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In the title salt, C20H21N�2 �C7H7SOÿ3 �H2O, the quinolinium

cation exhibits a large molecular non-linear optical (NLO)

response, as determined by Stark spectroscopy, but crystal-

lization in the centrosymmetric space group P1 precludes

signi®cant bulk NLO effects. Intermolecular OÐH� � �O and

weak CÐH� � �O hydrogen bonding links the constituent

molecules into a three-dimensional network.

Comment

The synthesis and study of molecular compounds with non-

linear optical (NLO) properties has attracted much attention,

because such materials hold promise for applications in

optoelectronic and photonic devices (Bosshard et al., 1995;

Nalwa & Miyata, 1997). In order to create ef®cient quadratic

(second-order) NLO materials, both the molecular and bulk

properties must be optimized. The majority of promising

compounds constitute dipolar donor±�-acceptor (D±�-A)

molecules and these must be arranged noncentrosym-

metrically in order to afford macroscopic structures capable of

showing bulk quadratic NLO effects, such as frequency

doubling (second-harmonic generation, SHG).

Within the diverse range of existing NLO compounds, stil-

bazolium salts are particularly attractive for device applica-

tions (Lee & Kim, 1999). The archetypal compound trans-40-
(dimethylamino)-N-methyl-4-stilbazolium para-toluene-

sulfonate (DAST) displays very marked bulk quadratic NLO

activity, as originally shown by powder SHG studies (Marder

et al., 1989, 1994). At the molecular level, quadratic NLO

effects are determined by ®rst hyperpolarizabilities �, and

static (`off-resonance') ®rst hyperpolarizabilities �0 are

normally used when comparing active compounds. Hyper-

Rayleigh scattering experiments with DAST using a 1064 nm

laser yielded a large �0 value of 364 � 10ÿ30 esu (Duan et al.,
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1995). DAST has therefore been intensively investigated over

recent years (Meier et al., 2000; Kaino et al., 2002), including

the growth of large high-quality single crystals (Pan et al.,

1996; Sohma et al., 1999; Mohan Kumar et al., 2003), and the

demonstration of prototype NLO devices for parametric

interactions and electro-optical modulation (Meier et al. 1998;

Bhowmik et al. 2000; Geis et al. 2004; Taniuchi et al. 2004).

In addition to their NLO properties, D±�-A molecules

display intense low-energy absorption bands which arise from

�(D) ! �*(A) intramolecular charge-transfer (ICT) excita-

tions. A two-state model (Oudar & Chemla, 1977; Zyss &

Oudar, 1982) shows that �0 is proportional to the product of

the square of the ICT transition dipole moment �12 and the

dipole moment change ��12, and inversely proportional to

the square of the ICT energy Emax. Therefore, �0 increases

with increasing intensity and decreasing energy of the ICT

absorption. The ICT band of the PFÿ6 salt of the cation in (I)

([DAQ+]PFÿ6 ) is red-shifted by ca 0.34 eV, but is ca 85% as

intense, when compared with that of the PFÿ6 salt of the

chromophore in DAST ([DAS+]PFÿ6 ; �max = 470 nm, " =

42 800 Mÿ1 dm3 in acetonitrile; Coe et al., 2002). This marked

red-shifting suggests that the �0 value of (I) may be larger than

that of DAST. We have previously determined �0 for

[DAS+]PFÿ6 using Stark (electroabsorption) spectroscopy

(Coe et al., 2003), and have now applied the same approach to

[DAQ+]PFÿ6 . By applying the two-state equation �0 =

3��12(�12)2/(Emax)2 to data obtained from butyronitrile

glasses at 77 K, the results are 236 and 255 � 10ÿ30 esu for

[DAS+]PFÿ6 and [DAQ+]PFÿ6 , respectively. The lower-than-

expected increase in �0 is attributable to a decrease in ��12

from 16.3 to 13.3 D on moving from [DAS+]PFÿ6 to

[DAQ+]PFÿ6 , whilst �12 remains constant at 9.1 D.

The molecular structure of the cation in (I) is as indicated

by 1H NMR spectroscopy, and similar to that observed

previously in the corresponding hexamolybdate salt (Xu et al.,

1995), although the precision of the present structure is rather

higher. The conjugated aromatic system is essentially planar,

with a maximum deviation from the mean plane of 0.094 AÊ for

atom C24, and this plane forms an angle of 77.48 (6) � with the

benzene ring plane of the tosylate anion.

The crystal packing structure of (I) is critical in relation to

quadratic NLO properties. DAST crystallizes noncentro-

symmetrically in the space group Cc (Marder et al., 1989), but

unfortunately (I) adopts the centrosymmetric space group P1

and is hence not suitable for bulk NLO effects. Perhaps not

unexpectedly, replacement of the pyridinium ring in DAST

with a quinolinium group changes the crystallization beha-

viour. In fact, the presence of water molecules within the

crystal structure of (I) leads to a network of hydrogen bonds

involving water, the tosylate anion and the chromophoric

cation. The water molecules and tosylate anions form

centrosymmetric OÐH� � �O hydrogen-bonded rings, and

weak intermolecular CÐH� � �O hydrogen bonds link these

rings to the quinolinium moieties to form a three-dimensional

network (Fig. 2).

It has been proposed that the natural tendency towards

antiparallel dipole aligment between the cations in DAST is

overcome by the presence of the intervening tosylate anions

(Marder et al., 1989, 1994), but such an effect is not evident in

(I). Although this outcome is rather disappointing, salts of the

cation in (I) with other anions may well adopt different crystal

structures capable of showing bulk NLO behaviour.

Experimental

The compound trans-4-[(4-dimethylaminophenyl)-2-ethenyl]-N-

methylquinolinium iodide (Bahner et al., 1951) was synthesized by

adapting a method which has been applied previously to the analo-

gous dibutylamine compound (Alain et al., 2000). Piperidine (3 drops)
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Figure 1
A representation of the molecular structure of (I), with 50% probability
displacement ellipsoids.

Figure 2
A representation of the hydrogen-bonding interactions (dashed lines) in
(I).



was added to a solution of 4-methyl-N-methylquinolinium iodide

(276 mg, 0.968 mmol) and 4-(dimethylamino)benzaldehyde (289 mg,

1.937 mmol) in methanol (20 ml). The solution immediately turned

purple and was stirred under re¯ux for 4 h. After cooling to room

temperature, the solution was added dropwise to diethyl ether to

afford a dark precipitate which was ®ltered off, washed with diethyl

ether and then water, and dried under vacuum (yield 349 mg, 87%).

A portion of this crude material (125 mg, 0.300 mmol) was meta-

thesized to (I) by precipitation from water±aqueous sodium para-

toluenesulfonate (yield 115 mg, 83%). Compound (I) has been

reported previously (Metzger et al., 1969). Crystals of (I) suitable for

single-crystal X-ray diffraction measurements were obtained by slow

diffusion of diethyl ether vapour into a methanol solution of (I) at

room temperature; note that the same method is used to produce

SHG-active crystals of DAST (Marder et al., 1994). Analysis, found:

C 67.99, H 6.35, N 5.86, S 6.69%; calculated for C27H28N2O3S�H2O:

C 67.76, H 6.32, N 5.85, S 6.70%. For spectroscopic studies, a portion

of the crude iodide salt was also metathesized to the hexa¯uoro-

phosphate (previously unreported, to our knowledge) by precipita-

tion from water±aqueous ammonium hexa¯uorophosphate. Analysis,

found: C 55.19, H 4.63, N 6.33%, calculated for C20H21F6N2P: C 55.30,

H 4.87, N 6.45%. Spectroscopic analysis: 1H NMR (200 MHz,

CD3COCD3, �, p.p.m.): 9.12 (1H, d, J = 6.8 Hz, C5H2N), 9.02 (1H, d,

J = 8.5 Hz, C6H4), 8.46 (1H, d, J = 8.4 Hz, C6H4), 8.38 (1H, d, J =

6.6 Hz, C5H2N), 8.27 (1H, t, J = 7.9 Hz, C6H4), 8.21 (1H, d, J = 15.7 Hz,

CH), 8.08 (1H, d, J = 16.2 Hz, CH), 8.03 (1H, t, J = 7.7 Hz, C6H4), 7.86

(2H, d, J = 9.0 Hz, C6H4ÐNMe2), 6.86 (2H, d, J = 9.1 Hz, C6H4Ð

NMe2), 4.68 (3H, s, Me), 3.13 (6H, s, NMe2); �max (nm) [" (Mÿ1 dm3)]

(MeCN): 540 (36 700), 306 (12 400), 242 (17 900).

Crystal data

C20H21N�2 �C7H7O3Sÿ�H2O
Mr = 478.59
Triclinic, P1
a = 8.033 (4) AÊ

b = 10.550 (7) AÊ

c = 14.662 (9) AÊ

� = 97.75 (7)�

� = 97.87 (4)�


 = 103.97 (5)�

V = 1176.2 (12) AÊ 3

Z = 2
Dx = 1.351 Mg mÿ3

Mo K� radiation
Cell parameters from 4905

re¯ections
� = 2.9±27.5�

� = 0.18 mmÿ1

T = 120 (2) K
Slab, dark green
0.6 � 0.4 � 0.14 mm

Data collection

Bruker-Nonius KappaCCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2003)
Tmin = 0.902, Tmax = 0.976

22 326 measured re¯ections

5337 independent re¯ections
4160 re¯ections with I > 2�(I)
Rint = 0.041
�max = 27.5�

h = ÿ10! 10
k = ÿ13! 13
l = ÿ19! 18

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.126
S = 1.02
5337 re¯ections
320 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0684P)2

+ 0.4268P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.047
��max = 0.28 e AÊ ÿ3

��min = ÿ0.53 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coef®cient: 0.016 (4)

Table 1
Selected geometric parameters (AÊ , �).

C8ÐN1 1.453 (3)
C9ÐN1 1.444 (3)
C10ÐN1 1.368 (2)
C10ÐC11 1.400 (3)
C10ÐC15 1.413 (3)
C11ÐC12 1.379 (3)
C12ÐC13 1.399 (2)
C13ÐC14 1.404 (3)
C13ÐC16 1.447 (2)
C14ÐC15 1.375 (2)
C16ÐC17 1.348 (2)
C17ÐC18 1.447 (2)

C18ÐC19 1.390 (2)
C18ÐC22 1.433 (2)
C19ÐC20 1.372 (2)
C20ÐN2 1.328 (2)
C21ÐN2 1.473 (2)
C22ÐC27 1.414 (2)
C22ÐC23 1.418 (2)
C23ÐN2 1.379 (2)
C23ÐC24 1.405 (2)
C24ÐC25 1.366 (2)
C25ÐC26 1.398 (3)
C26ÐC27 1.365 (2)

N1ÐC10ÐC11 120.83 (17)
N1ÐC10ÐC15 121.65 (17)
C11ÐC10ÐC15 117.51 (16)
C12ÐC11ÐC10 120.62 (17)
C11ÐC12ÐC13 122.12 (17)
C12ÐC13ÐC14 117.18 (15)
C12ÐC13ÐC16 119.35 (16)
C14ÐC13ÐC16 123.45 (16)
C15ÐC14ÐC13 121.21 (16)
C14ÐC15ÐC10 121.29 (17)
C17ÐC16ÐC13 127.15 (15)
C16ÐC17ÐC18 124.17 (15)
C19ÐC18ÐC22 116.75 (15)
C19ÐC18ÐC17 121.72 (15)
C22ÐC18ÐC17 121.53 (14)
C20ÐC19ÐC18 120.79 (16)
N2ÐC20ÐC19 122.84 (15)

C27ÐC22ÐC23 117.05 (15)
C27ÐC22ÐC18 122.72 (14)
C23ÐC22ÐC18 120.21 (14)
N2ÐC23ÐC24 120.25 (14)
N2ÐC23ÐC22 118.87 (15)
C24ÐC23ÐC22 120.87 (15)
C25ÐC24ÐC23 119.84 (15)
C24ÐC25ÐC26 120.22 (16)
C27ÐC26ÐC25 120.68 (15)
C26ÐC27ÐC22 121.24 (15)
C10ÐN1ÐC9 121.38 (17)
C10ÐN1ÐC8 120.21 (18)
C9ÐN1ÐC8 117.97 (17)
C20ÐN2ÐC23 120.50 (14)
C20ÐN2ÐC21 118.80 (14)
C23ÐN2ÐC21 120.61 (14)

Table 2
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O4ÐH2O� � �O1i 0.86 (2) 2.07 (2) 2.922 (3) 175 (2)
O4ÐH10� � �O2 0.89 (2) 1.95 (3) 2.838 (3) 169 (2)
C14ÐH14� � �O3 0.95 2.41 3.359 (3) 174
C17ÐH17� � �O3 0.95 2.49 3.435 (3) 175
C27ÐH27� � �O3 0.95 2.34 3.282 (3) 172
C3ÐH3� � �O2ii 0.95 2.59 3.535 (3) 171
C20ÐH20� � �O1iii 0.95 2.37 3.290 (3) 162

Symmetry codes: (i) ÿx� 1;ÿy� 1;ÿz� 1; (ii) xÿ 1; y; z; (iii) x� 1; y� 1; z.

The H atoms of the water molecule were re®ned independently

with isotropic displacement parameters. H atoms bonded to C atoms

were placed in calculated positions, with CÐH distances of 0.95 AÊ

[0.98 AÊ for methyl], and included in the re®nement in a riding-model

approximation, with Uiso = 1.2Ueq(C), or 1.5Ueq(C) for methyl groups.

Data collection: DENZO (Otwinowski & Minor, 1997) and

COLLECT (Hooft, 1998); cell re®nement: DENZO and COLLECT;

data reduction: DENZO and COLLECT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

PLATON (Spek, 2003); software used to prepare material for

publication: SHELXL97.

The authors thank the EPSRC for funding crystallographic

facilities and for a postdoctoral grant to JAH (GR/M93864).
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