- Hemz Oberhammer

Universitit Tiibingen, Germany

History:
Schrédinger 1925-26.: ~wave equation

Davisson and Germer 1927 elec’trons possess wave

o _SMark and Wierl (BASF) 1930: GED CCL;, CGH6 etc.

. _.--Brockway, Pauhng, Debye, Hedberg, Schomaker
- = Bartell, Bauer, Karle in USA

~ Sutton in Great Britain

- Hassel, Finbak in Norway

~ Morino, Kuchitsu in J apan

Spiridonov, Naumov, Vilkov in Russia
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| 5L1terature for gas electron d1ffract10n

__ .:Stereochemlcal Applzcatlons of Gas—Phase Electron S
Diffraction L e
“Edited by I. Hargittai and M Harg1ttal

VCH Pubhshers 1988

Part A: The electron diffraction Technique.
~ Part B: Structural mformauon for selected classes of
- compounds

M. 1. Davies: Electron D_iffrac_t_ip in Gases
Marcel Dekker, N. Y. 1971

- S.H. Bauer: Diffraction of Electrons by Gases
e Physical Chemistry, an Advanced Treatise,

Vol. 1V, Academlc Press 1970

Academlc Press




© Roald Hoffmann:

~,There is no more basic enterprise in chemistry than the determination

of a geometrical structure of a molecule.”

- Jerome Karle:

..".é‘_sﬁmcmfalire-'s_eéfch}ﬁ()t only has inherent scientific interest, it also




Why gas-phase structures ?

_-'Some compounds ex1st only 1n the gas-phase

c.g. SFZ, PCls, Me4PF or radlcals

~Some compounds do not form single crystals

S Gas—phase structures are not affected by mtermolecular interactions or

S packmg effects

i ’Vzbratlonal effects for free molecules are in general small and can be

R ‘_'taken 1nto account

| Conformatlonal studles are pos31ble and meaningful only in the gas or

. | liquid phase

- Gas-phase structures can be compared with results from theoretical

methods and can be used for parameterizing empirical or

. semiempirical methods.




1) Theotetical Calculations
&b initio, semiempirical
Molecular mechanics

3 Rolational Spectioscopy B > B, -

 High tesolution infrazed




Molecules: interatomic distances ~ 1A =0.1 nm =100 pm -
Microscope

\ﬁ/ Resolution d,;, = A / 2A

A = numerical apperature (~ 1 for
optical lenses)

Visible light A ~ 600 nm

X-rays A~0.1nm butA=0
| T T K Electrons A~ 5 pm (0.05 A)
k h/(zme-:U)”2 =12. 3/U“2 U in Volt, & in A

for   ._ -~'-:160 kV A= 0. 05A

fGI‘

= - _'_'.fk'fElectron mlcroscope A very small (lens defects)

g -Sq;h__;ti_o_n_: Diffraqtion with high resolution +

- Fourier transformation
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~ anharmonic: 1, =1, +1%/z, r,— 1, ~0.001-0.002 A

r, =1, + 3/2a; I r, — I ~0.003 —0.006 A

a; cubic anharmonicity for diatomic molecules 1 -2 A™

bgnddlstances are about 0.004 - 0.007 A longer than re

- 1y and r, are mean interatomic distances

- harmomc T :I‘e‘l' l? /I’e . - ra__*.fe'._ ~0001—~ 0002 o | .



Effect of vibrations on nonbonded distances

to(B"B) < 2r, (A-B)

j‘_-':;.ff"i_lfi'-ngafm_o_lec'_t_xle's--appear- to be slightly bent

. 5;::'.?!;} (example Br-Hg-Br at high temperature <(BrHgBr) ~ 160°)

- 3.:__:::-';P'1_anjar molecules appear to be slightly nonplanar.

~ Contributions of molecular vibrations for nonbonded distances

~ from force field —> r, structure

- T, distance between mean atomic positions

I’a(BB) — 9. (A—B)

crystal structures (neutron and X-ray diffraction) are r,

e stru Ctures* (molecular vibrations + lattice vibrations)




Tt 8) = 21V, () + (1-2) [Py _(s) 3

a = contribution of compound or conformer) (1)

Large amplitude vibration

e.g. rotation around single bond, ring puckering

moz(s) moi(q,s) P(q) g ~ X Lno(ss) P(a)

| q large amphtude coordinate
- __:_.;,_--__-':'_f:structure wzth qi .. . pseudoconformer
- P(q) = exp(-V(q)/RT)

V(q) potentlal function for large amplitude coordinate

Ultrafast Electron diffraction
Interaction between electron and molecule ~ 107
T:.echn_ical ;difﬁCulties- of fast recording of data

- Goal: femtosecond time resolution




cathode (filament) —““""—""U

grid (Wehnelt) ———{ _'

 fiuorescent screen—of— |
o beam stop
" rotating sector ——-~f----]

photographic plate

5

{ electron:.

gun

electron beam

v shaping and

focusing optics

diffraction
chamber

1075-16® Torr




) a4

Y3

3 Elektronenstrahl
4 - Magnetiinsensystem

5 Kihifalle

6a GaseinlaBdiise (groer Kameraabstand)
6b GaseinlaBdise (kieiner Kameraabstand)
7 Beamstop

8 Rotierender Sektor

9 Photoplatte




Registration of diffraction intensities with photographic plates

or Imaging plates (small dynamic range)

Li(s) ~ 1/s*

Rotating sector compensates approximately this steep slope










,,More electronegatwe subst1tuents occupy ax1al p031t10ns of = R

| the trlgonal blpyramld » S

~ Confirmed for PF.(CH3)s., and PF,Cls., and many other-

| | 'ph:'oSphoran_es.

PFH(CF3)5-H ?




ED 198I:

mixture of 60 (10)% equatorial : .
and 40(10)% axial

Maﬁix- R spectra 1991
(H. Willner et al)

AHyog - 432 (5) KJ/mol
(axial more stable)

© £Syeg +154(10) J/mol K
| " (equatorial higher)

For T-20°C: S3(D% equatorial




 Steric Effects of SFs Groups

O_
SF5 F5S/ s SFs

X-S)ss 181 o 174 170

K-S 108D 1685() 1588011

.'---:_”(S_'—X-—S)GED 124 (1) 1332) = 143

SS 337 oo 314 S

» (SFshN-

(SF5),N-N(SFs),

700C, 10-1 torr

L (SFs)zN—N(SFS)z > 2(SFs)N (dark blue)

 GED for radical at -550C




exp

- (SFspN:

S>F10

R [ U U
i ot : R/K : :

7 OOC, 10-1 torr

. (SFspN —>  (SFs)oN-+ 1/2 85F g

':"_5(SF5.)2NF.-'EE o 1685() 138(2)}-;-"' "

NS SN-S

. (SFs5)N- 1692 ) 135 (1)

L SEN 18296®)  1197Q)




'Pr_oble_m_é in GED analyses

Support from QC

very similar bond distances
position of hydrogen atoms

- hlgh Gorrel'ati_(jgs_-:bemeeﬁ_-' ;.

| vibrational amplitudes

| determinationn of r,, or r, sructure

several conformations

differences between distances of

the Samé'type

respective parameter (e.g. HXH

angle)

| vibrational amplitudes and

corrections from harmonic or

anharmonic force fields

conformational space (type of
possible conformers) and
differences between geometric

parameters of various conformers

~ typeof compounds

e -_téSt-'df;cor_nputational methods whether they are suitable for a certain




experiment

theory

exp. - theory

”eXpeC'_[ation“ .

<>
<>

.<(p>

+0.004 to +0.009 A
~ (°

up to £ 10°

.. 3 g keal/mol

+0.03 A

+3°

+ 10°

£ 0.3 kcal/mol




anti

ab initio

 FC(ONCO EB 75 (10) % syn

IR 65(8)% syn

ab initio

syn

AE = E(syn) — E(anti)
(kcal/mol)

nur syn

- 2.4 bis -3.8

-0.7 (3)
S 04 2)

- 0.6 bis -1.7







Chlorocarbonyl isocyanate CIC(O)NCO

 AE=E(syn) E(anti
- (kcal/mol)

GED: - 75(8)%anti
R +0.6 (3)

ER: 79 (5) % anti

ab initio (12 methods) _0.4bis -1.6
(“How reliable are ab initio methods”)

e Nguyen etal(1991) P ”_-.b'est value " +1.7
JonasandFrenkmg(1991) o best value " +0.7

. 39 differ’eht.‘é'b.-iﬁitio calculations +4.9 bis -7.4

Only two methéas? feproduce the experimental value within its error

limits.




Acetoacetamlde, X CH;;,Y NHz e
ED (Belova, G _Gmchev' Shlykov’_fZ_Oberhammer 2006)

C @Menoll  3I(%keto(seac)

i I AG’34 (keto—enol) kcal/mol
s MP2/6- 31G(d,p) L e j':- 364
- MP2/631 1++G(3dfpd) o044
B3LYP/6 31G(d,p) +0.35
BALYP/63114+G(3df,pd) +1.28




| Exper:mental (m bold }etters) and theoretlcal values for the

COOC dlhedral angle m dlmethylperoxxde, CH3OOCH3

_- iﬁ'(Cbéc) |

-.ﬂRﬂRarnan
PES
CNDO/2
STO-2G
MINDOQO/2
PES
MINDO/3
GVB-CI
'IIFFLQJ(}*

/6-:1(}*ﬁ:l”;.f"" o

MP2/6-31G*
CISD/6-31G*
MP4/6-31G*//
MP2/6-31G*
MP2/6-31G*
MP2/6-31G*
MP2/6-311G(2d,p)

1971

1975
1975

1976

1977
1979
1980

1982

1984
1984
1984
1986

19___3_3._- |

1988
1988
1988
1988

1995
1996
1997

skew (Cy Simi_netry)

180.0
180.0
1017
96.5
170
110.7
180.0
115.5
107.0

119 (4)

120.0 (1)

180.0
180.0
180.0
180.0
121.2

180.0
180.0
116.3




LT e MP2/6 31G(d) LR ) y SN
ST L e -A~—MP216-31G(2d) EEAR R o G ket
0B e SR E0E

BT 3 S pive = i

Relative Energy in kealimol

[T i et LA MR
.80 100 120 140 160 180 200 220 240 260 280
. | B(C-0-0-C) ST

Extensive QC for CH3O-OCH3

Ab initio: -
Six methods (MP2, MP3, MP4(SDQ), MP4(SDTQ), CCSD,
o -CCSD(T)) with Dunning (cc-pVDZ to cc-pVQZ and aug-cc-pCDZ
a :a-‘to aug-cc- pVTZ) and Pople ba31s sets (6-31G(2d) to
6- 31 1+G(2d 2p)
Total of 53 calc&latlons
Resultéég'-_:S:_.g'algulations:pfedict single mil_}imum potential

28 éal'éi_llations predict double nﬁnimum potential

17 calCulations predict triple minimum potential

DET: 3 methods with 6-31G(2d) and aug-cc-pVTZ basis sets
Total of six calculations
Results: B3LYP/6-31G(2d) predicts double minimum potential

All other calculatios predict single minimum potential




M. 1. S. Dewar (1985):

~,Any valid use of ab initio procedures in chemistry has

~ therefore to be on a purely empirical basis, limited to
situations where specific tests have shown the procedure

in quc_s_tion- to give satisfactory results.”




Nowbody beheves theoretlcal caleulatmns, |

Except the one WhO dld them

Everybody beheves experlmental results,

except the one who obtained them.




