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AbrhrcElectronic spdra. ionization and duction pot&ids, aod dipok moments of representative 
cyaooeromatics have been simuktal with a siogk PPP cakuktional s&e& contrary to previous ackctroo 
treatments. This was echkved by ahiug tbc standard cyam PPP paruMwhtion such that the N atom becomes 
suhtantiaUy more ekctronqative and the nitrik carbon slightly more ckdropositive. Ab in& !TI’G 631G results 
were the model for the proposed udiIkathu. Application of this approach to a wide range of cyxoecontainhg 
elan ddcknt, “~n&puV and anionic mokc&s demonstrates its utility iu physical proper&a pdictiom, ad 
offers a correct theo~tic.al basis for a mu&r of unusual spectral observations in which simpk resoonnce 
consideration8 fail. 

l&ecyanofunctionhasbeenusedwidelyasastrong 
electronegative group in coaju@ed molecules. A vast 
experimental data base exists on its role in altering a 
number of standard physical properties of ackctronic 
systems such as electronic spectra. ionization potentials, 
redMion potentials, electron a&ities and dipole 
moments in the ground sod excited states. Despite this, 
no unifying set of Pariser-Parr-Pople (PPP) r-electronic 
parameters have been developed and widely tested for 
thisgroup. 

Two chwes of parameters have suggested in the lit- 
eraturc sod received limited application: (1) A standard 
set baaed on electronq@itks of neutral atoms as 
developed by Hinxe and Jallc,’ which offered good spec- 
tral predi&ns on simple aromatk nitriles.” (2) A more 
“ekctronegative” scheme which was employed in spectral 
descriptions Of chsrgatransfer c0mplexea’ and electron 
aUluity calcalations.’ The two parannW sets are dis- 
playcdinT&k 1. 

However upon further investigation, we have foul 
that the standard set of cyan0 parameters yielded poor 
predictions for ionization potentials aad dipole moments 
of simple aromatic nitriles in&ding benzonitrile. Oa the 
other hand the “electronegative” treatment failed to give 
reasonable spectral results for these molecules, although 
ionization potentials and dipok momentt values were 

tTbcloncpnirmomcntoft&nitrogenatomha3bccoaasessed 
tocodnbuteontheorderoflD.6AvalucofO.SDwarusedin 
cake. 

found to be acceptable. Some typical data are displayed 
in Table 2. 

Pmmeterdedopmalt 
Thus, we began a search to develop a more universal 

set of PPP r&ctron cyan0 parameters. Initially as in a 
previous study on the nitro f&n,’ we started by 
considering the results of valence-electron and u6 initio 
calculations on small model compounds as a more real- 
istic basis for simulation. However, contrary to the nitro 
study, it was found that CNDO/2’ and ab i&o cal- 
culations at the !STO4G leveP gave poor values for the 
dipole moments of simple compou& such as HCN and 
acrylonitrile. FMhermore CNDOrZ predi&d an ion- 
ization potential destab&&ion for cy&ioirq spe- 
ties such as acrylonitrile and benxom& compared to 
tl+arenthydmcarbons,‘OalMugwhichisremiaiscent 
ofthestaaderdcyanoPPPparame&set.Ontheother 
hand we observed that more sophisticated ST0 4-310” 
results gave tbe proper trends. The major differem~ 
betwecntbeSTOC31Gchargedensitiesandthoseofthe 
othertechuiqueswasthatahigherdipolemoawntwas 
inducedinthecyanofonctionwithtbenitrogenatombeing 
quite negatively charged. 

With this basis and considering the need to iacorporate 
a more realistic &Sore charge distriWion into the 
framework of the aclectron method,’ we systematkally 
varied tbe PPP aclectronic parameters for the cyan0 
atoms. Our goal was to reproduce the electronic spectra, 
ionization potentials and ground-sfate dipole moments of 
some representative aromatic nitriles subject to the con- 

Tabk 1. Cyun, muamctw summarv 

Schema Atcm (0 charge) b uu (OW V.S.I.P. (eV) llc-r(ov~ 

(~)"Standard" C(+ 1.0) 11.13 - 1.~16 - 3.25 
lq+ 1.0) 12.52 - 14.18 

(b)*Electronegatire" c(+ 1.0) lo.09 - 12.69 - 3.35 
lq+ 1.0) 11.52 - 16.18 

(c) Propored c(+ 1.1) 11.05 - 12.00 - 3.45 
a(+ 0.9) 12.75 - 15.20 

2113 
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Table 2. Cotnqrisoa of cyano PPP parameterizatiom predidoas 

(lnten6lty)* 
Ionir*tianb Dipole 
Potenti bloment 

Compound-N&hod t2 cm (D) 

Benzonitrile 
(a) “StandarIl” 265(0.01) 224(0.57) 9.24 
(b) "Elcctronsgrtive" 289(0.01) 267(0.68) 9.56 

266(0.01) 226(0.54) 9.57 3.95 
273t2.8) zwi(b.1) 9.78 3.93 

b-Am%noben6onitrllc 
(a) :Standard" ng(o.11) 266(1.&o) 7.18 5.62 
lb', ~ecnegative" -2(O.O0) 314(0.83) 8.18 

(i, F&l/ 
283(0.02) 266(0.77) 8.15 

nO(b.26) 8.30 5.96 

a I _ In nm. Theoretical lntenelty 66 o6clllator 6trength6; Exptl. 

a6 log C_* 

b Relative to 9.23 eV for benzene. 

' Rcfarcncelr to exptl. r66ults.givan ln Tables 3, 4 and 8. 

straint that tbe charge density for acrylonitrik resembled 
that of SF0 431G calculations. 

The best set of resultant parameters is given in Tabk 
1. A comparison of this suggested PPP set and the two in 
the literature for select physical properties of some 
aromatic nitriles is displayed in Tabk 2. This scheme 
appears to incorporate tbe best features of each of tbe 
other approaches. It is noteworthy that the sum of the 
‘*propo& valence state ionization energks for the 
cyano C and N atoms is intermediate between the start- 
dard and “Wctrone@ive” schemes. However, whereas 
tbe nitrogen V.S.I.P. is considerable greater in magnitude 
than the extrapolated Hinze-Jaff6 value, the correspond- 
ing carbon number is less in maguhde than its inter- 
polated V.S.LP, of -12.4OeV.’ This feature allows a 
simultanu3us reproduction of all tbe experimental pro- 
pertiesinTabk2. FurhWXe, this proposed scheme 
mimics fairly well the SfO 631G huge dcnsitks on 
acrylonitrik. Therefore, a program was undertaken to 
apply this cyauo treatmeot to additional aromatic nitliles 
of theoretical interest. 

Tlie basic SCF-MO-CI~4ctron PPP method using 
the semiempirical parameter scheme proposed by 
Nishimoto and Forster,‘2 in which the hvo-ccntcr repul- 
sion integrals are calculated by tbe Nisbimot~hUaga” 
method, was employed in this study. Calculational details 
are given in an earlkr paper? 

In addition, for many compounds it was necessary to 
inch& the role of solvent explicitly in order to compare 
the theoretical spectral predictions with 8Vdxbh 

experimental da!a,whicboften were limited to polar 
solvents such as ethanol. This was necessary since tbe 
raw calculational output should correspond to a gas 
phase or nonpolar media result, whereas a number of the 
mokcuks are highly resouathgdipoles or “push-pull” 
se, and experience substautial solvent spectral 
shifts, similar to p-e [A#&llcxane) 322lulM 
(ethanol) 37OmnJ and pnitrodimethylaniline [&&hex- 

tAltnon-fefenncedspcctrald6tar6portaiinthispapetwm 
obtakibytbeauthor. 

ane) 34o-+thanol) 38ltnm1.t Fortuoatdy. thede a& 
sorption maxima dihences iu two solvents, SE and St 
can be assessed achy via the following quantum 
me&ani4 expression:” 

VI-v2 =~~w4rr[~-~] (1) 

where: 

V, = absorption max in solvent 1 
VI = absorption max in solvent 2 

k = constant 
A = molecular sixe of soh& 
pg = ground state dipok moment of solute 
)re = excited state dipote moment of solute 
d = diekctric constant of solvent. 

All quantities except pg, PC and k are knowu experi- 
mentally, while pg and pe cau be calculated tbeoretk- 
ally by the PPP method which produces good grwnd- 
state and excited-state’~‘J*‘6 dipok !Mment predictions. 
Thus, to compare ethanol to nonpolar media spectra a 
new variabk Y was detined 

Y=k[s-51 (2) 

and scakd to duplicate the p-nhanihe and p-aitro- 
~~~~ spectral trends 01; = 320 cm-‘). 

The results of PPP ackctronic spectral &adaWns 
for a series of ekctron-delkknt cyano benzenoid mule 
cules are compared with the correspomling experimental 
values in Table 3. In general the compounds display a 
w~~~~~3lO~~n~~~~ 
absorption between 22%255nm. Tbcae maxima cor- 
re.spoml to the classical ‘L&A and %.+‘A &an&ions 
respectively. Tbe ability of the theoretical calculations to 
reproduce both the location aod the relative intensities of 
the bands is excellent. For example in the dkyano series, 
Wlicyanobeazene is predicted to have its spectrum 
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Tabk 3. Absorption spectra of ekctron-defkknt bcnhbik derivatives 

Expt1. Calcd. a,, 
Compound ~max(C-) (oscillator strength) 

Benzonltrlle t1 273(2.8)a 
t2 225(4.1) 

l,P-Dicyanobenzene t1 283(3.1)b 
t2 232(4.0) 

1,3-Dicyanobenrenc t1 281(2.4)b 

t2 229(3.9) 
1,4-Dicyenobenzene t1 284(3.1)b 

t2 235(4.3) 
1,2,4,5-Tetracyanobenzene tl 3W3.6)’ 

t2 256(4.2) 

t3 223(4.8) 

TCaO t1 - 400(etrong)d 

266(0.01) 
226(0.54) 
276(0.04) 
241(0.32) 
274(0.01) 
229(0.24) 
2?3(0.04) 
242(0.92) 

wO(O.Of3) 
256(0.51) 
219(1.9) 
437(1.9) 

'Septane. Ref. 6. 
bMethanol, 0. E. Polansky end M. A. Graesberger, Monatsh. Chem., 2. 
647 (1963). 
'Ethanol, A. Zweig, J. E. Lehnaen, W. 0. Hodgron. and W. If. Jura. 
J. Am. Chem. Sot.. a.. 3937 (1963). 
dDlmethoar ethane. H. T. Jonkman and J. Kommandeur, Chem. Fhy. Let., 
2, 496 il972). - 

red-shiftal tbe most and be the most intense relative to 
bewxhile and tbe other two dicyano isomers, in 
agreement with observation. Fluhmore, contrary to 
tbe multi-substituted nitrolnuuenes~ the 12- and lJ- 
dicyanobenzene %.+‘A spectral transitions are found 
to be batlmcbromatic to benxonitrik calculationally and 
experinkntally. calculations on tetracyanobenxene dis- 
plays all the observed trends in that its long-wavelengtb 
absorption is both the most red-shifted and intense 
(totally contrary to s-trinitrobenzene which bad the 
weakest %,+‘A band), and is hi-banded with its slmrt- 
wavelength transition being the most hypsocbromk and 
strongest in Uris series. 

fb) L&r&u of “push-puU”cyanoaJvmatics 
A more cldlengillg spectral probkm is offered by the 

introduction of electron donors into the cyano-containing 
molecular framework leading to classical “pushpW 
systems. As discussed earlier, tlte experimental results 
are a&ted strongly by solvent interactions, aml where 
applicable the spectral shifts induced by polar solvents 
have been included explicitly in tbe calculations employ- 
ing the procedure outlined earlier. 

Mono-amhmbenx4mSle spectral data are presented in 

War exsmple. Qso+& for pamiaobeazoaitrik: C-l (carboa 
adjwzent to cyano) -0.075+tO.O10. C-2 tO.O35+-0.057, C-3 
-0.072-M.043, C4 +0.033+4.036, Nitrile C +0.350~+0.150, 
Nitrite N -0.417++l.535. aod NH2 tO.184++0.438. 

Table 4. Tbe cyano group can be considered a reasonably 
weak conjugative electron-poor functioo. For example, 
in nonpolar media the intense ‘L.t’A band is found at 
322 Ml fbexane) and 284nm (ln!qtane)” for p-nitro- 
aniline and p -aminoacetopltenonc respectively. 
Theoretically tlk batbocbromaticity of tlkse dipolar 
nitrile aromatics is suppressed since it is the C atom of 
the cyano function rather than N which experkncu the 
more substantial growth in charge upon excitation, and 
tbe clectronegativity of the cyano carbon is of reduced 
cbaracter.t 

Witbin the amino-substituted series, the m-N& 
derivative is found to be red-shifted relative to its p- 
anal-, an observation which is contrary to simple 
resonance considerations. Our MO data conectly pfe- 
dktstbisresultaswellastlktransitionalprope&sof 
the orfho isomer. Fur&r, the relative intensities are 
duplicated very well by calculations with the pam 
derivative beiog the most intense. 

Cbromopboric extension of these push-pull benxenoid 
species can be induced by incorporation of a vinyl link- 
age into the molecular structure. A sizable experimental 
spectral data base exists for multi-substituted cyanovinyl 
resonating aromatic~,‘~ and representative results are 
shown in Tabk 5. It is observed that the dicyanovinyl 

function -CH=C’ 
CN 

‘CN 
is an electrondelkient auxo- 

T&k 4. Absorption spectra of amioobcnzoaitrik wmP0und.Y 

Compound Imax (oa.at.. ) I,Erp4log c) 

o-Amlnobenzonlt~lle 312 (0.19) 315 (3.57P 
m-Amlnobenzonltrile 309 (0.11) 306 (3.43)a 
p-Aminobenzonltrlle 283 (0.02) 270 (4.26)a 

266 (0.77) 
p-Dlmethylamlnobenronitrile 300 (0.04) 

285 (0.79) 
;;r [$3$b 

. 

a~. deCorvllle and L. Kerielt, Comet. rend.. 262, 362 (1966). 
bT. Matsuo, et.al., Bull. Chem. Sot. Jlp., 2, 2849 (1968). 
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Tabk 5. Ahptiou spectra of ‘$wb+U qanoarods 

CUCd. 
compound Cyclohexane -, Alcohol Rpt1. Solvent 

l_ (OB.le.) ha6 llax (9 1 

a E. Lippert and W, Luder, J. Phycl. Chem., 66, 2430 (1962). 
b per. 18. 
i w. A. Sheppard and R. M. Henderron, J.Am.Chem.Soc., &, 4446 (1967). 
n. Syr and H, 7rmlllnger, Helv. Chem, Acta, 48, 517 (1965). 

* E. Czemin&a-Fafgti and W. Polacckowa, Rocmikl Chem., 40, 429 (1966). 
f Ref. 20. 

-- 

chrome which is substaotiany olore effective tlNl0 even 
the oitro group. cakuktioos coofirol this bchavior~ The 
spectral shifts caused by sequential cyano substitutioo 
onto the vinyl group are successfully handled by the 
theoretical tcchniquc. simikr to the bcnzenoid case, 
longer wavelength absorption of the mcta derivatives are 
observed ~~ the series, as uotcd by G~.19 
The PPP data dispky this quality but tend to ovcrcs- 
timatc the spectral dilferences. The extinction charac- 
t&&s are also in very good agreement with expcri- 
mcot. 

should display a hypsochromic shift in mart polar sur- 
roundings, characteristic of certain merocyaninc dyes.” 
Thus, the effects of eovironlneot enhance ConsiderabIy 
the spectral differeMXs in these hvo mokcuks. Lnteres- 
tingly the cakwtions predict the ioniz!atioo potentials 
andekctrona&itksofthuetwospaciesshouldbe 
neariy identical despite their spectral variations. 

NCvCN NC~CN 

More typical spectral trends arc observed for the 
4dimethylaminostilbene chromophere. In this serks, as 
@sonawe principles dictate, 4’4ZN is substantially 
bathochromatic relative to 3’-CN in 8096 alcohol. Cal- 
c&ions corraSy predict this behavior (Tabk 9, and 
show the 4’9naloeue is inherently red-!Mtcd in- 
dependent of environment. Pokr media enhance this 
effect. Furtimr, the sli&tly incrwcd absorption of the 
4’-CN derivative is simuktai by the PPP approach. 

co 0 
N CrJ 0 I 

N 

d”, 
1 2 

(c) *e&m of aniw unions 

The spectraI properties of ~~~i~oyl 
arc in @od a@cMlent with experimcot, in that the 
spectral maximum is at a substantially longer wavelength 
than its benzene analoguc, despite the non-planar 
charackx of the biphcnyl specks (Table 5). 

An interesting exampk where simple resonance coo- 
siderations fail to predict spectral CharclcteristicJ of 
“look-al&c” mokcuks is provided by a wmparkoo of 
the two dicyanovinyl specks 1 and 2. LIespite their 
strwtuml simihuitks and the fact 2 represents a more 
c&Igativemotecuk,1isrcdillcolorwbases2is 
yellow.Amtimlebasedoochargeseparatcd formshas 
been -ted to account for these 0bwvatiom.‘“” 
MO data, which are given in Table 5, support this 
~n~~~~~p~~l~v~~a 
typical “pushpun” mokcuk in that the intmmokcukr 
char@rwfer form dominates in the excited state. Thus 
substantial excited-state stabiUtk0 is introduced in 
pokr solvents or the crystal state. On the other hand 2 is 
predicted to be highly-polar in its ground state, and thus 

The abso!ptioo dlaIac~tics of acne 
anilide anions were also invcstigat& Analysis of the 
spectra of a series of such anions reveals unexpectedly 
that the ecyano derivative absorbs loonm hypso 
c~~y~~~~~~,~ke~o-~~ 
b&-shiftod rbtive to tbc 3dhmdhe anion,= which 
should represent a reasonable spectral model for the 
unsubstitutcd parent. cakulations were employed to 
attempt to understand these dramatic obsavatisns. MO 
results arc given in Tabk 6, and arc in satisfactory 
agreement with experiment including intensity charac- 
teristics. upon further analysis of the tbcorctical outpu4 
one finds large chsrgc density changes upon excitation in 
* SuBi&+ anion. The three lowest ekctronic states,of 
Ew~~m be representsd by the fofi0-s 

“7” 
‘i’” 

NH 
el 

4_~*NC6H4CHC~N 338(1.06) * 365 

3-Me2Nc6H4cHcHcN 360(0.10) + 388 

~-Mo~I'IC~H~CHC(CN)~ 382(0.87) + 420 

3-Me,tK6H4cHC(cN), 418(0.0f3) * 460 

4-~e2NC6H4c2(CN)3 ~0~0.67) -, 501 

3-Me2NC6H4C2(CN)3 488(0.05) * 553 

4-Dlmethylamlnostllbene 
(4-DIMS) 

338(1.34)*348 

4,-Cf?-A_I)-DMAs 359fl.441 * 388 
3'-CR-4-DlMS 343(1.30) + 362 
4*-CN-4-aminobiphenyl 302(1.10) + 320 

1 (Mg - 6.8; pA - 15.5) 431(0.42) * 470 

2 (p&t - 10.4@& = 8.9) 402fO.80) * 395 

366(4.71a EtOH 

432(4.71b lItox 

444(3.3F EtOH 

514(4.6)b EtOR 

5377f3.1)= EtOH 

349(4.5)d EtOH 

Red EtoH 
Yellow* 
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Tabk6.Pla@kaoflaitideanioM 

Derivative 
Rpt.1. 

"-(em& 

Calcd. 
k_(oe.st.) PKma 

Calcd. 
I.P. 

3-Chloro tl 

t2 
4-cyan0 t1 

t2 
T-cyan0 tl 

t2 

3w3.4) 36C(C.og) 25.63 3.55 
270(0.59) 

337(4.6) 350(0.95) 22.66 4.2 
345(0.07) 

447(3.4) 4!WO.o7) 24.64 3.9 
310(0.16) 

a Ref. 22. 

Therefore the 447~1 band in the 3-cyano anion is 
assoc&d with the near-visible long-wavelength band in 
the anilide parent, whereas the intense 337~1 ab 
sorption in the 4-cyano isomer originates from the Sr UV 
transition. Fiy, acid strength can be successfully cor- 
related with ionization potential for these anions (Table 
6) with 4-cyanoanGe being the strongest acid in this 
series despite its anion’s lack of color. 

(a) Physical propatia of cyanoatomath 
1. l%pde monmts. Results of “adjusted” calculated 

moments for the ground aad select excited-states of 
representative cyanoaromatics are compared with avail- 
able experimental data in Table 7. For the ground state 
values the agreement is acceptabk after consi&ratioo of 
the inherent theoretical eRylrs &oduced by &e -NH, 
and -N(CH& groups.t Tbe enhanced conjugative 
resonance interaction observed for the “push-pun,l 
molecules beyond that of the summation of tbeii respec- 
tive donor and acceptor components is reproduced very 
well by the calculations. For example, experimentally tbe 
dipole moment of p-aminobenzonitrile is 0.5D greater 

tTbc point charge dipole moments calculatal by the PPP 
sckmc for anilk and N,N&nctl~yhnili~ arc 0.6 K and 0.75 D 
greater tkuo the expdmcntal values of 1.53 D and 1.61 p 
rapectivcly. Clmrgc distriins are poorly rcpreaental when 
tkaenilroge~~~oupsarctrcataiasasiugkchsrgc 
center as conhcd by an inirlo cakuhtions.~ In order to 
accamtfortbc3cdi&ultiuitwaa&daitoraiucctbcrcaul- 
tant calculntal grouDd cad excited-atate diple momllt.Y of 
zods contair& these functions by tbc amounts given 

than that of aniline and benzonitrik, whereas Cal- 
culationally 0.45D is obtained. Also the MO results 
correctly predict that the dipole moment of 2- 
cyanonaphtlullene is greater than the lcyano isomer 
despite its reduced conjugation onto the ring Fe. aB.0. 
(2cyano) = 0.286, aB.0. (lcyano) = 0.2!J6], as has been 
observed with electron-rich naphthalenes.p 

Because of the strong ekctronegativity properties of 
thecyanofunctioo,therehavebeenmeani&leffortsto 
experimentally determine the excited-state dipole 
moments for a number of nitrik-cootaining dipolar 
mokcuks. Thrte d&rent teclmiquet? have been 
employed: mic methods, lluorescence polarixa- 
tioo and electric dkhroiim. Result8 are compiled in 
Table 7. In general the agreement theory and experiment 
is very good especially considering the large varktious 
from one experimental technique to the next, and even 
withintbesamemetbodasde&rminedbyd&rentib 
vestigators. The following observations can be made: 

(a) The substantially d&eat experimental Ire for 
pdhethyhminobenzonitrile 89 found by fhw#escence 
pokrizatioo (ll.lD) and spectroscop k metbods 
(23,15.7D)z-’ can be umkrstood theoretically by asaum- 
ing that the former technique is measuring the 6rst 
excited-state moment (talc. pel = 10.5 D), whereas the 
spectroscopic experiments are following the intense 
charge-transfer transition (cak. kq = 165 D) which ib 
valves the second excited-state. 

(b) The calculations overestimate the excited-state 
dipole moment of 4’-CN4aminobiphenyl. Theoretically 
itwasfoundthatt&morenonplanarthiscompoundis 
made, tbe greater tie becomes. 

(c) DiJIerences between the dipole moments for 

Tabie 7. Ground and excitahtate dipole moments of cyavuuda 

)1 
Phker-i 

cenee 
Spectro- Polarl- Electric6 

Compound a 
8CODiC ration Dlchrolem Calcd. 

p-Aminobenzonltrlle (Z)b - - sl 8.0 
14.4 p-Dimethylemlno- 6.55 23' s2 11.1 

benzonitrile (6.15) 7d s1 10.5 
15 16.5 

'l-kfe2NC6R4CRCRCN 6.75 14. C 14 R2 18.2 (6.7) s1 

41-CN-4-amino- 15.3 blphenyl R1 19.5 

I('-CN-4-dimethyl- aminoetilbene 
29C 

(Z) 21d 21.2 20.0 21e s1 21.2 

a Exptl. valuea from Ref. 25. b Calcd. pg value8 ln ( ). 
9 L. Bilot and A. Ilsxeky. Ref. 25. 

' Ref. 26. 
' N. 0. 

25 8 
Bakhehiev, Ref. 25. 

J. Creknlla and K. Meyer, Ref. Ref. 25. 
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Table 8. Pokrcgmphic reduction potcntids 

Calcd.a Polarograohicb 
Compound 

CLu?+tO(eV) E) (V.1 Ei (v.1 

Benzonltrlle -2.10 -2.68 -2.74 
1,2-Dlcyanobenzene -2.71 -2.07 -2.12 
1,3-Dlcyanobenzene -2.53 -2.25 -2.17 
1,4-Dicyanobenrene -2.82 -1.96 -1.97 
4-Aminobenronitrile -1.69 -3.09 -3.12 
4-Mtrobenconitrile -3.41 -1.37 -1.25 
1,2,4,5-Tetracyanobenzene -3.66 -1.12 -1.02 
TCRE -4.40 -0.38 -0.17 
TCNQ -5.02 +0.24 -0.19 

a Ea. 3. b Ref. 29. 

dimethyiamimandamin~anal~gue.sa~mntuakd inthe 

excited State. Experiowdal data on nitro species display 

tlliSbehaviorandCdhlthiSpdiCtiOIl.~ 

(d) The approach of LippcrP seems to yield dipok 
moment values which are in substantial disageement 
with tbe other spectrowopic and experimental tech- 

niqueS and the theoretical treatment. 

2. Reduction potadak Considerable success has 
been acbeived io relati~ zLuMo as determined by P- 
ekctronic mtbods to experimental reduction 
potentiaP” and electron afhitks-’ for coajugative 
mokcuks. Our results for a number of cyano-containing 
specks are presented in Table 8. The following relation- 
ship between calculated cLUMO and polaro8raphic 
reduction potential Eln is proposed: 

E 1/z= - l LUYO - 4.78, (3) 

and gives an excellent correlation. The only compounds 
for which ‘sizabk emm are observed are TCNE and 
TCNQ. However, the experhental measurements for 
the two compounds are suspect in the original work.= 
Fur&r ‘horganhtion energy”” may be substantially 
d&rent in these two cases than for the huenoid 
mokcuks. These cakuktions do suggest on the basis of 
cLuMo values that TCNQ has gr+er ekctron-aquiring 
s tbtbJTNE. Continumg controversy sur- 

. * 

9. liillze and H. II. ha. I. Am. chtm. sot. 84, MO (1%2). 
31.E.PiptieandJ.B.M~~CnnI.Cha.0.624(196n. 
F. Leiivici An Fk. 99 (1970). 
.I’. Ghta, H. Kuda and T. L Kunii, &or. Chm. Ada 19. 
167 (1970). 

sJ. M. Yudin, L J. Smith id R N. Compton, Jlh! 41, 157 
(1976). 

‘M. Yamskawa, hi. Kubota, II. Akazawa ad I. Tanaka, Bwll. 
Chem. sot. Jprr 41, la46 (1968). 

‘M. D. Gordon and J. F. Ncunwr. 1. firs. Clean 78, 1868 _ 
(1974). 

‘J. A. Pople and M. Godon, 1. Am. Chem Sot. II),4253 (1%7-h 
Pw. I. Hehre. R Stewart ad J. A. Pook. I. Ghan. F~Ys. 51. 
2652 (1%9). 

. 

‘@hf. D. Gordon, P. V. Akton and A. R. Rossi, /. Am C&I. 
sot. lo& 5701(1976). 

“R Ditchfidd, W. J. H&c and J. A. Popk, 1. Chm. Phys. 54, 
724 (1971). 

‘*K. Nishimoto and L. S. For&r, Thor. Ghan. Acta 3,407 
(l%s); 4, 155 (1%6). 

“K. Nisbimoto and N. ,Mataga, Z. Phys. Ghan. Ihankfwf 12,335 
(1957). 

‘S. Base, Ado. Ck pl?gs. 145 (1966). 
“H. LaLht. Expclimlio Z&65 (1966). 
16Reactivity of the Photoexcited OgMic Mokcuk Intcrpcknce, 

L&on (1%7). 
“J. Tanaka, S. Nag&ma ad M. Kobayashi, 1. Climr Phys. 24. 

311 (1956). 
“B. C. McKusick, R. E. He&d, T. L Cairns, D. D. Coffmm 

and H. F. Mower, 1. Am. C&m. Sot. a, 2806 (1958). 
‘3. GdIitbs, C&w and C’otutitti of OgMic Molecules. 

Aahnic Press. New YorL (1976). 
‘Dp. I. Ittygah and F. G. Mann, 1. Chem. Sot. 3179 (19%). 
*IL. G. S. Brooker, G. H. Keyes ad D. W. Heseltiw, 1. Am. 

&WI. sot. 73,535o (1951). 
=D. Dolman ad R Stewart, Can 1. Ch 45,911(1965). 
zlv. I. Minkio, 0. A Osipov and Y. h ZManov, abort 

hfoamts in &mnic Chemists. Plenum Press. New York 
(1970). - 

=W. J. Hehre ad J. A. Poplc, 1. Am. Chem. Sot. 92.2191(1970). 
rrA discussion of this subject is Riven in I&f. 23, Chapter VI. 
%E. Lipped, 2 Elektmc& 61;%2 (1957). - 
nA. Strcitwkscr, Jr., Molccuhu Orbital 7hory for OgMic 

Chatdsts. W&y, New Yak (l%l). 
“M. J. S. Dewar ad N. Trinajstic, Tduhdron 25,4529 (1969). 
=P. H. Bkgq I. Bend, W. H. Reinmuch and G. K. Fracnkel, 1. 

Am. than. &c. 1.683 (I%3). 
‘OM. M. RuIuw ad A. vcihrd, Chem Commwn 250 (1973). 
“R. N. Compton, personal cummunication. 


