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Chemical Dynamics at Surfaces of Metal Nanomaterials  
– AFOSR 2011 YIP Award FA9550-11-1-0070 Final Report 

 
Junrong Zheng 

Department of Chemistry, Rice University 
 

1. Proposed summary 
 

The project was designed to develop novel spectroscopic tools for the determinations of 
molecular structures and dynamics on the surfaces of metal nanomaterials – the critical 
component of heterogeneous catalysts, and to use the new tools to investigate whether a 
fundamental physical principle, the Born-Oppenheimer Approximation (BOA), is valid on the 
surfaces of these materials or not.  
 
2. Achievements 
 

During the past three years supported by the award (FA9550-11-1-0070), my group 
pioneered two novel molecular structural tools: (1) the vibrational cross angle method for the 
determination of 3D molecular structures1-5; and (2) the vibrational energy transfer method for 
the determination of intermolecular distances with an angstrom precision6-11. Using the methods, 
we showed that the 3D molecular conformations on metal nanomaterials with Au nanoparticles 
as examples can be directly determined3,5, and the validity of Born-Oppenheimer Approximation 
on the surfaces of metal nanomaterials is dependent on detailed molecular properties5,12-14, and 
the energy dissipation pathways in the systems largely depend on whether BOA is valid12-14. In 
the following, the accomplishments will be briefly described. 
 
2.1 The vibrational cross angle method to determine 3D molecular structures 
  
 One of the major problems in experimentally studying heterogeneous catalysis is the lack 
of tools for the determinations of molecular structures on the surfaces of metal nanomaterials. 
Practical catalysts, e.g. oxide-supported metal clusters, are polycrystalline solids. XRD cannot be 
used to resolve the molecular structures in such systems because they are not single crystals. 
NMR also has difficulties in determining molecular structures in them not only because the solid 
NMR has broad lineshapes, but also because the metal clusters typically have open shell 
electrons which can severely disrupt the magnetic fields on their surfaces. 1D vibrational 
methods, e.g. FTIR, Raman, or SFG, are usually used in monitoring the molecular changes in 
heterogeneous catalytic systems by obtaining the vibrational frequencies and peak intensities. 
However, the structural determination capability of the 1D vibrational techniques suffers from 
the fact that vibrational frequencies are severely affected by Fermi resonances because of which 
the vibrational frequency shifts can be more significant than those caused by molecular structural 
changes. Motivated by such a practical difficulty, my groups developed a vibrational cross angle 
method which is general for the determination of 3D molecular structures in condensed phases.  
 The principle of our method is by determining the cross angles between vibrational 
transition dipoles covering the entire molecular space to determine 3D molecular conformations 
(Fermi resonances don’t affect the results from such a method),1-5 with the aid of our unique 
powerful ultrafast multiple dimensional IR/THz spectroscopy setup3 which solves a longstanding 



 

problem:
power ha
structure
observed
method h
to map 
nanomate

O

Figure 1
crystal. (
determin

F
nitroacet
conforma
and the n
white cry
The mole
and C 
vibration
two dihed

T
polarized
period o
occurred 
a signal 
excitation
vibration
produces
excitation
the cros

3 167 
from the 
1 (blue p
dependen
( 00  

 the lack o
as prevented
s because v

d or modes 
has been ben

the 3D m
erials5.         

Our recent wo

1. Molecular
(C) Illustrati
ed. 
ig.1(A)&(B)
anilide) in t
ations are d
nitro plane) 
ystal, there a
ecule has ma
O , which c

ns of these b
dral angle va

To determine
d IR pulse ex
of time (0.1

for a substa
generated f

n of the NO
nal frequency
s a cross pe
n frequency
ss peak pa

12 cm  is the

0-1 transitio
peak) caused
nt on the p

090 ) betwe

f frequency
d essentially 
vibrational c

with weak 
nchmarked w
molecular co

  
ork1 will be 

r conformatio
ion of how th

) display 
two of its cr

defined by th
and /CC

are one pair 
any typical c
cover the th

bonds can be
alues.  
e the cross an
xcites a vibr
1~0.2ps) bef
antial extent,
from the re

O2 stretch. In
y shift of an

eak pair in t
y 1 1362 c 
ir is from 
e C=O stretc

on frequency
d by the NO
olarizations 

een the trans

 tunable sou
all other cur

couplings wi
transition d

with well-def
onformation

used to dem

ons of MNA
he vibration

the mole
rystals (whit
he two dihe
/ NC  (betwe

of chiral im
chemical bo
hree planes 
e utilized to 

ngle betwee
rational mod
fore the mo
, another lin
sponse of a

n general, the
nother mode
the experim

1cm is the N
the NO2

ch 0-1 transi

y shift of the
O2 excitatio
of the exc

ition dipole 

2 

urces over t
rrent 2D IR 
ith wide spa
dipole mom
fined crystal

ns in liquid

monstrate the

 in (A) the w
nal cross ang

ecular con
te and yello

edral angles 
en the benz

mages, and i
nds, e.g.C 
of the mol
obtain the m

n two vibrat
de (the NO2

olecular rot
early polariz

another vibr
e excitation 
 because of 

mental results
NO2 stretch 

excitation. 
ition frequen

e C=O stretc
on. The amp
iting and de
moment dir

the entire M
techniques f
atial or freq

ments are too
lline sample
ds,1 solids1,4

 method. 

white crystal
gle between 

formations 
ow as shown

/CC NO
zene plane a
in the yellow

C H  , N
lecule. The 
molecular co

tions, as illu
stretch at 13

tation or co
zed pulse of 
rational mod
of one vibr

f the anharm
s as display
0-1 transitio
The detec

ncy, indicati

h from 1672
plitudes of t
etecting bea
rections of th

Mid-IR rang
from resolvi
quency sepa
o weak to b
es,1,4 and suc

4 and on 

l MNA-W, an
two modes 

of MNA
n) determine
(between th

and the amid
w crystal the

O , C C
relative ori

onformation

ustrated in fi
362 cm-1). A
onformationa
f different fre
de (the C=O
rational mod

monic couplin
yed in fig.2B
on frequency
ction freque
ing that the c

2 cm-1 (red p
the cross pe
ams, and th
he two coup

ge with suffi
ing 3D mole
aration cann
be detected.
ccessfully ap
the surface

nd (B) the y
is experimen

A (4'-Meth
ed by XRD
he benzene p
de plane). I
ere are two p

C , C O , N
ientations o

ns in terms o

g.1(C), a lin
After a very 
al changes 
equencies de
O stretch) to
de can lead t
ng. The cou
B. In fig.2B
y, indicating
ency (red p
cross peak p

peak) to 1555
eaks (fig.2D
he cross ang
pled modes. 

ficient 
ecular 
ot be 
. The 
pplied 
es of 

 
ellow 
ntally 

hyl-2'-
. The 
plane 

In the 
pairs.  

N H
of the 
of the 

nearly 
short 
have 

etects 
o the 
to the 
upling 
B, the 
g that 
peak) 

pair is 

5 cm-

D) are 
gle   
For a 



 

sample i
straightfo

where I
polarizat
the vibra

0 070 2 .

 
Figure 2
crystal. (
spectrum
the polar

the detec
perpendi
vibration
dihedral 
differenc
red dots 

T
(fig.2A), 
vibration
vibration
construct
vibration
and calc

sotropically 
orwardly det

I

I
 


, I  are off-d
ions, respect

ational cross
.  

2. (A) Multip
(B) Enlarged

m for the cro
rization of th

ction beam a
icular config
nal cross an

angles for (
ce. The minim
are determin

Through a si
the cross an

nal cross an
nal cross an
ting 3D mol

nal angles in
culated their

distributed 
termined bas

2

2

2 cos

1 2cos







 

diagonal pea
tively. From
s angle betw

iple-mode 2D
d 2D-IR spec
oss peak pair
he excitation

and (E) A s
gurations. Th
ngles of M
(F) MNA-W,
mum differen
ned by XRD.
imilar proce
ngles among
ngles of 12~
ngles are d
lecular confo

nto bond ang
r vibrationa

within the 
sed on the re

ak intensities
m both paralle
ween the NO

D IR spectr
ctrum for the
r NH/C=O. 
n both parall

slice cut alo
The average 
MNA conform
W, (G) MNA-Y

nce values a
. 
edure by sc
g other mode
~15 pairs o
different fro
ormations. T
gles. In doin
al cross ang

3 

laser focus 
elation:  

 

s with parall
el and perpe

O2 stretch an

rum of a po
e cross peak 
(D) A slice 
lel ( ) and p

ng 1 326 
difference b
mations wit
Y1, and (H) 
are labeled w

canning freq
es were also 
of coupled 
om the che
Theoretical c
g so, we pre
gles and co

 spot, the v

 

lel and perpe
endicular me
nd the C=O

olycrystalline
k pair NO2/C

cut along 
perpendicula

60  cm-1 of fig
between the 
th different 
MNA-Y2. T

with white b

quencies fro
obtained. F
modes. The

emical bond
calculations 
eset a series
ompared th

vibration cro

eq.1 

endicular ex
easurements 
O stretch is d

 

e sample of
C=O, and (C)

1 1362   cm
ar ( ) to th

ig.2C with b
experimenta

/CC NO
The z-axis is 
boxes. The d

om 1200 cm
or each sam
ese experim
d cross ang
are then use

s of molecul
he calculate

oss angle ca

citation/dete
(fig.2D) and
determined 

f the MNA 
C) enlarged 2
m-1 of fig.2B
he polarizati

both paralle
al and calcu
 and CC
the amplitu

dihedral angl

m-1 to 3400 
mple, we coll
mentally obt

gles needed
ed to conver
lar conforma
d angles to

an be 

ection 
d eq.1, 
to be 

white 
2D-IR 
B with 
ion of 

l and 
ulated 
/ NC  

ude of 
les of 

cm-1 
lected 
ained 
d for 
rt the 
ations 
o the 



 

experime
vibration
conforma
vibration
pairs of c
be indiv
vibration
this way 
molecule
liquid co
the confo
(fig.3).5 

Figure 3
with the v
 
2.2 Vibr
 
 T
lighter th
In our ex
motions 
excitation
observed
also be 
origins, w
coupling
coupling
mechanis
experime
determin
quantitat
that can b

entally meas
nal angles cl
ations exper

nal cross ang
chiral image
vidually det
nal modes). T

are very si
e, we also me
onformations
ormation of 

3. Illustratio
vibrational c

ational ener

The nature o
han nuclei so
xperiments, t
are coupled
n can be c

d fast vibrati
induced by
we need to 
s. Historical
s were des
sm or the da
entally usefu
ned. Therefor
ive descripti
be experime

ured angles 
losest to the
rimentally de
gles versus t
s in the two 
termined be
The dihedral
imilar to tho
easured its c
s are very si
a ligand mo

on of molecu
cross angle m

rgy transfer

f the Born-O
o that electro
the criterion
d. If they ar
converted in
onal relaxat

y vibration/v
understand 
lly, vibration
scribed wit

ark mode form
ul, as they 
re, the first s
ion of vibrat

entally determ

until a mini
e measured 
etermined. T
the two dihe
crystals (Th

ecause they
l angles (mar
ose determin
conformation
imilar to tho
olecule on th

ular structur
method.  

r method to 

Oppenheime
onic motions
n to judge th
re strongly c
nto electron
tions. Howev
vibration co
how vibratio

nal energy tr
th the corr
malism. How
contain too

step of our ex
tional energ
mined. From

4 

imum was fo
values were

The differenc
edral angles

he two pairs o
y have disti
rked with wh
ned by XRD
ns in liquids 
ose from the
he surface o

re on the su

determine 

er Approxim
s are assume
he validity of
coupled, the

nic motions 
ver, vibratio
uplings. To
onal energy 
ransfers or re
relation form
wever, none 
o many par
xperiments i

gy transfers i
m a series of 

ound. The co
e then consi
ce between 
s is plotted i
of chiral ima
inct vibrati
hite boxes in

D (marked w
with a simil

eoretical calc
of 4nm Au p

urface of 4n

angstrom m

mation (BOA
d to be much
f BOA is wh
e vibrationa

very fast, 
onal relaxatio
o unambiguo
y transfers be
elaxations in
malism or 
 of the previ

rameters tha
is to design 
in condense

f systematic s

onformation
idered as th
the calculat
in fig.2(F)~
ages in the y
ional freque
n fig.2(F)~(H
with red dot
lar approach
culations. U
particle was

m Au partic

molecular di

A) is that ele
h faster than
hether electr

al motions p
resulting in

ons in conde
ously distin
ecause of vi
nduced by vi

the phono
ious theoreti
at cannot be
experiments
d phases wi
studies, we h

ns with calcu
he most prob
ted and mea

~(H) for the 
yellow crysta
encies for 
H)) determin
ts). For the 
h. The determ

Using the me
s also determ

 
cle is determ

istances 

ectrons are m
n nuclear mo
ronic and nu
prepared by 
n experimen
ensed phase

nguish these
ibration/vibr
ibration/vibr

on compens
ical approach
e experimen
s to search fo
ith all param
have develop

ulated 
bable 
sured 
three 

al can 
some 

ned in 
same 

mined 
ethod, 
mined 

mined 

much 
otions. 
uclear 

laser 
ntally 

es can 
e two 
ration 
ration 
sation 
hes is 
ntally 
or the 

meters 
ped a 



 

general t
intermole
energy t
crystallin
successfu
results de
of differe
blocks, c
uses larg
labels tha
From ou
describe 
vibration
because t
phonons 
words, ph
is the fre
solids, ph
mechanis
majority 
describe 
playing a
experime
nonreson

      
Figure 4
with the v
 
2.3 Elect
 
 E
transfers,
metal nan
particle 
electron/v

theory of wh
ecular vibra
ransfer ang

ne sample w
ully applied 
emonstrated
ent water af
can directly 
e chromoph
at have no e

ur research6,

intermolecu
nal energy tr
the spectral 
(or instantan
honons have
equency fluc
honon mode
sm are comp
of previous
the phonon

a significan
entally obse
nant energy t

4. Illustration
vibrational e

tron/vibrati

Equipped wit
, we were re
nomaterial s
size depend
vibrational 

hich the Fo
ational energ
strom molec

with known w
to investiga
that cations

ffinities,10,15 
bind to stron
ores that can
effect upon 
7, we also 
ular vibratio
ransfer mech
diffusion is 
neous norma
e no impact 
ctuation beca
es are long-
peting with 
s researcher
n compensat
t role shoul
erved surpr
transfers and

n of determi
energy transf

ional couplin

th the new s
eady to inve
surfaces12-14.
dent (fig.5): 
coupling is 

rster theory 
gy transfers6

cular rule m
well-defined

ate ion cluste
s directly bin
and that org
ng denatura
n distort stru
structure. Its
found that 
onal energy
hanism in li
much faster

al modes) on
on the energ
ause of the d
lived, the de
each other.
s made a m
tion mechan
ld be the se
rising oppo
d inverted en

ining the sho
sfer method.

ng on surfa

spectroscopi
estigate the 
 First of all,
when the 
observed.

5 

is only an 
6,7. The rese
method6,7. 
d donor/acce
ering in stron
nd to anions
ganic molecu
nt anions.11

ucture, the vi
s chromopho
the previou

y transfers 
iquid should

r than the en
n both energy
gy transfer p
dephasing ev
ephasing me
Even for th

mistake in ta
nism for the 
econd order 
osite tempe
nergy-gap de

ortest distan

aces of metal

c setup and 
BOA (or el
 we found th
particle is 
When the p

extreme ca
earch led to 
The method

eptor distanc
ng electrolyt
s,9 that mixe
ules, that ar
In contrast 

ibrational en
ores are the 

us phonon c
in liquids 

d be our de
ergy transfe
y donor and

process. The 
vents caused
echanism an
he transfers 
aking the fir
 one phono
coupling m

erature depe
ependences c

nce between

l nanomate

the knowled
lectron/vibra
hat the elect
equal to or
particle is s

ase to quanti
 the birth o
d was benc
ces, as show
te aqueous s
d ions can s

re models of
to electroni

nergy transfe
chemical b

compensatio
was wrong

ephasing me
rs so that th

d acceptor ca
energy trans
d by molecu
nd the phon
in solids, w

rst order co
on process. I
matrix. With
endences o
can be fully 

two anions 

rials 

dge about v
ational coupl
tron/vibratio
r larger than
smaller than

itatively des
of the vibrat
chmarked w

wn in fig.46,7

solutions.15,1

segregate bec
f protein bui
c “FRET” w

er method ca
onds themse

on mechanis
g. The dom
echanism. Th
e modulation

ancel out. In 
sfer driving 
ular collision
on compens

we found tha
oupling matr
Instead, the 
h our theory
of resonant 
explained6,7

 

in KSCN cr

vibrational en
ling) proble
nal coupling
n 2nm, a s
n 2nm, no 

scribe 
tional 

with a 
7, and 
6 The 
cause 
ilding 
which 
an use 
elves. 
sm to 

minant 
his is 
ns by 
other 
force 

ns. In 
sation 
at the 
rix to 
term 

y, the 
and 

.    

rystal 

nergy 
m on 

gs are 
trong 
clear 



 

electron/v
particles.
are much
particles 
continuou
studies). 
much hig
between 
strengths
molecule
electron 
On 2nm p
A simila
measurem
power of
electron/v
(the “m
dependen
coupling 
Because 
pathways
generated
results, th

Figure 5
transition
2nm, (C)
particle (
indicate 
electron/
 

vibrational c
. However, t
h larger than

larger than
us which ca
Particles sm

gher than th
surface elec

s with surfac
es, which is 
donation do
pt particle su
ar site depe
ments show 
f the distan
vibrational c
echanical” 
nt measurem
is temperatu
of the size

s on the pa
d within a fe
he energy di

5. The relax
n) on the su
) 5nm, and 
(~35ps). The

a very d
/vibrational c

coupling is 
the electron/

n that of Au 
n 2nm are 
an be on res
maller than 
hat of the s
ctrons and v
ce molecule

much stron
oesn’t exist. 
urface (fig.7
endence is 
that the en

ce between 
coupling ind
mechanism 

ments from 8
ure independ
e dependent

articles are a
ew ps, while
issipation pa

xations of C
urfaces of P

(D) 11nm. 
e relaxations
different en
coupling. 

observed. T
/coupling str
(fig.6). The
already me

sonant with 
2nm are sem
surface mole
vibrations ca
s (CO) by d
nger than th
The electron
), the order o
also observ

nergy relaxa
the vibratio

duced relaxa
rather tha

0-300K sho
dent, strongl
t electron/v
also size de
e it is longer
athways are s

CO 1st excit
t particles (
The results

s on larger p
nergy relax

6 

The size dep
rengths are 
 observation
etallic so th
the surface 

miconductiv
ecular vibra
annot occur.
donating d e
hat between 
n/vibrational
of coupling 
ved on Pd 
tion rate is 
onal mode a
ation is main
an the “dip
w that the re
ly suggestin

vibrational c
ependent. On
r than 50ps o
summarized

ted state ex
(step surface
s show that 
particles are
xation mec

pendence is t
very similar

n can be full
hat their su
molecular v

ve and their 
ations so th
. (2) Pt and
electrons int

Au and CO
l coupling is
strengths is 

surfaces. 
approximat

and particle
nly through t
pole/dipole”
elaxation ind

ng that this is
coupling str
n Pt particl
on the 1nm 
in fig.9.    

xcitation (red
e site) with 
the relaxat

e much shor
chanism on

the same fo
r in Pt and P
ly explained
urface elect
vibration (C
electronic e

at resonant 
d Pd have si
to the antior
O molecules
s also surfac
hollow>brid
Surface dis
tely proporti
e surface, in
the through-
 mechanism
duced by ele
s a resonant

rengths, the 
les larger th
particle (fig

d: 0-1 tran
different siz

tion is much
rter (~2.2ps)
n the larg

or Pt, Pd, an
Pd both of w
d by the fact
tronic levels
CO stretch in
energy level
energy tran

imilar intera
rbitals of the
s in which 
ce site depen
dge>step> te
stance depen
ional to the 

ndicating tha
-bond mecha
m). Temper
ectron/vibrat
t transfer pro

heat gener
han 2nm, he
.8). Based o

sition; blue
zes: (A) 1nm
h longer on 
). The fast de
ger particle

nd Au 
which 
ts: (1) 
s are 
n our 
ls are 
nsfers 
action 
e CO 
the d 

ndent. 
errace. 
ndent 
2.5th 

at the 
anism 
rature 
tional 
ocess. 
ration 
eat is 
on the 

         
: 1-2 

m, (B) 
1nm 

ecays 
es – 



 

Figure 6
surfaces 
 

Figure 7
various s
 
 

Figure 8
surfaces 
step and 
5nm part
 

6. CO vibra
(step surfac

7. (A) Illustr
sites at 0fs. (

8. Waiting tim
by laser-exc
bridge sites

ticle, indicat

ational relax
e site). (D) C

ration of CO
(C) The vibra

me dependen
citing CO m
s. The cross 
ting a much s

xation dyna
CO/metal int

O surface s
ational relax

nt 2D IR spe
olecules on 
peaks on th

slower heat 

7 

mics on (A)
teraction str

sites. (B) 2D
xations of CO

ectra of CO m
the bridge s

he step site g
generation.

) Pt, (B) Pd
rength from l

D IR spectru
O on various

molecules on
sites and det
grow much 

d, and (C) 
literature (P

um of the C
s sites. 

n (A) 1nm P
tecting the r
slower on 1

Au nanopa
PRL. 1996, 2

CO molecule

 
t, and (B) 5n

responses on
1nm particle

 
article 
2141).  

 
es on 

nm Pt 
n both 
e than 



 

Figure 9
 
2.3 Publ
 
 T
award1-19

Packard)
 

(1

(2

(3

(4

(5

(6

(7

(8

9. Energy dis

ications sup

The followin
9. Some of 
. 

1) Chen,
Vibrat
Chem

2) Chen,
interm
2013, 

3) Chen,
mode 
2012, 

4) Chen,
Molec
Cross 

5) Bian, 
Zheng
Nanop
Spectr

6) Chen,
Energ
13995

7) Chen,
with r
2469. 

8) Bian, 
resona
aqueo

ssipation pat

pported by t

ng is the list 
them were 

, H. L.; Zha
tional Cross
. A. 2013, 11
, H. L.; Bi

molecular ori
117, 6052-6

, H. L.; Bian
multiple-di

31, 469-565
, H. L.; Bia
cular Confor
Angle Meas
H. T.; Li, J. 

g, J. R.: M
particles Pr
roscopy. Jou
, H. L.; Wen
gy Transfers
5-14014. 
, H. L.; Wen
resonant vib

H. T.; Chen
ant mode-sp

ous solutions

thways on Pt

the award 

of publicat
also partia

ang, Y. F.; 
s Angles in 
17, 8407-84
ian, H. T.; 
ientation pro
6065. 
n, H. T.; Li, 
imensional 
5. 
an, H. T.; L
rmations of 
surements. J
B.; Chen, H

Molecular Co
robed with
urnal of Phys
n, X. W.; G
s in Liquids

n, X. W.; Li,
brational ene

n, H. L.; Li,
pecific interm
s. J. Phys. Ch

8 

t nanopartic

tions publish
ally supporte

Li, J. B.; L
Condensed 

15. 
Li, J. B.; 

obed via mo

J. B.; Wen, 
vibrational 

Li, J. B.; Gu
Crystalline L

J. Phys. Chem
H. L.; Yuan, 
onformations
h Multiple-
sical Chemis
uo, X. M.; Z

s and Solids

, J. B.; Zhen
ergy transfer

, J. B.; Wen
molecular vi
hem. A. 2011

cle surfaces.

hed or to be
ed by priva

Liu, H. J.; 
Molecules: 

Wen, X. W
olecular heat

 X. W.; Zhe
spectroscop

uo, X. M.; 
L-Cysteine D
m. B. 2013, 
K. J.; Wen, 
s and Dyna
-Mode Mu
stry C 2012,
Zheng, J. R
s. Phys. Ch

ng, J. R.: Mo
rs. J. Phys. 

n, X. W.; Zh
ibrational en
1, 115, 1165

 

e published 
ate foundati

Jiang, D. E
A Structur

W.; Zheng, 
t transport. J

eng, J. R.: U
py. Inter. Re

Wen, X. W
Determined 
117, 15614-
X. W.; Li, Y

amics on S
ultiple-Dimen
, 116, 7913-

R.: Intermole
hem. Chem. 

olecular dista
Chem. A. 2

heng, J. R.: N
nergy transf
57-11664. 

supported b
ions (Welch

E.; Zheng, J
al Tool. J. P

J. R.: Rel
J. Phys. Che

Ultrafast mul
ev. Phys. C

W.; Zheng, J
with Vibrat

-15624. 
Y. Q.; Sun, Z
Surfaces of 
nsional Inf
7924. 
cular Vibrat
Phys. 2014

ances determ
2014, 118, 2

Nonresonan
fers in electr

by the 
h and 

J. R.: 
Phys. 

lative 
m. A. 

ltiple-
Chem. 

J. R.: 
tional 

Z. G.; 
Gold 

frared 

tional 
4, 16, 

mined 
2463-

nt and 
rolyte 



9 
 

(9) Li, J. B.; Bian, H. T.; Chen, H. L.; Hoang, B.; Zheng, J. R.: Ion Association in 
Aqueous Solutions Probed through Vibrational Energy Transfers among Cation, 
Anion and Water Molecules. J. Phys. Chem. B. 2013, 117, 4274 - 4283. 

(10) Bian, H. T.; Li, J. B.; Zhang, Q.; Chen, H. L.; Zhuang, W.; Gao, Y. Q.; Zheng, J. 
R.: Ion Segregation in Aqueous Solutions. J. Phys. Chem. B 2012, 116, 14426-
14432. 

(11) Li, J. B.; Bian, H. T.; Wen, X. W.; Chen, H. L.; Yuan, K. J.; Zheng, J. R.: Probing 
Ion/Molecule Interactions in Aqueous Solutions with Vibrational Energy Transfer. 
J. Phys. Chem. B. 2012, 116, 12284-12294. 

(12) Li, J. B.; Qian, H. F.; Chen, H. L.; Zhao, Z.; Yuan, K. J.; Chen, G. X.; Miranda, 
A.; Guo, X. M.; Jiang, D. E.; ZHeng, N. F.; Wong, M. S.; Zheng, J. R.: Two 
Distinctive Energy Dissipation Pathways of Monolayer Molecules on Metal 
Nanoparticle Surfaces. To be submitted 2014. 

(13) Li, J. B.; Wang, J. K.; Chen, H. L.; Zhao, Z.; Qian, H. F.; Wen, X. W.; Bian, H. T.; 
Wong, M. S.; Zheng, J. R.: Temperature and Site Dependence of Surface 
Electron/Vibration Coupling on Platinum Nanoparticles Coated with Carbon 
Monoxide. To be submitted 2014. 

(14) Li, J. B.; Qian, H. F.; Wong, M. S.; Zheng, J. R.: Fast Vibrational Relaxations on 
Pt, Au, and Pd Nanoparticle Surfaces. Under preparation 2014. 

(15) Bian, H. T.; Chen, H. L.; Zhang, Q.; Li, J. B.; Wen, X. W.; Zhuang, W.; Zheng, J. 
R.: Cation Effects on Rotational Dynamics of Anions and Water Molecules in 
Alkali (Li+, Na+, K+, Cs+) Thiocyanate (SCN-) Aqueous Solutions J. Phys. 
Chem. B. 2013, 117, 7972 - 7984. 

(16) Zhang, Q.; Xie, W. J.; Bian, H. T.; Gao, Y. Q.; Zheng, J. R.; Zhuang, W.: 
Microscopic Origin of the Deviation from Stokes-Einstein Behavior Observed in 
Dynamics of the KSCN Aquesous Solutions: A MD simulation study. J. Phys. 
Chem. B. 2013, 117, 2992-3004. 

(17) Yuan, K. J.; Bian, H. T.; Shen, Y. N.; Jiang, B.; Li, J. B.; Zhang, Y. F.; Chen, H. 
L.; Zheng, J. R.: Coordination Number of Li+ in Nonaqueous Electrolyte 
Solutions Determined by Molecular Rotational Measurements. J. Phys. Chem. B. 
2014, 118, 3689-3695. 

(18) Nickel, D. V.; Delaney, S. P.; Bian, H. T.; Zheng, J. R.; Korter, T. M.; Mittleman, 
D. M.: Terahertz Vibrational Modes of the Rigid Crystal Phase of Succinonitrile. 
J. Phys. Chem. A. 2014, 118, 2442-2446. 

(19) Li, J. B.; Qian, H. F.; Wong, M. S.; Zheng, J. R.: Vibrational excitation induced 
molecular hopping on nanoparticle surfaces. Under preparation 2014. 

 
 


	1 REPORT DATE DDMMYYYY: 15/07/2014
	2 REPORT TYPE: Final Report
	3 DATES COVERED From  To: 03/Jan/2011-14/May/2014
	4 TITLE AND SUBTITLE: Chemical Dynamics at Surfaces of Metal Nanomaterials
	5a CONTRACT NUMBER: 
	5b GRANT NUMBER: FA9550-11-1-0070
	5c PROGRAM ELEMENT NUMBER: 
	6 AUTHORS: Zheng, Junrong Ph.D
	5d PROJECT NUMBER: 
	5e TASK NUMBER: 
	5f WORK UNIT NUMBER: 
	7 PERFORMING ORGANIZATION NAMES AND ADDRESSES: William Marsh Rice University
Office of Sponsored Research MS-16
6100 Main St.
Houston  TX 77005-1827
	8 PERFORMING ORGANIZATION REPORT NUMBER: 
	9 SPONSORING  MONITORING AGENCY NAMES AND ADDRESSES: AF Office of Scientific Research
875 N. Randolph St., Room 3112
Arlington, VA 22203

	10 SPONSORMONITORS ACRONYMS: 
	11 SPONSORMONITORS REPORT NUMBERS: 
	12 DISTRIBUTION  AVAILABILITY STATEMENT: 

	13 SUPPLEMENTARY NOTES: 
	14 ABSTRACT: 
	15 SUBJECT TERMS: 
	16 SECURITY CLASSIFICATION OF: 
	a REPORT: 
	b ABSTRACT: 
	c THIS PAGE: 
	17 LIMITATION OF ABSTRACT: 
	18 NUMBER OF PAGES: 
	19a NAME OF RESPONSIBLE PERSON: 
	19b TELEPHONE NUMBER include area code: 


