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1. DFT-Calculated N—-C-N Bond Angles for Isolated and Au-Bound NHCs

Table S1. Calculated N-C-N Bond Angles (°) for Isolated NHCs Molecules” and After Interacting
with Au(111).

NHC Isolated Carbene Carbene on Gold
iPr,bimy 104.2 106.4
IiPr 109.7 104.5
SIiPr 106.6 108.8
IDipp 101.4 101.5
SIDipp 105.9 105.9
6Dipp 115.5 116.1

“The calculations for the isolated molecules were performed with Gaussian 09° at the PBE/cc-pVTZ level.
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2. Method for Experimental Estimation of Coverage

XPS data (taken at normal detection angle) were corrected for photoionization cross-section and
detector sensitivity. We assume that the surface N signal is not attenuated and so the intensity of
the N 1s signal, corrected as described above, is directly proportional to the number of surface N
atoms:

Iy =k-Ny (1)

and, therefore, that the quantity in which we are interested, Ny /A, the number for N atoms per
unit area, is given by:

Nn/A = In/(k - A) 2)

We also assume that the Au signal is not attenuated by the surface modifier and only by other Au
atoms. We furthermore assume that the Au signal is attenuated such that:

Inu(8) = k- Npy(t) - e~/ 2au 3)

where /,,(1)/A is the contribution to the total Au 4f intensity from the Au atoms at depth ¢, N(¢) is
the number of Au atoms at depth 7 and A,, is the mean free path for Au 4f photoelectrons. For Au
4f photoelectrons (for which the binding energy, BE, is ca. 86 eV) using Al Ka radiation (hv =
1486 eV), the kinetic energy (KE), is ca. 1400 eV. The mean-free path for photoelectrons with
KE > 150 eV can be estimated using the expression

A= B(KE)"* (4)

where B for Au is 0.054 nm eV’°' giving a value of 2.02 nm for Au 4f. Since the mean-free
path is significant larger than the lattice parameter of Au (a =b =c=4.079 A; a= f=y=90°) it
is reasonable to treat Au has having a uniform continuous composition with the same number of

Au atoms in any infinitesimal slice dr and thus to write:
Iny()/A = kNp,/V - 6t - e~ Hau/t )

where N,,/V 1is the number of Au atoms per unit volume, which corresponds to 4 per face-
centered cubic unit cell, i.e. 4/(4.079)° A, The total Au intensity per unit area will be given
integration of (5) from O (the surface) to T (the total Au film thickness); for T >> ca. 3A the value
of this integral will very similar to that obtained by evaluating the integral from O to .

Inugeotaly/A = Jy K+ Nau/V - e/ audt (6)
Inucrotay/A = [~Aau - k - Nay/V - et/ Aau]” )
IAu(total)/A = Aau k- NAu/V (3)
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which, inserting values of 4,, and N,,/V from above gives a value of

Inugrotany/A = k- 1.19 A7 = k - (1.19%10'¢ cm~2)
Combining (2) and (9):

Nn/A = (In/Iaurotan) - (1.19%10%¢ cm™2)

3. Graph Showing Kelvin-Probe Work-Function Data
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Figure S1. Work-function values measured by Kelvin Probe under nitrogen for unmodified and NHC-
modified Au substrates (modified using same procedure as UPS samples, as described in the experimental

section).

4. Additional XPS / UPS Data; Stability in Atmospheric and Inert Conditions

Table S2. Work-Function Values (eV) for NHC-Modified Surfaces Exposed to Ambient Conditions

and Measured Using UPS.
NHC @ after 4 min @ after 24 h air
air exposure exposure
none - _
iPr,;bimy - 3.94+0.07
LiPr - 3.80+0.13
IDipp - 3.94 +0.08
SIDipp 4.00£0.07 3.97+0.02
6Dipp - 395+0.16

a
q)air - q)init

0.53£0.17
0.51+0.15
0.64 +0.26
0.45+£0.09
0.53£0.30

® after 7 d air
exposure
5.02+0.04

4.77 +£0.09

“Difference between WF value measured before exposure to air (from Table 2) and that measured after 24 h

exposure.
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Figure S2. WF retention test (using UPS) after 2 days and 7 days of storage under nitrogen gas.

Figure S3 and S4 show XPS spectra of NHC-modified Au before and after air exposure. The
urea and amide shown in Figure S5 are possible products of oxidation and hydrolysis,
respectively, of IiPr (and are calculated using DFT to result in WF reductions of 1.00 and 0.80
eV vs. bare gold, i.e. higher WFs than IiPr). However, no evidence for these species is found
using XPS (Figure S3) after 4 min in air: carbonyl groups are expected to show peaks at around
287.5 eV, at a higher BE than C-C groups.® The O 1s spectra for before and after also shows no
change to the overall peak size as shown by the good overlap of the two trials (Figure S3). Thus,
the XPS is not sufficiently sensitive enable us to determine the mechanism by which the WF is
raised on exposure to air. Figure 4 shows XPS spectra for SIDipp-modified Au before and after
7 days air exposure; in this case there is a marked change increase in the O 1s signal (also see
Table S3) and a shift in the O 1s peak to lower BE and a change in the appearance of the N 1s
ionization. These data suggest clear chemical changes on air exposure, but both C 1s and O 1s
spectra are clearly are again inconsistent with the presence of C=0 groups (the O 1s being
typically seen at BE values of ca. 533 eV).
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Figure S3. XPS spectra of the C Is peak components for IiPr on Au a) after storage under inert
conditions and b) after exposure to ambient conditions for 4 min. The spectra are very similar and were
both fitted using two Gaussians (at 285.1 and 286.4 eV); no new component assignable to C=0 is
observed; ¢) O Is peak before and after exposure to air exposure (presumably due to adventitious O-
containing species), which shows a good overlap and no new components attributable to C=O or to
additional surface oxide or hydroxide species.
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Figure S4. XPS spectra of (from left) C Is, N 1s, and O 1s peaks for SIDipp on Au before and after
exposure to ambient conditions for 7 days. All three ionizations shift to markedly lower BE and the O
coverage increases; however, these changes are inconsistent with formation of C=0 groups.
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Figure S5. Structures of possible NHC decomposition products of IiPr.

Table S3. Quantification of XPS O 1s Peaks Before and After Air Exposure for NHC-Modified Au.
NHC O 1s/ Au 4f ratio
before air exposure

none’ 0.30 £0.04
iPr;bimy 0.30+£0.09
IiPr 0.13+0.04
IDipp 0.20 + 0.09
SIDipp 0.18 £ 0.02
6Dipp 0.23+0.12
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O 1s/ Au 4f ratio
after air exposure
0.36 £0.03

0.37£0.03



5. Additional Plots of Geometry and Charge Redistribution
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Figure S6: Optimized structure and plane-averaged change in charge density (Ap) for (a) SIiPr and (b)
SIDipp on Au.

6 Additional Plots of J-V Data
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Figure S7. Semi-logarithmic plots of J-V characteristics showing sample-to-sample variations for devices
with structure Au(with or without modification)/Cy (100 nm)/MoO;(10 nm)/Ag(150 nm) using a)
unmodified Au, b) PEIE-modified Au, and ¢) SIDipp-modified Au. The yield for PEIE modified devices
was 93% and for SIDipp modified devices 40%.
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