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REACTANT >L J<
S

PRODUCTS >L sy —>¢ /K H,S

What are the dominant reaction paths? What are the intermediates?
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* Required information

— How fast does each reaction proceed? (rate
coefficients k)

— Energy balance: during reactions energy is
exchanged between the environment and the
compounds (H, S and c,)

« What is available?

— If we are lucky:
» experimental data (NIST)
» (empirical) correlations between kinetic and thermodynamic
parameters, e.g. Evans-Polanyi
— Structural information: atoms and their connectivity
(bonds)
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anestri asterin eranist nastier

k ‘/,é.\éq« ratines resiant restain retains

retinas retsina sainter stainer
starnie stearin

Chinese characters: Alphabet:
50000+, each word one 26 letters to make all
character possible words

Property (molecule) = ) property (subsystem)
TRANSFERABILITY
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f. rds smaller entities

A,G°

_ , RT
K. =e

REACTIONS

COMPOUNDS AG° =) v; A:G(i)

GROUPS AcGo(i) =) A, G(g)
g

BONDS A, Go(2) =;AbondG°(b)
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GA methods differ:
a) Definition of the groups

‘,3”3 Joback : 1 X CH + 3 X CH3

CH
H3C/ “CH, Benson : 1 X C-(C);(H) + 3 X C-(C)(H);

b) The way properties are calculated from the GAVs

Joback : Benson:
AH® (298 K) =68.3 + > . GAVy, AH® (298 K) =3 . GAVy

$° (298 K) = (14.4 +3.GAV,,_;)298  §° (298 K) =Y. GAV+ R In (n,. /o)

opt
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) additivity

Z%Z’) =<y §FO<E
=@=— ©@=2 :=6¥
XN #d x#o

* NNIs are often hard to recognize (e.g. Khan et al. J Phys
Chem A 2009 113 5176-5194)

« Various java applets are available:
http://webbook.nist.gov/chemistry/grp-add/

http://rmg.mit.edu/molecule search
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[G thermo
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1e thermo libraries

— Groups: Benson groups WELL DEFINED!

— Radicals: hydrogen bond increments
HBI(AH") = A{HL,(R*) — A;HE, (RH)
HBI(S},) = S ar(R7) = 8, 4 (RH)

1

HBI(c;) =Cp a1 (R*) — CpGA (RH)

— Gauche oM, M oM, £H,

- 1,5 ‘Q} {E\} ’

H CH H H
o ; LESS WELL
— Other: cis / trans ‘ DEFINED. ..
— Ring

— Polycyclic

10
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2 Gauche Q - Q

1 *Cs 0{2,S}{3,S} {4,S} {5,

Cs 0 {1,S}{9,S} {10,S} {1
{Cd,Cdd,Ct,Cb,Cbf,0s,C
{Cd,Cdd,Ct,Cb,Cbf,0s,C
Cs 0 {2,S}
Cs 0 {2,S}
Cs 0 {2,S}
Cs 0 {3,S}
10 Cs 0 {3,S}
11_Cs 0{3,S)

O©OCoONOOOGLPA,WDN

Oh based recognition of (corrector) groups

Cs 0 {1,S} {6,S} {7,S} {8,5)

S}

1,S)
O,H} 0 {1,S}
O,H} 0 {1,S}

11
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Library — Dictionary — Tree files containing the

Group + GAV(H) + GAV(S) + GAV(c, 300 400 500 600 800 1000 1500)
dH dS dcp Comments

1100 3-CsCs
1132 Ss-HH -5.37 50.52 8.15 8.48 8.85 9.26 10.08 ...
1133 Ss-CsH 5.05 33.68 6.17 6.22 640 6.65 7.18...
1134  Ss-CsCs 6.27 3159 6.22 687 7.26 755 7.94 ...
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« Changing this library should —in my opinion— be
avoided to all cost
— Linear dependencies

— Corrections (gauche, cis/trans...) depend on the
values assigned to the groups

odifying the group values can have far reaching
consequences!

« Adding new groups (S, N, CI, Br...) can be done
relatively easy

13
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* Hydrogen bond increments

— Advantage over radical centered groups (e.g. C*-(C)(
H),) in flexibility and interpretability

— Describe the influence of the loss of a hydrogen atom
on the enthalpy (related to BDE), entropy and ¢,°

P
— One drawback is their use for biradicals as the
normally account for the spin multiplicity of 2

HBI(A,H°) = AH (R*) — A;H;,, (RH)

/'\/\)\ HBI(S,) = Sp 0 (RY) = 8, 64 (RH)

HBI(C;) = C;“_u (R*) — C;_(M(RH)
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Read the manuscript and what the corrections

account for!
CH3 CH3
CH : CH ;
\
CH . CH ;
H{MG Benson Sabbe

2 x Cs(Cs(CsCsCs)CsCsCs)
= 6 GAUCHE CORR. = 6 GAUCHE CORR. = 8 GAUCHE CORR.

15



« Crowded methyls
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* Ring corrections are added to account for the
strain caused by a ring

A H (cyclopentane) = SGAV(C—(C),(H), )+ RSC(511ing)

Other NNI's are accounted for as they would
appear in the open ring analogue

Polyring tree deviates slightly from the other
trees as priority can be assigned:
When two hits are received RMG only uses the first hit!
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from Al



RMG group meeting, 11/01/2013

0’?

 Partition functions describe the statistical properties of a
system and can be used to derive thermodynamic
properties (enthalpy, entropy, heat capacity)

S = RIn(q e)+RT(8lnqj
oT ),

E.: .

n [ee] __J

kpT
g=2.2e"

i=1 j=1 H:RTz(alnqj +RT
n = number of modes or )y,
C :(Gﬂ)
r ot ),

 But there is a snatch...

IUPAC:
“Chemical species = an ensemble of chemically identical molecular

entities that can explore the same set of molecular energy levels on
the time scale of the experiment.”
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V/ kJ mol”

-180 -120 -60 0 60 120 180
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IX=519,6 a.u.
= - ly=747,2 a.u.
2.0 5 ..... '22282,5 a.u.
1.8?
1417
T i Ix=814,6 a.u.
1.0 © ly=827.2 a.u.
0.8 z=155,0 a.u.
350
300
250
- o 00 0 Ix=937.9 a.u.
(degree) 1% T % o y=0878 au.
: - - 1z=1055 a.u.
‘ (degree)
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« Benson divided molecules into (functional) groups

Group = central atom with all of
its neighboring ligands
e.g. S-(C)(H)
C-(S)(C)(H),
C-(C),(H),

+ non-nearest neighbor
interactions (NNIs)

AH°(298K) =Y GAV, ,,.(X))
S°(298K) =Y GAV:.(X,)-RIn(c/n,,,)

C,o(T) =) GAV,. .(X))

22
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-

« Symmetry numbers are used to avoid
overcounting of equivalent energy levels

O

Otot = ext

int

* o/n,, can depend on the interpretation of the
researcher
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m ab initio data

e Construction of a matrix X linking the GAV’s with
the molecules in the training set

A | S-(C)(H) C-(S)(C)(H), C-(C)y(H), C-(C)(H),

HSCH,CH;

HSCH,CH,CH,

HSCH,CH,CH,CH; [-88.1

= set of linear equations

* Linear regression + statistics 1']' : K

— Avoiding linear dependencies Hp-@;li)gﬁyl’)
. . F= =

— Minimizing sum of squares: Y (y:-.)?

;ég Z:, (v, -5,V
Ce(ifidahpe ofTeetbsgiphl )

GAV =(X"X)"'X"y
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quations
« Various-groups contributions will be set to fixed
values (of a similar group)
A C-(S)(H);  S-(C)(H)

and can not be solved independently!

 When combining various sets of GAV's care
need to be taken that those fixed groups were
assigned the same value

— CA{O)H)z +OAC);
Khan et al. — 10.00 — 10.00 — 23.18 = —43.2 kcal mol-’
Cohen et al. — 10.00 — 10.00 — 23.8 = —43.8 kcal mol-"

H C SH a C-centered group having a S ligand will
%} always be accompagnied by a S-(C) group
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« Hydrocarbons and organosul
— MAD(AH®) = 2 kd mol-’ Joback!! and Ganil?! ~ 10 kd
— MAD(S°) = 5 J mol' K-’

undas

mol-! ]

— MAD(c,’) =3 Jmol'K?'  ~methods of Joback and Gani [°!

 Amount of groups increases fast with the
iInclusion of heteroelements

| Hcc,C.C, =70
-C - +0 CO =210
| +S CS = 495
 What to do if groups are not available?
C-(S)(C)(H,) = -20.68 kJ mol-’ C=(S)(C,)(H) = -8.29 kJ mal"
C-(S)(C)(H,) = -11.27 kJ mol-" C-(S)(C)(C)(H) = ? kJ mol!

-8.29 +(-11.27 — (-20.68)) = 1.12 kJ mol-!
[1] Joback and Reid Chem. Eng. Comm. 57: 233-243 (1987), [2] Constantinou and Gani Aiche J. 40: 1697-

170 (1994), [3] discussed in “The properties of gases and liquids” by Poling, Prausnitz and O’

connell (2000)
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JP-10 H (298 K) = -389.872419 h
 Calculated energy contains errors in relativistic
effects, diagonal BO corrections, extrapolation
errors... but errors tend to be structure specific

* Error canceling transformations: reaction
enthalpies

@3+11H2—>10CH4

Isogyric reaction : number of electron pairs is conserved
= AAC (atom additive corrections)




Errors vs E,,, (kcal mol™)
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Isodesmic reaction : type of bonds is conserved

Hypohomodesmotic : same hybridization (eq sp, sp2 and sp3|C atoms)

20

15

10

(%))

Homodesmotic : bonds involving same hybridization

W HF /cc-pVTZ
mB3LYP/6-31G(d)
» M05-2X/6-31G (d)
m M06/6-31G(d)

® M06-2X/6-31G (d)
® MP2/cc-pVTZ

w CCSD(T)/cc-pVTZ

I

Isogyric Isodesmic Hypohomo- Homodes- Hyperhomo-

desmotic motic desmotic
29
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Check if borrections are
applied and correctly

defined =
ThermodataEstimator

Ring correction =
difference between RMG
predicted value and the
calculated values

Add node to tree, library
and dictionary

Check if RMG estimate
corresponds with
calculated value o
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Isodesmic
— - \/\ — @ + 2 CH4
EXP: 190.90 -10.8+1.0 ? 746 +0.3

AH(298 K) = 220.8 kJ mol’

What if RMG predicts @

a wrong symmetry AH(298 K) = 550.1 kd mol-’

number? ‘ ‘

RSC (H) = 293.3 kJ mol-’

31
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