taper-Cell
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Figure 6. Taper-Cell Versus Conventional Cell


In the designs of the flow cell we used the "Iron Rule" of chromatography, which says that no more than 10% of the original resolution must be lost in the detection system. This means that the volume of the flow cell, Vcell, must be:





Vcell ( 0.5 Vr / N

where Vr = retention volume; N = number of theoretical plates.

For this reasons, the DUV10 Detector designs is a trade-offs between path length, cell volume, and total photon flux, which is controlled by the element with the smallest light conductivity, the flow cell.

4.4 Column Compartment


This unit must ensure temperature homogeneity within the column by means of an airbath thermostat, which maintains a temperature precision of (0.50 C.


4.5 LC Controller


The system controller provides centralized menu, driven control of all LC100 HPLC System components mention above. The controller controls the parameters for: solvent selection, solvent delivery, stream switching, column temperature, detection, integration, peak identification, calibration, results format, plot format, and file translation. 

5. CONCLUSIONS


Our LC100 HPLC System is designed in a modular conception, each module can be easily removed and exchanged. The main specifications of each component module are presented bellow.

5.1 Solvent Delivery System SLS100:
Pump type 
- dual-piston pump; piston displacement volume 100(l, each head.

Solvent delivery modes
  - constant flow rate and constant pressure delivery.

Constant flow rate delivery
- flow rate setting range: 0.1 to 10 ml/min, incr. of 0.1 ml/min.


- flow rate accuracy: ( 2% or (0.005 ml/min whichever is higher.






  - flow rate precision: within (0.3%.

Constant pressure delivery
  - pressure setting range: 10 – 400x105 Pa.


- pressure accuracy: ( 10% or 10x105 Pa whichever is higher.

Overpressure limits
- continuously adjustable between 10 – 400x105 Pa.

Pressure sensor
- zero dead volume flow-through Bourdon-type tube.

Liquid contact surface materials
 - stainless steel, ruby, sapphire, Teflon, kel-F.

5.2 Sampler Injector Model SIA100:
Operating modes


  - automatic injection with electromagnetics;

  - manual injection with handle.

Manual injection capabilities
   - complete loop filling for precision;

  - partial loop filling for flexibility;

  - zero sample loss/no flushing.

Automatic applications

  - analysis using an autosampler;

  - methods development on same sample;

  - prep runs via repetitive injections;

  - precision studies under fixed conditions.

Injection volume


  - 5 μl to 2 ml removable sample loops.

 
Operating pressure

  - maximum 450∙105 Pa maximum.

Liquid contact surface materials     - stainless steel, ceramic, Teflon.

5.3 Absorbance Detector DUV100:

Detector type 


  - absorbance detector in ultraviolet region; 

        - detection element – double Si – photodiode.

Wavelength range

  - 195 – 350 nm.

Light source


  - mercury lamp.

Bandwidth


  - 10 nm.

Wavelength accuracy

  - ( 2 nm.

Noise level


  - below ( 1,5x10-5 AU nm.

Drift



  - below ( 1x10-3 AU nm.

Cell volume


  - 12,5 (l (10 mm x 1.2 mm I.D.).

Liquid contact surface materials
  - stainless steel, quartz Teflon.

Recorder output/Integrator output  
- 1 mV, 10 mV/ 0.4 V/AU, 0.8 V/AU.

5.4 LC Controller:

Multitasking operating system
 - editing of a background parameter file or pretreatment file while   another file is running in the foreground is provided for.

Operation panel
 - display 6" monochromatic CRT, character and graphic display.

Standard input/output terminals- start signal input terminal for sample injector: 1;

 - alarm signal input terminal: 1;

 - star/stop signal output terminal for external units: 2;

Control of LC100
 - all the control is made by the control program, in each step (102).

Control of SLS100
 - setting items: flow rate, upper pressure limit, monitor nominal

  pressure, select the solvent (max 3 solvents accessible). 

Control of DUV100
 - setting items: automating zeroing and polarity switching.

Control of column oven
 - setting items: oven temperature and upper limit temperature, nominal temperature is monitored.

R 232 interface
 - for data transmission to and from external computers.

Other functions
- backup protection of memory in case of power failure;

- self-diagnostics.
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