Self-Assembly of Cobaloxime on TiO, Nanoparticles for Solar Driven H, Production

Principles
™% .
ureen

Matthew Huebner, Charles Wilson, Phoebe Nitchals, Christine A. Caputo™ * " chegry

Department of Chemistry, University of New Hampshire, Durham, NH 03824

Introduction Assembly of ISO on TiO, and Loading Determination Catalyst Selt Assembly and Photocatalysis

" Photocatalytic evolution of hydrogen gas could be the future Anchoring Scheme . Self Assembly Scheme J—
of green energy zﬁ\ﬁ %\Q ia Supernatant -k
. . L . . N g analyzed by UV-vis el =N
= Anchoring cobaloxime catalyst on titanium dioxide (TiO,) has 9 . O Methanol  © 7 Centrifuge 2 y y (N:éghwp p :
been shown to improve electron transfer?! — Stir x h; | " Decant ‘=3 \—s Blank TiO, 4 ;‘—* N Stir for 1hr S
. . L 0”on  TIO S g = ‘_. » H--0'\ -
= We investigate the effects of anchoring isonicotinic acid (ISO) Isonicotinic & v §. 2 or 24hr o
on TiO, regarding the self assembly of catalyst on the acid W . Lﬁ
. Isonicotinic acid 0% OH
semiconductor surface anchored on Wash & Dry . -
R h : TIO, surface Pellet is collected :LN*’O"T |
esearch Questions nd dried o N s
2 \ -
. .. . = Oc/y S or 24hr
= Does pre-functionalization of TiO, allow for self-assembly of Loading Dat 4 UV_Vic Analvsi / ofk(—
. : - ——2.5mM ISO Loaded 10x Dil. - -
cobaloxime on the surface without the need for full Oading Lata an IS ANAlysIS .  goemiso
. 0.7
SynthESIS? ISO Conc. | Stir Time Amount of TIO,  |nmol ISO/ mg TiO,| % Loaded : CoCl
0.25mM 1hr 100mg 21.5 86.0 0.6 o2
" Does adding all the components of the cobaloxime catalyst on 2.5mM Lhr 100mg %.1 38.4 Zos _ + Stir for 1hr
. o . ] 0.25mM 2hr 100mg 21.9 87.6 s ISO TIO, 4 N"DH
to a solution and stirring lead to the formation of an effective 2.5mM 2hr 100mg 837 355 3 0.4 ne odh
. 0.025mM 24hr 100mg 2.5% ~100 = v 3 %CH or r
catalytic system? 0.25mM | 24hr 100mg 25" ~100 £03 2 3
o o . . . o 2.5mM 24hr 100mg 130 53.9 §0.2 HO~
= Does additional mixing time improve catalytic activity? L
C l S *UV-vis analysis of supernatant showed no o
ata ySt tFUCtureS absorbance peak so full loading of ISO was e I
assumed 250 260 270 280 290 300
Wavelength (nm) a) Xe lamp that irradiates our
/ Experiment 1 — 1hr Stir \ N ?igz)p";\‘;‘/’r p'z“it‘l’csata')ys's
Characterizations mW/em? =1 Sun
:'.. |’D' -H Cll
Cocl, SN S o . FT-IR . o b) Water bath to keep samples a ~y L "TH NN
+ N clg N SN Stir Times varying Concentration set temperature during experiment = Al f O AL P e = 2abl
IN“OH D llN._—_._.. ___ \%I:*-l-—éo— N 104 :_—BIkTiO2 ] 104:_—BIkTi02I | /N N (25 o C) 10 1 ™ 7o B P~ | =2l f: ]
Lo oA 0 e ol N L wm NAT i: (D ) 1=
\ | Lo ' SR s R N N i water sath [
N N N oo} NN T TN T
- [} 8 103 =gt \/ ] LY SIS S SNV Y PSR @ OH @ Reaction Conditions: SRI 8610C Gas Chromatograph
[ %12; ?‘y\i/\i/\/’\ /'—\,: % 12: :\/E\Lq\\//_\: Tiw _Ti. /Ti/ Performed in 10:90 TEOA in DI HZO Solution Packed molesieve column
1% 99 °ooon S o ML o S I N N O O pH ~7 with N, headspace Argon carrier gas with TCD detector
ISO@TIO, ~ 1so@Tio, | | BlankTio, = 104 2ot | ' S ] Stirred vigorously under ultraviolet
Smp 1 Smp 2 Smp 3 e \?V”\\//\ /) '_ Key Peaks: radiation 2300nm AM 1.5G
133 ~BIkISO/" i T 133 ' |éoé|k'i i T 1 * (1410cm™? ]
/ Experiment 2 - Controls \ NNl 3 o o 3 = [1540cm™? & 1580cmY| .
4158;_)0 | ‘ITIOO | 16IOO l 15I00 | 14I00 | 13I00 l 1;00 4158;0 I 17I00 I 16I00 l 15I00 . 14I00 l 13I00 . 1;00 " :17Oocm-1] CatalySIS data
Wavenumbers (cm™) Wavenumbers (cm™)
*ISO loading concentration *Each sample was / . \/ \/ . \
. Experiment 1 '
of samples were 2.5mM stirred for 24hr 1.00 P  r00s 1.00 Experiment 2 oo 1 Experiment 3 000
N . . . 0.90 | o mmmg b | 80 | o) O | o - -
Diffuse Reflectance Spectroscopy X-Ray Diffraction Spectroscopy 0 o | 0® os
Tauc Plot ”—'é.ém'M'lS'o] — I~o.60 = Sample 1 600 = I~0.60 = Sample 4 l 6.00 = f,o.s = Sample 7 L 6.00
0730 4 - 2ror _ B 050 |= Sample 2 S| soso | = Sample>5 l 2 Sos | — Sample 8 E
‘ ‘ ' ] ‘ " > _I::\:erSO@TiOZ Vo 1800 - 1 50-40 - Sample 3 L 4.00 §'0.40 Sample 6 4.00 < 204 | =™ Sample 9 L 4.00
Blank TIOZ |SO@T|02 Blank TIOZ %22 : M.Ed ISO@TiO2 .Jﬁ":t' 900-_ _ 0.30 4 0.30 0.3
\ Smp 4 Smp 5 Smp 6 / :20 e o . No TiO, crystal o ; | e ; " y P
/ i: .1 7 2700-'_'6.2'5;“'/' fsé\ lllllllllll —- structure o.oo 0.00 o:oo - 0.00 -o S 0.00
Experiment 3 — 24hr Stir \ / - | \ oz s /\ I A T T /
0 . . . : : E) 1800 i 1 Cha nge Time (hr) Time (hr) Time (hr)
Cl : 15 2 2.5 3 3.5 4 % 000 1 | ] o
o . '“tegfjti;a;esn“jggzﬁ?gzp'e" h (V) T W nio" Nc? Isonicotinic = Fully synthesized catalyst = Activity of TiO, decreases with = Cobalt catalyst precursor caught
COSNE S = | o-H | o . g —BKTOZ acid was most efficient loading of 1SO up to full catalyst
CoCl, N--Co--N| "'--azifw,‘ i = Surface functionalization create midgap states o _- crystallization _
N H.-Ej O|N\_— JrceN that absorb lower energy photons 1 | Conclusions
L g: | " O\N\ = Absorption of lower energy light is shown in oF e dom
- N Cl | riSing Of UrbaCh tall 10'15'20'25'302:T?,:e'ta40'45'50‘55'60 . . ] . ]
fNWJ = @ = Stirring overnight increases self-assembly of catalyst on the TiO, surface.
) T DN References and Acknowledgments » Time and effort needed to synthesize cobaloxime catalysts can be reduced
070 070
@i, ] Seo| [ ewTo] References: Acknowledgements: by loading TiO, beforehand and then adding in catalyst precursor to stir.
Smp 7 Smp 8 Smp 9 the Charg’e'I:rans’fe.r’and’Per’form’a.nc’e of P-,Si/'i'iQZ/CébaI(?xime Hybrid Photocathodes for Dr. Christine Caputo (UNH) n Many Steps COUId be made to Optimize Conditions rega rding ideal amount Of
Photoelectrochemical H2 Production. ACS Applied Materials & Interfaces 2019, 11 (37), Charles Wilson (U N H)
34010-34019. https://doi.org/10.1021/ mi.9b12182. 1 : 1 : 1
[2] 1. Lakadamyali},j;&:eiznir, E. Photoac(;stilytic H2 evolution from neutral water with a Ph b N h I UNH CatalyStl Optlmlzatlon Of IOadIng processl Ideal Sclventl etc'
molecular cobalt catalyst on a dye-sensitised TiO2 nanoparticle. Chem. Commun. 47, oebe Itchals ( )
1695-1697 (2011).




	Slide 1: Self-Assembly of Cobaloxime on TiO2 Nanoparticles for Solar Driven H2 Production Matthew Huebner, Charles Wilson, Phoebe Nitchals, Christine A. Caputo* Department of Chemistry, University of New Hampshire, Durham, NH 03824

