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Baret-hydrocarbon radical anions'l@l, dianions M as well as even a radical trianion %= can
be crystallized as alkali metal salts, ([ﬁ"] [MeSDO|\,]n if the solvent-shared contact ion multiple:
M (')E'”[[HJMeD)n]SO,V, present in aprotic solution after the reduction at an alkali metal mirror ca
separated by advantageous cation solvation. Altogether-t3&irocarbon anions fasn comprising
polycyclic cata as well asperi-annelated six-membered ring compounds, polyphenyls, those
nonalternant polycyclic skeletal topology, open chain and organosilicon derivatives have beer
acterized by low-temperature X-ray crystallographic analyses. Based on the structural data
mined, their charge and spin populations have been approximated by density functional calcu
including natural bond orbital analyses (DFT/NBO). Although in general the wtalr{) charges at
individual C centers of the hydrocarbon skeletons cannot be correlated neither with the structur
nor with the spin distribution, numerous interesting details as well as some useful rules are pr
They concern, for instance, central C—C bond elongation and peripheral C—C bond short
preferred charge localization patterns, effects of conformational changesrirrdtecal anions crys-
tallized or Jahn-Teller distortions of formally degenerate molecular radical anion states.

Key words: Hydrocarbon radical anions; Radical ions; Density functional theory; X-Ray diffract
Ab initio calculations.

Crystallization under aprotic conditionsy( < 0.1 ppm) and in inert gas atmosphe
demands skilled coworker craftmanship, the more if out a network of equilibria fo
individual steps along a microscopic pathway in solution comprising electron trar
cation solvation, contact ion formation or aggregation, a specific molecular ion s
wanted for single crystal determination. For illustration of the “state of the art” rea
after tedious optimization especially of “low gradient methods”, the first contact
quintuple of ar-hydrocarbon tetraanidrshall visualize exemplarily most of these a
pects (Fig. 1).
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Obviously, the tremendous structural changes observed such as the double-fol
the tetracene skeleton at the phenyl substitution centers up or down @Y, 43e the
question to what extent each the"Neountercation sandwich complexation betwe
each two six-membered benzene rings and the charge distribution will contribute
skeletal distortion of the hydrocarbon?

Countercation solvation plays an essential role in determining the formation o
vent-shared [M"Mej,,,] or solvent-separated [M][Mel,,] contact ion paifs Quite
often their estimated crystal lattice sublimation enthalpies are approximately
parable. For an impressing and quite transparent example, the crystallization of t
the very same crystal is selecfed etraphenylbutadiene disodium forms within
equilibrium network in aprotic DME solution the solvent-shared Ta’DME,),] as
well as the solvent-separated contact ion triplé JNNa"DME,],, which due to opti-
mum lattice packing crystallize together in the stoichiometric ratio 1 : 1 (Fig. 2).

In cutting an intricate story shértat least a third prototype possibility has to |
emphasized: the crystallization of bare molecular aniori§][br [M=F], which can be
experimentally achieved, if the solvated countercations are completely lipophili
shielded by full coordination to especially advantageous polyether or polyamir
gands such as diglyrher pentamethyldiethylene triamine. For an example, the si
lest and, therefore, most reactive naphthalene radical anion is se(Euged).

The three examples of contact ion multiple structures chosen (Figs 1-3) demot
that the Frankfurt Group with its skilled coworkers has mastered most of the
perimental difficulties of “low gradient” crystallization under aprotic and anaerc
conditiond. In addition, solvation enthalpies of countercations by various and e
cially polyether ligands used as suitable solvents have been quantum chemicall
mated. In order to elucidate whether the possibly tremendous structural chz
observed after up to fourfold reduction (Fig. 1)rehydrocarbon$are predominantly
caused by contact ion multiple formation or whether also the negative charge inf

Fe. 1
Structural changes on the fourfold reduction of rubrene in aprotic THF solution and under argc
sodium metal mirror to a contact-ion quintuple of its tetraanion, [RU%@%(NaD(THF)Z)Al]
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Fic. 2
Tetraphenylbutadiene reduction in aprotic DME solution at a sodium metal mirror to its dia
which within an equilibrium network, forms both the solvent-shared and the solvent-separatet
tact triple ions, [I\/[? Er][NaDDMEZ]z and [ME' Er][NaDDME3]2

Fic. 3
Structure of naphthalene—bis(diglyme)sodium in its black single crystal, grown from an aprotic di
solution after reduction of the-hydrocarbon at a sodium mirror in an argon atmosphere
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on the carbon skeleton plays some role, we have crystallized by design more tt
solvent-separated salts containing “bare” molecular radical anions, dianions as v
trianions, which may be classified as proposed in Scheme 1, and determined theil
tures®,

Here we report on charge and spin populations of the bare radical anions a
anions obtained from natural bond orbital (NBO) analysis of density functional th
(DFT) calculations based on the experimentally determined structurél data

COMPUTATIONS

The DFT calculations have been performed based on the structural data using B
three-parameter functiofalVWN correlation functiond and LYP nonlocal correla-
tion®, know as B3LYP hybrid functional. The calculation of the wave functions
followed by NBO analysi$. A basis set of VDZ+P quality (6-31G*) has been e
ployed for all molecules. The open-shell systems were computed using the unres
formalism (UB3LYP). The resulting charges and spin densities are plotted with h
made routines, which utilize the post-script output of the XMOL program.

In all figures thea-spin is defined to be positive. For plotting of atomic charg
“group” charges including hydrogen bonded to the respective center were prefer
avoid the usually large C—H bond polarity predicted by any population analysis.
computations were performed using the GAUSSIAN94 program SGI Octane and
NEC SX4 computers.

RESULTS AND DISCUSSION

The combined efforts to crystallize of extremely air-sensitive salts of bare hydroc:
anions, determination of their low temperature structures, and to approxima
DFT/NBO calculations their charge and spin populations are directed towards infi
tion on the extent of structural distortions (Figs 1-3) by negative charges, on the c
distribution over topologically different hydrocarbon skeletons as well as on correl
between charge and spin at individual centers ofthgstems.

Even for a more qualitative discussion, assumptions have to be made concerni
instance, potential polarization effects of the solvent-separated and lipophili
wrapped countercations on the hydrocarbon ahfori tackle this problem on ar
experimental basis, each the shortest distance between the centroid of the res
m-hydrocarbon anion [M'] and the solvent-separated [§gd or solvent-shared
[M*F"Mey,,] countercation in selected representative salts (Scheme 1: X), has
extracted from the structural data sets (Table I).

The largest distance differences are observed between the solvent-shared con
multiples (1 : C in Table 1) and the solvent separated ones: The solvent shell arou
countercation at least doubles the distancE8MMe" (ref?) depending on the size o
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both the cation (M@ (1 : F in Table 1), and especially on inclusion of its solvent st
(MeS,,, ) (1 : B2 in Table I). Steric overcrowding in the hydrocarbon anions (1 : |
Table 1) or substituent twisting out of the molecular plane, which hampers sta
within the crystal (1 : B2 in Table 1), also play some role. The range of the shc
distances [M"] M[Me},,] of about 500 to 800 pm (Table 1) indicates only weak Ci
lomb interactions. Specific polarization effects by an individual catiog,Men the
electron distribution within the-hydrocarbon anion are assumed to be rather unlik
because in general several Msurround each K in the crystal, providing an approxi
mately isotropic Coulomb field.

Severe structural changes are usually observed only in solvent-shared cont:
multiples such as the rubrene tetraanion contact ion quintuple (Fig. 1). In solven
arated radical anions salts, the distortion of the hydrocarbon skeleton is frequen
most negligible, whereas in bare dianions often significant bond length and .
changes are detected. In contrast, deviations from planarity, if observed at a
usually found to be only small. For illustration, the charge-inflicted-structural pertu
tions of the naphthalene radical anion (A) and pentacene dianion (B) are pre:
(Scheme 2).

Summarizing the preliminary remarks concerning cation polarization effects ol
charge distribution in solvent-separated “bare” hydrocarbon anions, their neglect :
to be justified. Smaller structural distortions of neutral hydrocarbons on insertion o
or two electrons usually do not require special effergsby hypersurface calculations

TaBLE |
Distances between the centroid of tirbydrocarbon anion and the countercation in selected solv
shared and solvent-separated ion aggregates

Class from : B a0

Scheme 1 Selected example Dlstancenlzﬂ M

(1: X) P
Solvent-shared

(1:C) [Tetracen8 F1m(K “Triglyme)] 275
Solvent-separated

1: A) [Naphthalen’@]D]INaD(Diegme)z] 568

(1: F) [Perylend’ ]mMNa" (Diglyme)] 572

[Perylené™]mCs (Tetraglyme)]

(1: D) [Pentacene™]MNa"(DME)]2 634

(1: P) [2,3,5,6-Tetrakis(trimethylsilyl)benzehg] Na" (DME)3] 2 649

(1: B2) [9,10-Diphenylanthracetrd MNa"(THF)g] 728
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In conclusion it is pointed out again that all DFT/NBO computations have been
formed starting from the experimentally determined low-temperature structures
report on charge and spin populations in beatgydrocarbon radical anions and dic
nions will follow the outline forwarded (Scheme 1).

Polycyclic (Six-Membered Ring) Hydrocarbons: Acenes

Crystal growth of three compounds has been achieved, which all contain bare a
species: Naphthalene radical anion (Scheme 1: A), anthracene radical anion (Schen
and pentacene dianion (Scheme 1: D). For comparison also the contact ion
[tetracen@®(K"diglyme),] (Scheme 1: C) is presented. Characteristic structuraf-tfat
and the results of the DFT/NBO analysis of charge and spin populations are sch
cally summarized for comparison in Fig. 4.
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Representative examples of two “bare” acene radical anions (A, B) and one dianion (D), as \
for comparison of a solvent-shared dianion [Cand Me"” positions above and below the hydrc
carbon plane): Essential structural data (left-hand side: bond lengths in pm; right-hand side:
together with DFT/NBO charge (left-hand side) and spin (right-hand side) populations (see te»
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On one-electron reduction of naphthalene or anthracene in diglyme solution at
dium mirror their solvent-separated radical anion salt§’[Ma”(diglyme),] crystal-
lize3, in which the central C-C bonds are lengthened and the peripheral one
shortened by several pm (Scheme 2 and Figs 4A and 4B). Simultaneously, the
along the carbon ribbons are widened by up°toTBe charge distributions calculate
for the naphthalene radical anion are largest in 1, 4, 5, 8 positions and smallest
central C—C bond centers and therefore, hardly can be correlated with the strt
data. The spin is also preferentially located at the 1, 4, 5, 8 carbon centers in the
thalene and at the 9, 10 centers in anthracene radical anion. In the dianions, s
shared in the tetracene and solvent-separated in the pentacené
[tetracen®&™(K triglyme),] and [pentaceé][Na”(DME),],, again the charge popula
tions at the peripheral C centers dominate. In contrast to the almost planar pen
dianion, the skeleton of the solvent-shared tetracene contact ion triple (FigL/dC:
countercations above and below the molecular plane), the hydrocarbon is bent tv
opposite directions by about &f. Fig. 1) — a small but significant structural differen
between both chemically related, but differently solvated dianion salts.

Acene Derivatives and Isomers

For further discussion of acene radical anions (Fig. 4), alkali salts of the singly re
hydrocarbons 1,2,3,6,7,8-hexahydropyrene, 9,10-diphenylanthracefbjahthryl,
1,2,5,6-dibenzanthracene, phenanthrene and perylene are presented with their e
structural data as well as DFT/NBO charge and spin populations in Fig. 5.

The results (Fig. 5) are commented on as follows: The hexahydropyrene r:
anion expectedly resembles the one of naphthalene (Fig. 4A) with its peripheral
shortened contrary to the central bond, which exhibits again small charge anc
populations (Fig. 5A). In 9,10-diphenylanthracene radical anion the phenyl ring
twisted by 67 (ref?), corresponding to a considerably reduceidteraction of onlyB =
Bo(cog w) = 0.15B,, and, therefore, a close analogy to the radical anion of un
stituted anthracene is expected and observed. On the contrary,-mabthryl radical
anion with close to perpendicularcomponents’ (Fig. 5C,w = 87, connecting C-C
bond 144 pm) both the charge and the spin populations, calculated and based

)
+1 kS -2 +4  ¥2 +2

[ 00@@
>
ScHEME 2

Charge perturbation of bond lengths (pm) and angles in seladtgdrocarbons on single and two
fold electron insertion
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structural data, differ considerably and suggest that the extra electron is prefere
located in one molecular half. A comparison of the isomeric anthracene and ph
threne radical anions (Figs 4B and 5D) reveals interesting information. In contr:
anthracene (Scheme 2), the structure of phenantiresmmains nearly unchanged o
electron insertion. Only the peripheral C—C bond of the middle ring stretches by
139 pm (Fig. 5D) and for its C centers as well as for those in the respeata/posi-
tions, the largest charge and spin populations are calculated. On continued comj
between 1,2,5,6-dibenzanthracene (Fig. 5E) and anthracene (Fig. 4B) radical &
the ring-connecting C-C bonds suggest an replacement of the quteg<by naph-
thalene subunits: the former C(11)-C(12) bond shortens from 145 to 140 pm at
C(5)—C(6) one stretches from 138 to 143 pm. However, the “biphenyl-type” C-C
is 143 pm long and the opposite one 137 pm short (Fig. 5D, phenanthiet@&and 139 pm)
and the highest spin populations are calculated again for the “central anthracene
tions 9 and 10. Attempts to grow crystals of isomeric dibenzanthracene radical &
are under way to obtain further information on the interesting benzannelation ef
As concluding example, perylene radical anion (Fig. 5E) is presented: Again ele
insertion elongates the ring-connecting bdfily 2 pm and shortens the C—C distanc
between the “naphthalene-type” subutfitsy 3 pm. The largest change and spin poy
lations are calculated at centers 1, 3, 4, 6, 7, 9, 10, andel®yr the peripheral C
centers adjacent to threefold coordinated ones.

Linear and Cyclic Polyphenyls

In addition tocata (Figs 4 and 5) angeri-condensed (Fig. 5E) polyarefgsalso
chain-linked polyphenyls are composed exclusively out of six-membered, “un
rated” rings. The linear ones show considerable flexibility around their ring-conne
C-C bonds, the rotational barriers of which increase rapidly with the volumrhot
substituent¥. So far, single crystals could been grown and structures determin
quarterphenyl dianion (Fig. 6A) and of biphenylene (Fig. 6B) as well as tripheny
(Fig. 6C) radical aniofs

In the quarterphenyl dianion (Fig. 6A) the following structural differences are
served relative to neutral biphenyl (which is twisted around its central C—C bond b
in the gas phase, but planar in the single cri&tdt The untwisted M is slightly
bent twice by about®8along the intramolecular long axis in S-shape conformation v
the phenyl-CC-connections shortened by 7 to 9 pm, a surprisingly large charge f
bation. Within the phenyl rings, the ipso angles shrink by about 2 td di@® C-C
bond lengths alternate between 136 and 142 pm relative to the smaller alternati
tween 138 and 140 pm in the crystalline biphenyl with analogously planar phenyl |
The largest charge populations are calculated for the C centers along the intramo
long axis and, surprisingly, they alternate. In the biphenylene and triphenylene r
anions (Figs 6B and 6C) no significant bond length and angle changes are ob

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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relative to the uncharged molecdf&imcluding the central ring bond alternation in tt
triphenylene radical anion (Fig. 6C).

The DFT/NBO total charge and spin populations for the two radical anions (Fig
and 6C) require special comments. Whereas the almost coincipg patterns for
the biphenyl derivative can be rationalized even by qualitative MO wavefunc
squared’, the two degenerate radical anion statesDgfsymmetric triphenylene
should cause a Jahn-Teller distortion. Although barely reflected in the structura
within their experimental accuracy, the calculations predict the charge population
lowest radical anion state to slightly dominate only in two of the three six-memk
rings (Fig. 6C, --- plane of symmetry). Expectedly, the spin population is pertu
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Bare quarterphenyl dianion (A) and biphenylene as well as triphenylene radical anions (B, C) i
solvent -separated alkali salts: Essential structural data (each above) and DFT/NBOQ:hasgeell
as M5 spin populationg,, (each below; see text)
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considerably stronger. The largest differences between charge and spin popu
have been calculated so far for the triplet biradical tris(3ferttgutyl)-4-oxophe-
nylene)methane also containing three six-membered quinoid-distorted rings aro
threefold axis D), which could be grown in violet single crystals and structure
characterizet.

Nonalternant Polycyclic Hydrocarbons

The fascinating topological phenomenon of alternahisytransparently demonstrate
in Tehydrocarbon radical anions and catit¥f8. Therefore, both the non-alternant rac
cal trianion of decacyclene (Scheme 1: L) and the radical anion of pentaph
cyclopentadiene (Scheme 1: K) have been crystallized as solvent-separated alke
and their structures determirfdéfigs 7A and 7B).

Due to its threefold rotational axis, the radical trianion of decacyclene (Fig.
should Jahn—Teller distort as already discussed for the triphenylene radical anion (Fi
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Bare decacyclene radical trianion (A) and pentaphenyl cyclopentadienyl anion (B) in their so
separated alkali salts: Essential structural data (left-hand side: bond lengths (pm), right-han
angles) and DFT/NBO chardg, and MBEEE spin populationg,,
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Again, the Jahn-Teller distortion of the skeletal structure is presumably too small
assigned within the usual accuracy limitd (om,+1°) of the 180 K structure determi
nations ¢f. triphenylen& R, = 0.041,R, = 0.093), which reveals the drastic chang
due to the three negative charges: The acenaphthalene subunits are twisted ou
molecular plane expected for the neutral hydrocarbon by dihedral angles betweer
12°. In the resulting propeller-shaped conformation, some charge localization v
the five-membered rings is indicated by the cyclopentadienyl anion-like equilibr:
of the C-C bond lengths (Fig. 7B), whereas the central C—C bond in the naphtt
fragment is 4 pm shorter than in the bare naphthalene radical anion (Fig. 4A). .
(cf. Fig. 6C) the calculated DFT/NBO populations differ considerably: Contrary ta
rather even charge distribution around an approxi@atis through the center of th
trianion, the spin is arranged according to a plane of symmetry with two substi
units exhibiting each a large positive population and the third propeller-blade a sr
negative one.

The pentaphenyl substituted cyclopentadienyl anion shows the expected str
(Fig. 7B) with equal C-C bond lengths and ipso angles. The phenyl rings with sta
bond lengths and angfésre arranged in an interesting conformational pattern to a
a possibly repulsive van der Waals interaction between ¢hiio-hydrogens: Two in
1,3-positions with dihedral angles of each® @&hforce a 36 twisting of the one in
2-position, whereas the 4- and 5-substituents are turned 38 anced@ectively. The
DFT/NBO charge population calculated from the structural data confirms that the
half of the charge is delocalized within the five-membered ring and about one
only in each phenyl substituent.

Open-Chainr-Hydrocarbons: Tetraphenyl Substituted Dianions

The concept of crystallizingt-hydrocarbon salts with bare molecular anions by <
vent-separation of the countercations can be extended to unsaturated carbon ch
least if some charge delocalizatierg.in to phenyl substituents helps to stabilize t
rather reactive species to persistent compounds. Crystals containing bare dianion
be grown after sodium metal mirror reductionrelfiydrocarbons or after deprotonatio
of hydrogen-richer ones and low-temperature structures deterhfi(féid. 8) for the

bare dianions of tetraphenylbutatriene, 1,1,4,4-tetraphenylbutadiene and 7,7,8,8
phenylp-xylene.

All dianion structures (Fig. 8) are publisiéd??3and, therefore, only some esse
tial structural features as well as the hitherto unknown DFT/NBO charge popule
will be discussed. To begin with tetraphenylbutatriene, the neutral molecule is clc
planaf? and its C=C bond lengths vary between 135 and 126 pm, exceeded k
differences of 139 and 124 pm in the also structurally characterized radicat?an
The dianion exhibits even stronger distortions: The bond lengths changes re
breathtaking size between 143 pm for the outer and 123 pm for the central C-C

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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Accordingly, an acetylene dianion is formed, the@k),C~ halves of which are twistec
almost perpendicular to each other by severe cyanine perturbatiencharge popula-
tion calculated corroborates the structural findings: The C centers at the end
chain are rather anionic in character, despite of charge delocalization in the ad
phenyl rings (Fig. 8A).

For the bare tetraphenylbutadiene dianion, which cocrystallizes with its sol
shared contact ion triple (Fig. 2), analogous structural changes are observed: O
electron reduction, the C—C bond lengths are reversed from C(1)=C(2) with 136 p!
C(2)-C(3) with 144 pm to C(1)—C(2) with 146 pm and C(2)-C(3) with 138 pn()efs
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Bare dianions of tetraphenylbutatriene (A), 1,1,4,4-tetraphenylbutadiene (B) and 7,7,8,8-tetrar
p-xylene (C) in their solvent-separated sodium salts: Essential structural data (left-hand side
lengths (pm), right-hand side angles) and DFT/NBO charge distributions (see text)

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Bare Molecular Anions 1259

For the planar dianion skeleton again heavy negative charges at both chain
centers are calculated with some delocalization especially to the preaypositions.

Tetraphenylp-quinodimethane dianiéh exhibits different, but also severe bor
lengths changes relative to the neutral molecule: the outer C(1)=C(2) bond is elor
by 9 pm (!) on two-electron insertion to 147 pm and the phenyl ring C-C bond
shortened by 4 to 141 pm or stretched by 3 to 138 pm. The dianion structure (Fic
therefore, corresponds rather to a twofold@k),C"-substituted phenyl ring derivative
for which a difficult to rationalize, highly polarized carbon skeleton with intermitt
positive centers is predicted by the DFT/NBO calculations.

Organosilicon Derivates of Cyclic Hydrocarbons

In closing, the manifold of bare-hydrocarbon anions f4°" presented is extended b
two selected examples of compounds containing Si hetero substituents, the e
closest to carbon in the periodic table, but differing tremendously in its much |
effective nuclear chargé Accordingly, RSi groups are powerful donors faposition
to Tesystemsi.e. in R;SiCH, substituents, whereas m-position they act as effective
acceptor$®?4 For illustration of the two different perturbations within and outside
T-systems each one bare radical anion is chosenthe ones of 1,2,4,5-tetrakis(tri
methylsilyl)benzen® (Fig. 9A) and of 9,9-dimethylsilafluoref&(Fig. 9B).

‘©
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Fic. 9
Bare radical anions of 1,2,4,5-tetrakis(trimethylsilyl)benzene (A) and 9,9-dimethylsila-fluorene (
their solvent-separated sodium salts: Essential structural data (each above, bond lengths in |
DFT/NBO chargeQ, as well as spimp, populations (see text)
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The structure of the tetrakis(trimethylsilyl)benzene radical anion reveals an a
unbelievable distortion relative to neutral molecule: The ring CC bonds between
the RSi substitution centers is elongated from 141 pm by 6 pm to 147 prf)(re
indicating a severe cyanine distortigmesumably due to the delocalization of negati
charge along the two chain fragmef&ECECEELSi) (ref?®). The DFT/NBO total
charge distributions confirm this assumption (Fig. 8A): The dominating positive cf
at the silicon centers is expected from the difference C/Si in their first atomic ioniz
potentials of about 3 eV (!) (réf) and largely compensated by the surrounding met
carbons. The C substitution centers in the ring are predicted to carry a relatively
negative charge, which correlates with a repulsive elongation of the connecting
bond and which despite the nodal symmetry plane through the long axis shot
delocalized around the ring as is confirmed by ESR experffaent

The radical anion of 9,9-dimethylsilafluorene is generated b§ifRnsertion into
biphenylene radical anion (Fig. 6B, Féf.and the Na countercation is separated &
2.2.1.-cryptand encapsulation. The low-temperature structure determination reveals
five- and six-membered rings and, in general, standard geomgteesept for 4 pm
changes in the lengths of the five-membered ring C—C bonds and the rather smal
4 CSIC of only 92. The skeleton of the radical anion is, therefore, at best only slig
distorted and the DFT/NBO results should illustrate the electronic effect in organ
con anions more reliably than on the background noise of a severe cyanine dis
(Fig. 6A). Again a large positive charge for the Si center is expectedly predicted, |
compensated by the surrounding carbons. Due to the larger radicalresystem, the
largest negative charge at the adjacent ring C centers is smaller than in the b
radical anion (Fig. 9A). The net charggsQ,, in the central rings amount to —0.25)C
vs —0.05 (GSi), suggesting that the stabilization of radical anions by Si centers d
their low effective nuclear charge might be more pronounced insiegyatem than on
outside substitution.

RETROSPECT AND PERSPECTIVE

The improved techniques of low gradient crystallization made possible to grow cn
of solvent-separated alkali salts containing bare anions of hydrocarbons. Based ©
structural data, density functional calculations including natural bond orbital ana
have been performed, which yield both totalH{ ) charge and, for dublet states, al
spin distributions.

Altogether 22 hydrocarbon radical anion§)¥ dianions M® and one radical tria-
nion M®)F=E are investigated comprising six-membered ring cata- and peri-conde
polycyclic compounds and polyphenyls as well as nonalternant, open-chain and ol
silicon derivatives. One essential assumption, which concerns the neglect of po
polarization effects of the countercations on the hydrocarbon anions can be pe
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justified by both the rather large distances between them and the cation arrang
around the anions in the crystal.

The wealth of information obtained on comparison, correlation attempts anc
cussion based on perturbation arguments, provides — at least at first sight — the 1
ing results:

a) The DFT/NBO results, although based on experimental structural data, ofte
not correlate beyond doubt with the total« 1) charges calculated.

b) In contrast to the usually successful numerical assignment of ESR hydrogen
patterns by squared HM@ coefficients of the adjacent carbancentersvia e.g.the
McConnell relationshipa i = | Qy | (c}M°)? the open-shell DFT/NBO spin populatior
do not always fit into such a generally applicable correlation.

¢) Nevertheless, the DFT/NBO results on hydrocarbon anions provide many
hints for the preparative chemist such as: In acene derivatives large charges a
dicted at peripheral C centers connected by rather short C-C bonds, whereas
charges are calculated for the C centers at the elongated inter-ring ones. Con
tional changes by twisting substituents around their connecting C—-C bonds to the
system can be reasonably rationalized as exemplified for 9,10-diphenylanthrace
1,1-bianthryl radical anions, including the seemingly surprising prediction of pred
nantly localized spin in one molecular half of the latter. InPggsymmetric radical
anion of triphenylene, the Jahn-Teller distortion of the degenerate states is satis
ily reproduced. In radical anions of non-alternant hydrocarbons and in the dianic
tetraphenyl substituted linear and branched carbon chain compounds, each the
teristic facets revealed by their structure determinations are well covered b
DFT/NBO results. Last, but not least, the perturbations in organosilicon radical a
due to the low effective Si nuclear charge demonstrate — with the different effe
outside substitution and of internal-GSi replacement — the rewarding general appli
bility of combined crystallization and calculation efforts.

The main perspective for future work should be to experimentally determine
structure of the respective neutral hydrocarbon molecules, by either extensively s
ing the Cambridge Structural Database or, if necessary, by crystallization and
analysis. In addition, their DFT/NBO charge distributions have to be calculated in
to compare the changes inflicted on the hydrocarbon skeletons by electron inser
also would be helpful to correlate the ESR/ENDOR coupling constants of their re
anions in solutions with the DFT/NBO spin populations reported.
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