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ETCHING METAL USING _continued
N-HETEROCYCLIC CARBENES (I11)
| (R, X—L—7/
FIELD A
. Y=Y
The application relates to methods of etching metallic / \
surfaces using compounds that include a N-heterocyclic RI—" Ygﬂ?Rz
carbene (NHC).
G
BACKGROUND 10 . : (111a)
R\ /R
Self-assembled monolayers (SAMs) on metals such as /Y3=Y\2
gold have potential application 1n sensing, electrochemaistry, Y Y~)\ ,
drug delivery, surface protection, microelectronics and s R \rL m R
microelectromechanical systems, among others. Use of seli-
assembled monolayers (SAMs) as an interface between G
. _ . (IV)
metal surfaces and organics has had significant impact on
molecular electronics, surface patterning techniques and (R A—L—7
biosensing (R. G. Nuzzo et al., J. Am. Chem. Soc. 105, ,, ;A ;
4481-4483 (1983), C. D. Bain et al., J. Am. Chem. Soc. 111, P
3:-2}“335;@‘19’8?)_ and J. C. Love, et al Chem. Rev. 105, —— /(,Y~);R2

bene (NHC)-based SAMs with high chemical and electro- (IVa)

chamigd Yk el gvnasesasted e L SrA ) el s— [ ————————————
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chemically derivatizable group, such as hydroxyl

cach of which 1s optionally substituted each R 1s N N " N N "
independently H, halogen, the substituent X-L-7Z as 7/ N \< 7/ A \<
defined above, C,-C,, alkyl, C,,-C,, alkyl, C,-C,, :

alkenyl, C,,-C,, alkenyl, C,-C,, alkynyl, C,,-C,,
alkynyl, C,-C,, alkoxyl, C,,-C,, alkoxyl, C;-C,, 10 )
cyclic aliphatic moiety, aryl, heteroaryl, ether, thio-
cther, amine, polyamine, polyether, or polythioether,
cach of which 1s optionally substituted; or, two of R°, O

der matedle e rmmatle e b en e LT e o e Ll /

10
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binding energy vs. relative intensity, where trace 1 1s oxi-
dized Cu with no NHC treatment, trace 2 1s oxide-free Cu
with no NHC treatment, trace 3 1s oxide-free Cu after
treatment with NHC (2a), trace 4 1s oxidized Cu after
treatment with NHC (2a), trace 5 1s oxide-free Cu after
treatment with NHC salt (3a), and trace 6 1s oxidized Cu
alter treatment with NHC salt (3a).

FIG. 1D shows a plot of XPS spectra of C(1s) plotting

5

10

on copper oxide for the specified pressure and time (in
Longmuir units (L)).

FIG. 5¢ shows a LEED pattern for oxide, which was
prepared by heating Cu(111) at 675 K 1 O, atmosphere
(P=1x107° to 1x107> mbar) for 20 minutes, followed by
heating to 800 K for 10 minutes under UHYV.

FIG. 5d shows a LEED pattern after depositing dibenzyl

MNITI A~ thhea ~rriviv o v aclo
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7 3
where two different ordered oxide structures can be butyl and 2-ethyl-1-butyl, 1-heptyl and 1-octyl. As used
observed with high resolution. herein the term “alkyl” encompasses cyclic alkyls, or
FIG. 7g shows an STM image (140 nmx140 nm) of the  cycloalkyl groups.
. e N ~ ~ ~ o . - a ) FSRPIRUSNE { SN, WU, | SR, L USRS R A
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heteroaryls, as defined above. Also included within this term sterically stabilized by substituents adjacent to the carbene.
are monocyclic and bicyclic rings that include one or more A non-limiting example of such a stabilized carbene 1s
double and/or triple bonds within the ring. Examples of 3- provided below:

o e Cargeycring e badg Byl 0o sy jﬂj‘r_‘!ﬂ-—

aziridinyl, oxiranyl, thiiranyl, azirinyl, diaziridinyl, diaziri- >

> S M fj PO Do B T 1 4']_. d .o q ri— =
' )
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£
include, but are not limited to, transistors, capacitors, induc- 1,3-duisopropyl-1H-benzo[d]imidazol-3-1um 1odide.
tors, resistors, diodes, insulators, conductors or combina- As used herein, the term “2a” refers to 1,3-dihydro-1,3-
tions thereof. bisisopropylbenzimidazol-2-ylidene), see structural formu-

a
1

As used herein, the term “surface properties” refers to > lae in Example 14.
[ ——— — = - Lo o 2 __ W* _ _'1_“_.‘ . :T
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MR e v St RSN —

C o Cpetaaat wS il

salt (3a). Results are tabulated 1n Tables 1 and 2. embodiments, a carbene oxide compound could then be

Referring to FIG. 1A, notably, trace (1) shows strong adsorbed onto the clean surface. In other embodiments, a
i
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A

E r ﬁrh**ﬁ_‘ &tE E’ri m-iili it 1 Jaid

stated. THF was distilled from sodium, and DriSolv metha- upon the addition of mitric acid. When 1odide was com-

1. 1 1 __T"_l—"‘ 1 " I'.r"' 1 ia ald R T R v S S S WS A R

=
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LR O ey e . et i e v LA iy |

(7 mL) (pH=6). Carbon dioxide was bubbled for 1 min '"HNMR (400 MHz, CDC1,) 8 10.81 (s, 1H, N—CH=—N),
followed by addition of hydrogen peroxide (65 ulL (30% 7.64 (d, 1H, 1,,,,=9.2 Hz, ArH), 7.21 (dd, 1H, J,,,,=9.2, 2.0
w/v), 0.75 mmol 1n 0.5 mL water, 1.5 equiv). Vigorous CO, 5 Hz ArH), 7.09 (d, 1H, J,,,~1.9 Hz, ArH), 5.10 (m, 2H,
bubbling was maintained for 1 h under stirring during which CH-—(CH,),), 4.05 (t, 2H, J,,,,~6.4 Hz, O—CH.,), 1.84 (m,

X * ' .

formation of a purple precipitate was detected. The mixture
was filtered and washed with water (3x2 mL) resulting 1n a

]~ - ~1 .1, B‘“-. T ke At IIT do .- —3-g g /
———— - " i
i : £

¢ (v Pxenaration of 5-(Dodecvloxv)-1.3-
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Example 2(11). Etching of Metal Oxide and/or Deposition of dibenzyINHCs onto Oxidized Cu(111) 1n
Metal Surface UHV
1,3-dibenzyl-1H-benzo[d]imidazol-3-tum hydrogen car-
Carbenes were allowed to etch and/or were allowed to bonate was deposited via vapor deposition in UHV onto

o _1 - 11 . - O I
- dih'l % g L ﬁ i N
>
— ) R =

. el i

e— VS 1] _
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| R | b? il ) i d X —° T—7 _ AR 5

T ¥ &

UHV
FIG. 7a shows TPD spectra following the exposure of Binding energies of Cu(2p), O(1s), C(1s), and
- ; y o < < P TELE __& [ T _
i !; [ E-J L ., ) L -
O
) j__ JPI— _ s
following a saturation exposure of dimethyl NHC at 300 K. > Cu(LMM) for various Cu samples
The desorption of CO (mass 18) and CO, (mass 44) indicate
that the passivation effects obseryed for the, dihenzyl and ARN V7. QUM A C N

>

'

.;131521':?.&?1” iy & ¢ & & AW G S

Rt 7 ee—— S







US 11,840,766 B2
29 30

TABLE 4-continued -continued
(VI)
Structural Formulae of Compounds that include N-Heterocyclic Carbene (R%), ] —7

Nickname Name Structure A
I 5 1Y”=1YTF
dibenzyINHC  1,3-dibenzyl-1H- — / \

belnzm[d]imidazc-l— Dl Y Y~)\R2

3-ium hydrogen \ / "

carbonate

® _ph G
Ph N N 10
NSNS —~
HCO? whelzem:

Tk C LEEPE s

L |
' r r ]
. . gh‘
[
—" . . . L . .

We claim: matic ring, a fused aromatic ring system, a heteroaro-
1. A method of etching metal oxide from a metallic matic ring, and/or a fused heteroaromatic ring sys-
By iF ~ i_nur.i.-:-..u.l s - - oy m vt e~ b s mr——— = ms o ii’}.-"'_—sr!-r.-d'a-‘igﬂ 151 ' "-Pd-. r-'l'—‘_"""" . 1 !

ctchant comprising: B 1s a counter 1on that optionally acts as a base;

- A _r
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ring, a fused heteroaromatic ring system, an organo-
metallic complex, a transition-metal catalyst, a
metal-oxide catalyst, a simple sugar, a complex ()

. . . 10
sugar, a carbohydrate, or a chemically derivatizable
group, OH, azide, carboxylic acid, carbonyl chloride, 5
anhydnde, ester, aldehyde, alcohol, amine, halogen,
epoxide, thirrane, aziridine, amino acid, nucleic acid,

/O
alkene, alkyne, conjugated diene, thiol, or thioester, - —\
i o p— T m‘wx—_gmr—ﬁé o

-continued
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