Pentacene Organic Semiconductors with Small HOMO-LUMO Gaps Mo Har ahire

Johnathan Garcia, Anthony Milani and Glen P. Miller, Department of Chemistry, University of New Hampshire

0]

One third of all energy costs worldwide are . N ) | < : :
associated with lighting. Conventional lighting 1s @it + ¢ e OO‘OO | ° Computatlonal ChGIIllStI'y

inefficient and utilizes environmental toxins such as ° ° | 0 o calculations perf()rmed USiIlg
heavy metals. Organic semiconductors offer an T NaH 9080® . f

alternative path to safe, low-cost, broad spectrum lgﬂ‘%x““ ° Sp artan’24 software

energy efficient lighting via the construction of QL

organic light emitting devices. Pentacene and its ©\/\ I ¢ Syntheses of target COII]pOUIldS

derivatives are considered benchmark organic OO‘OO S———— OO‘OO desi gne d
3 H S

semiconductors because of their small HOMO- Phows T, e
LUMO gaps and high charge carrier mobility. I have \G N

A

* Precursors to target pentacene
_ o derivatives synthesized and
purified

1\ Z
0
s
H OH \ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
l l l . l OOOOO S N 03 102 10.1 100 99 98 97 96 95 94 93 92 91 90 £9 88 387 86 BS B84 33 32 8.1 BO 79 78 7.7 76 75 T4 73 72 71 70 69 68 67 66
OO‘OO H f1 (ppm)
*
‘ )  Compounds characterized by IR
HO H
0
5

C(st | o and NMR spectroscopies

Q | ee _ LG
2090® 2000 gy

| (L
6

o
w}
[9)
z
\
2

. . Znlp, DCM, 3M NaOH
synthesized and characterized several pentacene SA, Poom Temp
derivatives as well as their precursors.

48 Hours

H
S

H
\Z} P ~
X
T

* Finish syntheses of fully aromatic target
compounds by dehydrogenating their

Spartan Calculations

Objectives

| ‘] pPrecursors

- * Purify target compounds

T T
Compounds: Pentacenes (Disubstituted on middle ring) Level of theory: Energy B3LYP/6-311+G(d,p)//Opt B3LYP/6- <

| oo HOMO- cooE o EE R R, 08 e * Investigate target compounds by UV-vis
. . Substituent Energy/au LUMO/eV HOMO/eV LUMO UV wavelength max/ nm .
* Perform computational chemistry sapleV - spectroscopy and cyclic voltammetry to
) ) Phenylethanethiol 2262.921 2.89 495 2.06 697.94 | | . ) ]
calculations on a series of pentacene v S v RS B A experimentally determine their HOMO-
deeratheS 6,13-Pentacenediol -998.699 -1.82 -6.25 443 308.57 LUMO gaps
o Identif 1tuent effects on pentacen >
dentify substituent effects on pentacene 90000

electronic properties

“\ H s
S o ) ke References
 Choose target pentacene derivatives with bt 1o e _
small HOMO-LUMO gaps and p]an their HOMO ‘ I | 1. Pandit, V. U.; Arbuj, S. S.; Mulik, U. P; Kale, B. B. Novel Functionality of Organic 6,13-
Pentacenequinone as a Photocatalyst for Hydrogen Production under Solar
-3.00 Light. Environmental science & technology 2014, 48 (7), 4178—4183.

syntheses
. S h . d . f d -5.07 ° | N l 2. Okamoto, T.; Kumagai, S.; Fukuzaki, E.; Ishii, H.; Watanabe, G.; Niitsu, N.; Annaka, T.;
ynt CS1Z€C an purl y target COmpoun S 500 - 6 N~ il ‘ Yamagishi, M.; Tani, Y.; Sugiura, H.; Watanabe, T.; Watanabe, S.; Takeya, J. Robust,

LUMO Ul | o High-Performance N-Type Organic Semiconductors. Science Advances 2020, 6 (18).
6.00 a4 v

. [ . 0! .
CharaCterlze neWIy SYntheSlzed Comp Ounds ' t[ 3. Bhatia, R.; Wadhawa, D.; Gurtu, G.; Gaur, J.; Gupta, D. Methodologies for the

by IR and NMR SpeCtrOSCOpieS o N B Synthesis of Pentacene and Its Derivatives. Journal of Saudi Chemical
' Society 2019, 23 (7), 925-937.

Energy (eV)
5
Q

400



https://doi.org/10.1021/es405150p
https://doi.org/10.1126/sciadv.aaz0632

