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In that paper, the linear [y"] and second-order nonlinear [y®] optical properties of three ionic organic crystals,
4-N,N-dimethylamino-4’- N’-methyl-stilbazolium tosylate (DAST), 4-N,N-dimethylamino-4’-N’-methyl-stilbazolium 2,4,6-
trimethylbenzenesulfonate (DSTMS), and 4-N,N-dimethylamino-4’-N’-phenyl-stilbazolium hexafluorophosphate (DAPSH),
have been calculated by adopting a two-step multi-scale procedure, which consists in calculating (i) the dressed ion properties
using point charges for describing the inhomogeneous polarizing field, and then (ii) in accounting for the crystal local field
effects using classical electrostatic models. For comparison, results obtained by using a homogeneous dipole field have also
been provided for DAST. Though the results obtained by considering the cation/anion pairs are correct and lead to conclude
that the dipole field procedure presents severe drawbacks, those reported by considering separately the dressed properties of the
cation and anion are incorrect. This originates from a mistake in calculating the ion dipole moments, as needed to evaluate the
electric field [Eq. (5) of Ref. 1]. Here, we report the corrected values for DAST as well as the values for DSTMS and DAPSH,
we interpret these data and assess the reliability of the dipole field approach for ionic organic crystals.

The corrected dipole moments together with the components of the electric field vector are reported in Table I for the three
systems. The procedure used to calculate the dipole electric field, summarized in Refs. 1 and 2, converged to 0.05 GV/m in 3,
2 and 1 cycles for DAST, DSTMS, and DAPSH, respectively. First the dipole field is evaluated at the B3LYP/6-311++G(d,p)
level of approximation, so are the dressed polarizabilities and first hyperpolarizabilities. In a second step, using the same
B3LYP dipole field, the dressed polarizabilities and first hyperpolarizabilities are evaluated at the second-order Mgller-Plesset
perturbation theory (MP2) level. In the case of dynamic MP2 results, the dressed properties were obtained using the same
approach as in Ref. 3, i.e., by scaling the MP2 static molecular properties by the ratio between the dynamic and static B3LYP
responses. It is reminded that the dipole moments are calculated at the barycenters of the nuclear charges, which is an easy way
to overcome the origin-dependency problem of the dipole moment of a charged molecule but does not preclude from questioning
its reliability for computing the linear and nonlinear optical properties.

The resulting polarizing electric field and vectorial hyperpolarizability (1 = co) obtained for DAST cation are depicted in
Figure 1. Similarly to the charge field, the dipole electric field damps the hyperpolarizability of the cation. The values of the
calculated dipole moments and resulting electric field at the cationic and anionic sites are provided in Table I. A comparison

TABLE 1. Cation and anion dipole moments (in D) and electric field (in GV/m) in the abc* (orthogonal) reference
frame obtained at the B3LYP/6-311++G(d,p) level of approximation.

Cycle Hx My Hz || Fyx F, F, ral

Catiog D 705 244 045 748 187  —0.05 032 1.90

DAST ! 3id —1182 -380 107 1246 —176 004 033 1.79
i oth  —1134 090 085 1141 —435 0.8 043 437

S Yt B P ) 109 085 1480  —428 021 040 431

oy OB ~687 -295 031 748 141  —045 065 1.62

DSTMS ond  —10.89 444 105 1180 -134 —043 065 155
i Oth  —-1024 —-038 105 1030 —440 000 040 441

MO ond Z1417  —040 141 1424 —437  —001 039 439

caioy OB 111 —056 025 126 016 007 018 025

DAPSH st 155 —070 023 171 016 007 018 025
U 003 020 001 020 -0.17 0.5 000 023

! st 0.01 022 001 022 -017 015 000 023
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FIG. 1. Calculated dipole moment, vectorial first hyperpolarizability (1 = 00), and dipole field for the DAST cation (lower vectors—no field, upper vectors—with

inclusion of the converged dipole field).

TABLE 1I. Static xV and @ values as obtained from molecular properties evaluated at the B3LYP/6-
311++G(d,p) level using the dipole polarizing electric field with cation and anion treated separately in comparison
to the values obtained without dressing field and with the charge field.

(1) (1) (1) (1) ) 2)
Cycle X1 X2 X33 X13 X1 X122
Expt. 3.303 1.513 1.466 0.175
DAST No field 4.209 1.636 1.449 -0.255 281.3 34.4
Charge field 3.684 1.553 1.443 -0.223 215.2 25.7
Dipole field 3.641 1.561 1.456 -0.230 197.3 24.2
Expt. 3.098 1.647 1.500 —0.101
No field 3.882 1.789 1.480 -0.218 228.6 394
DSTMS
Charge field 3.441 1.683 1.472 —0.200 176.4 30.0
Dipole field 3.492 1.714 1.487 -0.213 172.5 29.9
Expt. 3.554 1.455 1.415 —0.889
No field 4.088 1.729 1.492 —0.896 260.1 18.8
DAPSH
Charge field 3.753 1.700 1.465 -0.792 239.0 17.3
Dipole field 4.060 1.727 1.489 —0.888 256.1 18.5

TABLE III. Static ! and y® values as obtained from molecular properties evaluated at the MP2/6-
311++G(d,p) level using the dipole polarizing electric field with cation and anion treated separately in comparison
to the values obtained without dressing field and with the charge field.

- 2 2

Polarizing field xiy S L
Expt. 3.303 1.513 1.466 0.175

DAST No field 4.231 1.632 1.451 -0.265 565.8 66.6
Charge field 3.382 1.514 1.442 -0.204 275.5 32.7
Dipole field 3.356 1.521 1.453 -0.210 263.3 31.8
Expt. 3.098 1.647 1.500 -0.101

DSTMS No ﬁeld‘ 3.899 1.769 1.475 -0.222 458.4 75.2
Charge field 3.190 1.625 1.467 —-0.188 233.0 38.5
Dipole field 3.242 1.652 1.479 -0.200 242.2 40.4
Expt. 3.554 1.455 1.415 —-0.889

DAPSH No field 4.048 1.726 1.476 —-0.886 501.8 46.4
Charge field 3.487 1.666 1.425 -0.713 3433 322
Dipole field 3.992 1.721 1.470 —-0.869 483.4 449

of calculated (" and selected y® tensor components in the static limit is presented in Tables II and III for B3LYP and MP2
methods, respectively. Dynamic values at 4 = 1907 nm are provided for the MP2 method in Table IV. Minor corrections were
also made to the MP2-based y" and y® DAPSH values obtained without dressing fields. The wavelength dispersions of the
refractive indices are depicted and compared to experiment as well as to the results obtained with the charge field approach in
Figures 2 (DAST), 3 (DSTMS), and 4 (DAPSH). In the case of DAST and DSTMS, the yV and y® values are very close to
those obtained with the charge field approach. Similarly, the wavelength dispersion of the refractive indices obtained with the
dipole field closely matches the experimental data. The situation is much different for DAPSH. Indeed, the dipole field model
leads to macroscopic properties that are much different from those evaluated using the charge field and, to some extent, are
similar to those without accounting for dressing field. This leads also for n to larger deviations with respect to experiment.
Moreover, when confronting the X(121)1 tensor component of DAPSH to experiment, at 4 = 1907 nm, the dipole field yields
overestimation of ca. 53% with respect to the upper experimental estimate (580 pm/V) (Table IV), whereas the charge field
leads to a good agreement. These weak dressing effects are attributed to the small dipole moments of the ions and therefore to
the small dressing fields. Choosing the barycenter of nuclear charges as origin is therefore not a universal recipe for calculating



239901-3 Seidler, Stadnicka, and Champagne J. Chem. Phys. 142, 239901 (2015)

TABLE IV. Dynamic (1 = 1907 nm) x" and x® values as obtained from molecular properties evaluated at the
MP2/6-311++G(d,p) level using the dipole polarizing electric field with cation and anion treated separately in
comparison to the values obtained without dressing field and with the charge field.

(1) (1) (1) (1) 2) (2) (2)

Polarizing field X1 X2z X33 X3 X1 X122 Xa2
Expt. 3.440 1.547 1.484 0.193 420(110) 64(8) 50(6)
DAST No field 4.498 1.699 1.460 —0.288 1095.5 121.5 120.8
Charge field 3.532 1.537 1.450 -0.217 447.5 52.0 519
Dipole field 3.502 1.543 1.461 -0.223 426.1 50.5 50.4
Expt. 3.220 1.674 1.504 -0.108 428(40) 62(8) T70(8)
DSTMS No field 4.130 1.811 1.484 -0.236 875.4 135.7 135.3
Charge field 3.323 1.651 1.475 -0.197 378.0 60.9 60.9
Dipole field 3.381 1.680 1.488 -0.210 398.9 64.9 64.9
Expt. 3.726 1.495 1.438 -0.951 580(80) 30(4)
DAPSH No field 4.298 1.763 1.508 -0.960 932.6 84.7 90.1
Charge field 3.663 1.694 1.450 —0.765 558.1 53.3 54.6
Dipole field 4.235 1.757 1.501 -0.941 887.6 81.1 859

Ny —%— ---@-- -- u---
24 ny —— @ ---&-- B
n, ——7  ---@- --- n---

dipole charge

800 1000 1200 1400 1600 1800
Anm]

FIG. 2. Wavelength dispersion of refractive indices for DAST obtained with the MP2/6-311++G(d,p) method.

1.8 | B

1.6 R e e el il
1 1 1 1 1 1
800 1000 1200 1400 1600 1800
A [nm]

FIG. 3. Wavelength dispersion of refractive indices for DSTMS obtained with the MP2/6-311++G(d,p) method.

the macroscopic optical responses of organic ionic crystals. This is further illustrated by assessing, for DAPSH, the dependence
of these different properties as a function of the origin of the axes system for calculating the dipole moment of the cation.
Starting from the barycenter of nuclear charges (0), the origin was displaced along the N-N charge transfer direction by 1 A
(pl), 2 A (p2), —1 A (m1), and =2 A (m2). The resulting B3LYP/6-311++G(d,p) results are provided in Table V whereas the
effect of the origin shift on the dipole moment and on the dipole field is visualized in Fig. 5. The dipole moment variations
induced by the origin shift translate to substantial changes in the dressing field and therefore in the linear and nonlinear optical
responses. Among these, some are in close agreement with the charge field results but the choice of the corresponding origin is
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FIG. 4. Wavelength dispersion of refractive indices for DAPSH obtained with the MP2/6-311++G(d,p) method.

TABLE V. Impact of the origin of axes system on the dipole moment of the cation, on the cation dipole field, as well as on the static x(!) and x® values for
DAPSH as obtained at the B3LYP/6-311++G(d,p) level.

Origin choice  Cycle  puy Hy Mz || Fy Fy Y 2 RS 2 VA S S NP 2N
2 Oth 7.63 198 -2.84 8.38 0.77 0.03 -0.03 0.77 4.088 1.729 1492 -0.896 260.1 18.8
2nd 10.63 2,62 =371 11.56 0.79 0.03 -0.02 0.80 4338 1.748 1519 -0972 2944 213

m]” Oth 3.26 0.71 -1.30 3.58 031 -0.02 -0.10 032 4.088 1.729 1492 -0.896 260.1 18.8
1st 448 094 -1.72 4.89 031 -0.02 -0.10 033 4195 1737 1503 -0.929 2751 199

« Oth —1.11 -0.56 0.25 126 -0.16 -0.07 -0.18 025 4.088 1.729 1492 -0.896 260.1 18.8
Ist -1.54 -0.70 0.23 1.71  -0.16 -0.07 -0.18 025 4.060 1.727 1489 -0.888 256.1 18.5

. Oth -5.47 -1.83 1.79 6.04 -062 -0.12 -026 069 4.088 1.729 1492 -0.896 260.1 18.8
P Ist —7.45 -2.31 2.14 8.09 -0.62 -0.12 -025 0.68 3927 1717 1475 -0.847 2355 17.1
- Oth -9.84 -3.10 334 1084 -1.09 -0.17 -033 1.16 4.088 1.729 1492 -0.896 260.1 18.8
P 2nd -13.24 -3.90 402 1438 -1.06 -0.17 =032 1.12 3.805 1.707 1461 -0.808 2134 154
%%Q au FIG. 5. Impact of the origin on the

field / 1.5 GY/m dipole moment, on the electric field, and

on the vectorial first hyperpolarizability
(A = o0) for the DAPSH cation (Oth cy-
cle values for all quantities). For better
readability, the origins were shifted off-
plane.

(1

”) tensor component in good agreement with the

not substantiated by an independent argument. In fact, a 2 A shift leads to a y

charge field value whereas for )((121)1, itisa 1 A shift.

In conclusion, the homogeneous dipole field approach, with a different dipole field for the anion and cation, is not suitable
to describe the in-crystal environment on the isolated ion properties and therefore y(V and y® of ionic organic crystals. Still, in
some cases like DAST and DSTMS, the dipole field performs well when setting the origin at the barycenter of nuclear charges.
However, in general, like for DAPSH, to get a good agreement with experiment and/or with the charge field approach, this

origin must be shifted and there is no way to know beforehand the amplitude of this shift.
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