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4. Results and Discussion, Part B

1. Introduction and Motivation 3. Results and Discussion, Part A

« Dyes have been shown to exhibit molecular aggregation and exciton _ 4.00
delocalization [1-3]. Dye aggregation can be facilitated and controlled using oo —gg r I 2.8 z.z28 250
DNA templating [3-4]. B828|  cc..28.%.88:53858108:38, 0808880880 488 =071 4
- Exciton dynamics depend on dye aggregation, monomer transition dipole e S[BSE[rloirolasbiicisba056828522IRE8882222288825 > A, m N
moments (), and static dipole differences (Ad) [5]. o, .l g”" LA T, o0
« We studied the effects of electron donating and electron withdrawing ~2.00 m = 8200 Lo (s A ...................
substituent pairs (quantified using Hammett constants, o,) on the solublility > o N m S 150 ¢ :
and electronic properties of the cyanine dye Cy5 (Fig. 1). 2250 Py ek = S G 3 Lo e S Famw e, b
« Desirable properties: greater hydrophobicity for denser dye packing, large p 3 T Y ey |2 050 \‘sf date g
and Ad for enhanced excitonic function. 300 s | o
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Figure 2. Solvation energies of substituted Cy5 dyes in water, pyridine, quinoline, and isoquinoline solvents ¢ PristneCys @ DD WW 4 DW= = Linear(D-D) = - Linear (WW) e inear (D-W)
R, calculgted using Eg. 1. Lines added to the data are to highlight trends and are not meant to infer quantitative Figure 5. Static dipole difference magnitudes (Ad) plotted against the sum of Hammett
benavior: constants (20,) attached to the Cy5 dyes. Linear fits of the separate sets of data are shown
3.00 oD W oW along with corresponding R? values.
2.50 » Plotted Ad versus the sum of the Hammett constants (20,) and assumed a
500 k linear relationship for simplicity.
Figure 1. Molecular structure of the cyanine dye Cy5. Hydrogens at ‘R’ locations B « Weak linear correlation for D-D and W-W pairs (Fig. 5).
replaced with substituents. 8 150 *  Stronger linear correlation for D-W pairs.
2. * In general, as [20,| Increases, so does Ad. For W-W and D-W pairs, this
Implies a stronger dependence of Ad on substituent withdrawing strength.
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2. Computational Methods
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5. Conclusions
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« Density functional theory (DFT) was used to optimize the dyes in the ground
state and time-dependent (TD-) DFT was used to calculate vertical excited

OCH3-N(CH3)2

state properties [6]. = T —— ] Cvs Sl t oty ercen] nsiol 21 2. [ ] o T « We performed DFT and TD-DFT calculations to investigate the effects of
 Used pairs of electron donating substituents (D-D), pairs of withdrawing igure 5. otatlc dipoie dINeTences of SUbSHIIEd Lys dyes 1h Waler calcliated Using £4. <. Lines added 10 e substituent pairs attached to the ends of Cy5 on solubility and electronic

substituents (W-W), and pairs of one donating and one withdrawing data are to highlight trends and are not meant to infer quantitative behavior. oroperties

substituent (D-W) attached at ‘R’ sites in Fig. 1. 18.00 . Solvation energy (AG,,,) and static dipole diﬁe_rence (Ad) were altered.

. Cal_cu_lations_ dqne In vacuum, \{vater, pyridine, quinolin_e, and isoquinoline. 1600 « W-W pairs were founql to hgv_e the most negative AGS(_),V (r_nore soluble), oyerall.
Pyridine, quinoline, and isoquinoline were used to approximate the effects of a . * More negative AG,,, In pyridine, quinoline, and isoquinoline compared with water
DNA environment. = |nd|ca_tes dye mterca_la_tlon iInto DNA Is fav_o_rable_.

« Solubility approximated with solvation energy (AG.,,, Eq. 1), where E.  aeq iS S 12:00 * Substituents have minimal effect on transition dipole moments (u) -
the total energy of the solvated dye and E,_,. is the total energy of the dye in = 10.00  Up to_ a three tlme_s Increase (compared WI.'[h pristine Cy5) in Ad facilitated by
vacuum [7]. 2 500 substituents, especially for W-W and D-W pairs such as F-CN and OCH;-CN.

« Ad was calculated using Eg. 2, where d. is the Cartesian dipole moment 2 6,00 » el ar nerease in the TRGMILILE Off te SUm OF FEMmE GonsEmis ()

.. . o .. . s correlated to an increase in Ad.
vector component, | is the Cartesian direction, and | is either GS or ES 4.00 . . .

. « Stronger dependence of Ad on substituent electron withdrawing strength.
(ground state or excited state) [8]. 5 00 I I I I I I I I
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