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Source Function applied to experimental densities reveals |
subtle electron-delocalization effects and appraises their
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L The Source Function (SF) [1] enables the electron density (ED) to be seen The Source Function

at a point as determined by source contributions from the atoms of a system,

and it is therefore well linked to the chemist's awareness that any local Views the ED at any point r as determined, in a cause-effect relationship,
property and chemical behaviour is tfo some degree influenced by all the by a local source, LS(rr'), which operates at all other points of the space,

remaining parts of a system [1-3].

p(r) :ILS(r,r')odr'

dThe key feature of the SF is that its evaluation requires only knowledge of

the ED of a system, enabling a comparison of ab initio and X-ray diffraction The local source is given by

derived ED properties on a common, rigorous basis. LS(r,r')=—@4z-r—r)™-Vp(r')

O We here apply the SF descriptor to X-ray derived EDs as a mean to where (4z-r—r|)™" is a Green's function or an influence function representing the
reveal electron-delocalization effects (EDEs) in crystals. Use of the SF to effectiveness of how the cause, the Laplacian of the density at r', Vp(r), gives rise
detect them has been firmly assessed for isolated molecules and for fo the effect, the electron density at r, p(r).

Theor'eflcally—der'lyed EDs [2,4-5], but extending to crystals and, experimental The operation of the local source over the whole space may then be replaced by
EP5: alTh°U9h being rep.mj’red. atr two Confer'ences [6-7] and in ftwo papers separate LS integrations over the atomic basins Q defined by the Quantum
discussing heteroaromaticity in a benzothiazol-substituted phosphane [8] or Theory of Atoms in Molecules (QTAIM) and the ED at r, called the reference
antiaromaticity in cyclopentadienone derivatives [9] needs to be fully point rp, is so equated to a sum of contributions S(r;Q2), each of which called
demonstrated. the Source Function (SF) from the atom Q to p(r)

[ Still unanswered questions are whether the EDs from X-ray data may be L L

accurate enough to reveal subtle features caused by electron pairing and p(r):j LS(r,r’) dr :ZQJ LS(r,r’) dr :ZSF(r,Q)
whether these are not only detectable, but also reproducible and . .
transferable, whenever appropriate.

Proof of the concept : in vacuo systems Extension to crystals and X-ray derived EDs Benzene (X-ray vs ab-initio Periodic DFT)
ba @12 1.8 =° | ! 0,22.25 e/ A3\ 0,=0.99 e/A3 0,=1.00 e/ A3
nn o . - ©07 43.0% — 37.0% | 37 49
87.2 @ 37 1@ 0.7 84.3e@ 07 Benzene [1] Naphthalene [2] | S ol , o ot
> SFba% ' @ > 'Y -® ~o Ref. point e /
i 0 ‘e " .- 1 43.0% 36.3% 36.3%
o, $12 ca, . 912 c2 126 ~ P44 Z= 0. au Z=+1au 3% Z=-1au
c1” Sea G ct” ez 17 c1” - Xe3 xcphz A p‘h 1
/. | [ === ==l-- AT SF_.%
ce_ C4 Cé6__ _C4 cé_ _C4 ® : ety o
o s 5" rp, C1-C6 bep : Q n C@J SF..% @
Pbea Z=4 P2 /e : P2./c Z=4 SFea%
SF ¥% Increasing electron delocalization > ' I_ _______ 1 - ' 1 '
s “rroteypes of erometic molecles oHB Berydrcen A1 00 362 547001 520 (101 | 150 1130)
' 2.8 : , ' -2- : : : : , : .
< o ® o | 04'5 | v'Simple systems: very accurate data-sets ’ B'nﬂPh’fh: 2d°'d 3] | o622 S0 L3,
I b i | @ Big system, "Standard” data quality +lau | 73.5(3)[71.3(1)]| 9.5(2)[8.8(0)] 3.1(1) [2.5(0)]
78.79 7820 722 ¢ 1.3 1] H.-B. Burgi et al. Chem Eur J(2002) 8, 3512 ) | | ' | | ‘
| o | ® 1] orgi et al. Chem Eur J(2002) 8, v Transferability (benzyl and naphtyl) 72.6(8) 9.3(6) 2.7(2)
e ' " | | | Space group | T(K) | Wavelength(A) | Sin(e,_/%) Rins .d. of val th tri it); with hexade le
? 02'0 “ Pbca 100 071073 1.11 0.0258 v'Investigation of substituent effect (5:d- of values over the asymmetric uni )lwé";’ Fradecapetes e
: 0.7% ®. a0 R
ba = bonded atoms; ngzrﬁé&g&%e%‘{\%lgr%l’oﬂ QJTEZGF‘PEP [2] J. Oddershede, S. Larsen [3]1L.J. Farrugia et al. Acta Cryst B e gl ¢ @49% ® @410
J Phys Chem A (2004) 108, 1057 (2009), B65, 757 08%" 168 15%0
o gecreases wi INcreasing e aelocalizartion Space group | T(K) | Wavelength(A) | Sin(e,_ /%) R, . S6 T(K) Wavelength(A) | Sin(8, /%) R, . N . Ref. point o3 - g
SFpqe, d ith i ing e delocalizati A A 5 P 4:,1’ 4?}{ |
SF, .o & SF .9, increase with increasing electron delocalization e | 1B | 07O 114 | 00274 | |Pase| 100 TN 108 | 0036 Z=0.au “°"° Z=+1 au | Z=-1au .
Ha (P HS I?\ N : . . . . .
s/ a h'l'halene /"CE /(1 Likelihood of naphthalene SF crystal data with those of the LDkag at Ilkallhood!per"rurbaﬂons in the
ha (%) C"‘}m‘ P ? o %‘iz naphthyl and naphthylol least perturbed rings I in BAB naphthylol (NOR) and naphthyl (NR) most

C3 ‘5/
%

{ x_/\H o A
a | In vacuo, D2 >
TD:<7 / ¢ \: N '3 g Naphthylol ring I [naphthalene exp. data]
H1 |

) e e () CCbond  SFy% SF %

- C5

-bHa
100 K «— CF‘VS’!'CI' (EXP)

perturbed rings IT relative to naphthalene

oo | NoR | 0w |

C7-C8/C6-C5 86.2 [86.3] 42 [4.2]

o N

o2 | o1 [@o' 93] 00
Pt oo [ o2 20

C6-C7 84.9 [84.3] 5.8 [5.8]
€8-C9/C5-C10 83.2 [83.1] 7.2 [7.3]
€9-C10 813 [81.6] 9.4 [9.8]

Bond

CC(C6HS6)
C1-C2/C4-C5 C2-C3
Naphthyl ring I [naphthalene exp. data] /
C1-C5 phthyl ring I [nap :
C2-C3/€3-C4 ' 7 Neo” N C7-C8 86.3 [86.3] 41[4.2] C4-C10 m
| 1 || 11 | C6-C7 85.4 [84.3] 5.4 [5.8] / Co.C10 | 03 101 04 | -10
) _ - 03 |+0.1] -04 | -1.
C-C. C6H6 | 1402\ 84.3| 84.7(1) 53| 510) 15 | 1.300) M e due” e c8-C9 83.3 [83.1] 7.1[73] N -----

C5 ~C4 C9-C10 81.7 [81.6] 9.0 [9.8]
CC(C6HH6) 86.2 52

Effects of substitution neatly spotted by
ASF, % values!!

Benzyl rings of BAB vs
benzene crystal

OO Benzhydryliden

Amino-1,1-

OO ot Binaphthyl-2-ol

A similar agreement is found when the RP is above/below the molecular plane

Data at beps. A similar behaviour is found for RPs above/below the molecular plane

Conclusions [10]

Benzene crysta BAB crystal dThe SF tool recovers the characteristic SF% patterns caused by n-electron conjugation in benzene and
SF, %(sd)  SF,%(sd) SF.... % (sd) naphthalene in almost perfect quantitative accord with those from ab initio periodic calculations
[ theory] [ theory] [ theory]
7 - UThe effect of chemical substitution on the transferability of such patterns to the benzyl, naphthyl and naphthylol
0.0 86.1(8) 50 (2) 13(2) moieties of BAB is neatly spotted by the observed systematic deviations, relative to benzene and naphthalene of only
8y || ol ) = those SF contributions from the substituted C atoms
Above/below the benzyl ring

| t1au | 726 B) 172311 | 93 (6) [880)| 27 &) 125(0)] | d The capability of the SF to reveal EDEs by using a promolecule ED (PED), rather than the "true” ED has been

e 22 - E:; - E:; tested [10]. The PED is unable to reproduce the SF trends anticipated by the increase of electron delocalization
O ) o ek for porosn crgtetl | QThe SF has wider applications than those related to the nature of chemical bonds in more or less conventional

situations [2-3]. Detection of EDEs is one such new direction, another being the extension of the SF machinery to
retrieve the atomic sources of the spin ED [5,11]

Bibliography : [1] Bader, R. F. W. & Gaitti, C. (1998). Chem. Phys. Lett. 287, 233; [2] Gatti, C. (2012). Struct. Bond. 147, 193; [3] Gatti, C. (2013). Phys. Scripta 87, 048102; [4] Monza, E., Gatti, C., Lo Presti, L. & Ortoleva, E. (2011) A115, 12864-12878 ; [5] Gaitti, C., Orlando,
A. M., Monza, E. & Lo Presti, L. (2016), ch. 5, pp 101-129 in Applications of Topological Methods in Molecular Chemistry, Springer series Challenges and Advances in Computational Chemistry and Physics 22; [6] Gatti, C., Saleh, G., Lo Presti, L. et al. (2012), Sagamore XVII on
CSMD, Sapporo, Japan; [7] Gatti, C. (2013) Natta’'s Seeds Grow meeting, Milano, Italy; [8] Hey, J., Leusser, D., Kratzert, D., Fliegl, H., Dieterich, J. M., Mata, R. A. & Stalke, D. (2013), PCCP 15, 20600; [9] Pal, R., Mukherjee, S., Chandrasekhar, S. & Guru Row, T. N. (2014), J.
Phys. Chem. A, 118, 3479; [10] Gatti, C., Saleh, G. & Lo Presti, L. (2016). Acta Cryst. B72, 180; [11] Gatti, C., Orlando, A. M. & Lo Presti, L. (2015). Chem. Sci. 6, 3845



https://core.ac.uk/display/187953247?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

	Diapositiva numero 1

