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1. Experimental Details

Spectra were recorded with the DELICIOUS 3 double imaging (i?PEPICO) spectrometer ! mounted in
the SAPHIRS 2 doubly skimmed molecular beam chamber permanently attached to the DESIRS
undulator-based variable-polarization vacuum ultraviolet (VUV) beamline® at Synchrotron SOLEIL. This
provides velocity map imaging (VMI) of the electrons, and simultaneous time-of-flight mass
determination of coincident ions. The individual electron-ion pair temporal correlation makes it
possible to accept only electrons associated with specific ion masses and thus generate mass-tagged
photoelectron images and, ultimately, mass-tagged photoelectron spectra.

Photoelectron spectra were recorded by scanning the photon energy while recording photoelectron
images. Spatial selection of electrons from the central region of each image is used to filter out near
threshold (zero energy) electrons and the variation of this yield with photon energy generates a
threshold photoelectron spectrum (TPES). The variant of this approach, slow photoelectron
spectroscopy (SPES), #°> used for the present study is described further below.

In the present experiments the photon energy was scanned between 7.8 and 10.5 eV with 5 meV steps
(typical scan rates of 200 minutes per eV) while recording VMI electron images and coincident ion
masses. The monochromator was set to provide energy resolutions in the 4 to 6 meV range. A gas
filter in the beamline, filled with Kr, ensured spectral purity by cutting off the higher harmonics from
the undulator, ® while the inadvertent observation of a Kr absorption line (4p®—4p°[?P3/2]5s', 10.032
eV) during wavelength scans provided an independent wavelength calibration check.

Beamline settings used to deliver a standard photon flux were carefully controlled and identical
sample conditions were used for all measurements. Long term instrumental stability over successive
beamtimes was checked by repeating selected measurements on the terpene standards and checking
their reproducibility and sensitivity.

2. The slow-photoelectron spectroscopy technique

)*° is used to record high resolution

The slow-photoelectron spectroscopy technique (SPES
photoelectron spectra. Briefly, 2D VMI electron images were recorded as a function of photon energy

and converted to photoelectron spectra, | (hv,eKe), using an inverse-Abel transform algorithm.” All

measurements were normalised against acquisition time and those instrumental settings (slits etc.)
that influence the effective delivered photon flux. The coincident ion mass spectra recorded at each
photon energy step were used to provide filtering of the electron spectra by the selection of specific
masses, or mass ranges, of the accompanying ions.

Threshold photoelectron spectra (TPES) only take into account (near-)threshold electrons with the
resolution being roughly equal to the maximum of the accepted electron bandwidth, eKE,, 4 :

TPES(hv) = fOEKEmaxI(hv, eKE)deKE. As previously reported,*> the SPES method offers a better

compromise between signal and resolution by taking advantage of the energy conservation to
increase the electron bandwidth by integrating along the diagonal lines of unity slope eKE = hv — [E;
where [E; represents the ionization energy of the /" state. The SPES spectra are then given by the

expression: SPES(hv) = fOeKEmax

bandwidth for the SPES analysis was set as eKE,;,,,=100 meV, achieving a calibrated electron energy

I(hv + eKE,eKE)deKE. In the present work the electron
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resolution of 20 meV. Convolving this with the typical photon energy resolution of ~5 meV, provides
an estimated overall SPES resolution of better than 21 meV.

As a preparation before the subsequent regression analysis, all spectra were treated with a 7 point
cubic Savitzky-Golay low-pass digital filter & to remove high frequency noise.

3. Theoretical Model

We assume ideal behaviour for the vapour, so that

P, = X,P (1)

a

where P, is the partial vapour pressure of component a, X, its mole fraction in the vapour and P

the total vapour pressure at a given temperature, here 21°C. Intuitively, for a vapour predominantly
comprising CioHi6 terpenes diluted in 0.5 bar He this seems a reasonable approximation.

The ionization rate I, can be written as

I, = P,0.%, (2)

where o, is an operational cross-section that includes factors such as geometric factors (ionization
region defined by intersection of photon and molecular beams), nozzle backing pressure and the
proportionality constant between P, and number density in the molecular beam, etc. (It can also be
assumed to require a ‘sensitivity factor’ allowing for changes in e.g., alignment between runs at

different times.) @, represents the photon flux during the relevant measurement.

Photoelectron spectra are then given by the product of r and the accumulation/observation time, 7 .
For the pure component a (X, =1) the observed experimental spectrum, Sa, can be written using

Eqg. (2) as
S,=rr,=Po,¢gr, (3)

and Sg, the fully normalised spectrum is given as

S, =—2=Po, (4)
aTa

while for a mixture the experimental spectrum will be

Smi>< = Z raj * T
= Z paaa mixj. z-mix (5)
= Z Xa Paa j ’ ¢mixrmix

where in the last step we have used Eq.(1). Then, using Eq. (4) and rearranging we obtain




o _ D x.Sq (6)

¢mimeix a

Hence, if a complete basis of normalised pure component spectra, 82, is fitted to the normalised

spectrum of a mixture, the fitting coefficients, c,, will equate to the vapour mole fractions, x .
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Fig. S1

The Hel photoelectron spectrum of myrcene. Data taken from Ref. [9], Fig. S3.
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Fig. S2

Low energy regions of the m/z=94 mass filtered lime oil SPES compared to the m/z=136 filtered
spectrum. The latter has been plotted with a x2 vertical scale expansion. The same units for the SPES
intensity are used as in Fig. 5 and S5, allowing the relevant intensities of the m/z=94 and m/z=136
features to be judged. Also included is an arbitrarily scaled plot of the a-phellandrene standard in this

energy region. The photon energy scales are calibrated to an accuracy of ~10 meV
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Fig. S3

Non-mass-filtered Californian Lemon oil SPES and the regression fit to the region below 9.3 eV.
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Fig. S4

Non-mass-filtered Bergamot oil SPES and best fit to the region below 9.2 eV.
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