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Introduction 
 
Sample preparation is the crux for most volatile organic compounds analysis. The final purposes of 
this treatment are often to: 
 

- purify the sample (in fact: to extract a particularly interesting fraction from the sample) 
- and to enrich (accumulate) a sufficient quantity of all compounds of interest to be analyzed.  

 
As sample preparation, static headspace analysis is more and more used and presents some 
features: 

 
Static headspace is reproducible, fast, easy to run  automatically, using no solvents or 
prejudicial to environment chemicals.   
 

However, the major drawback of static headspace analysis is the lake of sensitivity of this sample 
preparation method. To collect reliable information from the sample, it becomes absolutely 
necessary to begin the analysis by a pre-concentration step. 

Commercially available extraction techniques, like Solid Phase extraction, have shown good 
efficiency. However, such devices suffer from drawbacks like a too short lifetime, and lakes of 
capacity and reproducibility. Beside these points, conventional micro-extraction devices can hardly 
be used for quantitative analysis and are quite expensive, particularly when used with an 
autosampler. 
 
 

The INDEx (Inside Needle Dynamic Extraction) device constitutes an interesting alternative to 
usual extraction methods. It consists of a needle containing an absorptive material as packed 
particles (patent pending).  

 
 

Left: internal design of an INDEx  
needle, 
Right: picture of a typical 
adsorbing material 

 
 
Starting kit 

The starting kit consists of a special 
2.5 ml gas-tight syringe with a Luer 
Lock connection and two marked 
removable needles containing both 
different adsorptive materials: 
 
T as Tenax®, for a wide range of 
VOC 
S as “Silox”, a SMart Nose’s 
exclusive siloxane based polymer, 
for compounds with a medium 
polarity 
C as Activated Charcoal, for 
solvents, medium and highly volatile 
compounds, 
or: 
X for special filling 
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Principle  
 
After desorption or cleaning (for conditioning steps, see figures c. and d., p. 4), the INDEx needle is 
ready to be loaded by a new sample. This concentration step is carried out by leading the sample’s 
headspace through the needle (a.). One can use a syringe or a low flow sampling pump (Fig. 5). 
For a better yield, the flow should range from 5 to 30 ml/min  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The loaded INDEx needle (b.), can be kept unchanged for several weeks* when stored in an 
appropriate air-tight container: Part nr. INDEx-Cons-Vial.  
 
 
 
 
 
 
 
Traceability 
 
Each needle bares a carved identification 
number and is delivered with a quality 
control certificate (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loading the adsorptive material 
by aspiration (syringe or pump) 

a. 

Loaded needle: the sample can 
be stored in the needle until a 
subsequent analysis 

b. 

Fig. 2 

*: depends of sample’s stability 
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Fig. 3 



 
Analysis 
 
After mounting the needle on the special Luer syringe connection port, the previously concentrated 
VOC’s are usually thermally desorbed (c.) by introducing as deep as possible the INDEx needle in 
the hot chromatograph’s injector. To avoid a sample’s diffusion during desorption, it is 
recommended to aspirate a little gas or air in the syringe just before injection, and to dispense it 
during the desorption (c., yellow arrow). 
 

 
 
A gentle rinsing with a little organic solvent (d.) is another possible interesting procedure to 
efficiently desorb the VOC’s from the needle or to remove residues remaining from previous 
analyses. The use of a solvent is recommended only for the compatible materials like Silox or 
activated charcoal. 
 
 
 
Different ways to use INDEx 
 
INDEx from SMart Nose Inc. brings to users a wide flexibility; the device can be either used 
manually or automatically. Both syringe and needles are designed to be perfectly compatible with 
the CTC Analytics’ Combi Pal autosampler, and most of usual chromatograph’s injectors. 
 
 

Fig. 4. 
INDEx device installed in a 2.5 ml 
syringe heater for Combi PAL 
autosampler from CTC Analytics. 

 
 
Automatic use with an autosampler 
 
By operating strokes movements of the 
syringe’s plunger, the sample’s headspace is 
forced through the adsorbing material and 
discharges the contained VOC on it. As a first 
approximation, the more headspace is 
passing through the adsorbing material, the 
more compounds are concentrated.  
 
INDEx is a dynamic method with high capabilities for quantitative analysis. After a possible flushing 
or drying, the adsorbent is desorbed by heating or rinsing with an appropriate solvent, usually just at 
the injection port of the analytical instrument (i.e. chromatograph’s injector). 

   

Fig. 4 

Thermal desorption, with a little 
gas or air injection (symbolized 
by a yellow arrow) 

Desorption or conditioning by using 
a little solvent (some of our filling 
materials can bare organic solvents) 

c. 

d. 
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When used on a Combi PAL, a higher flexibility is obtained by using the CTC Analytics’ Cycle 
Composer software. In addition of the software, we can provide to the interested customers macro 
and methods to use efficiently the INDEx device (Part nr. CTC-CC-INDEx).  
 
Needle conditioning or cleaning after analysis is well accomplished by a special needle heater: 
INDEx-CU or Needle Heater for INDEx, also compatible for SPME fibers. 
 
 
 
Application examples in automatic mode  
 
A:  4 fresh rosmarin needles (about 200 mg) sealed in a 10 ml headspace vial are incubated 5 
minutes at 70°C. After 20 concentration strokes of 0.5  ml, the INDEx needle (Tenax®) is desorbed 
during 20 seconds in the chromatograph’s injector maintained at 250°C. 
 
GC conditions:  60°C during 2 minutes, then heated at 5°C / min. up to 220°C. Column: DB5 type. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B:  1 g soil 
contaminated with 
gasoline.  
 
Black 
chromatogram: 
INDEx with Silox. 
 
Blue 
chromatogram: 
INDEx with 
Tenax® 

  1. � -pinene 
  2. camphene 
  3. � -fenchene 
  4. � -pinene 
  5. � -phellandrene 
  6. � -terpinene 
  7. p-cymene 
  8. limonene 
  9. eucalyptol 
10. 3-carene 
11. terpinolene 
12. 3-dihydrocarveol 
13. p-methylbenzyl  
      alcohol 
14. camphor 
15. linalool 
16. isopinocamphone 
17. pinocarvone 
18. � -caryophyllene 
19. � -terpineol 
20. � -terpineol 
21. borneol 
22. verbenone 
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Manual use 
 
The figure below shows both possibilities to load an INDEx needle manually (without the use of an 
autosampler): 
 
 a. the sample’s headspace is forced through the INDEx needle by pressurization, by the mean 

of a  pressurized gas or a standard syringe  
 b. the sample’s headspace is aspirated through the needle by the means of a pump, i.e. a low 

flow  sampling pump, as used for occupational health or forensics (Fig. 5). This way is well 
suited for  analysis of air samples in Tedlar® bags. 

 

 
 
Application examples in manual mode  
 
Air monitoring, environments (i.e. soils), materials (i.e. recovered paper), food (i.e. fruits ripeness) 
etc. 
 
Example: emitted VOC’s by a polyurethane foam sample (car’s seat): about 200 g of foam 
conditioned in a 2 liters aluminum coated sampling bag containing air. An INDEx (Silox) needle is 
introduced by piercing the bag’s wall; 100 ml of the headspace are aspirated, in about 10 minutes, 
through the needle by the mean of a sampling pump. The needle is then desorbed during 20 
seconds in the GC’s injector set at 280°C. Chromatographi c conditions: same as for the previous 
example. 
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Fig. 5 

a) loading by  
    pressurization: 

The sample’s headspace is 
pushed through the INDEx 
needle by introducing a gas or 
air in the vial, by the mean of 
a second needle  

The sample’s headspace is 
aspirated through the INDEx 
needle by the mean of a pump. 
A second needle ensure the 
equilibrium of vial’s internal 
pressure  

b) loading by  
    aspiration: 



 
Memory effect and needle conditioning 
 
The desorption of particles may be not complete 
after only one injection. Some users are exploiting 
this property for development purpose and inject 
the same needle several times.  

To totally clean the needles after injection and 
avoid a memory effect, SMart Nose Inc. has 
developed a vacuum conditioning unit (Fig. 6).  

The INDEx-CU, as a Combi PAL compatible 
version, integrates a 3-ports oven connected to a 
two stages diaphragm pump. The combination of 
high temperature and vacuum induces a very fast 
and efficient conditioning of the needles. 

Even if an analysis is running with the auto-
sampler, the two front ports remain available for a 
manual needle conditioning. In this case, pumping 
time can be set from the front panel. 

A standalone version with pump timer, 
temperature controller and power supply is also 
available. 

 
 
Reproducibility 
 
INDEx is characterized by a very high reproducibility. During a long lasting test, an INDEx needle, 
Silox, was used for several hundred analysis of the same sample: an aromatic hydrocarbons 
mixture. 
Detection: SMart Nose® system (global mass spectrometry). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Features 
 
The INDEx device has the following features:  versatility, robustness, highest lifetime (several 
thousands of cycles), best cost of ownership, highest sensitivity and capacity (under specific 
conditions), reproducibility, dynamic technique well designed for quantitative analyses, no memory 
effect (with INDEx-CU), speed... 

Fig. 6 

Left:  INDEx pre-concentration, total ionic 
currents for masses between 60 and 165 
amu obtained for 90 successive analyses. 

Right:  same measurements after pre-
concentration with a conventional micro-
extraction device. The results are much less 
reproducible. 
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Micro Extraction: same sample   
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Ordering information 
 

Description         Part nr. 

 
INDEx needle filled with the exclusive Silox material     INDEx-S 
(quality control certificate included) 
 
INDEx needle filled with Tenax®       INDEx-T 
(quality control certificate included) 
 
INDEx needle filled with Activated Charcoal      INDEx-X-AC 
(quality control certificate included) 
 
INDEx needle filled with the material of your choice     INDEx-Special 
 
Special Luer Lock 2.5 ml syringe       INDEx-Syr-LL 
 
Starting kit including:         INDEx Starting Kit 
     1 INDEx needle filled with Silox 
     1 INDEx needle filled with Tenax® 
         (quality control certificates included) 
     1 Special Luer Lock 2.5 ml syringe 
 
Standalone INDEx Conditioning Unit under vacuum,     INDEx-CU-Stand 
programmable temp. up to 350°C 
 
Low Flow Sampling Pump (as Fig. 5 or similar)      INDEx-Sampl-Pump 
 
Needle storing vials with caps, set of 10 pieces     INDEx-Cons-Vial 
 
 
 
Special accessories compatible with the CTC Analyti cs Combi PAL autosampler 
 

Description          Part nr. 

 
INDEx Conditioning Unit under vacuum, programmable temp. up to 350°C   INDEx-CU 
 
Cycle Composer software included macro and method examples for INDEx CTC-CC-INDEx 
 
Needle Heater for INDEx needles       CTC-NdleH-INDEx 
(programmable temp. up to 350°C, can also be used for  SPME) 
 
Syringe heater for 2.5 ml headspace syringe      CTC-MSH 02-00 
(programmable temp. up to 150°C, can also be used for  HS syringe) 
 
Replacement syringe plunger for INDEx-Syr-LL     INDEx-Syr-Plunger 
 
10 ml headspace vial, clear glass, pack of 100 pieces    10ml-Vials-clear 
 
20 ml headspace vial, clear glass, pack of 100 pieces    20ml-Vials-clear 
 
Magnetic caps with silicone / PTFE septum for 10 or 20 ml    Caps-Mag-Si 
headspace vials, pack of 100 pieces  
 

 
The design, general appearance and technical characteristics of 
the here described products are subject to be modified at any time. 
 
 
 

 
 

 

SMart Nose Inc.  
Fleur-de-Lys 9 
CH-2074 Marin-Epagnier 
(Switzerland) 
Ph. : +41 32 754 35 36 
Fax : +41 32 754 35 37 
www.smartnose.com 
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