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ABSTRACT

The Chemistry of Conjugated cyanine dyeswere studied in view of Quan-
tum Mechanical method. Particle in abox concept of modern physicsis
employed to describethe structural variation and el ectronic charge transfer

(CT) inside the conjugated diene dyes.
© 2013 TradeSciencelnc. - INDIA

INTRODUCTION

Cyaninedyescons & of two heterocyclicnucle con-
taining nitrogen centers|linked through an odd number
of methinebonds, whicharenormally inthetranscon-
figuration, in such away that resonance occursthrough
the conjugated diene system between thetertiary and
guaternary nitrogen atoms¥, Figure 1. This class of
organic compounds was reported in our previous
work!28, It was of great importance and haveawide
goplicationinvariousfidds, such asnuclec acid detec-
tion®1, optical sensorg'?, photovoltaic devices314,
near infrared laser dyes™d, histologica staining*®, anti-
microbid operations'’%, dyesfor polymersaswell as
sengtizersfor varioussilver halideemulsong?.

Grest efforts, to employ concepts of modern phys-
ics, “particleinabox model”, to describethe energy
and other quditiesof an eectron of conjugated cyanine
dyeswere carried out!®. Therewas alarge disparity
between theexperimenta dataand thetheoretica ones,
hencethetheoretica mode remainsincompetiblewith
theexperimenta data. Thisintern encouraged usdoing
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moreresearch to decreasethisdisparity toanegligible
value so that the theoretical model could adequately
describethedectron CT insidethedienedyemolecule.
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Figurel: Mono-(Red dye), Tri- (bluedye) and penta- (Green
Dye)-methine cyaninedyes
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TheCT energy for aneectroninaonedimensona
box wasgiven by:

AE = hz(nﬁugr(;zznaowlo) (1)

h
whereas, AE = TC 2

8mcL 2

h(nfumo =Niomo ®)
Where misthe mass of an el ectron, cisthe speed of
thelight L isthelength of theone-dimensiona box, his
Planck’s constant, and the n values are the quantum
number of the highest occupied molecular orbital
(HOMO) and thelowest unoccupied molecular orbital
(LUMO).

Thus, theimportance of thisresearch camefrom
being ableto compare and contrast the results of the
experimental ly determined datawith theresultsof the
empirically determined one. Also we can predict, to
some extent, the energy and other qualitiesof anelec-
tron CT insidethedienedyes.

Therefore, A =

EXPERIMENTAL

Inthisexperiment, three conjugated cyaninedyes
wereused, Scheme 1, and the experimental work ac-
cordingto literature?? was carried out and the Experi-
mental maximum wave engths of thethreedyeswere
recorded, TABLE 1.

TABLE 1 : Wavelengths (nm) obtained from the
spectrophotometer

Dye AE (joules) Wavelength (nm)
Red 3.81x 10" 522.00
Blue 3.29x 10" 604.00
Green 2.81x 10" 708.00

RESULTSAND DISCUSSION

Since each pathway introducesaquantized box in-
sidewhich the electron can freely moveaccording to
Particlein aBox concept with approximately equal
probability and different lengths, any available conju-
gated CT pathway insidethe dienemol ecule should be
considered. Thus, thethree given cyaninedyeswould
havetwo conjugated CT pathwayswithdifferent lengths,
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accordingly, thetrangtion energy anditsquditiesshould
beaveraged or binomidly distributed to that of thetwo
CT pathways, Figure 2.

Pathway 1

Pathway 2

Figure2: ThetwopossbleCT pathwaysindgdethedye(Green
dye) molecule.

By determining thetota number of n-electronsin
each conjugated system for each CT pathway, it could
be determined what the HOMO and LUMO levelsare.
This could be done by adding the number of n-elec-
tronsfrom each carbon atom (one electron per C atom
inthe methine chain) to the number of -electronsdo-
nated by nitrogen atom, which areawaysthree. There-
fore, accordingto Pauli Exclusion Principle, theelec-
tronsare paired in the ground state, then successive
electrons are added into the higher states until al r-
electronsare accounted for, Figure 1. Hence, both the
energy (E) for each CT pathway and thewavel ength of
maximum absorption (A ) could becaculated using
Equation 1 and Equation 3, respectively, TABLE 2.

Thelength of thebox isgiven by (L =kb) whereK
isthe number of bondsinvolved inthe conjugated di-
ene CT pathway, and bisequal to 140 x 102 m, the
length of abond in benzene.

Looking at thesedata, it ispossibleto compareit
with thedata obtai ned from the spectrophotometer. As
one can see, thereisalarge disparity between the ex-
perimental dataand thetheoretical datafor each CT
pathway separately, but thisdisparity could be mini-
mized if thetheoretical datafor both CT pathwaysis
averaged. Thisstrongly recommendedthat dl CT path-
waysinsidethe diene dye mol ecule should be consid-
ered to obtain approximatdy accurateresults. Also, the
datain, TABLE 2, may lead to assumethat theelectron
chargetransferred through thetwo CT pathwayswith
equa probability, therefore, theaveraged trandtionen-
ergy would represent the overdl transition energy.

Theabovedata, TABLE 2, leadsusto believethat
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TABLE 2: Calculated ener gy and maximum waveengthsfor each CT pathway and itsaver age.

Dye Pathway 1 Pathway 2 Average
AE (joules) Amax (NM) AE (joules) Amax (NM) AE (joules) Amax (NM)
Red 1.35x10*® 147.57 0.32x 10" 619.80 0.84x 108 383.69
Blue 7.70x 10" 258.25 2.67x 10" 744.37 5.19x 10" 501.31
Green 5.29x 10 375.64 2.29x 10" 869.89 3.79x 10" 622.77
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Figure3: Graphical representation of HOM O and L UM O ener gy levels.

thedectron CT occursing de both pathwayswith equa
probability; thereisstill smal disparity betweentheav-
eraged vaueand the experimental onewhich could be
approximated to negligiblevalueif theaveraged value
of thechargetransitionisdigtributed binomialy between
thetwo CT pathways, according to equations4, 5, 6.

pA__(path.1)+gA__(path.2)=A__ (Exp.) @

Whereas, p+q=1 (5)
_ Apa (EXp) =2, (Path.1)

Thus9=3" " path2)—A_ (Path.1) ©)

Where: p, theprobability that theelectronin CT path-
way 1,q, the probability that the e ectronin CT path-
way 2

Comparing the dataembedded in TABLE 3 with
that in TABLE 1 reved ed that the disparity between
thetheoretica dataand the experimental onewereen-
tirely neglected so that thetheoretica mode (particlein
abox) adequatdy described the physical nature of the
CT insidethe conjugated diene cyaninedyes. More-
over, employing the concept of binomial distribution
nature of the CT between thetwo available pathways
adequatdly described the experimenta datain view of
thistheoretical model and declared that thelonger the
CT pathway inside the conjugated diene system, the
more probability theelectron CT through (resonance
dabilization).

TABLE 3: Approximated wavelengthsaccor dingto binomial distribution.

Dye Pathway 1 Pathway 2 Total

P PAmax (NM) o} JAmax (Nm) AE (joules) Amax (NM)
Red 0.207 30.50 0.793 491.50 3.81x10™ 522.00
Blue 0.289 74.70 0.711 529.30 3.29x 10" 604.00
Green 0.327 122.57 0.673 585.43 2.81x 10" 708.00
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CONCLUSION

As mentioned, concepts of modern physics ad-
equately describethe experimenta dataof theCT in-
side the diene dye molecule. Moreover, either aver-
aged or binomidly digtributed empiricaly caculated data
minimized thedisparity between experimentd dataand
the theoretical one. Also we can employ theoretical
models of modern physicseither to describeor to pre-
dict thenatureof CT inddethedienedyemoleculeand
thisintern opensaresearch window describing experi-
mental chemicd phenomenausing theoretica physica
one.
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