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RESEARCH GOALS

Study kinetics of iridium
complex with different alkyl
halides

Study kinetics of iridium
complex with different benzyl
halides

Study the reactivity of the
iridium complex with carbon
dioxide

Gain access to the proposed
catalytic cycle

Successfully make the
[(Diso)2Ir]— anion

written report.

% OF GOAL

ACTUAL PERFORMANCE AND ACCOMPLISHMENTS COMPLETE
D

Kinetics of butyl chloride, butyl iodide, and butyl bromide studied and 80%
compared; appears to follow trends with known alkyl Sy2 reaction
rates.
NMR of benzyl chloride reaction shows the expected Sy2 reaction 30%
product, however rate of reaction does not appear to follow known Sy2
reaction rates between butyl and benzyl compounds; did not determine
rate constants for any of the benzyl halides and have not figured out
what is causing this discrepancy.
The [CoCp2]* [(Diso)2Ir]— anion does not readily react with carbon 40%
dioxide; did not try using co-activators or heating the reaction yet.
Only one step of the proposed cycle has been completed and have not 3%
accessed any of the other intermediates.
Successfully synthesized the anion by the reduction of the neutral with 100%

sodium naphthalenide.
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07/26/23, University of Notre Dame
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OTHER PRODUCTS AND SERVICES (e.g.,
media reports, databases, software,
models, curricula, instruments, education
programs, outreach for ND Energy and
other groups)

RESEARCH EXPERIENCE
Please let us know what you thought of your research experience: Did this experience meet your expectations? Were lab
personnel helpful and responsive to your needs? What else could have been done to improve your experience or achieve
additional results?
My research experience definitely met my expectations. Everyone in my lab was super helpful and supportive. [ was
able to learn so much, including numerous lab skills and techniques, but also more about problem solving and how the
lab environment works.



FINAL WRITTEN REPORT

One method that could potentially produce fuels from carbon dioxide is anchoring it
to a metal, which would allow it to be reduced to methanol or another functional fuel. It has
been noted previously that the bis(iminoxolene)iridium complex [(Diso)2Ir]—
(2,6-diisopropylphenyl)-3,5-di-tert-butyl-o-iminobenzoquinoe) forms strong bonds with

carbon compounds and thus is an interesting complex to consider to hold on to carbon

dioxide as it gets reduced to a fuel.

[ 10
1
|/O\ /N\\j AN u abbreviated as E \|r/ \j
LSS =
By N 6]
ﬁ@/» Bu
L _ H
|
© o) o)
S O\C//O N
0 N, H X
EO\"/NE _____ * Eo\llr ANy M E \|‘< N -
A ' (. J
N o7 N o” N @
5
O, N
O N,
E /|r< j + CHyOH
N o]
:
ne
H )
5 M 1
H
o)
\CéH \CéH +2¢°
AN o o[ N ponscon
s Ir ! -~ 7N e T T R i
o \ -2 4 Ir ! @
N 0] ‘\N/ \of‘ +2H

o
]

/
[N\ ‘< "Y v ho

)

H
N\

EO\J/ N\‘x
o - / ¥ J
N o

Figure 1. Proposed catalytic cycle with the (Diso)2Ir anion holding onto carbon dioxide as

it gets reduced to methanol.

(Diso = N-




In order to be able to actualize this with the bis(iminoxolene) iridium complex, its
reactivity with electrophiles needs to be well understood. The iridium complex reacts with
alkyl halides and benzyl halides, replacing the halide in a typical Sn2 fashion. It follows the
expectations of an SN2 mechanism in that it reacts the fastest with butyl iodide and slowest

with butyl chloride—as the leaving group improves, the rate constant increases.

Cell 4 Absorbance vs. Time Graph

y = M2+(M1-m2)*exp(-M3*M0)

Value Error
m1|  0.18606 | 0.00067911
m2|  0.62395 |0.00016367

absorbance at 760 nm

m3(0.00018646 | 4.8688e-7
Chisq| 0.0026526 NA
R| 099967

time (s)

Figure 2. Absorbance versus time graph of the reaction of Na[(Diso)zIr] with 1-

chlorobutane.
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Figure 3. Multi-wavelength graph of the reaction of Na[(Diso)zIr] with 1-chlorobutane.



k with [(Diso)2Ir]— (M-1s1)

krel

1-chlorobutane | 2.74(11) x 104

1

1-bromobutane | 3.9(3) x 102

140

1-iodobutane 1.85(2)

6800

Table 1. Calculated rate constants for the reaction of [(Diso)2Ir]— with different alkyl

halides; kinetic data for butyl iodide and butyl bromide provided by Peter D. Nguyen

(Brown lab).

However, it appears that it reacts faster with butyl halides over benzyl halides,

which is not observed in typical SN2 reactions—benzyl halides typically react 105 times

faster than butyl halides. This difference may be because of a change in mechanism or that

the reactivity properties of this particular nucleophile are atypical; further study is

required to determine what is causing this discrepancy.
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Figure 4. NMR spectra of the product formed by the reaction of [(Diso)zIr]— with benzyl

chloride; taken one week after the addition of benzyl chloride to anion.



k with [(Diso)2Ir]— (M1s1) | krel

1-chlorobutane | 2.74(11) x 104 1

benzyl chloride [ ~1x 104 ~0.4

Table 2. Rate constants for the reaction of [(Diso)zIr]— with 1-chlorobutane and benzyl
chloride.
In contrast to alkyl electrophiles, the [CoCpz]* [(Diso)zIr]— anion does not react

readily with carbon dioxide or carbon disulfide.
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Figure 5. No reaction of the [CoCp2]* [(Diso)2Ir]— anion with CO2 after two weeks.

‘ Red: original anion
Teal: 1 hour after addition
Purple: 1 day after addition

Figure 6. No reaction of the [CoCp2]* [(Diso)2Ir]— anion with 6 equivalents of CS2 added.

Future studies include using co-activators to facilitate the interaction of the iridium
complex with carbon dioxide and trying to forge iridium-carbon bonds with other

oxidation states of carbon.



