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TEORIA DEL ESTADO DE TRANSICION

J Teoria mas util i mas extendida de la Quimica

 Teoria que da el marco con el que se pueden entender mejor
la totalidad de las reacciones quimicas.

L Permite calcular las constantes de velocidad de sistemas reactivos
en funcion de la temperatura y la presion.

J Permite calcular con gran exactitud las k(T) de reacciones de
10-15 atomos en fase gas: reacciones unimoleculares i bimoleculares.

(d Permite calcular constantes de velocidad de reacciones en disolucion,
procesos moleculares en sistemas solidos y catalisis enzimatica.
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"Everything should be made as simple as possible, but not simpler."
Albert Einstein


http://upload.wikimedia.org/wikipedia/commons/6/6c/Arrhenius2.jpg
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The Activated Complex in Chemical Reactions

HEnNrY EYRING, Frick Chemical Laboratory, Princelon Universily
(Received November 8, 1934)

l. Rates can be calculated by focusing attention on the activated
complexes, which lie at the saddle point of the potential energy
surface.
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Lifetime of the transition state is in the
range of the period of molecular

e vibrations, which is of the order of 1
picosecond (ps), or even less.

=K(T)[A][B]

}
VANISHINGLY
SMALL
HEGION

REACTANTS

PRODUCTS

Figure 1. Schematic potentlal-energy profile for a reaction, showing the
activated complex (transition state) and transition species.




Estado de un sistema:

Segunda Ley de Newton (1687): F=ma=m
I

MECANICA CLASICA
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MECANICA CUANTICA

Estado de un sistema: LI"(X1 ' X, . Xy » t) X, = (ri , W, )
oV - "
Equacién de Schrédinger (1926): |hE =HY HY = EY

3 N derivadas parciales segundas

H=
% N(N-1) = O(N?) interaciones potenciales

Y depende de 3 N coordenadas espaciales

Aspirina: CH;COOC.,H,COOH

21 nucleos + 94 electrones = 115 particulas = 345 coordenadas



Enzima solvatada:

=~ 200.000 particulas (nucleos +

electrones)

600.000 coordenadas



Enzima solvatada: = 200.000 particulas (nucleos + electrones) =
600.000 coordenadas




“The fundamental laws necessary for the mathematical
treatment of a large part of physics and the whole of chemistry
are thus completely known, and the difficulty lies only
in the fact that application of these laws leads to equations

that are too complex to be solved”.

"A theory with mathematical
. beauty 1s more likely to be
Pa u I M . DI rac correct than an ugly one that
fits some experimental data.”
Premi Nobel de Fisica I'any 1933 Paul A.M. Dirac (1902-1984)

am b Erwin Sc h rodin ger Dirac gave general formulation of

quantum mechanics, and his
relativistic equation for the electron
had profound and long-lasting
consequences. (Photo Ramsey &
Muspratt, 1934.)




Aproximacion de Born-Oppenheimer (1927):

Nobel de Fisica 1954

Ec. de Schrédinger electronica: Y, (r; R), U (R)

Ec. de Schrodinger nuclear: LPN(R), E Dinamica

Aspirina: Y, depende de 94 electrones = 282 coordenadas



Ay (#,R) = E¥(# R)
H= Ty +T. + Vo (F.R) + V.. () + Vyn(R)
= Tnw + H. + Vyn(R)

—3

A,%,,#R) =E, ,(R)¥,,(#R)
(7, R) = ) Wi u(R) W (5 R)
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(Ty + Ecn(R) + Vyy(R) + Cpn(R) — E)Py (R)

+ > Cow (R B)Wyn(R) =0

n#n

Con(R) = (& (7 R)|Ty | .7 R))



(T + Un(R)) ¥y n(R) = E¥y . (R)

U, (ﬁ) Superficie de energia potencial

E = Eyans + Eror + Epip + U(Re)



Energy
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Superficie d’energia potencial bidimensional per a
una reaccio quimica






FORMULACION DINAMICA DE LA TEORIA

DEL ESTADO DE TRANSICION

Un sistema reactivo formado por un conjunto de N nucleos clasicos puede ser
representado en un instante dado t por un punto

(4, P)

en el espacio de las fases 6N dimensional

La funcion Hamiltoniana del sistema viene dada por:

H(d,p)=V(qd) + T(p)

Donde V (q») y T( D) representan la energia potencial y cinética

del sistema, respectivamente



p (d,Pp)

Es la densidad de puntos en el espacio de las fases, donde cada punto
representa un sistema de N nucleos.

La reaccidon quimica puede tratarse como un movimiento de los N
nucleos sobre una Unica superficie de energia potencial (Aproximacion
de Born-Oppenheimer).

El sistema reactivo puede encontrarse, en un instante dado, en la region del
espacio de las fases correspondiente a reactivos, en la region de
productos o en una region intermedia.

A partir del seguimiento del flujo de puntos entre regiones especificas
del espacio de las fases, podemos estudiar el curso de una reaccion
qguimica en el colectivo de sistemas reactivos.



5,0 Ecuacion de Liouville
=V (pV
5t (pV)

— %0 pd™r = [ V(o)
5Tkp r=[V(pV)d 1
N = [,pd"'r

6NR
5t

= [.V(pV)d =] p@@r)d®™'s=F()

Teorema de Gauss FLUJO NETO a través
de una superficie
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F =pofs+% eTd T sdp,

HGT(Ch’ .O3n—1 Prse- P3n_132)

/kBTdGN 28

FLUJO “one-way” a través del ESTADO DE
TRANSICION GENERALIZADO



A === P

B F (T) B F (T) Unimolecular

I((T)_V[A]_ NA(T)

GT o = o s
pokBTj o~H”" (@.Puiz=2)/kpT 6N -2g

NA(T)

1 GT = = 0w
QC(T)=—h3N [e H@MkaT goN . QET(T) = th_lje‘“ el dB S




A+B mm) P

Bimolecular

K(T) = F(T) F(T)V

VIA][B] NFAT)N®E(T)




VARIATIONAL TRANSITION
TST MAIN PROBLEM: RECROSSING - STATE THEORY

REACTANTS PRODUCTS
M 1(2)
0(0) B
T >
5 2(1)
D
—
1(0) -
T FoT(T)>FC(T)> F(T)
c () -
D)
Conventional Variational kTST (T) > kGT (T) > k(T)
Transition State Transition State
(Saddle Point)



Moderador
Notas de la presentación
To better illustrate the NON recrossing assumption from the TST we can see in the slide the scheme that corresponds to situate the hypersurface in the saddle point and count the trajectories.
As we can quickly see, the TST overestimate the number of reactive trajectories. For example, if we look at the trajectory D, we can see that TST is counting twice the same trajectory. For the other trajectories, the number in brackets corresponds to the real number of reactive trajectories while the other number is the TST count.
To solve this overestimation, the Variational Transition State Theory try to minimize the recrossing by placing the dividing surface in the region where the number of recrossing trajectories is smaller, but no zero.


Unimolecular

Bimolecular
GT
kéBT (T,Z*) _ kBTV C (T® e—VR kgT

h  QN(T)QAT)

kBTV
h QS (TQE(T)

kST (T,s) =




ELECCION DE LA HIPERSUPERFICIE DE DIVISION

La hipersuperficie de division de 6N-2 dimensiones en el espacio de las fa-
ses, se asimila a un hiperplano de 3N-1 dimensiones en el espacio configu-
racional ortogonal al camino de minima energia.

Natural collision coordinates

(ql(s)""qBN—l(S)’z* )
(P.(S),- Pan-1(8), ;)




Teoria Variacional del Estado de Transicion (VTST)




GT KeT o STO(T,
KT (Ts)= =2 (—AG (T%BT)

kBTV QGT(T’S) e VYMEP (s)/kgT
h Qa(T)Qg(T)

ke (T,s) =

Dynamical bottleneck

AGCPT(T,s) = kT

TST VT



VTST is essential for barrierless

VTST improves TST. i
reactions.
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Multiwell Reactions



Régimen de baja presion

Las supermoléculas evolucionan
manteniendo la distribucion de Boltzmann
entre los niveles energeéticos de reactivos.

Régimen de presion intermedia

Las supermoléculas adquieren distribuciones
energeticas intermedias entre los dos regimenes
limite: MASTER EQUATION

Régimen de alta presion

Las supermoléculas adquieren una
distribucion de Boltzmann entre los niveles
energeticos del complejo.




Teoria Estadistica Candnica Unificada (CUS)

GT1
GT2 GT3

Truhlar et al.




OH +H,0 - H,0 +OH >TEORIA ESTADISTICA UNIFICADA
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Reactions are pressure-dependent when the rate of collisional energy transfer is
competitive with the rate of a chemical process that depends on internal energy.

Since the rate of energy transfer depends on the total pressure, the overall reaction
is pressure-dependent

Classes of pressure dependent reactions

krec kisom
* \ k .
A+B AB, ? AB, —= 5 C+D
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y(E ' ,t)dE' Concentration of species with energy in the range E’ to E’+dE’

How does the concentration of species
change with time?

d , ~  Oy(E',t) .
E(y(E 1)dE") = " dE



MASTER EQUATION FOR THE VIBRATIONAL QUASICONTINUM

dy(E" 1) Initial Rate of collisional Rate of collisional Chemical
EY ” —dE'= energy + energy transferinto — energy transfer out of — reaction
density states in range E'—E’+dFE’ states in range E'—E’+dFE’ rate

channels

dy(E',t) dE'= f(E',t)dE' +j[R(E"E)y(E’t)dE]dE' —j[R(E,E')y(E',t)dE]dE' - Z k|(E')y(E"t)dE'
0 0

dt i-1 l

source unimolecular
chemical reaction rates

term
Initial energy density

distributions _
pseudo-first-order energy transfer rates

Number of collisions with the bath gas per reactant molecule,unit energy
and unit time whereby that reactant molecule initially within the energy
range [E, E+dE] or [E,E’+dE’] ends up with energy [E,E’+dE’]

or [E,E+dE].
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A O D
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1. PUNTOS ESTACIONARIOS




Canonical Variational Transition State Calculations.

KgT Q°'(T,s) o~VMEP (5)/kpT
h ©g(T)

kCT(T,s) =

Q" °(T,s) = Q5 (T,5)Qut (T,9)Qu (T.,9)

1. After the initial step in the direction of the normalized imaginary frequency
eigenvector at the saddle point, an algorithm is used
all the way down to the reactants and to the final products.

MEP calculation . Vuer (), X(s),9(s)

/

Q" (T,s) = Q4" (T,s)Qrt (T,5)Quis (T,5)




At every gradient step, the projected force constant matrix is computed.
Generalized vibrational frequencies and generalized normal modes

orthogonal to the reaction path are obtained within the harmonic
approximation.

F7(s) = [1- P(s)|F(s)[1- P(s)]

LT (s)]T FP(s)LET (s) = A (5)

LST(s),v.(s) m=1F-1 F=3n-6(03n-5 F > MEP

LT

Generalized normal modes Generalized frequencies

QTO(T,s) = Q5T (T,9)Q (T,8)Q% (T,9)



4. The harmonic zero-point energy correction at each step along the path is
calculated.

s=0

MEP

V.2 (S) = Viep () + £°(5)
F-1

£%(s) = D (N = 0,5) = th Vin(S)

m=1



Canonical Variational Transition State Calculations.

The interpolated variational transition state theory by mapping (IVTST-M)
is used to interpolate the information along the paths and to obtain the
adiabatic ground-state potential energy curve at each side

of the saddle point.

IVTST-M interpolates Vy(s), [1(s)], v,,(s) and B, ((s) not as functions of s but
as functions of z, where z is a new variable that always has a finite value.

2 S—S
7 = —arctan 0
/A

The new Vp(2), [I(2)], v,,(2) and B,, ((z) functions are interpolated using splines
under tension.



6. The generalized activation free energy barrier at s is calculated and maximized
to obtain the generalized rate constant at each temperature.

AGGT,O(S)




Kinetically equivalent pathways

KgT Q°'(T,s) o~VMEP (5)/kpT

7O L)

Symmetry number

n

GT

O

R GT R

o (8) =~

RGGT (S)

KY'(T)=ck(T,s,"")




OH+CH, - H,0+CH, R1
OH+CH,D = H,0+CH,D and HDO+CH, R2
OH+CH,D, 2 H,0+CHD, and HDO+CH,D R3
OH+CHD, = H,0+CD, and HDO+CHD, R4
OH+CD, - HDO+CD, R5
OD+CH, - HDO+CH, R6

k(T) = Ziki("l') K,= kK,(H)

I<2: kz(H)"" kz(D)
k., = kg(H) — k3(D)

3
4

Kk
k. =
K

9]

6

— k4(H) + k4(D)
ks (D)
Ks(H)



K;=12-k, 4 (H)

K,= 6K, q(H)+ 3Ky p(H) + 3K, (D)
K3=2:K3y(H)+4-Ks p(H)+4-Ks (D) + 2-k;55(D)
K4=3-Kguy(D)+6-K, (D) + 3k, p(H)




Tunneling transmission coefficient, x{T)

kBT o QCVT (T,SEVT) e—VMEp (SSVT)/kBT

CVT .
=T O (T)

kCVT/ MT (T) - K MT (T)kCVT (T)

o0

[ PErexn(-Ef 1)
0

Prob quantica

xM(T) = : —
Probclasica

o0

[ PeErexn(- By 1)

Veff  max



PE) =@ -V (s&(T)}

\

1 ~  —hd?
H = 221 452 + Verr (S) — V.2 (s)

1/2 \ P BE)=1¥I®  » exp(-20(E))

Action along the
tunneling path

v E

eff, max



Enzyme Catalysis




Problems

 Thousands of atoms

 Solvation waters

 Many conformations

[ Dynamics

[ Huge number of minima and transition state structures
[ Quantum efects (Transfers of H, H"y H*)

 Many steps beyond the simplified Michaellis-Menten mechanism:

E+S — ES — E+P

D S



Figure 2. Representation of the system studied: UDP-Gal, LAT, and
Mg** (sticks) bound to LgtC (orange cartoon) and solvated with a 24
A radius sphere of water molecules.



Theoretical treatment for enzyme kinetics

e Model of the enzymatic system:

e Choice of the initial coordinates taken from high-resolution X-ray crystallographic

structures (Protein Data Bank)

e Addition of H atoms

e Protonation states of the residues (pK, , pH)
e Ligand location/binding

e Addition of solvent water molecules



Choice of solvent model and boundary conditions

Stochastic Boundary MD Periodic Boundary Conditions

] . -
i g

Newton MD Langevin MD All atoms allowed to move
Forces as being in bulk
(N,P,T) conditions



Molecular Dynamics Simulations

Newton’s equations

) - au(r™)
|E- —m dzri(t) I:i - a:l»

The algorithms for integrating the equations of motion
assume that the positions and dynamic properties can be
approximated as Taylor series expansions.

Most used algorithms: Verlet, leap-frog and velocity Verlet



Stochastic dynamics

Langevin equation of motion for a particle i:

d’ri(t) _ = dr(t)
mi dt2 _Fi Vi dt m+R(t)

1 2 3

1 Force due to the interaction of particle i with the other particles.

2 Frictional drag on the particle i due to the solvent.
4 is the collision frequency.

3 Force due to random fluctuations caused by interactions with
the solvent molecules.



Quantum Mechanics/Molecular Mechanics methods (QM/MM)

Figure 1. Model system used in the QM/MM calculations. The active

region is enlarged and the QM atoms represented in licorice.



I"(R) = +E

boﬁded non—bonded

Ebamfeci = .E:'c:-mf—s.tre.tc}z + Eangfe—bemf + Emm.te—c;rfmg—bamf

Brona—tena = zKa"(_é}_ "50')2

amgles

Ebond—.srrerch = z Kb (b o bl] )2

1,2 pairs

Emm —clomg— bond ZK,W( l COS H@})

1.4 perirs
Eﬂﬂﬂ—b&ﬂd@d — Emﬂ—d@r—ﬁfaafs + Eefecrmsmﬂc
‘-r A
.
EWH cler= Waafs ‘ ‘ E electrostatic - \>_‘ L‘ jk
_} f /,l O D
mmb&mf@d \ zk z nonbondad I

e sin pairs



H = Hov + Huv + Hovyvm

elec trons electrons nucle1

HQM:_ EA_E E

electrons electrons nuclei nuclei
ZKZL

+ E > + E >

i>] Fi K>L

Hyv = Z k,(r — 7’0)2 + Z ke(0 — 90)2

bonds angles

+ E E — [1 + cos(nd — w)]
dihedrals n
By qq
+ 2 {Ru ¢ ER,-J'

(1))

(3)



electrons classical

— ran der Waals __ QC
HQM/MM o VQM/MM 2 E P

+
% % RKC

We can group the terms in Egs. (2), (3), and (4)
depending on whether they describe electrons on
the quantum part (Hg..) or not (H . This gives

non—elec)

(4)



elec trons electrons nucle1

Helec:—— E A = E E

electrons electrons electrons classical Q
C

+EE —EE

_ an der Waals
Hnon-elec — HMM + V OM /MM

nuclei classical nuclei nuclei
ZxQc ZKZL

IR

an der Wa wclei

al
o HMM + V\ QM/MM T+ VQI\/HQM/MM



Potential energy methods

-Selection of one (or several) snapshot of the molecular dynamics simulations
- Calculation of the reaction path as a function of a reaction coordinate

- Location of the transition-state structure

N0 LACTOSE Ho OH

HOT
AY o 17~
py LU
5 HO
:\\;—_ (G; ‘.‘ ‘\\O- O d(:O(;iéOSB) o
N 7
Asp225 pé 03 OH

o N OH
®) ‘ OH \ d(03-C1")
- P/ OSE B'G al

/ o) Jrf/ & d0aB-C1) c1'

d(OE2 -C1)
ol Glu317
OH S

ULI:')P—Gal OH @-Gal ,-u.‘l
¢ =[d(O3B—C1') — d(0O3—C1") — d(HO3-03B)]




Potential of Mean Force (PMF)

N particles.

F(N) denotes the set of 3N atomic Cartesian coordinates
ﬁ(N) denotes the set of their 3N conjugate momenta
For an arbitrary generalized coordinate A, the PMF W(s) atA =s:

dw
() _ T dInP(s)
ds ds

where P(s) is the probability density:

P(s)—%h% e ™Ik 52 (F™) - s |dr Mp™

where A is a nhormalization constant



Integrating:

W (s)=—k.T InP(s)+B
W (s)= -k Tlnje 2T S[AF) - s]dr Mdp®™) +C

The value of C sets the zero of energy. Then it can be taken as
zero. This integral involves integration over the momentum
along the reaction coordinate A.



The CVT rate constant for the dividing surface defined by A=s. is

k(T )= QlR th [t e bt sis |o(S )Sdr Mdp)

where the dividing surface is specified by S = A(FN )— S,

keT Q°'(s.
()= KL Q)

AL fo ) ot o

This integral does not include integration over the momentum
along the reaction coordinate A.



Thermodynamic formulation:
k(T ) = KB_Te‘[G(S*)—G(SR)]/kBT (no tunneling)

It can be proved (Truhlar and cow., J. Chem. Phys., 119, 5828
(2003)) that

kgl ¢(S*) [aw (s, )G )] /ksT
k(T )= - ¢(SR)e

Si A is a rectilinear coordinate (linear combination of atomi
Cartesian coordinates) @(s) is independent of s, and the last termis
nul.



Umbrella sampling

Umbrella sampling uses an artificial biasing potential energy
function U’ which is added to the actual potential energy U.
Then the configurations are selected with a non-Boltzmann

configurational probability density:

[( 5N )U(2)]/keT
H(( ) J'e [H U(@)] ke 4 ( Ndp™)

After such simulation, the effect of the non-Boltzmann sampling
has to be removed. The true probability density turns out to be:

: U'(z)/kgT U'(z)-g
p(2)= DT by

<e (z)/kBT>
H+U' : is the biased probability
P'(z) B
density



The reaction coordinate is divided into intervals (windows), with a specific value z,
and a biasing potential U’;assigned to each window j, trying that the sampling within
each window is as uniform as possible.

The biasing potential often takes the harmonic form:

Ui@) = 5 K (=2

The PMF for each window i can be obtained through:

W(z) = —kgTInP/(z) — U/(2) + g;

P/(z) is calculated as normalized histogram of the values of z occurring during the
simulation within window i.

The weighted histogram analysis method (WHAM) has been the most used
method to combine the contributions of the

different windows. WHAM calculates the values g; iteratively and provides
the total p(z) along the reaction coordinate.






EA-VTST/MT rate constants: activation free energy barriers

kEA—VTST/MT (T): ¥y k T

Classical mechanical

AG;CI;A (Z) =W cM (Z)— [VV M (ZR )+ G,g'I\T/I'F ] activation free energy profile

AG QC (Z) —\W QC (Z)— M CM (ZR )_|_ G§,¥,F n Ainb,R] Quasiclassical activation

act free energy profile

AGM (zM) = max(AGLY (2)) AGQC(zSC :max(AGQC(z)) (kcal/mol)

act act



Average net transmission coefficient y

For each variational transition state configuration i at z.9%:

Static-Secondary Zone approximation \
(Frozen Bath)

1) SP location
2) MEP

3) Quassiclassical transmission factor /;

4) Semiclassical transmission coeff|C| '

y(T)={L(T)x,(T))

N—




Quassiclasical Transmission Factor /

Vi (S) FI(T) = exp{-BAAGi}
for configuration i.
— | AAG,
)
tunneling / Potential of mean force

K(T)

Reaction Coordinate z



“Chemistry is already in a new era where experiment and theory can
work together in the exploration of the properties of molecular

systems. Chemistry is no longer a purely experimental science”.

Swedish Academy of Sciences

Concesion del Premi Nobel de Quimica 1998 a Walter Kohn (”for his development
of Density Functional Theory”) y a John Pople (“for his development of

computacional methods in quantum chemistry”)




“Nothing can be more incorrect than the assumption one sometimes
meets with, that physics has one method, chemistry another, and

biology a third”.

Thomas Huxley

(Segle XIX)

“Biology is no longer a purely experimental science”.



Métodos de estructura electronica QM/MM +
Métodos dinamicos MD + VTST +

Superordinadores

Sistemas biomoleculares cada vez mas grandes y
fendmenos biolégicos de mas larga duracion,
con resultados cada vez mas precisos y

detallados, obtenidos con menos tiempo de calculo real.



Estructura y funcion de:

- Proteinas

- Enzimas
- Acids nucleicos (ARN i ADN)

!

Complejos supramoleculares: Virus, ribosomas

!

Celula



2013 NOBEL PRIZE IN CHEMISTRY

Martin Karplus
Michael Levitt
Arieh Warshel

1930, Vienna, Austria. 1947, Pretoria, South 1940, Kibbutz Sde-Nahum,
Université de Strasbourg, Africa. Israel.

Strasbourg, France, Stanford University University of Southern
Harvard University, School of Medicine, California,

Cambridge, MA, USA Stanford, CA, USA Los Angeles, CA, USA

Prize motivation: "for the development of multiscale models
for complex chemical systems”



Michael Levitt’s dream:

To simulate a living organism on a molecular level




All our dreams can come true, if we have the courage to pursue
them.

Walt Disney



http://www.brainyquote.com/quotes/quotes/w/waltdisney163027.html
http://www.brainyquote.com/quotes/quotes/w/waltdisney163027.html
http://www.brainyquote.com/quotes/quotes/w/waltdisney163027.html
http://www.brainyquote.com/quotes/quotes/w/waltdisney163027.html
http://www.brainyquote.com/quotes/authors/w/walt_disney.html

In order to make dreams come into reality,
it takes an awful lot of determination,
dedication, self-discipline, and effort.

T G
Jesse Owens '*‘:{f ;.,."'.'=. 1*35“
I\. : it jfj-




Modos normales generalizados

s=0

MEP

AGCTO(T,s)

crece
Factor “entalpico”

Factor “entrépico”

crece



If the rate coefficients R(E,E’) do not depend on the initial quantum states of the collider
bath molecules, they can be written as the product of the total rovibrationally inelastic
collisional frequency (@) multiplied by the collision step-size distribution P(E,E’),

which expresses the probability that a molecule initially in the energy range from E’ to
E’+dE’will undergo an inelastic transition to the energy range E to E+dE.

R(E,E")dE

0

IR(E,E')dE

' . 0 X channels
dY(Ollit Y 4= £ (B )dE +J.[R(E',E)dEY(E,t)]dE' j@y(E-,t)]dE' - Z k (E")Y(E',t)dE'=
0

0 i=1

0 o0 / channels
f (E',t)dE" +J[a)P(E',E)dEy(E,t)]dE' —ij(E,E')dEy(E',t)]dE' - Z k (E"Y(E',t)dE'=
0 0

i=1

R(E,E")dE = j R(E,E'")dE = wP(E,E")dE
0

© o channels
= f(E",t)dE' + w|[P(E",E)y(E,t)dE]dE' - wYy(E',t)dEl| P(E,E")dE) - Z ki (E")y(E',t)dE'=
" 0 i=1
1
® channels

.0 i=1



Resultados MVK y
MACR

Constante de velocidad de la reaccion unimolecular para el

Gi (E - E,) Correlcciones
~centrifugas

p(E) —E, = E, —kBT{ —:—;\}
A

Constante de velocidad para la transferencia de energia vib

3

K(E) = a%

- parametros

R(E. ENdE de Lennard
E.E) - = P (E,E")dE Jones

R(E,E')dE :jR(E, E')dE{ -
0 R(E,E")dE
!

)

Gas circundante: He 1 { (E-_qu
P(E,E") = exp| —
N(E")

a




Resultados MVK y

[.a ecuacib6n

MACR

ecuacion diferencial fenomenoldgica de primer orde
que describe la evolucién en el tiempo de la probab

f)(“{'/'\‘l/'
Lo T 1 . .
]rconcentraci()n de especies de un sistema de ocupar cada conjunto de estados/

dy(E"1)

dt

o0

- [[R(E E’

0

canales

término de distribucién de densidad de ?/ 1nicial

AN /

constante de velocidad de pseudo primer o
para la transferencia de energia vibracion

dE'= f(E',t)dE'+]O[R(E', E)dE'y(E,t)|dE -

(E',t)]dE - Zki(E')y(E',t)dE'

/

constante de velocidad de la reaccion unimolecular para

\ﬁnergia E’hasté la energi

el canal 7.



Minimum Energy Paths (MEPs):
Conectividad entre los puntos estacionarios

Second Order Saddle Point

Transition
Structure B

Transition Structure A

Minimum for
Product A

Minimum
gf':" Product B

-0.5

Second Order 0
Saddle Point
Valley-Ridge

Minimum for Reactant Inflection Point


Moderador
Notas de la presentación
Once we have found the different 


Canonical Variational Transition State Calculations.

After the initial step in the direction of the normalized imaginary frequency
eigenvector at the saddle point, an algorithm is used

all the way down to the reactants and to the final products.

At every gradient step, the projected force constant matrix is computed.
Generalized vibrational frequencies and generalized normal modes
orthogonal to the reaction path are obtained within the harmonic
approximation.

The harmonic zero-point energy correction at each step along the path is
calculated.

The interpolated variational transition state theory by mapping (IVTST-M)
iss used to interpolate the information along the paths and to obtain the
adiabatic ground-state potential energy curve at each side

of the saddle point.

The generalized rate constant at s is calculated and minimized to obtain the
generalized activation free energy barrier at each temperature.



P B =1¥I* % exp(-26(E))

O(E )= h_lT{ZyB/eﬁ (s)-EJds

Turning points

“corner
cutting” SCT



,

0 E<E,

{1+exp[20E]}* E,<E<V*®
1-P¥(2V*° -E) V*®<E<S2V*® -E,
1  2V"-E,<E

E, = max{v‘f(s':_oo )}
V(5= )

P> (E )

VAG V G (S)

—_— d

E /




ZCT

“corner
cutting”



http:// www.youtube.com/watch?v=Y79XI0LfY|4



http:///
http://www.youtube.com/watch?v=Y79Xl0LfYI4

H. .. and V&‘I{j‘ibm v €an be computed using a
standard quantum mechanics code. The term de-
scribing the electrons—classic charge interaction is
incorporated into the core Hamiltonian of the quan-
tum subsystem.

Hy g and VEviinine - are computed using stan-

dard molecular mechanics code and are relatively
easy to implement.



QM-MM boundary

e Link atom method!?
X QM
\ region
“““ M H Q -
o
/ / N
Z Link atom

e Generalized Hybrid Orbital (GHO) method.?

X

MM
Region

-

2 Gao J, et al. J.Phys.Chem. A 1998, 102, 4714.
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