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Contrary to numerousderivativesof p-substitutedN,N-dimethyl-aniline,p-nitro-N,N-dimethylaniline,doesnot form the
TICT state.This behaviouris predictedby INDO/S calculations.The calculationsalso!revealan important role of the
Coulomb interaction term in the evolution of intramolecularcharge-transferexcited-sttlte energy upon twisting of the
dimethylaniinogroup.

1. Introduction group twisted around the respectiveN—C bond
(seefig. 2).

During the last ten yearsit wasdiscoveredthat The TICT state formation of I seems to be
numerouspara-substitutedaromaticmoleculesof
the type D—Ar—A (whereD/A representan elec-
tron donor/acceptorgroup and Ar an aromatic —!~-~-~ ~

ring system) undergorelaxation in the excited
singletstate to a highly polar state,preferentially
in fluid polar solvents, and the emissionoccurs (b) ‘EL
from two different excited states.Numerousat- S1 -~-~----~-~-

tempts were publishedin order to explain the 11(1 (ciN)
experimentalresults [1—6].However, the twisted ________

intramolecularchargetransfer(TICT) state for- (4kb

mationhypothesis[7] seemsto be better founded
than theotherproposalsto explain this behaviour
(seefig. 1). ______-

Theaim of our studiesis to investigatewhether 0

p-nitro-N,N-dimethylaniline(I) in a polar solvent
showsa relaxationto the TICT state.Forthe sake ‘Z 0
of comparisonwith I, three model compounds Fig. 1. TICT model. Schem~ticcross-sectionof the groundstate and lowest excited sin~letstatepotential hypersurfaces
were synthesized:II, with the dialkyl amino group along the reaction coordinaterepresentedhereby the twist

fixed, III and IV, with the dialkylamino or nitro angle0.
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~Fig. 2. Formulaeof thestudiedcompounds. 4

possiblefrom the thermodynamicalpoint of view. 1 , 6
The linear correlationof the TICT fluorescence

7 ~c~omaxima with the difference of the oxidation
potentialof the donorand the reductionpotential 8 c~NOa

of the acceptorgroup was found for a seriesof EVA)
moleculesemitting TICT fluorescence[8].

1 2 3V/SCE
The energy of the TICT fluorescencemay be

estimatedas [8] Fig. 3. Energy of the TICT fluorescencemaximum for thecompounds1—7 in acetomtrilesolutionsagainst the polaro-
hcv E1

0~
2(D) — E1~(A) + E~0~1— Edest, (1) graphichalf-wave potentialsof one-electronreductionof the

acceptors(A) in acetonitrileor dimethylformamidesolutions,

where E~2(D),E~j(A) are the polarographic correlation coefficient r’ = 0.91—0.94. Vertical dashedlines

half-wavepotentialsof one electronoxidation of indicate the region of the measuredvalues of Ef~(A) for I
(table 1). According to the correlation (points 1—7) the ex-

the donor (D), or reductionof the acceptor(A), pectedemissionmaximum of thehypotheticalTICT stateof I

respectively,and ~ is the coulombicenergyof is indicatedby horizontaldashedlines.

bringing the opposite charges to the fixed dis-
tance.Theentropy termis expectedto be roughly
constantwithin the consideredseriesof p-deriva-
tives of N,N-dimethylarnlineand was neglected Table 1

[8]. Polarographichalf-wavepotentialsof one-electronreductionof

The emissionfrom the highly polar TICT state acceptors(A), in V vs SCE, in acetonitrile or dimethyl for-

leads to the Franck—Condon (FC) nonpolar mamidesolution,and energiesof thefluorescencea transition

ground stateof the twisted conformer. This FC (hci~)in acetomtrilesolutions
state is more energetic than the solvent-equi- No. Acceptor — EI~(A) Ref. hcla Ref.

libratedgroundstateby the destabilisationenergy, (V) (eV)

Edest. 1 pynmidine 2.34 9 2.60 10 a)

For different para-substituteddimethylamlines 2 benzomtrile 2.35 12 2.57 1
E1

0~
2(D),E~~1and Edest const,thereforethe ob- ~ acetophenone 1.87 9 2.24 13, 14

4 benzaldehyde 1.93 9 2.08 14servedTICT fluorescencemaximawerecorrelated
5 1-indanone 2.01 15 2.27 14

with the reduction potentials of acceptorsonly 6 benzoicacid 2.17,2.24 9 2.58 16

(fig. 3, table1). 7 methyl benzoate 2.29,2.32 9 2.58 16

This correlationallows us to evaluatethe en- 8 nitrobenzene 1.01, 1.13 9
ergy of the fluorescencemaximum emitted from a) Recently it has beendiscoveredtheTICT fluorescenceof

the hypotheticalTICT statecreatedby internal the 4-dimethylamino-pyrimidine(DMAP) to be observed

rotation of the N(CH3)2 group; the estimated only in polar protic solvents[11]. For theortho-methylated

value: ETICT = 10600—12000 cm
1. derivativeof DMAP (5-Me-DMAP) theobservedmaximum

of theTICT fluorescencein ethanolis at the samespectral
For mtro compounds,in many cases,the effi-

position as for DMAP, that is why we can use the hcia
cient photoreactionstakeplaceandconsequently, value measuredin acetomtrilefor the 5-Me-DMAP mole-

the new absorptionand emissionbandsare ob- cule.
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served[17]. In the caseof I—IV, in our experimen- 1.2A, <CNO= 1080 [22], r~1.~(phenylring)= 1.08
tal conditionswedid not observeanynewdetecta- A, r~H(methylgroup) 1.09 A.
ble absorptionor emissionbands. Two different input geometrieswereused:

(A) the “idealized”onewith the abovementioned
valuesof distancesandangles,

2. Experimentalandcalculations (B) the onebasedon crystalstructuredata[23].
The calculationswere performed for various

p-Nitro-N,N-dimethylaniline(I) hasbeen pre- angles of twisting of the dimethylamino group
paredaccordingto Fitch [18a], andcarefully sep- with respectto the phenylring: 00, 300, 600, and
aratedfrom the rn-isomer. 900; sp

2 hybridisationof the amino nitrogenwas
1-Methyl-5-mtroindoline(II) (1.62 g) was pre- assumed.

paredvia 5-nitroindoline (5-NI) [18b] by the fol-
lowing methylationprocedure:1.64 g 5-NI + 0.8 g
Na

2C03 anhydrous+ 2.13 g CH3I and 3 ml of 3. Resultsanddiscussion
absolutemethanol were refluxed for 12 h. The
residueafter evaporationof the solventwas sub- 3.1. Low-temperaturespectra
limed at p = 5 Torr and t = 220°C.The product
wasadditionallypurifiedby recrystallizationsfrom Low-temperatureluminescencespectra(fig. 4)
chloroform(mp 126°C),andcheckedby MS. of I and III in n-propanolare characterizedby

N,N-2,6-tetramethyl-4-nitroaniline(III) was strongphosphorescenceand weak fluorescencein
synthesizedas describedearlier [19]. contrastto II, which emitsstrongfluorescenceand

p-nitro-3,5-N,N’-tetramethylaniline (IV) was weak phosphorescence.Theseresultssuggestthat
preparedvia 3,5,N,N’-tetrarnethylaniline[TMA] k1~~for p-N,N-dimethylnitroaniline and its de-
by the following nitration procedure: 1.5 g of rivativesstronglydependson the relativepositions
TMA was dissolved in 20 ml of concentrated of the singlet and triplet states.Indeed,the first
sulphuricacid and 1.3 g of NaNO2 wasaddedat absorption-bandof II is redshiftedby 1000 cm’
t = 0°C.After 2 h stirring at room temperature with respectto I and III. Kashaand Rawls [24a]
the solution was cooledandneutralizedby NH3. discoveredthat the quantumyieldsof phosphores-
The residueafter filtration was crystallized from cenceof aromatic amines dependon the twist
benzene. angleof the NMe2 group. This mechanismcan

I, II, III and IV werepurified by sublimation, also play a rolehere;thrre is, however,no experi-
n-propanol (Merck, for fluorescence)was used mental evidence indicating the deviation from
without further purification. Luminescencemea- planarity in the case of p-nitro-N,N-dimethyl-
surementswere donewith the Jasny-typespectro- aniline. For IV no detectableluminescenceis ob-
fluorimeter[20]. served.

The standardINDO/S method [21] was used The differencebetweenfluorescenceand phos-
for calculationsof transitionenergies(E), oscilla- phorescenceexcitation spectraof I (fig. 4) was
tor strengths(f), dipole moments(is) and elec- first observedby McGlynn [24b] andascribedto a
tron chargedistribution.All singly excitedconfig- very efficient intersyste~ncrossing from ~2 corn-
urationslying below 10eV weretakeninto account peting with internal conversion(IC) to S~.Re-
in the CI procedure.The following valueswere cently, the nature of the excitation-dependent
used in the input geometries:~ (phenyl ring) = luminescenceof I was elaminedby Wild andhis
1.4 A, <CCC= 120°,rcN(phenyl carbon—amino students [25]. Their results indicate that the
nitrogen)= 1.37 A, rNC(amino nitrogen—methyl anomalousluminescencebehaviour of I can be
carbon)= 1.5 A, r~~(phenylcarbon—nitronitro- explainednot only in terms of k1~~dependence
gen) = 1.4 A, rNo = 1.25 A, rc~(phenyl on Aexc but may also be due to the subtledif-
carbon—acetyl carbon)=1.47 A, r~0= 1.2 A, ference in the molecular environment and/or
r~~(acetylgroup)= 1.47 A, rNO(nitrosogroup)= presenceof differentgroundstateconformers.The
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Fig. 4. Normalized low-temperaturespectraof I—Ill in n-propanol at 100 K. L = total luminescence,F= fluorescence,P =

phosphorescence.In thehigher energyrange: solid line, absorption;dashedline, fluorescenceexcitation;dash-dotline, phosphores-
cence excitation.The dotted curvesindicatethe absorptionspectraat room temperature.The fluorescencespectrumof III was

recordedat 120 K.

difference betweenfluorescenceand phosphores- quantumyield of I—Ill on temperatureis shown
cence excitation spectra was observed also for in fig. 5.
aniline anddimethylaniline[26,27]. It was establishedfor many para-substituted

dimethylanilinesin fluid n-propanol,that the pro-
3.2. Roomand intermediatetemperature cessof TICT state formation at 293 K is much

faster than the other depopulation channels
Room temperatureluminescenceof I—Ill in [28—30]and thebarriersof theexcitedstatereac-

n-propanolis undetectablein the rangeof 13500 tions (E
3) are 1000—1200cm

t (table2).
cm1—25 000 cm ~. Whenlowering the tempera- The comparisonof the E

1 values(table2) with
ture the fluorescencebandsof 1—111 appear.The theknown activationenergiesof viscousflow (1320
relatively smallStokesshift, weakly dependenton cm

1 for n-propanol[28]) suggeststhat the TICT
temperature, indicates that the fluorescence formation kinetics of p-cyanoand carbonyl de-
originatesfrom the primarily excitedspecies(b*). rivativesof N-,N-dimethylanilinein n-propanolis
The dependenceof the relative fluorescence viscosity-controlled.The height of the barrier
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evaluated from the temperaturedependenceof Table 2

ln( ~/~Jo)for I in n-propanol(600 cm’) is evi- T!~ebarriers(E
1) and rateconstantsof TICT stateformation

(k) at room temperaturefor some derivatives of dimethyl-dently less than in the moleculesemitting dual anilinein n-propanol
fluorescence(table2).

The lack of TICT fluorescencein I may be Compound E1 k (293K)

causedby: (cm~) (s1)

(1) fast nonradiativeprocessS1 —* S~,other than Me 1000R 40
TICT stateformation, ~N-<(’CnN [28]

(2) intensenonradiativeprocessTICT —‘ S.0, Me Me

(3) nonexistenceof the TICT state at lower en-
Me 12l0~40

ergy than the primary (planar) excited state N—<’~)..CnN [28]

S1. /
Me

OMe

Me 5x1&°

N-~’~~--CEN [29]

Me

1190~70I Me~~O
0 [30] [30]

Z6ooc~1 Me H-2 _____________ Me~~O 1100R100 ~l0h1[30] [30]Me Me10 _____________________________________________

—1

(1) Kailir observedat 10 K and 77 K a double
-3 ~1OOcm~ ethanol,characterizedby thelifetimes 4.2~ 0.2 ns

exponential decay of the fluorescenceof I in
and 1.1 ~ 0.2 ns, ascribedto two slightly different
fluorescencebands[25]. Assumingk15~to be tern-
perature-independent,the rateconstantof thetn-

10
plet formationof I at roomtemperatureshouldbe

(n(17/r70) aboutio~~s~.A similarvalueof k1~wasfound

JII for carbonyl derivatives of dimethylaniline [14]
0 whereasthe TICT stateformation for cyanoand

carbonyl derivatives of dimethylaniline is evi-

7E
1:800 c~ dently faster(table2).(2) Photorotamerisationof excited I to a TICT-2 state should reveal strongertemperaturedepen-

ib ~ denceof ln(ij/~0)than in the caseof II wherethereactionis excluded(fig. 5). The oppositeeffect is
Fig. 5. Dependencesof the relative fluorescencequantum observedexperimentally.
yields of I, II and III on temperaturein n-propanol. i~, Thesefacts(1, 2) sug$estthat I, in contrastto
fluorescencequantumyield at lowesttemperature;E1, activa-
tion energies:E1(I)= 600 cm ‘,E1(H) = 1100 ~-‘, E1(HI) numerousother p-deriva~tivesof dimethylaniline,

=800cm~R 100cm ~. doesnot relax to theTICT state(3).
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4. Quantumchemicalcalculations S1(n’j1
5} S

2(nTi*)
.26 .22.01 0In order to investigate the behaviourof the .01 0

excitedelectronicstatesof I upon twisting of the ~ 4~’N’~ ~ N
1

dirnethylanunogroupN(CH
3)2 or the mtro group ~ .22.01 0 0 V .01 0 0

NO2 we haveperformedan INDO/S calculation .26

for different values of the twist angle of these
groups.A comparisonof the observedand calcu-
latedabsorptionspectraof I—IV is given in fig. 6. S3(11117L0) S4(T1 fl~L~)

Planarmolecule: The calculatedS, and ~2 transi-
tions correspondto n, sr * excitations(fig. 6, table .01 .1 .~04 .01 11 -.07

3) with electron redistribution mainly localized ~—4~~8N
1

within the NO
2 group (fig. 7). The calculated /03 01 _13’~~.O

.01 .1 .04 -.15 .01 .11 . -.07

Fig. 7. The changesin electrondistribution ‘~q1upon excita-
tion calculated for S1—S4 states of planar I, i~q1(S~)=

q(S~)_q.(S0); i and k indicate, respectively,the numberof
Me.,, Me the atom and the state. The flow of the negativechargeis

atomsarenotshown.

indicated with an arrow. Chargeson the omitted hydrogen

energyof thelowestn —~ ¶ * transitionis evidently
______________________ I ‘-‘---— lower than the experimentalone measuredfor

Me,,.~,Me mtrobenzene[33], while it is a general result ob-
Me tamedwithin the INDO/S algorithm[34,35] (see,

however, that Bigelow et al. [36] succeededin
calculatingthe lowestn~* triplet andsingletstates

in close agreementwith experiment using the
CNDO/S—CT method with selectedparameter

Me..N...Me options).

M4 Two IT —‘ IT * transitions(S0— S3, S~)havebeenMe computedin the low-energy region which corre-

- ~ significant chargetransfercontribution from the2 spondto the ‘La and ‘Lb states(figs. 6, 7). The~r ~cr long-axis polarized transition S~—~‘La revealsa
amino nitrogen to the nitrobenzenemoiety. On

NAMe the contrary,theother, short-axispolarizedtransi-

tion to ‘Lb(S4), is almostexclusivelylocalizedon
on the geometryis observedmainly for the second
the benzenering. The dependenceof the energy

_____________________________________ nlT* *— S~and ‘La S0 transitions(table3).
50000 400 30000 [cm

1] Twisted conformers: The results of the INDO/S
Fig. 6. Room-temperatureabsorptionspectraof I—IV in meth- calculationsfor the conformerswith the planesof
ylcyclohexaneand calculatedtransitions (geometryA), twist N(CH,)

2 or NO2 substituentsperpendicularto
angles00 or 600. Circlesindicatethat oscillatorstrengthsare the ring are shown in fig. 8. The ground state
smallerthan 0.01. Themaximaof theabsorptionspectraof I,
III andIV arerecordedto thehigherenergyregionin compari- rotation energybarriersof the N(CH,)2 andNO2

sonwith thedatapublishedbefore[31]. substituents(the sameas for p-dimethylamino-



J. Dobkowskietat / Excitedstatesofp-nitro-N,N-dimethylani!ine 155

Table 3
The resultsof INDO/S calculationsfor different geometriesA and B (see text) and experimentaldata for planarI molecule;

= extinction coefficient

INDO/S (B) INDO/S (A) Experimentaldata

E ~s[D] f E ~sED] f E ,s ED] c (11)
(cm~) (cm’) (cm

1) c (28100cm~)

S~ 9.6 8.4 6.9, 5.1, 5 [32]
S

1 19400 6.9 0 20500 6.5 0 29400a) a)

S2 22500 7.3 8x10
6 26100 6.9 5x10’

S
3 27100 20.9 0.66 31200 21.3 0.48 28100 15,13,12[32] 1

S4 33200 13.7 0.002 33900 11.1 0.06 32200(s)b) 0.25
S5 39100 17.2 0.05 41100 19.8 0.08 41200(s) 0.39
~6 42000 13.8 0.11 42700 14.7 0.09 42800(s) 0.48
S~ 44700 6.4 0.39 46900 10.9 0.002 44300 0.5
S8 47400 8.6 0.003 49000 6.7 0.1
S9 51600 13.9 3x10

4 50800 9.7 4x104
S,

0 53600 16.5 0 51600 11.4 0.78 >50000 >1

a) =140 for
1n, ,r~of nitrobenzene[33].

b) s= shoulder.

benzaldehyde[37]) were taken into account in one.Forthe planarmoldculeandfor a conformer
order to attain correct energy levels of the two with the twisted N(CH~)

2group the calculated
twisted conformersin comparisonwith the planar energies,dipole momentsand oscillator strengths

~io~[cr~’]

i&2 .38
10.8 .003 9.5 .04
20.1 0 21.5 ,~0
/ 11.1 .006 N.

30 ~025~~,’ 21.4 .48 ~ — — _2x10~~u1~

.0 ~O5 ~ 5.7,— — —4)ci0~ 0 .09. 2

68— — —5x10~

20 — —0 — —0 8.8— — \L~O

72

0 8.4
Fig. 8. Schemeof theenergylevelsof planarmoleculeI and two twistedconformerscalculatedby the INDO/S method(geometry
A). Numbersof theleft sideindicatethedipole moments(in Debyeunits) while theoscillatorstrengthsareshownon theright. ~q1

arethechangesin electrondistributionuponexcitation,asdefinedin fig. 7.
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for n —~ ir” transitionsare similar (fig. 8). Very Me~,,~Me Me Me
small oscillator strengthand a large dipole mo- N
ment (~s= 20.1 [D], 0.8 electron transferbetween
donorandacceptorsubunits)of the S3 stateof the CD ED
conformerwith the twisted N(CH3)2 group (fig.
8) correspondsto the TICT model. The TICT .~

stategeneratedby the rotation of the N(CH3) 2 Me 0
group is energeticallyhigher, about 4000 cm ~, V VI
than the ‘La state of a planarmolecule.As the Fig. 9. Formulaeof compoundsV and VI.

TICT emissionhasbeenobservedmostly in polar
solvents, the possibility of energeticstabilisation
dueto solvationmustbe takeninto account[30]. the planarone. In consequence,the TICT forma-
The calculations gave the same values (within tion is highly improbable.
±10%,dependingon geometry) of dipole mo- In summary,INDO/S calculationsindicatethat
mentsin planarandtwistedconformers.Thus,the I after excitation in fluid polar solventscannot
role of solvent stabilisationdoesnot seem to be relax to the TICT stagegeneratedby the rotation
importantfor inversionof thesestates. of neither the N(CH,)2 nor NO2 group. This

For the conformer with the NO2 group per- result is consistentwith the suggestionof Cowley
pendicularto the ring thelowestcalculatedn —~ IT * and Peoples[38] that for strongacceptors,nitro-
transitionhassomeadmixtureof the chargetrans- benzeneor s-triazine,the TICT emissioncannot
fer configuration(fig. 8). Consequently,the dipole be observed.
momentof the state is higher (~s= 8.8 [D]) than To checkthereliability of the INDO/S method
the dipole momentof the lowest ‘n, ~ * stateof in predicting the energyof TICT stageswe per-
the planarmolecule (~t= 6.4 [D]). The energies, formedthe calculationsfor the compoundwhich
dipole moments and oscillator strengthsof the is known to undergoexcitedstate intramolecular
second‘n, IT * statesare similar for the planarand electron transfer — p-N,N-dimethylaminoace-
twisted conformer.The lowest ‘IT, IT * state(~s= tophenone(V), [13,14,30,39](fig. 9).
21.5 ED)] is energeticallyhigherthan the lowest ‘IT, In this case,the computedenergy of the ‘La

* state of the planar molecule (s = 21.4 [D]). stateslightly decreasesupon twisting of the elec-
Again, from a comparisonof the dipole moment tron donor group (table 4, fig. 10). Simulta-
values,onecan excludea possibility of the solvent neously,the valueof the dipole momentincreases
stabilizationof the twisted form with respect to from p. = 11.5 ED] at 00 to p. = 14 [D] at 900

Table4
The resultsof INDO/S calculations(geometryA) and experimentaldata(from ref. [13]) for planarand twisted moleculeV in
n-heptane

INDO/S Experimentaldata[13]

State E ~ [D] f State E ~s[D]
(cm’’) (cm’’)

So 5.3 S0 5.6 a)
S, (n, ,r*) 25700 2.2 4x10’’’

5 1~ ~.ç* 28500 150
S

2 (Lb) 34300 6.6 0.019 La 31000 13 a) 29000
S3 (La) 38100 11.5 0.56 Lb 32000

TICT 35400 14 1x10’
6 TICT

2800033~b)

a) Forp-dimethylaminobenzaldehyde[32].
b) 18000cm’’ fluorescencemaximum in acetonitrile[13]; the extrapolationof the solvatochromiccorrelationto nonpolarsolvent

leadsto thevalues28000—33000cm’”’ dependingon the model.
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/~2~3~3 _____8~1~11.5056 La

0.019 Lb

‘~01 ~12
0~01 ~

O3~~6 i.6———3a10~22———4~11i~ o>~~~I~4

01-03

20

1 4.5 _____[ 5.3

Fig. 10. Schemeof the energylevels of planarmoleculeV andtwisted conformer(N(CH
3)2) calculatedby the INDO/S method

(geometryA). Numberson the left sideindicatedipole moments(in D units) while oscillatorstrengthsare shownon theright. i~q,
areasdefinedin fig. 7.

E[eVI e
21 ~ ~ ~

~ ~

~ -10:~~_~ __

1 )~O~-(yO 3~O0 60° 9O°~ 1 00 390 60° 9O0~
Twist anqie Twist angle

Fig. 11. Schemeof themolecularorbitals of planarmoleculeI Fig. 12. Schemeof themolecuIa~orbitalsof planarmoleculeV
andtheconformerwith thetwistedN(CH,)2 groupcalculated andtheconformerwith thetwistedN(CH,)2 groupcalculated

by INDO/S method(geometryA). by INDO/S method(geometryA).
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Table5
Theresultsof INDO/S calculationsfor I andV for various anglesof twisting of thedimethylaminogroupwith respectto thephenyl
ring, c

1 thecontributionof the “i” configurationto thewavefunctionof the‘La state.J and K areCoulombandexchangeintegrals.
The2K valuefor theplanarmolecule is equalto the singlet—tripletseparation,for theTICT stateK shouldbezero [7]

Twist I y
angle c IJ—2K1 12K1 IJI c~ J—2K1 12K1 IJI

(cm’’) (cm’) (cm’) (cm’’) (cm’’) (cm’’)

00 0.971 25400 4000 21400 0.969 26900 7000 19900
300 0.965 25200 0.958 27100
600 0.921 24800 0.890 28000
900 0.744 23100 0 23100 0.884 30800 0 30800

whichadditionallyshouldstabilizethe TICT state �, denotesthe energyof the orbital “j “, J and K
in polar solvents, are the Coulomb and exchangeintegrals,respec-

Thus, the calculationspredicttwo oppositere- tively.
actionsof the ‘La stateenergy on the twisting of In both molecules, the ‘La state is very well
the dimethylanünogroup in the two molecules describedby a singleconfigurationcorresponding
(figs. 8, 10). The reasonfor this may be found to the promotionof an electron from the highest
uponinspectionof the factorscontributingto the occupied to the lowest unoccupiedorbital (figs.
transitionenergy.For a singleconfigurationcorre- 11,12). Upontwisting of thedimethylaminogroup,
spondingto the electronjump from anorbital “i” the orbital energy differenceevolvessimilarly in
to an orbital “k” this valueis givenby: bothmolecules.It is the oppositebehaviourof the

= — — ~ik +
2KIk (2) (—J+ 2K) terms which differentiatesbetweenI

Cr1~) .os -.05 12 0.17 8.8 3~l0~~ .12 .03

30 ~ 9~10’_ 0.5

20

0 -.01

10 ~ ~ ~2~~3.5___15104 45___7,~4

.05 .06 .25

4,4—
5.6

Fig, 13. Schemeof energylevels of planarmoleculeVI and conformerwith twisted N(CH
3)2 group calculatedby the INDO/S

method(geometryA). Numberson theleft sideindicatethedipolemoments(in D units) whileoscillatorstrengthsareshownon the
right. i~q,areasdefinedin fig. 7.
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