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Gas chromatography–Fourier transform infrared spectroscopy 
reveals dynamic molecular interconversion of oximes

 
J. Shezmin Zavahira, Yada Nolvachaia, Bayden R. Woodb and Philip J. Marriott*a

This study reports gas chromatography (GC) combined with Fourier transform infrared (FTIR) spectroscopy to investigate 
the elution profiles of individual oxime isomers undergoing characteristic interconversion (dynamic chromatography) in GC. 
The use of a light-pipe FTIR interface enables on-line acquisition of FTIR spectra, which in turn render unambiguous 
identification of the individual molecules. Here, acetaldehyde oxime and propionaldehyde oxime were chosen for 
comparison of elution behaviour under varying temperature and carrier flow velocities. The choice of selective responses 
(wavenumber selectivity), which were relatively stronger for each isomer, enabled display and retracing of the individual 
isomer over the chromatographic time scale and thus provided characteristic single isomer profiles. Chemometric data 
analysis using the multivariate curve resolution technique further confirmed this isomer elution profile. Simulation of the 
spectrum for each isomer allowed comparison with instrument-generated FTIR spectra to confirm the elution order of E and 
Z isomers. The effect of changing chromatographic parameters (temperature, flow) on interconversion rates and/or extents 
were studied and the corresponding change in FTIR spectrum intensity was noted. The GC–FID data acquired concurrently 
with GC–FTIR analyses ratified isomerisation chromatographic profiles.

Introduction
The dynamic interconversion behaviour or reversible first order 
reactions that may occur during gas chromatographic (GC) 
elution have been observed for various chemical compounds 
and systems. These instances almost invariably involve isomers 
that undergo sterically hindered rotations, twisting 
mechanisms, inversions, rearrangements or such processes.1 
This interesting yet niche area has been studied over the years 
with an aim to extend the application base of compounds that 
undergo this process, improve the separation, or investigate 
parameters that alter the extent of interconversion.2,3,4 To 
better differentiate the (two or more) isomers involved, 
methods based on both single dimension and multidimensional 
GC systems have been studied.5,6,7 Instead of physical resolution 
of the isomers, or independent (unique) analysis of the 
response of each isomer, an understanding of each isomer’s 

profile can be gleaned by mathematical interpretation of the 
overall unresolved envelope.8

On-column isomerisation (A⇌B) results in incompletely 
resolved or overlapping GC peaks usually characterised by peak 
broadening or formation of a plateau region between terminal 
isomer peaks A and B9,10 as depicted in Fig. 1(a-d). The plateau 
region observed is a result of differences in retention factors 
between the original injected compound and its product as one 
isomer undergoes isomerisation to the other isomer, at some 
position along the column. The conditions used in GC analysis 
greatly influences the dynamic process as indicated by the 
extent of interconversion, which is observed through this 
plateau interconversion zone of the chromatogram. This is a 
result of a combination of molecular equilibria either within one 
or more of the phases (Am⇌Bm or As⇌Bs) or between the 
different phases (Am⇌As or Bm⇌Bs), although the latter largely 
controls the chromatographic elution process. The mobile and 
stationary phases are denoted by the subscripts m and s 
respectively, as depicted in Fig. 1(e). Many studies have been 
conducted on the kinetics11,12 and thermodynamics13,14,3,11 
which largely determine the equilibria involved in this reversible 
process.
A particular application has been the observation of 
interconversion seen in oximes – imines with the general 
formula of RR’C=NOH and for most studies of observation of 
this process, R=H – which are important in both chemical and 
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biological systems.15,16 Rotation around the C–N bond and 
inversion via sp-hybridization of the N atom3,17 have been 
proposed for the isomerisation of such oximes, which exist as E 
and Z isomers based on the configuration of substituents 
around the C=N double bond. These are used with confidence 
for studies on interconversion processes since the magnitude of 
their energy barrier is readily observed at the temperature at 
which they are chromatographed. The temperature is relatively 
low, usually <150 °C, and so they also have a labile configuration 
during GC analysis.6 They exhibit this effect most noticeably on 
wax (poly(ethylene)glycol) type phases, but do show this 
behaviour on some ionic liquid phases. 
Among the various detectors used in GC, the mass 
spectrometer (MS) and flame ionisation detector (FID) are the 
most common choices. Over the years detection methods used 
for GC studies on the interconversion process include  FID18,3,6 

and various MS methods.19,5,20,7. Recent dynamic GC studies 
have employed comprehensive two-dimensional gas 
chromatography (GC×GC) methods. However, conventional 
one dimensional (1D) GC coupled to mass spectrometers fail to 
deconvolute, or separately identify the two isomers of the peak 
envelope due to the isomers usually having the same mass 
spectra. Thus there is limited direct information available on the 
individual abundances of each isomer over the total 
distribution. This calls for spectroscopic detectors such as the 
vacuum ultraviolet (VUV) or FTIR detector, which should better 
differentiate isomers. Despite the reduced sensitivity that FTIR 
offers compared to VUV, the wealth of information related to 
molecular functionalities and structures offered by FTIR 
detection should favour its general suitability for identification. 
In cases such as dynamic chromatographic studies, FTIR 
detection can play a role in identification of the isomers at each 
position throughout the envelope. This is because the 
molecular vibrational and fine-structure properties of the IR 
absorptions being different for each of the isomers, thus 
creating unique molecular isomer specific fingerprints.21 The 
technique employed in this study combines infrared 
spectroscopic detection with a 1DGC experiment. 
The GC–Fourier transform infrared detection (GC–FTIR) system 
used here, depicted in ESI Fig. S1,† enables online detection by 
combining GC with an IR source via an interface housing a light-
pipe,22 which constitutes a highly reflective heated flow cell. 
This chemical tool combines the advantages of separation by GC 
with unambiguous identification of separated components 
using FTIR detection, which in turn denotes a unique signature 
for each component.23 The chromatographic information 
generated by GC–FTIR – a plot of the total FTIR absorbance 
detected as a plot of time – can be further converted into 
informative chromatographic plots related to elution of each 
isomer using an isomer-specific response. This is also needed 
because the light-pipe renders some spectra void of useful 
information due to the absence of components present in the 
light-pipe at the time between GC peaks. Thus the 
reconstruction of spectroscopic data is generally needed and is 
carried out by Gram-Schmidt (GS) vector orthogonalisation or 
creation of functional group (FG) chromatograms.24,25 

Unlike MS spectra, the FTIR spectra of the two E and Z oxime 
isomers are distinct. Upon chromatographically separating the 
two isomers, the FTIR spectrum of each terminal GC peak is 
obtained. This method observes the time profile of the two 
individual isomers by choosing to follow an IR absorbing 
response prominent in the FTIR spectrum of each isomer. In 
addition, the use of the flame ionisation detector (FID) 
subsequent to the FTIR detector confirms chromatographic 
peak patterns seen after the light-pipe. In recent times 
multivariate analysis methods have been used widely to obtain 
both qualitative and quantitative data.26,27 The ability to use 
time based spectroscopic data generated in this study enables 
chemometric methods to be applied to further understand 
isomer elution profiles. Spectroscopic techniques have been a 
much sought after means of determining composition of 
reaction mixtures.28,29 To the best of our knowledge FTIR as a 
detection method has not been used with GC for the purpose 
of studying interconversion in oximes.

Experimental

Sample preparation

Acetaldehyde oxime (acetaldoxime; 99%, Sigma-Aldrich, 
St.Louis, MO) and propionaldehyde oxime (≥96%, Sigma-
Aldrich, St.Louis, MO) were prepared in acetone (Merck KGaA, 
Darmstadt, Germany). The internal standard used was butan-1-
ol (99.5%, Merck, Kilsyth, Australia), also prepared in acetone. 
20% (v/v) samples of the oxime mixtures were prepared in 
acetone with 250 μL of 20% (v/v) butan-1-ol added. 

Instrumentation

A GC–FTIR system was used comprising of a PerkinElmer Clarus 
680 GC equipped with an autosampler and flame ionisation 
detection (FID) (PerkinElmer Inc., Shelton, CT). A PIKE FTIR 
accessory (PIKE Technologies, Madison WI) was used as an 
interface to couple the GC to the IR source, which was a 
PerkinElmer Frontier SP8000 Fourier transform IR (PerkinElmer 
Inc., Bucks, UK) with a mid-infrared source. The PIKE accessory 
consisted of a gold-coated heated gas cell (light-pipe) with 
dimensions 120 mm length × 1 mm I.D. path-length, fitted with 
13 mm × 2 mm thick KBr windows at either end. IR radiation was 
recorded by a Mercury Cadmium Telluride (MCT) detector 
cooled to –196 °C by liquid nitrogen for infrared detection.
Compounds were injected into the GC at an inlet temperature 
of 230 °C with a 2 μL volume and 10:1 split unless specified. GC 
oven temperatures were operated isothermally, between 80 °C 
and 140 °C. Helium (99.99%) was used as carrier gas with flow 
rates varying from 1.5 mL min–1 to 4 mL min–1. FID 
temperature was 250 °C with acquisition rate of 12.5 Hz.
A HP-INNOWax (30 m × 0.32 mm I.D. × 0.5 μm df: Agilent 
Technologies) column consisting of a polyethylene glycol (PEG) 
stationary phase was chosen due to its polar nature, which 
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apparently promotes the interconversion process. This 
connected the GC injection port to the light-pipe inlet via a 
deactivated fused silica (DFS) transfer line capillary (0.5 m × 0.25 
mm I.D., Agilent Technologies Mulgrave, Australia) using a 
universal press-tight connector (Restek, Bellefonte, PA). The 
light-pipe outlet was similarly connected to the FID using 
another DFS capillary (0.5 m × 0.25 mm I.D.). Both inlet and 
outlet transfer line columns were housed within a heated 
insulated transfer line.
The GC conditions employed were varied depending on the 
analysis goals to either promote or limit the interconversion of 
the isomers. This was achieved by a range of settings including 
that of carrier gas flow rate, GC oven temperature, light-pipe 
temperature and FTIR data acquisition.
Real time spectrum results were obtained with weak 
apodisation at scan range of 4000–700 cm– 1, at optical 
resolution of 4 cm–1, with a scan speed of 1 cm s–1, which 
corresponds to 0.92 spectra/s (0.92 Hz). Light-pipe and transfer 
line temperatures were maintained at a minimum of 10 °C 
higher than the maximum temperature of the GC oven 
program.

Software

FID data were recorded using PerkinElmer TurboMass (v 
6.1.2.2048) software. Software used for FTIR data was 
PerkinElmer Spectrum Timebase v3.1.3.0042 for data 
acquisition, and PerkinElmer Spectrum v10.4.2.27 for spectrum 
processing. MCR data analysis was processed under Matlab 
R2017b from MathWorks (MA, USA) using the MCR-ALS 2.0 
graphical user interface.

IR spectrum simulation

The geometry optimisations and frequency calculations of 
acetaldehyde oxime isomers were carried out using the M06-
2X30 / aug-cc-pVDZ31, 32 level of theory.33, 34 All calculations were 
performed using Gaussian09.35 Avogadro36 was used for 
molecule and IR spectrum visualisation.

Results and discussion

FID/FTIR correlation

Dynamic chromatography studies in the past37 confirmed that a 
polar wax-type stationary phase column is the most suitable to 
promote molecular interconversion for oximes, hence the 
choice of a PEG column for this study. A range of analyses was 
performed, initially to select suitable chromatographic 
conditions. Short-chain alcohols have been previously used as 
the internal standard (I.S.) for dynamic chromatography 
experiments of oximes. Thus butan-1-ol was chosen, and it 

eluted after the solvent but before the oxime isomers. 
Preliminary experience with FID, as reported elsewhere, was 
initially conducted to observe interconversion,6 and confirm the 
extent of interconversion on the PEG stationary phase, prior to 
performing analyses using the GC–FTIR–FID configuration. 
Parameter settings of the interferometer and FTIR data 
acquisition influence the root mean square (RMS) absorbance 
chromatogram as well as the FTIR spectrum in GC–FTIR analysis. 
The root mean square (RMS) absorbance chromatogram 
essentially presents the full FTIR response versus retention 
time. The apodisation process, removing of side lobes (feet or 
“podes”) of the IR spectrum, is conducted by multiplying the 
interferogram by a suitable weighting function prior to the 
Fourier transformation process.38 This effectively compromises 
between reducing the amplitude of side lobes and the resulting 
deterioration of spectral resolution. Interferograms processed 
in the absence of apodisation have a lesser signal-to-noise ratio 
(SNR) than that in which apodisation has been applied. Of the 
three Norton Beer apodisation functions (Strong, Medium and 
Weak) offered by the Spectrum Timebase software, weak 
apodisation was chosen for this study. The zero-path-difference 
(ZPD) point in interferograms corresponds to the position 
where interference production is maximum due to the moving 
mirrors of the spectrophotometer. Although an ideal 
interferometer would produce totally symmetrical 
interferograms, this is not so in practice. The process of phase 
correction (PC) is used to ensure the sample intervals of moving 
mirrors are in the same phase and hence tally with a path 
difference of zero39 thus removing the asymmetry of the 
interferogram. The analyses was performed using 3 main PC 
settings offered by the Timebase software – background, self 
and magnitude – were compared. The ‘self’ PC setting phase 
corrects the sample spectrum from the interferogram and the 
background spectrum from its interferogram. ‘Background’ PC 
uses the background spectrum to phase correct the sample 
spectrum and is routinely used for samples that strongly absorb 
infrared.  Often used at lower resolutions, the ‘magnitude’ PC is 
a result of calculating the magnitude spectrum – those that are 
subject to ordinate errors in low transmission regions. The 
commonly applied data point resolutions in on-line vapour 
phase GC–FTIR systems are 4 cm–1 or 8 cm–1.22 Comparison of 
resolution, phase correction and scan speed settings were 
carried out to obtain appropriate settings to be used for FTIR 
data acquisition here, the results of which is shown in ESI  Fig. 
S2.† Thus, data acquisition was carried out with a resolution of 
4 cm–1, magnitude phase correction settings, and 1 cm s–1 scan 
speed.
GC–FTIR–FID analysis was conducted with the injected 
constituents travelling through the light-pipe to the FID, as 
depicted in ESI Fig. S1.† The 1D GC chromatogram obtained in 
an isothermal chromatographic analysis at 90 °C with flow of 3 
mL min–1 using sequential FTIR and FID detection demonstrated 
the typical dynamic chromatographic interconversion profile of 
the two terminal E and Z peaks with a plateau region between 
them, shown in Fig. 1. Here, the acetaldehyde oxime, which 
elutes first, has a higher initial amount of isomer B than isomer 
A, whereas for propionaldehyde oxime, a relatively higher 
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amount of isomer A is seen. The retention time of FID 
chromatograms were greater by about 0.05 min than the 
respective FTIR chromatograms under the conditions here, due 
to compounds passing through the light-pipe before entering 
the FID. Fig. 1(e) sketches the equilibria (k values; rate constant) 
for the dynamic interconversion system Am ⇌ Bm and As ⇌ Bs for 
isomers A and B that may arise in the stationary (s) and mobile 
(m) phases. Each isomer’s retention time is determined by its 
distribution constant KA and KB values between the m and s 
phases. 

Infrared spectrum processing

The effects of instrumental noise contributions by 
interferometers play a significant role in the signal output and 
hence SNR of GC–FTIR chromatograms.40 The inherent noise in 
light-pipe based instruments contribute largely to the reduced 
SNR of the chromatogram. Thus, mathematical integration of 
interferogram signals to result in smoothing and reconstruction 
of GC–FTIR chromatograms is conducted – which effectively 
reduces noise – to obtain a significantly higher SNR.41 This aids 
in clarifying the existence of peaks which can be more apparent 
when data are smoothed, and obtaining qualitative 
information, as in this case of allowing the oxime terminal peaks 
to be observed with clarity. 

Fig. 1 Chromatograms with peak retention times of acetaldehyde oxime and propionaldehyde oxime in both GC–FTIR (a and b) and GC–FID (c and d). Both isomers have 
greater retention times in the GC–FID chromatograms since there is a delay of ca. 0.05-0.07 min between FTIR and FID recorded peaks. Very similar elution profiles are seen
at each detector.
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Chromatograms generated in GC–FTIR represent a plot of the 
total IR detector response as a function of separation on a time 
scale, and are shown as a RMS absorbance plot. The most 
common procedures for converting this structure-specific 
information to reconstructed chromatograms include the 
Gram-Schmidt (GS) vector orthogonalisation, and the functional 
group (FG) chromatogram (known as chemigrams) method.42 Of 
these, the GS process uses a non-orthogonal set of linearly 
independent functions to construct an orthogonal basis. The 
intensity of a GS chromatogram relates to the difference of the 
interferogram vectors to the orthogonal axes used for the 
background subspace specification. Since this depends on the 
difference in the interferogram measured in the presence of an 
analyte in the light-pipe (at a level above the detection limit) 
and that measured when analyte is absent in the light-pipe, GS 
chromatograms do not necessarily depend on the IR 
absorbance.23,25 The FG chromatogram in contrast uses the 

chromatography–IR absorbance spectrum, where the 
integrated absorbance of selected regions are plotted against 
elution time. Since these predefined regions represent specific 
functional groups or vibrations, this method can be used to 
trace the elution profile of specific structural elements (e.g. the 
wavenumber of a selected absorbing band in FTIR) in GC 
separated compounds of various nature.43 The Timebase 
software used for FTIR data collection in this study is able to 
create both GS and FG chromatograms.
In this study, the construction of GS chromatograms (with 30 
spectra) provides reconstructed chromatograms giving 
significantly improved clarity and SNR. Fig. 2a demonstrates the 
improved SNR chromatographic reconstruction achieved by the 
GS process for both acetaldehyde oxime and propionaldehyde 
oxime at an isothermal analysis at 90 °C with column flow of 3 
mL min–1 compared with the RMS absorbance result of GC–FTIR. 
Comparison of the original GC–FTIR (Fig. 2a) and GC–FID (Fig. 

Fig. 2. (a) GC–FTIR showing comparison of non-processed GC–FTIR chromatograms together with the Gram-Schmidt (GS) chromatograms for acetaldehyde oxime and 
propionaldehyde oxime inset. (b) The analogous GC–FID chromatographic result using the same GC conditions.  Internal standard (I.S.) = butan-1-ol.
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2b) chromatograms are also made with the latter retaining the 
peak profile expected. From this point onwards GS 
chromatograms will be used for comparison of chromatograms 
with varying chromatographic conditions.

E and Z isomer trace profiles using FTIR

Identification of individual E and Z isomers underlying the 
interconversion profile for a 1DGC separation is impossible 
when using detectors such as MS and FID. Standalone 
spectroscopic methods have been used widely for isomer 
differentiation of aldehyde oximes,44,45 with FTIR detection 
enabling identification by providing infrared spectra which 
differ in some of the isomer absorption bands. This 
characteristic is hence useful in GC detection of such isomers. 
Although the infrared spectrum of oximes have three general 
characteristic absorption bands which correspond to the 
stretching vibrations of O–H (3600 cm–1), C–N (1665 cm–1) and 
N–O (945 cm–1),46 they differ in the fingerprint region below 
1500 cm–1. This is readily seen in the recorded IR spectra which 
correspond to the terminal A and B peaks (refer to Fig. 1) of the 

acetaldehyde oxime and propionaldehyde isomer mix which 

show clear differences in their FTIR absorption spectra, as 
depicted in ESI Fig. S3.† 
Efforts to deduce the structure and stable forms of oxime 
isomers have included gas phase 1H NMR studies,47 
conformational energy studies,15 microwave spectra,48 DFT and 
ab initio MP2 methods, infrared spectroscopy,49 etc. Previous 
experimental analyses using GC-FID with PEG and non-polar 
columns have generally shown the E isomer of acetaldehyde 
oxime to elute before that of its Z counterpart.37 This was 
confirmed using spectrum simulations in which the simulated 
spectrum for the E isomer of acetaldehyde oxime corresponded 
to the experimental FTIR spectrum of the isomer which eluted 
first (A) in GC–FTIR analysis. The same conclusion is observed 
for the later eluting isomer (B) which correlates to the simulated 
Z acetaldehyde oxime isomer as seen in Fig. 3.

Fig. 3. FTIR spectra and molecular models of E and Z isomers of acetaldehyde oxime corresponding to the respective peaks of the chromatographic profile. (a) and (c) 
correspond to the FTIR spectrum of the 2 peaks in order of elution. (b) and (d) are the simulated spectra of the two isomers and are seen to correspond to their respective 
FTIR spectra.

Page 6 of 25Analyst

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7

Please do not adjust margins

Please do not adjust margins

Based on the differences in intensities of spectroscopic 
absorption bands of the two isomers, absorption band(s) that 
were noticeably stronger in one isomer compared to the other 

isomer were chosen. Thus, the absorption band at 991 cm–1 for 
the C–H out of plane bending vibration, was chosen since it was 
stronger for the E isomer (Fig. 3a–b and Fig. 4a). Similarly, the 

Fig. 4. (a) The IR spectra of E and Z acetaldehyde oxime isomers in the 1400–900 cm–1 region enlarged (inset). (b) Plot of time based elution profiles of the IR spectra 
absorbances at 991 cm–1 and 1328 cm–1, shown in comparison to the original GS chromatogram. (c) and (d) MCR resolved spectra. (f) MCR resolved profiles of c and d. (e) 
Bilinear model used for MCR analysis of GC–FTIR data set which is the product of matrices of pure concentration profiles and spectra.
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C–H stretching vibration band at 1328 cm–1 was chosen as being 
comparatively stronger in the Z isomer (Fig. 3c–d and Fig. 4a). 
By choosing these selective absorption bands, a chemigram of 
each chosen wavenumber value can be plotted against the 
elution time of the GC–FTIR chromatogram. The result is an 
elution profile selective to each isomer, as presented in Fig. 4b. 
Use of chemometric techniques in hyphenated 
chromatography using spectroscopic or spectrometric 
detectors has gained popularity, amongst which the 
Multivariate Curve Resolution (MCR) method is useful to 
decompose data matrices and recover pure response profiles in 
unresolved mixtures with minimal assumptions about the data 
set.50 1DGC as well as GC×GC with MS detection have used MCR 
methods for such deconvolution.51 Employing MS however, can 
be of limited usewhen isomers with similar mass spectra are to 
be analysed in instances where they coelute. MCR has been 
used successfully with liquid chromatography–IR analysis for 
resolving overlapping chromatographic peaks.52 Thus, the 
advantage offered by MCR to simultaneously identify and 
quantify analytes using online IR detection can be used here to 

study the pure chromatographic profiles of two individual IR-
absorbing oxime isomers.
MCR is mathematically based on the bilinear model represented 
in Eq. 1 below, where D is a data matrix containing spectra in 
which C consists of the matrix of concentrations and ST refers to 
the matrix of reference spectra. Here E refers to the matrix of 
residual noise not described by MCR.

D = CST + E
In using the MCR for a typical GC–FTIR analysis, the model 
outlined by Eq. 1 can express D, C and ST as the sum of the pure 
signals in the original GC–FTIR matrix, the matrix of the RMS 
absorbance chromatogram and the matrix of FTIR spectra 
respectively, as demonstrated in Fig. 4e. Spectra for MCR 
analysis were collected at specific data points of RMS 
absorbance chromatograms. In the example cited in Fig. 4c-f, 26 
FTIR spectra were acquired from a chromatogram section (2.64 
– 2.92 min) corresponding to the elution of acetaldehyde oxime 
in an isothermal GC run at 120 °C with column flow of 3 mL min–

1. MCR results were obtained using a predefined number of 2 
components, which correspond to the two oxime isomers. Fig. 
4f shows the MCR recovered concentration profiles of the two 

Fig. 5. Chromatograms of increasing isothermal temperatures of (a) 100 °C, (b) 110 °C, (c) 120 °C, (d) 130 °C and (e) 140 °C, at a light-pipe temperature of 150 °C and column
flow of 3.0 mL min–1. A and B correspond to the peaks of acetaldehyde oximes and C and D to those of propionaldehyde oxime. I.S.; Internal standard. Profiles of wavelengths
991 cm–1 and 1328 cm–1 corresponding to the retention times of acetaldehyde oxime are inset.
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components which directly corresponds to the profile seen in 
Fig. 4b, thus confirming the elution profile of the two 
acetaldehyde oxime isomers within the interconversion zone. 
MCR recovered pure spectra (Fig. 4c and d) and spectra 
recovered from the peak apex of GC peaks (Fig.4a) are similar, 
confirming the elution order of the oximes.

Effect of varying chromatographic parameters

The two main chromatographic parameters that affect the rate 
of interconversion are the oven temperature, T, and column 
carrier gas flow rate which affects residence time. Increased T 
should increase the extent of plateau, as the rate constant 
increases (although retention time will decrease), and 
decreased carrier flow velocity will increase the plateau as time 
increases. This corresponds to a greater probability of each 
isomer undergoing an isomerisation event.  Injection of the 
acetaldehyde and propionaldehyde oxime isomer mixture into 
the PEG column with varying isothermal oven temperatures 
show an interesting and expected change in the GC–FTIR 
dynamic chromatogram shape and elution pattern, shown in 
Fig. 5. Analyses were conducted at a constant flow of 3.0 mL 
min–1 and light-pipe temperature of 150 °C. Previous studies 
have confirmed that changes in oven temperature (T) influence 
the extent of interconversion of oxime isomers.5,6  
Corresponding GC–FID chromatograms that compare with 
these GC–FTIR results are shown in ESI Fig. S4.† At relatively low 
temperatures some interconversion is evident with the 
observation of the characteristic plateau shape between the 
terminal peaks. The pattern at  T = 100 °C changes with 
increasing T such that the distance between the terminal peaks 
corresponding to their resolution or respective retention time 
separation gradually decreases (Table 1). This is accompanied 
by a gradual rise in the relative response of the plateau region 
with respect to the baseline and terminal unconverted isomers, 
A and B, or C and D for acetaldehyde and propionaldehyde 
oxime respectively. The increase in T contributes to an increase 
in the extent of interconversion. Substantial interconversion is 
seen at T = 130 °C, and at T = 140 °C the terminal antipodes are 
almost unresolved for acetaldehyde oxime but 
propionaldehyde oxime displays evidence of the plateau with 

terminal antipodes still discernible. At higher T reduced 
resolution will lead to antipode peaks and plateau being 
unresolved. Depicted in the inset in Fig. 5 are the corresponding 
trends in the selective profiles of the absorbances of the E 
isomer (991 cm–1) and the Z isomer (1328 cm–1). These are data 
that cannot be obtained with non-selective detectors that are 
unable to provide selective response to the individual isomers. 
The only way to achieve comparative data is to mathematically 
deconvolute the profile with predicted or assumed rate 
constants and equilibria into its component A and B species. The 
alternative GC×GC experiment7 was able to resolve the isomers 
on the second column to provide physical chromatographic 
deconvolution. Increase in oven T was also accompanied by an 
increase in the intensity of absorption bands in the IR spectra 
corresponding to the GC peaks as shown in ESI Fig. S5.†
The effect of changing column flow on the extent of 
interconversion between the oxime analogues is evident in both 
GC–FTIR and GC–FID chromatograms. Chromatographic 
analyses were conducted with decreasing column flows from 
4.0 mL min–1 to 2.0 mL min–1 while keeping the oven T constant 
at 110 °C and light-pipe T of 120 °C. Decreasing the column flow 
in successive analyses leads to an increase in the retention time, 
corresponding to residence or reaction time, and hence extent 
of interconversion between the isomers. Longer residence time 
of the oxime molecules in the column promotes interconversion 
between the isomers. This increases separation of the A and B 
antipodes, extends the plateau region between the isomers, 
and hence lowers its height difference from the baseline as 
evident in Fig. 6.

Conclusions
The interconversion process in 1DGC with respect to reversibly 
labile species, where the energy of interconversion and the 
prevailing GC conditions are suitable, may lead to a profile that 
separates the isomers and allows observation of a plateau 
between them. More common GC detectors often are unable 
to independently record a unique response to each isomer, for 
example the MS detector will usually not reliably distinguish 
each of the isomers. This study exploits the advantages of a FTIR 

Fig. 6. GC–FTIR (a, b and c) and GC–FID (d, e and f) chromatograms of acetaldehyde oxime (A and B) and propionaldehyde oxime (C and D) isomer mixtures at decreasing 
flows of 4.0 mL min–1 (a and d), 3.0 mL min–1 (b and e) and 2.0 mL min–1 (c and e), at T = 110 °C.
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detector to provide spectra that differentiate the two isomers, 
to then examine the chromatographic pattern of each isomer 
based on their unique absorbances at specific wavenumbers. 
The GC–FTIR experimental approach used here offers the 
possibility of interpreting the interconversion profiles of the 
two isomers underlying the interconversion region of the 
original chromatogram. The temperature dependency of the 
overall chromatographic peak shape is observed according to 
the FTIR’s RMS absorbance response, then by the individual 
isomer shape change with varying temperature. Likewise the 
effect of carrier flow rate, where reduced flow rate increases 
the residence time and the extent of interconversion. The 
overall profile is comparable between FTIR and FID detectors.
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