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TEHNOLOGIJA MOLEKULSKIH SNOPOVA

1986 - Nobelova nagrada za hemiju
Dadli Robert Hersbak, Juan T. Li & DZon K. Polanji
(Dudley Robert Herschbach, Yan T. Lee & John C. Polanyi)

A+B—>C

Hamlet!



"In less than a trillionth of a second, atoms can
collide, interact and give birth to molecules. With
lasers and molecular beams, it is how possible to
withess the motions of molecules as one substance
changes to another.”

Ahmed Zewail



Atomic Resolution
Single Molecule Motion

Transition States &
Reaction Intermediates

IVR & Reaction Products

l | g | oy I | |
l
| 10-3 10-8 10-9 10-10  q0-11 1012 1013 1014 1p-15

i ["vhi | I | | —

Radiative Decay l | Rotational Motion i Vibrational Motion IFundamentals

vibrational Collisions in .

. Physical
Relaxation Liquids I e

Radicals

Fredissociation | | Harpoon ! Marrish Dissociation
Reactions Heachms! Heachons | | Reactions

Spectr.
& I

I
Reactions | Proton Abstraction, Exchange | | Diels-Alder |

marar

| Transfer & Elimination
|—... ; Cage Recomb

Chemical

| Photosynthesis (ET)
A ; Biological
Protein Motions Vision (Isom.)
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"Rodenje" ultrabrze tehnologije

Konj u pokretu (The horse in motion)
Fotograf: Edvard Majbridz (Eadweard Muybridge)
Palo Alto, Kalifornija 1872 — 1878.



"Rodenje" ultrabrze tehnologije

S L ot
Seli Gardner u galopu - animirano 2006.

na osnovu Majbridzovih fotografija
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ARROW OF TIME
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#8 The Nobel Prize in Chemistry 1999

In the hife of molecules




PRELAZNO STANJE

P transition state

reactants = 4
AE

products

>
Reaction coordinate

vreme zivota ® 10 - 100 fs



FEMTOSEKUNDNI LASERI
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KASNJENJE PROBA PULSA

c=3-108 m/s

Al=1ym —>At+=(1-10°m)/(3-108m/s)=3,33 1015
= 3,33 fs

Al=100um > A+t=(1-10%m)/(3-108 m/s)=3,33 -10135s
= 333 fs



Promena u spektru - “otisak prstiju” atoma u pokretu




Potential Energy

A{react)

Reaction Coordinate

light isotopologue (e.g., '50)
heavy isotopologue (e.g.,'80)

Current Opinion in Chemical Biology




Second Order Saddle Point

Transition
Structure B

Transition Structure A

Minimum for
Product A

Minimum
: for Product B

-0.5

Second Order 0
Saddle Point
Valley-Ridge

Minimum for Reactant i Inflection Point

http://www.chem.wayne.edu/~hbs/chm6440/PES. html



TEORIJSKI PRISTUP

vremenski zavisna Sredingerova jednacina
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PERTURBACIONI RACUN

N

H(t)=H, +V(t)

How, =E \
0¥k kwk perturbacija

et (laserski puls)
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\P(t): Zklck Wy (t): Zk:Cka e’



ULTRAKRATKTI LASERSKI PULS

t2

&(t)=8,e 7 cos(at)

AN

ﬂ

H

ﬂ

V(t)=—ji-£(t)



OSNOVNI PRINCIPI ULTRABRZIH LASERA

I, | AvAT = const.
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HAJZENBERGOVA
RELACIJA NEODREDENOSTI

AE~AtZE
2

R
ﬂ

\
. A i < \3,/’5—1

vreme frekvencija

> ' >

vreme frekvencija

> >




TRADICIONALNAT
ULTRABRZA SPEKTROSKOPIJA

tradicionalna spektroskopija
T >

&(t) =g, cos(at)

monohromatsko zracenje

ultrabrza spektroskopija
T->0

_t
g(t)=g.e “ cos(at)

sirok opseg frekvencija



ULTRABRZA SPEKTROSKOPIJA
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PUMPA-PROBA METOD




FOTODISOCIJACIJA
DVOATOMSKOG MOLEKULA

L1
Resonance Raman
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KONTROLA HEMIJSKE REAKCIJE

http://www. biofysisk.kemi.dtu.dk/Research/Physical/crd.aspx



H+OD

HOD W HOD* {

HO+D
HOD (SO,V=O)HOD (S,,V #0)

(@), Hop (5,7 HO+P

H+O0D

H (t)=H"-4 -&(t) k=gg,ee

N. Elghobashi, P. Krause, J. Manz and M. Oppel, PCCP, 5 (2003) 4806
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KONTROLA HEMIJSKE REAKCIJE

Fig. 1 :
Laser Control of Chemical Reactions /|

Product 1 Product 2

J. Michl and V. Nobaci¢-Koutecky, Electronic aspects of organic Photochemistry,
John Wiley & Sons: New York, 1990
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INTRAMOLEKULSKA PRERASPODELA
VIBRACTONE ENERGIJE

IVR - intramolecular vibrational energy redistribution
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IC SPEKTRI - ASIGNACIJA TRAKA
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9 Orphal et al. J. Phys. Chem. A 101 (1997) 1062
b Miller et al. Spec. Acta 23A (1967) 223

stepen frekvencija / cm*
slobode | harm. anh. eksp.2
\21 1800 1766 1737
vy 1342 1314 1293
2 828 820 809
Vs 786 777 780
Vs 731 719 711
Ve 561 561 563
vy 436 | 431 | 434
Ve 250 | 254 | 273
Vo 135 158 122
frekvencija / cm?
prelaz izr. eksp.P
1434 1424
1118 1119
993 988




IC SPEKTRI - ASIGNACIJA TRAKA
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IC SPEKTRI - ASIGNACIJA TRAKA
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2500

stepen frekvencija / cm!
slobode | harm. anh. | eksp.?
v, | 1800 | 1766 | 1737
v, | 1342 | 1314 | 1293
Vs 828 | 820 | 809
ve | 786 | 777 | 780
v 731 | 719 | 711
Ve 561 561 563
v; | 436 | 431 | 434
vg | 250 | 254 | 273
ve | 135 | 188 | 122
frekvendija / cm-!
prelaz izr. eksp.?
2vs 1434 | 1424
2v, 1118 | 1119
Vgt Vg 993 988




REZIME

AE-At>n/2 — Ultrakratki pulsevi stvaraju talashi paket
koji predstavlja superpoziciju stacionarnih stanja.

Ultrakratki pulsevi omogucuju direktno pracenje molekulske
dinamike:

> kidanje i stvaranje molekulskih veza

> preraspodelu vibracione energije

> kontrolu hemijske reakcije

> asignaciju traka (spektroskopija)

> ...



