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DFT calculations

Since the molecule under investigation contains an iodine atom, the quantum chemical
description of the system is not trivial. Heavy elements like iodine have a large number of
core electrons which are in general less important for the chemical reactivity and bonding
modes. However, it needs a large number of basis functions to describe the corresponding
orbitals. This makes computations with heavy elements very time consuming and expensive.
Furthermore, relativistic effects should be taken into account for elements of the lower half of
the periodic table. These two problems may be solved by using effective core potentials
(ECP) which represent all core electrons. 2 This means the core electrons are modelled by a
suitable function and only the valence electrons or the two outermost electron shells are
treated explicitly. There are numerous computational studies involving iodine compounds in
the literature containing recommendations for the treatment of such systems.*’ Test
calculations have been performed in order to reproduce the solid state geometry of 2 as good
as possible. All calculations have been done at the density functional theory level (DFT),
using Becke’s three-parameter hybrid exchange functional and the correlation functional of
Lee, Yang and Parr (B3LYP).® ® The compilation of all tests is shown in Table S1 and Fig.
S2.

The all electron basis set 6-311G(d,p)*® and two different effective core potentials plus
suitable basis sets were used at iodine. The largest deviation of the C-I bond length from the
value of the solid state structure was observed with the small core Stuttgart-Dresden-
pseudopotential basis set (1).! Better agreement was achieved with the all electron basis set
(I1) and best performance with the ECP / basis set combination SDB-cc-pVTZ at iodine (I111-
V). SDB-cc-pVTZ consists of the small core Stuttgart-Dresden-Bonn effective core potential
which is augmented with a correlation consistent triple zeta valence basis set according to
Martin and Sundermann.** 3
The elements C, N, O, H and F have been described with the standard Pople basis sets
6-31G(d,p),** *° 6-311G(d,p),* and 6-311+G(d,p).** *" Going from double zeta quality for the
valence shell (111) to triple zeta quality (1) gives more accurate values for the bond lengths.
Further computational effort by using triple zeta quality valence shell plus diffuse functions
(V) does not pay off. The bond lengths do not get closer to the values of the X-ray structure,
instead the CPU- time is increased more than ten fold! According to these test calculations we

have decided to use the basis set combination IV for further calculations.
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Tab. S1: Comparison of bond lengths between X-ray structure and calculated geometries of
compound 2 with the basis set combinations I to V (all calculations with the B3LYP method,;

values of bond lengths in A)

[ 1] i v \ 2
main group
elements 6-31G(d,p) 6-311G(d,p) 6-31G(d,p) 6-311G(d,p) 6-311+G(d,p) |-
iodine SDD 6-311G(d,p) SDB-cc-pVTZ | SDB-cc-pVTZ | SDB-cc-pVTZ | -
11-C9 2.1478 2.1288 2.1126 2.1113 2.1099| 2.097
F1-Cl 1.349 1.3486 1.349 1.3486 1.3504| 1.318
F2-C1 1.3366 1.3351 1.3366 1.3351 1.3359| 1.326
F3-Cl 1.3491 1.3486 1.3491 1.3486 1.3504| 1.317
C-F 1.345 1.344 1.345 1.344 1.346| 1.320
01-C2 1.2181 1.2105 1.2181 1.2105 1.2106| 1.206
02-C4 1.2406 1.2331 1.2406 1.2332 1.2351| 1.230
N1-N2 1.2948 1.2911 1.2949 1.2909 1.2902| 1.293
N1-C3 1.3282 1.3253 1.3282 1.3255 1.3274| 1.324
N2-C6 1.407 1.4074 1.4069 1.4075 1.4086| 1.404
C-C-Phenyl 1.396 1.394 1.397 1.394 1.394| 1.379

Fig. S1: Graphical representation of the differences between optimized geometries and

geometry from the X-ray structure analysis of 2.

0.06

0.05 -
e
o
= 0.04
(7]
ccn ——[1-C9
< 0.03 —=C-F
£ ——01-C2
3 002 ——02-C4
= N ——N1-N2
o 0.01 - T N1-C3
g 0 W N2-C6
© — : C-C-Phenyl

0.00 -

-0.01

I I " v \

basis set combination




Electronic Supplementary Material for CrystEngComm
This journal is (c) The Royal Society of Chemistry 2008

References

1 F.Jensen, Introduction to Computational Chemistry, J. Wiley & Sons, Chichester, 1999,
171.

2 U. Bohme, Studien zur Struktur und Reaktivitat von Carben- und Silylenverbindungen
des Titaniums und Eisens, Books on Demand GmbH, Norderstedt 2004 [ISBN 3-8334-
2639-X].

3  C. Zhao, D. Wang, D. L. Phillips, J. Am. Chem. Soc., 2002, 124, 12903.

4 M. Nakamura, A. Hirai and E. Nakamura, J. Am. Chem. Soc., 2003, 125, 2341

5 Q. Zhang, C. J. Carpenter, P. R. Kemper and M. T. Bowers, J. Am. Chem. Soc., 2003,
125, 3341.

6 M.-L. Tsao, C. M. Hadad and M. S. Platz, J. Am. Chem. Soc., 2003, 125, 8390

7 D. V. Deubel J. Am. Chem. Soc. 2004, 126, 996.

8  A.D.Becke, J. Chem. Phys. 1993, 98, 5648.

9  P.J. Stevens, F. J. Devlin, C. F. Chablowski and M. J. Frisch, J. Phys. Chem., 1994, 98,
11623.

10 M. N. Glukhovtsev, A. Pross, M. P. McGrath and L. Radom, J. Chem. Phys., 1995, 103,
1878.

11  A. Berger, M. Dolg, W. Kuechle, H. Stoll and H. Preuss, Mol. Phys., 1993, 80, 1431.

12 Basis set exponents and contractions were taken from: J. M. L. Martin and A.
Sundermann, J. Chem. Phys., 2001, 114, 3408.

13  Relativistic ECP definitions were taken from ref 12.

14 P. C. Hariharan and J. A. Pople, Theoret. Chim. Acta., 1973, 28, 213.

15 M. M. Francl, W. J. Pietro, W. J. Hehre, J. S. Binkley, M. S. Gordon, D. J. DeFrees and
J. A. Pople, J. Chem. Phys., 1982, 77, 3654.

16 R. Krishnan, J. S. Binkley, R. Seeger and J. A. Pople, J. Chem. Phys., 1980, 72, 650.

17  Diffuse exponents: T. Clark, J. Chandrasekhar, P. v. R. Schleyer, J. Comp. Chem., 1983,

4,294 (1983).



