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Intro & Methods

* Goals
— Understand chemistry of water—cluster
interactions

* Experimental Collaboration
— Mass Spec/PES experiments conducted in
Prof. Caroline C. Jarrold’s lab

* Methods
— DFT Calculations : typically BSLYP used with a
triple zeta basis set and ECP




Experimental Observations
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Initial Water Addition

H ~
. Mode 1 Q ....... H
* 2 hydroxyl groups :
W eeeremnnn
H
\Q ....... H
* Mode 2 :

* 1 hydroxyl group ;
* 1 hydride W



Initial Water Addition — Mode 1 W, 0,

E(Complex) = -- E(Complex) = --

E(Tran. State) = +22.5 B E(Tran. State) = 499
E(Product) = -6.5 E(Product) = —-4.3
E(Complex) = +6.4 E(Complex) = +5.7
E(Tran. State) = +23.0 E(Tran. State) = +7.2
E(Product) = -18.8 E(Product) = -84




Initial Water Addition — Mode 1 W, 0,

E(Complex) -- E(Complex)

A E(Tran. State) = +22.5 B E(Tran. State) = +9.9
E(Product) = -6.5 E(Product) = —-4.3
E(Complex) = +6.4 E(Complex) = +b5.7
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Initial Water Addition — Mode 1 W, 0,
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Initial Water Addition — Mode 1

E(Complex)
A E(Tran. State)
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Initial Water Addition — Mode 1 W, 0,

E(Complex) = -- E(Complex) = --

E(Tran. State) = +22.5 B E(Tran. State) = +9.9

E(Product) = -6.5 E(Product) = —-4.3
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Initial Water Addition — Mode 1

E(Complex) = +4.1 E(Complex) = +6.5
E(Tran. State) = +15.3 A E(Tran. State) = +43.9
E(Product) = -13.0 E(Product) = =7.7
E(Complex) = +4.1 E(Complex) = +6.5
E(Tran. State) = +4.6 B E(rran. state) = +39.9
E(Product) = -9.6 E(Product) = -1.5




Initial Water Addition — Mode 1

‘ “ 205 A 206
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Initial Water Addition — Mode 1

 Both W,0,”and W,0O;" clusters expected to react with
water

« The W,0O,™ barriers high

Can we find H, elimination mechanisms?
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H, Elimination

Can we test this experimentally?? — PES



W,O.H,” : PES
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W,O.H,” : PES
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W,O.H,™ : Geometries and Energetics
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W,O.H,™ : Geometries and Energetics

.:Qb o ADE / VDE ln-.—f] .
8A M MD 8N
2006V 4 \ .. . (0.89 eV)
O-9

¢ O 137/2.35

o
“t-( ..
i N
u”.( )‘:D-.
lSBeV {lﬁ?e"v’}

o
232 /3.52 4
e W e
6A . )(
.48 eV - {|3|ev1
2.31/2.96 *j
| 9
sa* 0% . H@, SN*
132 eV k 2317358 (1.15 eV)

Q ,553' Q g
4A .)-ﬁ-( — .*-q};() 4N
0.54eV o - (038 eV)

b-e232/310 ©

A /Efj 207/3.58
T

) ?‘ff;f* 7 2NN
2A d}‘i 2135/3.01 (0.00 eV)
0.13 eV @) See
Q, P
e e
- F .- F 3
0.00eV 3.10 /3.86 (0.62 e"v’}







Conclusions

) y<5,
— W,0,” has been found to react with with a single
water molecule to produce H,.

° y=5
— W,0O, dissociatively adds water, but large
barriers prevent H, elimination.

° y=6
— W,0, does not react with water.

* Theoretical mechanisms explain experimental
observations.

* Exp PES provides strong support of mechanisms
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Density Change during Chemisorption




Thermodynamics of H, Elimination

Reaction

AG
(kcal/mol)

W204_+ HQO — W205_+H2
W205_+ HQO — W206_+H2
W206_+ HQO — W207_+H2

—56.3
—48.1
+30.9




Orbitals

Unoccupied

+3eV

—3eV







Initial Water Addition — Mode 2

W,0, W,O,
E(Complex) = +4.5 E(Complex) = +8.3
E(Tran. State) = +3.5 E(Tran. State) = +9.9
E(Product) = =-58.0 E(Product) = =-33.0
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H, Elimination Conclusions

. W204_
— H, evolution following water chemisorption occurs with
no higher barriers

. WZOS_
— Most stable chemisorption pathway incurs large
barrier before H, evolution

— Explains W,0,D,” peak

° WZOG_

— Barriers too high to be reactive

Can we test this experimentally?? — PES
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