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1. Estimate of relative product amounts in ESD

The relative amounts of the desorbing products as compared to CO2 can be roughly estimated 
based on the intensities in the ESD data (Fig. 2). This estimate requires (i) a unique assignment 
of particular signals in the mass spectrum (MS) resulting from ESD to specific products, (ii) 
absolute ionization cross sections for these products at 70 eV, i.e., the energy used in the QMS, 
and (iii) knowledge of the fragmentation pattern of these products following ionization, i.e., 
of the MS.1–3 On top of this, the mass discrimination of the quadrupole mass spectrometer 
(QMS) used in the present experiments must be taken into account. This residual gas analyser 
is tuned to enhance, in particular, low m/z ratios. Fig. S1 thus shows a comparison between 
the intensity distribution of signals obtained with the present QMS and the MS from the NIST 
database for n-octane as an example of a compound that exhibits signals in the m/z range 
relevant to the present study. The spectra are normalized to the signal at m/z 43 which is the 
strongest signal in the NIST spectrum and closest to the m/z 44 peak of CO2 to which other 
desorbing species are compared when the ESD yields from Zn oxoclusters are analyzed. 
Table S1 summarizes correction factors for the intensities of specific m/z ratios that must be 
applied to compare the QMS data to MS data from NIST.

Fig. S1. MS of n-octane (C8H18) measured with the QMS used in this study (top) and from the 
NIST database.4 Both spectra are normalized to the m/z 43 signal. The comparison reveals that 
the QMS used in the present experiments discriminates higher masses in favor of lower ones.



Table S1. Comparison of intensities for selected m/z signals in the MS of n-octane as obtained 
with the QMS used in this work to MS data retrieved from the NIST database.4 The spectra are 
normalized to the m/z 43 signal.

m/z Relative intensity 
obtained using QMS

Relative intensity 
according to NIST

Mass 
discrimination

15 9 0.9 10

29 138 27.4 5

41 57 43.8 1.3

43 100 100 1

57 7 33.5 0.2

70 2 12.1 0.17

The total ionization cross section of CO2 and the partial ionization cross section for the parent 
ion at m/z 44 have been reported as 3.27 Å2 and 2.13 Å2.5 Similarly, the total ionization cross 
section of H2O is 1.99 Å2 of which 1.27 Å2 contribute as the partial ionization cross section for 
the parent ion at m/z 18.5 Using these partial cross sections and considering that the 
contribution of other products to the signals at m/z 44 (CO2) and m/z 18 (H2O) is negligible, 
the relative amounts of H2O and CO2 that desorb during electron exposure from Zn(TFA) is 
derived from the relative peak heights in Fig. 2(a) as roughly 1:4. However, based on the mass 
discrimination effect of the QMS (see m/z 15 as closest signal in Figure S1 and Table S1), this 
must be corrected to roughly 1:30. A similar result can be derived from Fig. 2(b) for 
Zn(MA)(TFA).

The partial ionization cross section for the parent ion of the CF3 radical has been reported as 
0.376 Å2 6 and the partial ionization cross section for formation of CF3

+ from CHF3 as 0.813 Å2.7 
Considering also mass discrimination, we deduce from the height of the m/z 69 signal in the 
case of Zn(TFA) as compared to m/z 44 (CO2) (Fig. 2(a)) values of 1:5 (CF3:CO2) and 1:10 
(CHF3:CO2) as an upper and lower limit for the relative yields of desorbing fluorinated products 
as compared to CO2.

A partial ionization cross section for propene is used to estimate the amount of hydrocarbon 
products that desorb from the Zn(MA)(TFA) resist under electron irradiation (Fig. 2(b)). Based 
on a total ionization cross section of 8.736 Å2 10 and the relative intensities in the mass 
spectrum of propene,6 we deduce a partial ionization cross section of 2.18 Å2 for the dominant 
m/z 41 (C3H5

·+) fragment of propene. From this we arrive at a relative yield of desorbing 
propene as compared to CO2 of 1:50 (propene:CO2). 



Table S2. Estimate of relative product amount in ESD of Fig. 2 from representative peak 
heights using partial ionization cross sections (ics) reported in literature or derived as 
explained in text and including effect of mass discrimination. 

Zn(TFA),
Zn(MA)(TFA)

Zn(TFA) Zn(MA)(TFA)

CO2
+

/ CO2
H2O+

/ H2O
CF3

+

/ CF3

CF3
+

/ CHF3

H2O+

/ H2O
C3H5

 +

/ CH3CH=CH2

m/z 44 18 69 69 18 41

Relative Int. 100 19.4 0.65 0.65 15.7 2.5

Partial ics 2.13 Å2 [5] 1.27 Å2 [5] 0.376 Å2 

[6]

0.813 Å2 

[7]

1.27 Å2 [5] 2.18 Å2 [4,8]

Relative Int. 
/ partial ics / Å2

46.9 15.3a 1.7 0.8 12.4a 1.1

Mass discrimin. 
factorb

1 9 0.17 0.17 9 1.4

Relative amount 100 3.6 21 10 2.9 1.7

a Value to be considered as lower limit because ESD of H2O decays more slowly than for other 
species.
b Estimated by interpolation between m/z values listed in Table S1.



2. Comparison of ESD of CO2 at 80 eV and 20 eV

Fig. S2. Electron-stimulated desorption (ESD) of CO2 from 14 nm Zn(TFA) resist layers and from 
12 nm Zn(MA)(TFA) resist layers during an electron exposure of 2.5 mC/cm2 at 80 eV and 
20 eV. The sudden drop of the signal marks the end of irradiation. Sample currents during 
electron irradiation and integrated ESD intensities in arbitrary units (from top to bottom): 
30 A/cm2 (area 3.39), 4.5 A/cm2 (area 1.89), 34.2 A/cm2 (area 2.41), 3.9 A/cm2 (area 
1.33).



3. Vibrational bands of Zn(TFA) and Zn(MA)(TFA)

Table S3. Vibrational band positions (in cm-1) observed in RAIRS of Zn(TFA) and Zn(MA)(TFA) 
resist layers and assignments.

Assignment Zn(TFA) Zn(MA)(TFA) References

as(TFA,CO2) 1683 1682 9,10

(C=C) 1646 10,11

as(MA,CO2) 1595, 1569 10,11

s(TFA,CO2) 1456 1460 9,10

s(MA,CO2)+(CH2)+(CH3) 1427, 1375 11

(C-C)+𝜌(=CH2) 1244 10,11

s(CF3) 1223 1210 9,10

as(CF3) 1168 1156 9,10

(CH3) 1009 11

(CH2) 944 11

(TFA,CC) 853 850 9

CH2 bending mode 825 12

(TFA,CO2) 799 799 9

umbrella(CF3) 735 729 9



4. RAIRS of Zn(TFA) and Zn(MA)(TFA) before and after electron irradiation

Fig. S3. RAIRS of 12 nm Zn(MA)TFA resist layers before (upper spectrum of each set) and after 
the stated electron exposures at 80 eV (left) and 20 eV (right).



Fig. S4. RAIRS of 14 nm Zn(TFA) resist layers before (upper spectrum of each set) and after the 
stated electron exposures at 80 eV (top) and 20 eV (bottom).



Fig. S5. C-H stretching spectral range of a 15nm Zn(MA)(TFA) resist layer before and after a 
15 mC/cm2 electron irradiation at 20 eV. Note that the bands are weak and sit on a 
background caused by formation of ice on the infrared detector thus ruling out their 
quantitative evaluation.

Fig. S6. Example of a fit of Gaussian functions to the characteristic TFA RAIRS bands s(CF3) 
(1223 cm-1) and as(CF3) (1168 cm-1) which, by integration of the Gaussians, together yields 
the overall (C-F) intensity as plotted in Fig. 7 of the main text. Equally shown here is the fit to 
the characteristic MA RAIRS band (C-C)+𝜌(=CH2) (1244 cm-1). 



5. Evolution of integrated infrared bands of Zn(MA)(TFA) with EUV dose

Fig. S7. Evolution of area of the characteristic band (A) relative to the unexposed (Ao, 
reference) of MA and TFA ligands in the FTIR spectra of Zn(MA)(TFA) thin film as a function of 
EUV dose: 34 mJ/cm2, 85 mJ/cm2 and 425 mJ/cm2.13
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