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Abstract:

Volatile, reactive, and thermally stable organometallic copper and silver complexes are of significant interest as
precursors for the metalorganic chemical vapor deposition (MOCVD) and atomic layer deposition (ALD) of ultra-
thin metallic films. Well-established Cu' and Ag! precursors are commonly stabilized by halogens, phosphorous,
silicon, and oxygen, potentially leading to the incorporation of these elements as impurities in the thin films. These
precursors are typically stabilized by a neutral and anionic ligand. Recent advancements were established by the
stabilization of these complexes using N-heterocyclic carbenes (NHCs) as neutral ligands. To further enhance the
reactivity, in this study the anionic ligand is sequentially changed from B-diketonates to 3-ketoiminates and (-
diketiminates, yielding two new Cu! and two new Ag! NHC-stabilized complexes in the general form of
[M(NHC)(R)] (M = Cu, Ag; R = B-ketoiminate, (3-diketiminate). The synthesized complexes were comparatively
analyzed in solid, dissolved, and gaseous states. Furthermore, the thermal properties were investigated to assess
their potential application in MOCVD or ALD. Among the newly synthesized complexes, the 3-diketiminate-based
[Cu(tBuNHC)(NacNacMe)] was identified to be the most suitable candidate as a precursor for Cu thin film
deposition. The resulting halogen-, oxygen-, and silicon-free Cu' and Ag' precursors for MOCVD and ALD
applications are established for the first time and set a new baseline for coinage metal precursors.



Supporting Figures

1. NMR spectrometry data

o < (=) n 0 1 N
- S @ ~ N N SN
| | | | PEENEN
N 0=
C E >--Cu/ )
N \N_./
o
AN
[Cu(tBuNHC)(NacacMe)]
E (s)
1.78
F (s) B(s) |C(s) |D(s) A(s)
5.06 3.34 |2.79 z.zsji 1.45
|
I
| | I
i | | | i
T e o o g
- o (] ~ o o
8 8 ? 3 | @
- (4] (4] o~ (] -
30 85 80 75 7.0 65 5.0 3.5 20 15 1.0 05 0.0

Figure S1. 'H-NMR spectrum of [Cu(tBuNHC)(NacacMe)] in CsDs solvent. The integrals are referenced to the

singlet A at 1.45 ppm.
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Figure S2. B3C-NMR spectrum of [Cu(tBuNHC)(NacacMe)] in CeDs solvent. The characteristic carbene peak B
and carbonyl carbon peak A is observed distinctively.
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Figure S3. 'H-NMR spectrum of [Ag(tBuNHC)(NacacMe)] in CsDs solvent. The characteristic carbene peak B

and carbonyl carbon peak A is observed distinctively.



S b b a - © < oMt ol N®
< o 0 o e 0 N MmO ©me QNN
) © n < ") N N n = o Ola 6 0
- =1 - - ) ~ n T M NANNNNH
| | | | I Ny | | 4=
A
D =
D
F
(o >
-Ag »G E -io=N
>
s S QS
B B
)VE | )r L M
A A o
[Ag(tBuNHC)(NacacMe)]
K C
M
L
HJ
G I |
D B 1
F
i | I E .L | 4] 4 I

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80

ppm

T

Figure S4. BC-NMR spectrum of [Ag(tBuNHC)(NacacMe)] in CeéDs solvent.
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Figure S5. 'H-NMR spectrum of [Cu(BuNHC)(NacNacMe)] in CsDs solvent.
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Figure S6. 3C-NMR spectrum of [Cu(tBuNHC)(NacNacMe)] in CeDs solvent. Peak A corresponds to carbene
and peak B corresponds to ((CHs)sCN). Peak B and peak C can be differentiated due to the partial pi bond
character on the NacNacMe amine, which increases the shielding relative to the t-butyl carbon.
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Figure S7. 'TH-NMR spectrum of [Cu(tBuNHC)(NacNacMe)] in CsDs solvent, upon sublimation at 110 °C and
1 mbar pressure. The integrals are referenced to singlet A. The inset image shows the result of a fast
sublimation in a small Schlenk flask, where no visible residue was found. In comparison to the figure S7, the
spectra have no visible difference thus no sign of decomposition is found, upon sublimation.
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Figure S8. 'H-NMR spectrum of [Ag(tBuNHC)(NacNacMe)] in CsDs solvent. The integrals are referenced to
peak A.
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Figure S9. ®C-NMR spectrum of [Ag(tBuNHC)(NacNacMe)] in CsDs solvent.

Figure S10. [Ag(tBuNHC)(NacNacMe)] upon a quick sublimation using a heat gun (>200 °C). Majority
of the complex seemed to have thermally decomposed to silver, which is visually seen as a silver mirror.
Thus, a very good choice as a silver precursor for MOCVD.



2. Mass spectrometry data
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Figure S11. LIFDI-Mass spectra of [Cu(tBuNHC)(NacacMe)] in toluene as the solvent. The very soft ionization
produced by LIFDI proved to be essential in determining the molecular ion peak as seen in the figure. A dimer at

714.196 m/z can be observed as well.
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Figure S12. LIFDI-Mass spectra of [Cu(tBuNHC)(NacacMe)] in toluene as the solvent. The high abundance peak
is from the major toluene fragment whereas, the molecular ion peak can be observed clearly at 370.141 m/z.
Definitive fragment patterns could be assigned for the other minor peaks.
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Figure S13. The [Ag(tBuNHC)(NacNacMe)] was subjected to high resolution LIFDI-MS (orbitrap) visibly
producing a molecular ion peak at 414.1909 m/z. The unstable nature of this silver complex could also be
observed with its various unexpected fragments, like the dual tBuNHC attached silver complex at
471.2612 m/z and a possible dimer complex at 705.2739 m/z. This immediate formation of products again
highlights the photosensitivity of the Ag metal which could have been the result of the low ionization nature
of LIFDI.



3. Vapour pressure plots
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Figure S14. Vapour pressure graph calculated using the Clausius—Clapeyron equation from the differential
thermogravimetry data (DTG).[1] The 1 Torr temperature was calculated to be 185.02 °C with an error factor of
0.3.
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Figure S15. Vapour pressure graph calculated using the Clausius—Clapeyron equation from the differential
thermogravimetry data (DTG). The 1 Torr temperature was calculated to be 186.00 °C with an error factor of 0.779.
The decrease in vapor pressure upon increase in temperature is observed owing to its negative slope.[1]



4.  XRD patterns of the residue from TG measurements
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Figure S16. Powder XRD of the residue of [Cu(tBuNHC)(NacNacMe)] from TG analysis. (inset)
The crystalline pattern of metallic copper (COD: 4105681) matches with the XRD of the residue,
thus confirming the 16% rest mass to be the metallic copper.[2]
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Figure S17. Powder XRD of the residue of [Ag(tBuNHC)(NacacMe)] from TG analysis. (inset) The
residual XRD pattern reveals reflections matching the crystalline Ag XRD pattern (COD: 1509146).
Additional reflections are also observed, possibly arising from the no fully decomposed

precursor. [3]




Table S1. Prominent Cu' and Ag! precursors employed in ALD and MOCVD.

Cul-Precursors 1% Mass loss (°C) Heteroatoms Ref
[Cu(TMVS)(hfac)} 50-60 Si, F, O 4
[Cu(GPrNHC)(HMDS)] 90-100 Si, N 5
[Cu(tBuNHC)(acac)] 115 N, O 6
[Ag(PEt3)(fod)] 95-100 P,F, O 8

[Ag(tBuNHC)(HMDS)] 90-100 Si, N 7
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