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Abstract

Objectives: To develop gas chromatograph (GC) based chemical agent
detector and to compare the response of Surface Acoustic Wave (SAW) detector
with Flame lonization Detector (FID) for the development of a reliable and
fast gas/vapour analyzer. Also, to describe the limitations of the FID over SAW
detector. Methods: An uncoated 433.92 MHz SAW device was used as Gas
Chromatography (GC) detector and its response was recorded and compared
with conventional FID detector using short capillary column. The response of
both the detectors were analyzed by using standard mixture of seven Volatile
Organic Compounds (VOCs). Besides this comparison various key parameter
of GC i.e. Flow, temperature and length of GC column were also optimized for
fast GC analysis. Findings: After analyzing the fast GC data of both the detectors
with same sample, it was observed that the resolution of chromatograms with
SAW detector showed more resolved peaks as compare to the FID detector for
the same GC parameters. Improvements/Applications: It is concluded that
the SAW detector is more suitable for fast and reliable analysis of chemical
vapors in rapid analysis.

Keywords: Gas chromatograph detector; surface acoustic wave; volatile
organic compounds

1 Introduction

Surface Acoustic Wave (SAW) device was used in 1979 for the first time as gas
sensing and in 1964 as detector("?). In order to the detection of VOCs researchers
used many technologies i.e. mass spectroscopy, ion mobile spectroscopy etc. 3% Gas
chromatograph is one of the best techniques used for the analysis of organic volatile
compounds employing various detectors. In order to make the fast analysis researcher
optimized the various parameters for development of fast gas chromatography =), The
sensitivity and resolution are the key parameter of any gas sensor system. Therefore, it
becomes of the utmost importance to have a system with the best possible resolution.
Mostly for the analysis and identification of toxic gases/vapors in field scenario, the
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Gas chromatography techniques with selective or non-selective detectors is used for the detection of chemical vapors. The
Flame ionization (FID), Thermal conductivity (TCD), photo-ionization (PID) etc., are non-selective detectors whereas nitrogen

phosphorous (NPD), electron capture (ECD), or mass (MS) are selective detectors. The property of few detectors shown in the
Table 1(3-6:10.11),

Table 1. Major detector for gas chromatography

Parameter FID NPD FPD MS ECD SAW
Sensitivity(g/s) 2x10°12 2x10°13 1x10712 1x 107 5x10714 1x10°1°
Dynamic Range 1x107 1x10° 1x10° 1x10° 1x102 1x107
Selectivity No Yes Yes Yes Yes No

SAW detector used as Non-selective GC detector shows the linear response towards the mass change over the surface of the
detector ). To the best of our knowledge, in literature no comparative study of resolution considering two different detectors
(SAW/FID) done earlier for fast analysis.

In this study, we are presenting how the resolution of detectors under study is affected with variation of gas chromatographic
parameters. Different detector needs different types of gases for the operation as per the detector requirement like FID needs
Hydrogen and Zero Air in the ratio of 1:10. However, the SAW detector does not require any specific gases for the operation.

2 SAW detector operation

A SAW device consists of a piezoelectric substrate with two transducers called inter digital transducers (IDT) input and output
IDTs. On applying the RF signal on input IDTs, it generates the surface acoustic wave on the surface of device and vice versa
happened on the output IDT (11-1%), A schematic of SAW detector shown in Figure 1. It works on the principle of mass loading,
when the vapour molecules are eluted from the capillary column and adsorbed on the surface of detector hence SAW velocity
changes and it reflected as the change in resonance frequency of SAW detector. This relationship had been represented by
Sauerbrey equation (1) %),

2 2
2 am
A/Pgly

Where Af- frequency change, fy- resonant frequency, Am- mass change (g), A - active crystal area, p, - density of substrate
material and pq - Shear modulus of substrate.

Af = — (1)
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Fig 1. Schematic of SAW device
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3 FID detector operation

The FID is a destructive technique in which the sample breaks into ions. The FID response is based upon the concentration of
ions which were formed during the combustion of organic compounds. The same ions collected on the electrode and produce
an electrical signal which consider as the detector response. This detector needs appropriate mixture of Zero air and hydrogen
gas for operation !®17), When the mixture of compounds eluted from the GC column and passes through the flame, it produces
ions as follows-

Organic sample +O0;— > C* +H,0+e—— > CO, +H,0

This detector is used for the detection of those sample which are hydrocarbons and having C-H bonds. Hydrogen gas are used
as fuel gas for operation of FID. Schematic of FID is shown in Figure 2 .
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Fig 2. Schematic of FID

4 Gas chromatography (GC)

GC technique is used to separates the mixture of different compounds between mobile and stationary phase of column
(capillary/packed) and detects by the selected detector as electronic signal over a period called retention time and time-resolved
chemical spectra known as chromatogram. Different chemical constituents of the sample travel through the column at different
rates depending upon their physical and chemical properties, the interaction of sample will be different with the phases (mobile
and stationary). In order to achieve, the non-overlapping peaks of compounds the GC parameters i.e. length of column, flow of
carrier gas, temperature etc. has to be optimized. The eluted vapors of samples from the column are detected by Detector (111,

5 Experimental

For performing the experimental work, a conventional GC with FID detector (Make chemito-1000) system was used. A 433.92
MHz one-port SAW oscillator used as a detector (Figure 3 ) which has two identical SAW device, one act as detector and another
as a reference. A small Thermoelectric cooler (TEC) (Size - 12.3x12.3 mm, (make Laird Technologies, part No. CP0.8-31-
06L) was used to maintain the SAW detector temperature at room temperature. The temperature of assembled SAW detector is
measured by PT1000 RTD. The SAW detector enclosure assembly including TEC, heat sink and sensor cell are shown in Figure 3.
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The detector cell has the provision for connecting the capillary column to the SAW detector (Figure 3). It has been designed
specifically for exposing only one SAW device. The detector response of SAW detector is considered in terms of frequency shift.

For entire experiment Rtx-200 narrow bore capillary column was used with 0.2ul sample. The injector port was kept at
130°C. A standard mixture was prepared by mixing the entire 7 analytical grade VOCs in equal ratio.

= Heat sink

Detector Reference
device device

Carrier GC column
outlet Inlet

Fig 3. SAW detector

The responses of both detectors were recorded at various parameters of GC. Initially 30m, 15m, 7m, and 3.75m meters
capillary column were used at various oven temperature and carrier flow rate using FID detector. Since the chromatogram
with 7m column was well resolved whereas the chromatogram became unresolved at 3.75m. Therefore, the 3.75m column was
selected for comparing the chromatogram of mixture of compounds with SAW and FID detector.

6 Result and Discussion

A mixture of seven compounds (Methanol, Toluene, Xylene, Dimethylformamide (DMF), 1,5-Dichloropentane (DCP), Dibutyl
sulfide (DBS) and Nitrobenzene (NB)) were used for the injection in conventional GC system with FID detector as well as SAW
detector. The responses of both the detectors were measured with different parameters of GC system. The retention time of
nitrobenzene was recorded with different flow rate of the carrier gas (nitrogen gas) and found that at higher flow rate of carrier
gas the resolution of chromatogram decreases (Figure 4 ).

25
3.75m column at 60°C
2 .
__15 -
£
£
= - .
e Nitrobenzene
.
05 - *
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0 T T T T T T T
0 0.5 1 1.5 2 25 3 3.5 4
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Fig 4. Effect of carrier flow on Retention time of NB
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Similarly, at 60°C the Nitrobenzene (NB) and Dibutyl sulfide (DBS) response was recorded at various length of the capillary
column and found that the retention time drastically reduced with decreasing the length of capillary column (Figure 5 ).

25

--Rt (NB)(min.)
20 A

-+-RT (DBS) (min.)

-5 T T T r T T
0 5 10 15 20 25 30 35
Column Length (m)

Fig 5. Effect of column length on Retention time of NB & DBS at 60°C

The same mixture of seven compounds were also injected to the injector port and recorded the at different temperature. The
resolution/retention time of the chromatogram was reduced with higher the temperature of the oven (Figure 6 ).
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Fig 6. Effect of Temperature on Retention time of NB & DBS

As per the analysis of the data it was observed that the resolution critically depends on three key parameter of GC i.e. flow rate
of carrier, temperature of oven and length of capillary column !3!), Tt was also observed that the resolution of chromatogram
of mixture of seven VOCs with FID at 60°C and with reduced length of column (3.75m) was less resolved as compared to the
SAW detector.
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As per the result it has been observed that the chromatogram with SAW detector is more resolved, less tailing and sharp
peaks. However, the FID operates at higher temperature and it gives the less resolution and less sharp peaks (for same GC
parameters) due to slow response time as compare to the SAW detector. Therefore, the following could be the possible reason
for higher resolution of SAW detector as compared to the FID (Figure 7 ):

. Higher sensitivity
. Low active area on the surface of the uncoated SAW detector
. Fast adsorption and desorption of eluted compounds

W N

. Low operating temperature of end part of column towards the SAW detector

Therefore, the SAW technology can be used for the fast analysis of VOCs.

SAW Response

Methanol
Toluene
Xylene
Dimethyl formamide
Dibutyl Sulfide
1,5-Dichlorapentane
Nitrobenzene

NonmwNe

FID Response

0 2 L 6 8 10 12 14 16

Time (S)

Fig 7. Response of FID and SAW detector with mixture of VOCs

7 Conclusion

We present the comparative study of resolution capability for Fast GC using FID and SAW detector. Both the detectors are
capable of detecting of organic compounds in vapour phase. It is established from the findings of the work that SAW detector
has better resolution as compared to FID and hence recommended for use in miniaturized sensor development. The SAW
detector is also rugged, small size and low cost which makes it further most convenient choice of detector. The SAW detector
does not require specific gases for its operation. As compared to the FID, SAW detector can resolve more number of compounds
within specified time using small length of column.
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