Stacionarni Schrodingerova rovnice HWY = EY

Metoda konfiguracni interakce Bornova-Oppenheimerova aproximace
Metoda vazanych klastr Model nezavislych elektronu _
Poruchova teorie VInova funkce Ve tvaru Slaterova determinantu
MO LCAQO + varlaéni princip
Zahrnuti el.
korelace
Hartreeho-Fockova metoda (HF)
Separace o-r Zanedbani n¢kterych
integralt
Empirické parametry
Neempiricke
rn-elektronove Semiempirické metody
metody (NDO, AM1, PM3)
Zanedbani nékterych Zanedbéni elektronové
integrali repulse
Empirické parametry
Semiempirické
n-elektrgnové Metoda EHT
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Zanedbani elektronové Separace o-m
repulse
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Semiempirické metody

1)
2)
3)
4)

Pouze valen¢ni elektrony

Minimélni baze (STO)

Zanedbani nékterych integrali

Nahrazeni nékterych integralli empirickymi parametry



CNDO Vs - -
L L L /
ZFMVCW — Eizswcw = ZCW(FMV - eiSuv) =0
- A - - B B 1
B = O [HODG) = B 4325 B (i JoN) = 5 (0 [ov)
k=1 X=1
(1v|K2)=6,,6, (upt| 22) = ¥ pg
oo 7an = IP, —EA,
Hu :Uu
Vo = Yaa 1 7Ves
AB
h;c‘)/re:( A+'BB)SA1V 2+rAB(7/AA+7/BB)

2

Miize se explicitné pocitat, obvykle se
nahrazuje parametrem z IP,a EA,.

B — empiricke parametry Nerozliduje s, p, ... orbitaly !!!
Explicitné pocitany prekryvovy integral



INDO
(,uv | KZ) =0,,04 (,U,U | ﬂ,ﬂ,) =78

Rozlisuje se typ AO v pripadé, Ze obé funkce jsou na stejném atomu:
(ssfss) = Gy
(sslpp) = Gy

MINDO

heore ¢ (lBA T ﬁB ) SﬂV Explicitne se parametrizuje fag.
HV 2

RozsahlejSi paremtrizace.

NDDO

(uv|Kl) =0« uve Ark,AeB



AM1 NDDO typ, zavadi empirickou korekci na meziatomovou repulsi:
Prvni z NDO metod schopna kvalitativné pospsat vodikové vazby.

4
VN (A, B) _ ZAZB (SASA | SBSB)—l— ZAZB Z|:aA’ie_bA,i(rAB_CA,i) I aB’ie_

rAB I=

PM3

Postupna parametrizace nahrazena korektné;$i, matematicky stabiln&j$i metodou

PM6

Lisi se zplisobem parametrizace — referenc¢ni set



Errors in Heats of Formation
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Charge distribution

n/2

~ B
One-electron properties: O, = >’ 6(i) (O)=(¥,|O,|¥,)= ZZ (@ 1619)=> P, (x.16]x)
i v

>

Electric multipole moments:

<x"y'zm> afnlsz x“y'z" J-‘P (r)[defnsx"y'zm)‘lfo(r)dr

1. Mulliken population analysis: PM,, =(PS),, Population matrix

1955

(1955) > PM,, =

n/2 . '
P, = 22 CeiCaj GOP, = Z PM , Gross orbital population
GAP, = > GOP Gross atom population
7
HeEA

qA:ZA—;(PS)W N = zfjdrm(r) - P.S.. Ztr(PS)

Most common approach, however not very reliable
- charge due to overlap is equally distributed between two atoms D|agona| elements —

- strongly depends on the basis set Occupation of AO (GOA)
- use of diffuse function can lead to true nonsences




CC- CC- CC-
STO-3G 3-21G 6-31G 6-311G 6-31G* 6-31G** pVDZ pVTZ pVQZ

Charqge distribu

C, 0343 0.830 0.688 0.667 0.771 0.752 0.290 0.397 0.572

|0, 0287 0601 -0528 -0487 -0561 -0564 -0358 -0.385 -0.464
One-electron propert s™ 5551 0700 -0.693 -0.661 -0.731 -0.615 -0.282 -0.325 -0.411

H, 0.225 0.408 0.431 0.422 0.476 0363 0.174 0.241 0.262
- - C -0.214 -0.680 -0.513 -0.582 -0.587 -0.412 -0.017 -0.278 -0.272
Electric multipol
ectric multipole H 0.084 0.251 0.205 0.215 0.209 0.156 0.065 0.112 0.094
<x" 'zm> a?fo" ol H 0.084 0251 0.205 0.215 0.209 0.156 0.065 0.112 0.094
y H 0.085 0.249 0.204 0.214 0.215 0.162 0.062 0.125 0.124

1. Mulliken population analysis: PM,, =(PS),, Population matrix
1955
(1559 S PM,, =
n/2 . '
P, = 22 CeiCij GOP, = Z PM , Gross orbitl population
GAP, = > GOP Gross atom population
7

HeEA

qA:ZA—;(PS),,V N = zfjdrm(r) - P.S.. Ztr(PS)

Most common approach, however not very reliable
- charge due to overlap is equally distributed between two atoms D|agona| elements —

- strongly depends on the basis set Occupation of AO (GOA)
- use of diffuse function can lead to true nonsences




Charge distribution

n/2 B

One-electron properties: O, = >’ 6(i) 0,)=(¥, \61\‘110) = Z(qpi 16]p)=> P, (x.16]%)
i Ly

>

Electric multipole moments:

atoms

<x"y'zm> = > ZxXy'z" —J"Po(r)[defns x"y'zm)‘Po(r)dr
i %

j

n/2
1. Mulliken population analysis: ¢, =z, - 3" (Ps) P,=2>c.cC,,
uv
=1

ueh
Most common approach, however not very reliable
- charge due to overlap is equally distributed between two atoms
- strongly depends on the basis set
- use of diffuse function can lead to true nonsences

2. Lowdin population analysis g, =z, ->"(s"*PS*?) ,
HeEA
Problem of MPA partially due to the use of nonorthogonal set of AO

=> transformation to orthogonal set of AO
=> contribution due to overlapping AO dissapear (nondiagonal elements of S matrix are zero)




3. Natural Bond Orbital Analysis (NBO):

Defines atomic orbitals that are well adapted to the chemical environment of the atom.

Unitary transformation of canonical MO to “Lewis structure like” MO.

Partitioning the density matrix and overlap matrix over atomic blocks.

Natural atomic “preorbitals” are obtained by diagonalization of indivdual atomic blocks.

Preorbitals devided into two groups: (i) occupied orbitals form a Natural Minimal Basis and
(i) other orbitals form Natural Rydberg Basis.

Both blocks are then diagonalized, respecting the maximum occupancy => Natural Atomic
Orbitals which give Natural Population (NAP).

Almost does not depend on the basis set.

Molecular electrostatic potentials are not reproduced too well.

4. Bader’s Topological Analysis

Charges derived by integration of electron density over the regions attributed to indvidual

atoms.
The regions encompassing the atoms are delimited by surfaces that satisfy the “zero-flux”
condition:  y(r)-n(r)=0 Ny (i) = [ p(r)dr
G

n( r) is a vector normal to the surface
The most “physical’” approach.
Molecular electrostatic potential are not always described well



5. Potential Derived Charges
Calculating potentials on a grid of points (from the wavefuntion)
Fitting the atomic charges to represent the potential on the grid

Electrostatic potential (ESP) - used for charges in several force field (Amber)
Good description of interaction between molecules
Using grid on the 1.8-2.5 times scaled VVdW surface; multilayer grid

MP2
Experiment 6-31G(d) HF/6-31G(d)

[D] <p> <p> Mulliken ESP NBO
water 1,85 2,16 2,20 2,39 2,25 2,63
methanol 1,70 1,77 1,87 2,68 1,85 3,00
formaldehyde 2,33 2,17 2,67 3,15 2,67 3,97
acetone 2,88 2,64 3,11 3,80 3,15 4,65
cyclopropanone 2,67 2,58 3,15 3,65 3,19 2,43
acetic acid 1,70 1,46 1,79 2,00 1,83 2,37
furan 0,66 0,60 0,77 1,96 0,74 1,75
methanethiol 1,52 1,78 1,79 -0,86 1,75 0,71
RMS error 0,21 0,31 0,93 0,33 1,05

Gaussian input/output

Keyword: Pop (Population)

Options:
Minimal, Regular, Full - do MPA for a given subset of orbitals
NO (NaturalOrbitals) - do NBO analysis
MK - do ESP charge fitting



Molecular structures

Table 8-2. Effect of gradient corrections on computed bond lengths for different bonding situations [A]

Bond SVWN" BLYP" SVWN" BLYP" BPs&"  BPWo1" Experiment
H-H Ryn 0765 0748 0765 0748 0752 0.749 0.741
H:C-CH; Reo 1.513 1.541 1.510 1.542 1.535 1.533 1.526

Re g 1.105 1.104 1.101 1.100 1.102 1.100 |.ORE
H,C=CH, Re 1.331 1.341 1.327 1.339 1.337 1.336 1.339

Reg 1098 1095 1.094 1.092 1.004 1.092 1085
HC=CH R, 1.212 1.215 1.203 1.209 1.210 1.209 1.203

Regg 1078 1.073 1.073 1.06% 1.072 1.070 1.061

? 6-31Gid) basis set: " 6-31 1++Gid.p) basis set.

H-X ... too long
C-C ... too short
C=C ... O.K.

C=C ... too long

Hybrid funcional (B3LYP) — reasonable geometries



Table 8-4. Compilation of mean absolute deviations for bond lengths [A] / bond angles [degrees] for small main
group molecules from different sources.

32 1™ row species, 6-31G(d) basis, Johnson, Gill, and Pople, 1993

HF 0.020/ 2.0 SVWN 00214 1.9
MFP2 0.014 7 1.8 BLYF 0.020 /2.3
QCISD 0.013/ 1.8

33 1™ row species, TZ2P basis, Laming, Termath, and Handy, 1993

SV W 0.090 4 1.9 CAMIALYP 0007 £ 1T
BLYF 00137 1.7 CAMIBLYFP 0009 1.5

13 species, Martin, EI-Yazal, and Francois, 1995a

COSDN Tiee-pVDE 0.018/2.2 B3LY Plec-pVDE 0.009 1.7
COSDN Tyee-pVTZ 0.014 /0.6 B3LYPlec-pVTE 0004 703
COSDN Tyee-pVE 0002704 B3LYPlec-pV)L 0004 £ 0.3

20 organic molecules, Rauhut and Pulay, 1995

BLYF/a-310Gid) 0.012/0.6 B3LYP/6-31Gid) 0.003 7 0.5




Vibrational frequency

Table 8-7. Frequency ‘-L-.'I.JJI.'.IE factors, rms deviation, proportion outside a 10 % error range and listings of
problematic cases [cm™ ] for several methods employving the 6-210G(d) basis set. Taken from Scott and Radom,

1996,

Method i RMS"  10%° Problematic Cases (Deviations larger than 100 cm™)

HF 0.8953 50 10 235(0,), 22100y, Fy), | 80! Ap-CH, L TOAE, O, 1T390N,),
1200 M, F, ), TISTHOFE, NF,), J{HLHClFEJ

MP2 0.94 34 63 10 BOEO(O;), 304NO,), 2TTIN,), 225004,), 150(HF), H"J[lﬁuj-{:‘[—]:}-
142(HC,H). 136(HC H), [31CINS), 1200C1C,H), 117(H,).
115(*B,-CH,). 111{C,N,), 101{(FCN)

QCISD 09537 37 6 E[JE[IHJ-CH:}- |29 HF ) 117(CHy). 101004)

BLYFP 0.9945 45 10 EE-‘HIAJ-CH:}- |59 H, ), 165(HF), 116(0H), 113(505), 112[331-
CH,i LHEIES Oy, 109(C,H, )

BP&6 0.9914 41 6 EEIT-I[I.:':'IJ'CH’-_:I- 142{H,). 115(HF), lJ*‘-l:;Er:'CHE]- 106 F;)

BALYP 0.9614 34 6 204" A-CHgl 1320HF ), 125(F50, 121iH ), TTO{Cn)

BiPs6 0.9558 38 4 2044 .":'I-J'CH:_:I- 46 Fa), 1 39{0,)

BAPWal  0.9573 34 E[H[l.":'lj'{:[_]z_:l- L4 Fa), 13T(0,)

a . b
Scale factor:

- . . -1 c© I . - .
root mean square error after scaling in cm™; © percentage of frequencies that fall outside by more

than 10 % of the experimentally observed fundamentals.



Infrared intensities:
Intensity is relate to the square of the infinitesimal change of the electric dipole moment with
respect to the normal coordinate Q:

2 2

O°E

oFoq,

o9z
oq,

|,=C

a

(C ... numerical constant, includes degeneracy)

“Double harmonic approximation” - brings about 10% error.
Electron correlation important.
Flexible basis set required.




Table 10-5: Infrared intensities for selected molecules [in km/mol]
CCSD(T)
TZ2Pf*

lolecule

Symm.)
HCN
(Cov)

CO,

(Doh)
H,O

(Ca)

H,CO
(CZV)

NHs
(Cav)

Vibration

(irrep)
w1 (o)
w2 ()
w3 (o)
2 ()
3 (o)
o1 (a1)
o2 (a1)
w3 (P2)
o1 (a1)

() (8.1)

o3 (8.1)
w4 (by)
s (P2)

e (b2)
(O] (a1)

o2 (a1)

o3 (e)

4 (E)

exp.

54
46
0.1
48
548
2.2
63.9
48.2
75.5£7
7415

11.2+1
6.5+0.6
87.6+8

9.9+1
7.610.9
138+6

3.840.8
28.2+0.5

64
71
0.1
59
634
4.7
69.5
48.4
59.4
74.5

10.6
4.4
108.4

12.0
2.3
147

3.8
31

QCISD

Basis L°

65.5
69.4
0.66
68.0
708.4
4.8
68.0
56.1
62.6
88.7

12.4
5.8
915

11.8
3.8
141.4

6.6
27.6

SVWN SVWN SVWN BP86
6-31G(d)

61.1
71.2
0.8
47.4

442.5

2.1
79.1
28.0
57.5
91.7

4.7
2.9

170.7

7.9
0.3

218.1

1.2

39.8

TZP

3.8
79.5
65.9
70.7

110.9

9.6
6.1

117.5

8.3
4.1

139.5

17.6
36.7

BLYP

BasisL TZP 6-31G(d)

76.6
73.8
0.7
51.8
563
9.5 0.7
72.2 68.6
723 420
724 795
106.6 107.
0
93 104
7.1 4.9
115.7 145.
1
8.4 9.4
3.2 7.4
156.8 120.
6
231 51
38.8 334

46.2
65.8
0.3
43.2
428.1
0.0
62.7
8.0
63.1
87.1

6.6
1.5
195.4

9.9
3.6
120.8

7.0
23.2

BLYP B3LYP
Basis L  6-31(d)
58.6 525
75.6 71.0
0.2 2.0
48.1 61.4
562.3 545.8
1.6 1.7
63.6 75.8
45.4 19.4
81.1 55.9
102.6 98.7
11.1 6.4
5.8 14
137.3 164.7
9.4 12.6
7.3 0.8
131.3 156.1
4.2 1.0
29.4 30.6

B3LYP
cc-pvVTZ
60.7
72.6
1.3
63.7
629.2
3.2
69.5
40.8
69.2
107.1

9.9
3.2
145.1

12.8
2.4
146.7

1.1
33.6

B3LYP
Basis L
67.4
72.8
1.4
64.1
677.1
4.5
72.1
60.2
72.3
1125

12.0
5.7
114.2

11.7
4.0
150.0

9.2
32.8



Electric properties

Molecule in electric filed F - charge density is modified.
Derivatives of energy taken at zero filed - static response properties of the molecule.
Energy can be described in terms of a Taylor expansion:

E(F) = E(0)+Z£ J ! _z[aFaFj ) _.Z;[aFZFEaFJ RFFcr

“ T

Bij - first hyperpolarizability tensor component

a; - polarizability tensor component

- dipole moment vector component

Polarizability - measure of the ease with which the charge density of a system will get distorted by
an external field 1
Polarizability is related to excitation energy: aox ) E_E
. n=1l =0
E, - energy of nth excited state
Calculations require large basis sets including diffuse and polarization function




Table 10-2: Average Polarizablities <a> for selected molecules [in a.u., 1 a.u. = 0.1482 A%

HF  MP2 SVWN  SVWN SVWN BLYP BLYP B3LYP B3LYP HCTH(AC) PBEIPBE Exp.*°

Molecule POL* POL® numerical® POL® TZVP-FIP° POL® TZVP-FIP° POL® d-augTZ* POL® POL'

HF 488 5.67 6.23 6.17 5.94 6.26 6.00 5.83 5.79 5.60 5.67 5.60
HCI 16.67 17.37 18.43 18.54 17.90 17.99 17.77 17.58 17.39
F, 8.58 8.22 8.82 8.96 8.69 8.46 8.43 8.37 8.38
Cly 29.89 30.56 31.70 31.97 31.16 31.27 30.84 31.05 30.35
CH, 1591 16.54 17.70 18.01 17.59 17.03 17.25 16.51 16.86 17.27
SiH4 29.97 31.04 34.28 33.14 32.25 32.13 31.90
NH; 12.94 14.42 15.54 15.57 14.96 15.62 14.94 14.73 14.73 14.25 14.34 14.56
PH3 29.93 30.69 32.52 32.13 31.35 31.32 31.07 31.03 30.93
H>O 851 9.80 10.60 10.54 10.20 10.64 10.26 9.96 10.01 9.67 9.69 9.64
H>S 23.77 24.70 26.13 24.95 26.07 24.72 25.24 25.19 24.99 24.60 24.71
CO 12.23 13.09 13.70 13.62 13.39 13.66 13.43 13.18 13.03 13.08

? taken from Cohen and Tantirungrotechai, 1999 and McDowell, Amos and Handy, 1995;° taken from Dickson and Becke, 1996; ¢ taken from
Calaminici, Jug and Koster, 1998;° taken from van Caillie and Amos, 1998; taken from Tozer and Handy, 1998; taken from Adamo et al., 1999.

* DFT (LDA and GGA) systematically overestimate polarizabilities
* problem of incorrect asymptotic decay
* hybrid functionals and functionals with correct decay - performs better

FIP — field induced polarization



Hyperpolarizability - mostly determined by electron density in long range
Calculations require even larger basis sets including diffuse and polarization function.
Problems related to incorrect asymptotic behavior becomes more serious.

Table 10-4: Average first hyperpolarizablities <p> for selected molecules [in a.u.]

accurate

Molecule ab initio?

HF -7.3
H,O -18.0
H,S =17
NH3 -34.3
H,CO 40.3
CHsF 40.3

CHsCN -40.4
CO 23.5, 26.6

SVWN

numerical

b

-9.2
-24.8

-55.6

30.5

SVWN

aug-
POL®
-8.9
-24.8
-14.7
-55.7
90.7
63.7
-61.6
29.5

SVWN
TZVP-
FIp
-9.6
-22.4
9.1
-34.1

22.9

SVWN
aug-STO-

VTZP®
-9.2
-25.7

-55.4

30.5

BLYP BLYP
aug- TZVP-
POL®  FIP
87 99
244 -22.3
105  -9.8
-58.6  -34.9
90.9
62.3
-64.2

293 220

BLYP
aug-STO-
VTZP®
-9.5
-27.1

-64.6

311

B3LYP

aug-
POL®
-7.4
-19.2
-7.2
-41.0
67.1
50.6
-52.9
26.9

B77-1
aug-
POL®
-7.2
-18.7
-7.4
-38.9
64.1
49.7
-46.3
26.3

HCTH(AC)
aug-POL°

-1.4
-18.3
-10.2
-33.3

43.1

34.3
-145.5

22.6

LB94
aug-STO-
VTZP®
-6.9
-16.7

-30.5

20.6

# from different sources, quoted in Cohen, Handy and Tozer, 1999 and van Gisbergen, Snijders and Baerends, 1998b; ° taken from Dickson and

Becke, 1996; ° taken from Cohen, Handy and Tozer, 1999; d taken from Calaminici, Jug, and Koster, 1998; © taken from Gisbergen, Snijders and

Baerends, 1998b.



Magnetic properties

Presence of external magnetic fiels => interaction with nuclear or electron spin (NMR, EPR).

Electron correlation important, flexible basis set required.
Second order properties: o’E

OX Y, |,

Oy ¢

=Y =0

X ~ B (magnetic field) AND Y~ nuclear magnetic moment
X ~ B (magnetic field) AND Y~ electronic spin
X AND Y - two different nuclear magnetic moments

=> nuclear shielding tensor
=> ESR g-tensor
=> spin-spin coupling constant

Exchange-correlation functional should depend on current density |

Exc[2(F), i(F)]  Usually omitted.

induced by the magnetic field.

Gauge-problem:

Gauge-invariance - accomplished with the use of
IGLO - individual gauges for localized orbitals
GIAO - gauge-invariant atomic orbitals

Normal straightforward implementation - results depends on the choice of coordination system.

Table 11-2: Absolute 'O NMR chemical shifts [in ppm] for ozone

Chemical shifts | ycleus HFE MP2° CCSD(T)® LDA®* BLYP* B3LYP* PBECS EXp.
Problem case: O, Owmial 2793  +1055  -1208  -1520 -1454  -1673  -1453 -1290°, -1254°
Ownal  -2717  +2675 754 914  -892  -1115  -1040  -724° -688°




Table 11-1: Absolute and relative (in parentheses, with respect to CH,, NHs, and H,0)
3¢, N, and 'O NMR chemical shifts [in ppm].

Molecule
CH4
NH3
H,O
CaoHs
CoH.,
C2H2

CH3F

CH3CN

CH30H

CO;

Mean abs.

Deviation

Nucl.
C

N
O
C

Cterm

Ccentr

HF?
195.7
262.6
326.9
184.0
[11.7]
59.9
[135.8]
113.9
[81.8]
1245
[71.2]
190.9
[4.8]
60.6
[135.1]
-46.6
[309.2]
1437
[52.0]
274.7
[52.2]
478
[147.9]
214.8
[112.1]
8.5
[8.1]

MP2°*
2015
276.2
344.8
188.0
[13.5]
71.2
[130.3]
1233
[78.2]
121.8
[79.7]
1936
[7.9]
76.1
[125.4]
-13.2
[289.4]
142.2
[59.3]
350.6
[-5.8]
63.5
[138.0]
241.0
[103.8]
5.6
[1.6]

LDA?
193.7
266.1
3323
176.7
[17.0]
423
[151.4]
100.0
[93.7]
103.2
[90.5]
182.3
[11.4]
54.7
[139.0]
-44.7
[310.8]
126.1
[67.6]
3345
[2.2]
472
[146.5]
2033
[129.0]
15.2
[14.4]

BLYP
1875
259.2
326.4
169.7
[17.8]
471
[140.4]
105.7
[81.8]
101.2
[86.3]
177.1
[10.4]
57.8
[129.7]
-36.5
[295.7]
122.0
[65.5]
313.9
[10.9]
479
[139.6]
206.5
[118.3]
15.0
[7.8]

B3LYP?
189.6
260.3
325.7
173.6
[16.0]
48.7
[140.9]
106.3
[83.3]
106.6
[83.0]
180.4
[9.2]
57.4
[132.2]
-40.7
[301.0]
127.4
[62.2]
3216
[4.1]
46.9
[142.7]
206.9
[118.8]
13.0
[7.9]

PBEQ”
194.0
263.1
328.9
179.7
[14.3]
58.4
[135.6]
114.0
[80.0]
116.5
[77.5]
187.7
[6.3]
68.2
[125.8]
-24.4
[287.5]
136.5
[57.5]
334.7
[-5.8]
56.8
[137.2]
220.0
[108.9]
31
[2.5]

a

Exp.
195.1
264.5
344.0
180.9
[14.2]
64.5
[130.6]
117.2
[77.9]
116.8
[78.3]
187.7
[7.4]
73.8
[121.3]
-8.1
[272.6]
136.6
[58.5]

58.5
[136.6]
243.4
[100.6]

» LDAfails

* GGA and hybrid functionals give
reosonable results, better than HF

* MP2 is generally better than GGA
but it may completely fail




Hyperfine coupling constants:
anisotropic term - interaction between the magnetic moments of the electrons and the nuclei
isotropic term - interaction between the nuclear spin and the spin of the unpaired electron

CZZ P“—ﬂjn S(F)n,dF

C . constant, depends on the nucleus |
. difference between the density matrices of electrons with up and down spins
8 ... Dirac delta function which ensures that only the density at the position of the nucleus I is taken

Sensitive to the molecular geometry.
Requires electron correlation and flexible basis set.

Table 11-5: Isotropic hyperfine structures [Gauss]

Molecule Parameter PW86* B3LYP" PBEQ" Exp.2”
CHs Ay -20.8 -23.3 -26.1 -23,-25.1
Ac 32.8 29.8 29.2 ~38, 28.4
CH,0" Ay 133.3 130.3 134.2 133
Ac -31.8 -335 -34.6 -39
Ao -12.6 -15.4 -14.5

Taken from ®Eriksson et al., 1994 and bAdamo, Cossi and Barone, 1999.
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