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ABSTRACT. The design characteristics and techniques of using HPLC sample injectors differ markedly. These differences affect a chromatograph’s ability to provide accurate analitycal results. The HPLC sample injectors discussed in this paper are the types currently used in high performance liquid chromatography techniques. All of them transfer atmospheric pressure sample from a syringe or vial to a sample loop. The loop is then connected by valving action to the high pressure pump-to-column stream, which carries the sample onto column. 

1. INTRODUCTION

Early liquid chromatography injectors were similar to those used in gas chromatography. A tee connected the source of mobile phase to column and one port of the tee contained an elastomeric septum. Sample was transferred from syringe to column by piercing the septum with the syringe needle. This insertion of sample directly into flowing mobile phase exposed both syringe and septum to high pressure solvent, compromising precision and reliability. Modern designs avoid these problems, because the sample is transferred from syringe to a sample lop at atmospheric pressure and the loop is then connected by valuing action to the high-pressure pump-to-column stream, which carries the sample onto the column.

Flow of liquid through the sample, and indeed through all tubing of the chromatograph, has a laminar flow pattern. The fluid velocity is maximum on the axis of the tube and decrease to zero at the wall, so the front end of the sample becomes diluted. This phenomenon manifests itself in different ways in the various types of injectors discussed below.


The design characteristics divided HPLC injectors into four types. Figure 1. presents the injector flow diagram for each type.    

Type 1 Injectors - use a completely filled sample loop to determine the injected volume. These simple, reliable devices are six-port rotary valves. A syringe is used to push or suck an excess of sample into a sample loop, filling it completely. Highly precise injections are achieved because the loop volume determines the injected volume.

Type 2 Injectors - use a microsyringe to transfer sample into the loop. The sample size is always smaller than the loop volume, so it is the syringe which determines the injected volume. No sample is trapped or wasted, but the precision is not as high as type 1.
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Figure 1. Injector Flow Diagrams. I - Load; II - Injection. The view is from the stator -rotor interface, where the flow switching takes place, as seen from the front of the injector. The small circles represent the ports in the valve stator. The bold arcs and radial lines represent the connecting passages in the rotor, which turn 600 clockwise when  the injector is moved from the load position to inject position. The large circles represent the needle port. 

Type 3 Injectors - use both complete and partial filling methods, but trap some sample. The loop is loaded by inserting the syringe into the needle port and dispensing the contents. The syringe is left inserted in the port until after the valve is switched. The switching action inserts the loop into the stream without exposing the syringe to high pressure. In the injection position the syringe is removed and some sample remains trapped in a connecting passage of the injector. There are three consequences of this trapped volume: sample is wasted, the injector must be flushed after each injection and the syringe reading is in error by the amount of trapped volume. 

Type 4 Injectors -  also uses both methods, but does not trap sample. This type is similar to type 3 injector but it does not contain a connecting passage between syringe needle tip and sample loop. It therefore not trap sample and there is no sample waste, no syringe reading error and no need to flush between injections, except in trace analysis.

2. TECHNICAL SOLUTIONS

We had realise the design and the development of  the  Syringe Loading Sample Injector Model SIA100, belongs to type 4 mentioned above. It is a six ports rotary valve in which  loading of the sample loop is accomplished with the syringe through a needle port built into the valve shaft. 

2.1  Theory of operation 

Figure 1. (diagrams for type 4) shows the flow diagram: in the load position the high pressure eluting solvent flows to the column directly via ports 2 and 3. The loop is loaded at the atmospheric pressure from a syringe via the needle port, which aligns with stator port 4. Excess solvent or sample exits the loop via vent port 6. Rotation of the shaft clockwise through 600 switches to the inject position. The eluting solvent flows to the column via the sample loop, forcing the sample ahead of it. Note that the sample now travels in a direction opposite to that when it was loaded, flowing to the column with minimum delay.

Figure 2. shows the needle port geometry. When the syringe needle is fully inserted, the flat tip of the needle touches the flat face of the stator so that the entire volume of sample discharged from the syringe enters the stator passage which is part of the sample loop. Therefore is no sample loss. The flat stator face is polished alumina ceramic, a hard surface which cannot be damaged by syringe needle.
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Figure 2. Model SIA100 Needle Port Geometry

2.2  Sample loading methods 

Two methods of loading the sample can be used: the complete loop filling method and the partial filling method. So the great advantage to the user of the Model SIA100 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 volume injector with zero sample loss.

3. DESCRIPTION

Figure 3. is a general view of Model SIA100. The stator (13) is 10TiMoNiCr175 stainless steel and contains six ports for 1,6 mm tubing. The stator face (11) is a polished alumina ceramic disc mounted in a stainless steel ring (16) which in turn is held in proper alignment on stator by two pins. Sandwiched between the stator and the alumina face stator is a seal disc (14) which form a high pressure seal between the two parts and joins the six ports to the six mating holes in the stator face. The rotor face (10) is a Teflon rotor seal. Slots in the rotor seal make flow paths between the adjacent stator ports and turning the rotor 600 switches the flow paths as shown in Figure 1. Two stop pins (17) and the rotor pin (18) limit the rotation to 600. A thrust bear (5) and four conical spring washers (6) push the rotor (7) and  rotor seal against the stator face with [image: image3.jpg]2
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sufficient force to hold the operating pressure.

Figure 3. Model SIA100 General View: 1- action gear; 2-needle guide; 3-needle port tube;             4-body; 5-thrust bearing; 6- spring washers; 7-rotor; 8-bearing ring; 9-isolating seal; 10-rotor face; 11-stator face; 12-stator screws; 13-stator; 14-seal disc; 15-set screws; 16-stator ring; 17-stop pins; 18-rotor pin; 19-knob.  

There is an off-axis hole through the rotor which is in line with the needle port hole in the rotor seal. This is the hole through which the sample loading syringe needle passes. A Teflon sleeve is embedded in the rotor seal and the needle port tube (3) pushes against the outer edge of this sleeve with spring tension just sufficient to compress the Teflon around the needle. This forms the needle seal which insures that all of the sample liquid passes into the stator passage. The needle guide (2) is tight fit over the needle port tube and holds it in place inside the rotor shaft.     


Model SIA100 allows two operating modes: manual injection with handle and automatic injection with an electromagnetic actuator built around it.

Figure 4. shows SIA100 actuator, this is a rotary double-acting electromagnetic actuator with two electromagnets (A;B), A for load position and B for inject position. Piston (3) motion is converted to shaft rotation by a rack and pinion gear (4).  The state of the model SIA100 Injector, is indicated by two optic sensors (4) . These can signal an integrator to start or keep a microprocessor informed of valve position. 

Figure 4. Model SIA100 Actuator View: 1-plunger; 2-solenoid; 3-rack; 4-gear drive; 5-photosensors; 6-support; 7-electromagnet body; 8-electromagnet lids.

4. EXPERIMENTAL MEASUREMENTS

The HPLC sample injector, model SIA100 was submitted to some experimental measurements to find the answers to the following questions: 

a) What precision can be expected from an injector?

b) What volumetric accuracy do injectors provide ?

c) How can the design solutions eliminate the cross contamination ?

a) Injector volumetric variance affects analitycal precision of the system HPLC and it depends by the method of injection: 

- partial filling: the volumetric precision depends on the syringe - the observed system precision which we achieved using the Model SIA100 Injector with 10(l partial loop loading via 10(l syringe was 0.35% relative standard deviation (RSD).

- complete filling: the precision depends on the density stability of the sample liquid - the observed system precision which we achieved using the Model SIA100 Injector with 20(l loop, completely filled was 0.06% RSD.

In summary, complete loop filling is the method of choice when highest analitycal precision is required and it contributes only about 0.03% RSD, compared to 0.3% contribution with partial filling method.

b) The volume of sample that is actually injected onto column does not always correspond with the syringe reading in the partial loading technique, or with the loop volume in the complete loading technique. The magnitude of this error depends on the type of injector and manner in which the loop is loaded. 

The accuracy characteristics of the Model SIA100 were investigated using the following method: different sample volumes were loaded into the loop from a syringe, and the resulting peak areas or peak heights were plotted, as in Figure 5. These data indicate that the offset error is essentially zero, and that a volume of 0.1(l can be accurately injected.

In summary, we can state that the volume of sample delivered from a syringe in a partial filling method should be less than the actual loop volume: 50% is a safe value. The volume of sample transferred into a loop in the complete filling method should be more then the actual loop volume: five times the loop volume is usually enough and this can be reduced by segmentation.
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Figure 5. Accuracy of Model SIA100 sample injector. Data were obtained using three  syringe size: 10 (l (o), 100(l (() and 5 ml ((). The straight line correlation coefficient is 1.000. Departure from linearity starts around 15(l , i.e., at about 60% of actual sample loop volume.
c) Even thought the  Model SIA100 sample injector has been design to eliminate the trapped volume, we would expect there to bee a very small amount of cross contamination if the injector is not flushed between injections. This is because of sample traces left on the surface of the needle seal and rotor seal, and in the liquid left the needle port. After a lot of measurements we can say that the contamination is less than 0.1% for a 10 (l injection.

5. CONCLUSIONS

Model SIA100, presented in this paper, is an automatic syringe loading sampler injector with an electromagnetic actuator built around it in a compact package. This combination provides an injector which can be applied to every liquid chromatographic task.  


In manual operating mode it can be used with a partial loop loading for maximum volumetric versatility, allowing accurate injection volume of 1 (l to 1 ml. And it can be used with complete loop loading for maximum volumetric precision, achieving absolute area precision as little as 0.05 RSD.


The primary application of Model SIA100 is as a component of automatic injection systems . When connected to a autosampler it is used for unattended routine analysis of different samples. When connected to a single sample reservoir it is used for automatic repetitive injection of the same sample for different purpose: automated methods development, precision studies, preparative separations.  

The features of Model SIA100 are listed bellow:

- Maximum versatility in HPLC sample injection.

- Two 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.

- 5 (l to 2 ml removable sample loops.

- 450·105 Pa maximum operating pressure.

- 0.4 mm diameter flow passages.



- 15 daN-cm operating torque.
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