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Abstract

Photo catalysis is a promising science for future
applications which combines the topics of materials
science, nanotechnology, energy research,
environmental science, photonics and chemical
analysis. The motivation for the current interest in this
topic stems from the challenges science and society
face from climate change and energy supply. One goal
is to produce useful chemical products such as H2 for
the “hydrogen economy” and other solar fuels. It is a
simple, renewable, clean and cost effective technology
which will play an ever more important role as the

science progresses.
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There is a high activity of research in this area using
nanotubes, catalysts and titanium oxide. The photo
catalysis gases and fuels produced can range from
hydrogen, carbon dioxide, methane to methanol, C1-
C3 aldehydes ketones and acids.

Introduction

JSB’s challenge was to design a sampling system and
analyser to record accurate and reliable results based
around the four main criteria below:
= Analysis — Determination of both the vapour and
liquid phase of the reaction mixture.
= Calibration — Without disconnection of fittings.
= Vessel purging — Automatic efficient purging of the
sample reaction vessel <0.02% air
= Sampling — A minimum sample volume taken and
replacement with Argon if necessary, whilst still
reaching the limits of detection required and non-
introduction of air into the sampling system.
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Instrumentation

JSB’s customised gas chromatograph (based on
Agilent 7890) fitted with rotor and diaphragm valves,
split/splitless injector, dual Thermal Conductivity
Detector (TCD), methaniser and Flame lonisation
Detector (FID). Pneumatically actuated valves are
used to introduce the gaseous sample
simultaneously across the two channels.

Liquid samples were introduce through the split/
splitless injector.

Specialist Valving

Without  disconnecting the sampling vessel
automatic calibration, purging of the system was
carried out by a stream selector and two divert
valves. This eliminates oxygen and nitrogen ingress
and gives more accurate reliable data.
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Chromatograms
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FID Channel 1 — CO2, Methane and CO, backflush of >C1
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Channel 2 — C1-C4 Hydrocarbons and C1-C3 Oxygenates
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R | mm & RT Signal Compound Lvl _ Amt]ppm Area  RupFactor
esults Su ary i | owos|[rcoac [rrdogen i 1000 93592 10.651
2 | 1.365|FIDIA_|Methane 2 1000 45,670 4071
= Minimum air ingress (<0.02% air). 2 | LSWINDEC Jowbon (Reids | 1 L LA #5611
s Simplicity of calibrati 4 | 1.5 |FIDIB | Carten Dete i 00| 177440 56351
Implicity ot calibration. 5 | LA%|TCDZC |wygen 1 1000 13.62% 73,30
= Accurate analysis of gaseous reactants. 6 | 2145|TCD2C [remogen 1 1000 9,737 w2718
= Additional liquid C1-C4 analysis. T | LISIFIDIA_|Ethane i 000 43010 LT
A 2880 | TCD2C jltlh.l‘! 1 3000 33.4559 23852
. 9 | 285|FID3E [Methore i 00| 1774900 56340kl
The analyser can be tuned to analyse a variety [ 10 | 3268[nen2c [Carbon Monoode | 1 1000 9.8 10758
of gaseous and liquid samples with the 1l | 3WSIFD36 |Ceren Mormuody | 1 MN0)  1803.7001 .-l
minimum  of interferen nd r ver from e AT : e o
mum ol “interference and carry over 1ro 13 | B.1851[FIDIA |nButane 3 000] 8801 L1%
previous injections. 1| eaa(FDiA |Metand 3 5000 535.630 1902
15 | 1043 [FIDEA_|Acetone 3 1000 ] 135
L] 11.331 |FID'E & Iln!q:l'mﬂﬂe:l;l‘d 3 3000 S5, i) 1048
17 | izszifrmaa [aces asd 3 1000 37.010 2967
Calibration Curve
Hydmgen, TCO2 C
Area = 005389185 Ami +0
Mrea ~| Rel Res%({1): 0.000
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Conclusion

As an Agilent premium partner provider JSB offer a comprehensive and robust single
vendor GC based solution for the analysis photochemical reactions. The hardware,
software, columns, application, documentation, installation are all supplied by JSB. The
analyser designed offers superior results and is backed by a team of sales and support
specialists.
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