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Fig. 1. (color online) DAST molecular structure and the molecular arrangement of the cells along the axis: (a) DAST

molecular structure consisting of a positively-charged organic pyridine salt and a negatively-charged sulfonate; (b) the

molecular arrangement of the cells along a axis (lattice angle A); (c¢) the molecular arrangement of the cells along b

axis (lattice angle B); (d) the molecular arrangement of the cells along ¢ axis (lattice angle I').
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Fig. 2. (color online) Changes of the DAST lattice
parameters during gradual optimization (lattice con-
stants of a, b and c¢; lattice angles of A, B and [}

convergence accuracy from initial to ultrafine).

K1 DAST YIRE5 S0 R 2 MU SR AL S 3T LE (S48 W a, b, ¢; SR A A, B, I')
Table 1. Comparison of the experimental data for the initial structure of DAST and those obtained by

structure optimization (lattice constants of a,b and c¢; lattice angles of A, B and I').

a/A b/A A/° B/° rye
ey (1] 7.675 7.675 17.893 91.5123 91.5123 95.0534
At s 7.6655 7.6655 18.0084 92.0135 92.0135 94.9644
B /% 0.0012 0.0012 0.0065 0.0055 0.0055 0.0009
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BUOR R 20 AT T, R B 3 R, fE

NEE, B 3B 1 T Glaveheva 25 Pl ({1 DAST £
mn Ay AR R 2% 6 & 25 . Kl 3 WoR, DFT i
SRR G b E B S0 ) 5 AN IR S U M1—MS (1) f7
B, X A5 08 DAST 721X — % B IR st i
BEsE T HEEAE. 9F B BAR Saito 25 R TR — R
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Fig. 3. (color online) Comparison of the DAST THz
spectrum in the frequency band of 0—4 THz simulated
by DFT and that for the DAST powder experimen-
tally measured (Ref. [5])
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Table 2.

obtained by IR calculation and the experimentally-

Comparison of the frequency positions

measured results.
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Fig. 4. (color online) Vibration displacement vector diagrams for the DAST molecular structure obtained

by CASTEP animation simulation function. M1 is originated from the DAST cation (organic pyridinium

salt) and anion (sulfonate) undergo translational vibrations in their respective (benzene ring) plane; M2 and

M3 are assigned to the anion rotates along the a axis and c axis, respectively; M4 is related to the torsional

vibrations of two benzene rings on cation and the anion rotates around the a axis; M5 is attributed to the

torsional vibrations of the benzene rings in the cation and anion.
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Abstract

The ground-state structural optimization and the terahertz spectrum calculation of an organic electro-optical crystal
of 4-N, N-dimethylamino-4’-N’-methyl-stilbazolium tosylate (DAST) are performed using dispersion-corrected density
functional theory (DFT-D2). DAST consists of an organic pyridinium salt (cation), one of the most efficient non-linear
optical active chromophores and a sulfonate (anion) for enhancing the stability of the noncentrosymmetric macroscopic
crystal. Such an organic crystalline salt DAST exhibits highly electro-optical and nonlinear optical coefficients, and
it is an efficient emitter of THz pulses. The steady ground-state structure of DAST is obtained by a step-by-step
optimization method with gradually increasing the convergence accuracy. The calculated terahertz spectra in 0-4 THz
are in good agreement with experimental measurements, implying the reasonability of DFT-D2 method. Moreover, the
vibration displacement vector diagrams for DAST molecular structure are obtained using Cambridge sequential total
energy package animation simulation function. The results indicate that the phonon modes of DAST crystal at 1.12 THz
are attributed to the optical phonon modes of the anion and cation, and DAST cation (organic pyridinium salt) and
anion (sulfonate) undergo translational vibrations in their respective (benzene ring) plane. In contrast the vibrations at
1.46 THz and 1.54 THz are mainly related to the vibration of the sulfonate, among which 1.46 THz vibration is caused
by the rotation of the sulfonate along the a axis, while 1.54 THz is due to the motion of the whole sulfonate along the ¢
axis. And the vibrations at 2.63 THz and 3.16 THz originate from the torsional vibrations of cations and the rotation
of anions, respectively. The results presented in this work clearly illustrate the contributions of the anion and cation
of DAST in the THz responses. The mode assignments provide important reference and guidance for further synthesis
of new DAST derivatives with larger electro-optical coefficients. In particular, our results suggest that DFT method
is a powerful theoretical tool for studying the THz photonics and it is helpful not only for better understanding the

mechanisms of the THz responses of organic electro-optic crystals, but also for controlling their performances.

Keywords: organic electro-optic crystal, terahertz spectroscopy, dispersion correction, density functional

theory
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