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Abstract

Six dimethylgallium complexes of type Me2GaL [L�/N -benzylidenethiobenzahydrazonato (1), N -(4-methoxy)benzylidenethio-

benzahydrazonato (2), N -(3,4-dimethoxy)benzylidenethiobenzahydrazonato (3), N -(4-N ,N -dimethylamino)benzylidenethiobenza-

hydrazonato (4), N -(2-naphthyl)methylenethiobenzahydrazonato (5) and N -(9-anthryl)methylenethiobenzahydrazonato (6)] have

been synthesized by reaction of trimethylgallium with appropriate N -arylmethylenethiobenzahydrazones. The complexes obtained

have been characterized by elemental analysis, 1H-NMR, IR and mass spectroscopy. Structure of 2 has been determined by X-ray

single-crystal analysis, in which Ga atom is four-coordinated. Compounds 2�/4 emit blue colors at lmax�/432�/479 nm when

irradiated by UV light. The electroluminescent (EL) properties of 2, 3 and 4 were examined by fabricating EL devices using 2, 3 and

4 as emitter, respectively. The EL bands are located in the blue region (451, 454 and 479 nm for complexes 2, 3 and 4, respectively).

# 2003 Published by Elsevier B.V.
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1. Introduction

Organic electroluminescent devices (OLEDs) have

attracted much interest due to their potential emission

of all colors (from blue to red) and their possible

applications in large-area displays since Tang et al.

[1,2] reported the bright OLED at low voltages. Blue

luminescent compounds are among the most sought-

after materials by scientists because of their potential

applications in full-color electroluminescent (EL) dis-

plays [3�/7]. Unlike the other two key components, red

and green, which are readily available, useful blue

luminescent materials for OLED displays are still scarce.

Most of the reported EL organic compounds in OLED

are either aromatic molecules or organic polymers [8�/

11]. Although quite a few metallic complexes such as 8-

hydroxyquinoline or azomethine-coordinated Al(III),

Zn(II) or Be(II) complexes have been used as OLED-

emitting material [12�/15] and some of them have been

reported to have blue photoluminescent characteristics

[16�/18], few organogallium compound-based EL diodes

have been reported up to our knowledge [19,20]. So

development of various EL materials and study of

relationship between structure and electroluminescence

property are in great need. Recently, we reported a

bluish-green variable light-emitting diode based on an

organicgallium complex [19]. In this report, the synthesis

and characterization of various dimethyl(N -arylmethy-

lenethiobenzahydrazonato)gallium complexes are de-

scribed. A crystal structure of 2 has been determined

by X-ray analysis. Both the photoluminescent and EL

properties of complexes 2, 3 and 4 have been measured

and discussed.
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2. Results and discussion

2.1. Synthesis and characterization

Reactions of thiobenzhydrazones, which were ob-

tained by the condensation of thiobenzoylhydrazide

with benzaldehyde, 4-methoxybenzaldehyde, 3,4-di-

methoxybenzaldehyde, 4-N ,N -dimethylaminobenzalde-

hyde, 2-naphthaldehyde and 9-anthraldehyde,
respectively, with trimethylgallium proceeded smoothly

at room temperature. Due to keto-enol tautomerism, the

gallium atom is believed to bond directly to the sulfur

atom of the ligands. The nitrogen atom in the enaminic

group will coordinate to the gallium atom too as shown

in Scheme 1. The complexes were isolated as yellow or

brown solid in almost quantitative yields. Although

trimethylgallium is extremely moisture and oxygen-
sensitive, the complexes obtained are fairly stable on

exposure to air. Compounds 1�/6 could be left in

ambient atmosphere for months without obvious de-

composition. The complexes are nearly insoluble in cold

saturated hydrocarbons such as pentane or petroleum

and fairly soluble in unsaturated hydrocarbons such as

benzene or toluene. All products obtained gave satisfac-

tory elemental analysis results and have been character-
ized with 1H-NMR, IR and mass spectroscopy,

respectively.

In the IR spectra of the complexes, absence of N�/H

stretch vibration absorption verifies the reaction of the

active hydrogen atom of the ligands with trimethylgal-

lium. It is also confirmed by the absence of nitrogen-

bonded proton signals in the 1H-NMR spectra of

complexes. In IR spectra, C�/H stretch vibrations of

the gallium-bonded methyl groups are visible in the

region between 2900 and 2950 cm�1, although they are
weak. Proton signals on the gallium-bonded methyl

groups in 1H-NMR move downfield compared with

those in trimethylgallium, demonstrating the electron-

withdrawing nature of the ligands. M� peak of complex

2 was observed in its mass spectrum. Although M�

peaks of other complexes were not visible, fragments of

eliminating one or two methyl groups appeared in their

mass spectra with fairly high intensity. Relative peak
intensities of the gallium-containing species agree well

with the isotopic distribution of the gallium atoms [69Ga

(ca. 60%); 71Ga (ca. 40%)].

2.2. Solid-state structure of 2

A single-crystal structure of compound 2 is shown in

Fig. 1 with selected bond lengths and angles listed in

Table 2. Compound 2 exists as a monomer, although

most of the dimethylgallium alkoxides or phenoxides

occur usually as dimers [21�/23]. This may be due to the

strong coordination capability of the enaminic nitrogen.

The geometry of Ga atom is in distorted tetrahedral.
Both S and the enaminic N atoms bond to the gallium

atom as expected. It is interesting to see, however, that

the angle of S�/Ga�/N(2) is only 84.51(12)8, which is

much smaller than that expected for a tetrahedral

configuration. This may be caused by the strain in the

five-membered ring Ga S C(7) N(1) N(2). The angle of

Scheme 1.
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C(16)�/Ga�/C(17) is 123.9(3)8, reflecting that the steric

hindrance between the two methyl groups is much larger

than that of N or S atoms. The three rings of the

complex is nearly coplanar, gallium-bonded methyl is

perpendicular approximately to the plane. S�/Ga dis-

tance (2.2874(18) Å) is shorter, while the N�/Ga distance
(2.098(4) Å) is longer than those reported in dimethyl[2-

(phenylamino)methylene-3(2H )benzofuranthionato-

N]gallium (S�/Ga, 2.321(2) Å; N�/Ga, 2.055(5) Å) [24].

This agrees well with the fact of covalent S�/Ga and

coordinative N�/Ga bond nature. It is very interesting to

see from the unit cell, shown in Fig. 2, that the two

molecules of complex overlap each other. Although the

distance between them is rather far, there should have
some weak p�/p interactions between the phenyl rings of

the molecule.

2.3. Photoluminescence studies

Photoluminescence emission spectra of complexes 2�/

4 were measured in solution (Fig. 3) as well as in solid

state (Fig. 4). Seen from Fig. 3 the emission bands are

located in the blue region. When irradiated by UV light,
the maximum emission is at l�/432 nm with an

intensity of 40.7 au for complex 2, 446 nm with an

intensity of 47.5 au for complex 3 and 479 nm with an

intensity of 78.6 au for complex 4. The PL spectra of

powder samples of 2�/4 (Fig. 4) match those in solution.

The fact that compounds 2�/4 have a similar emission

band in solution and solid indicates that the lumines-

cence observed in these compounds is a molecular

property, attributable to a p�/p* transition of the N -

arylmethylenethiobenzahydrazones. As shown in the

spectra (Figs. 3 and 4), there is a dramatic red-shift of

emission energy of complex 4 comparing to those of the

complexes 2 and 3, attributing to the stronger electron-

repelling capability of dimethylamino substitute, which

increases the HOMO level and hence decreases the

HOMO and LUMO gap. Complexes 2�/4 are three rare

examples of blue luminescent material of organogallium

complexes. The photoluminescence of compounds 2�/4

is in sharp contrast to those of the free ligands, which

have weak emission. The strong blue luminescence

observed may be attributed to the coordination or

bridging of the ligands to the gallium center, which

increases the rigidity of the ligand and reduces the loss

of energy via un-radiation pathway, thus enhancing the

p*0/p irradiation probability. Different complexes ex-

hibit different photoluminescence characteristics illus-

trating that different substitutes exert different effects on

photoluminescence.

Fig. 1. Molecular structure of 2, showing 50% probability displace-

ment ellipsoids.

Fig. 2. Unit cell of 2.

Fig. 3. Photoluminescence spectra of 2, 3 and 4 in solution.
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2.4. Electroluminescence study

The electroluminescence device structure is shown in

Fig. 5. The gallium complexes were used as light-

emitting layer. The complexes were dissolved in dichlor-

omethane. The device was prepared on patterned

indium-tin-oxide (ITO) coated on glass substrate, which

was cleaned by ultrasonic in a mixture of isopropanol

and water (1:1) and degreased in toluene vapor, with a

sheet resistance of about 80 V/sq. Due to the poor film-

forming properties of the complexes, a very small

quantity of polymethylmethacrylate (PMMA), which is

inert to light and electricity, was used to improve the

film-forming properties by mixing it with the organo-

gallium complexes. A device structure of ITO/emissive

layer/Al was employed. High-quality film can be ob-

tained by spin-cast of PMMA and gallium complexes

mixture dissolved in dichloromethane. An electron-

injecting electrode Al was deposited on top by vacuum

evaporation at pressure below 2�/10�5 Torr with a

deposition rate of 10�/15 Å s�1. The emitting area was

2�/3 mm2. The luminance of the EL devices was

measured with a Perkin�/Elmer LS 50B fluorescence

spectrophotometer. Meanwhile, the current density was

recorded with a digital multimeter. All measurements

were carried out at room temperature under DC bias

conditions.

The current�/voltage relationship of the EL device is

shown in Fig. 6. The forward bias current can be

obtained when the ITO electrode is positively biased

and the Al electrode negatively. Current density increas-

ing rate is very low at low voltage. It increases from 0.04

to 0.22 mA mm�2 for complex 2, from 0.04 to 0.33 mA

mm�2 for complex 3 and from 0.09 to 0.4 mA mm�2

for complex 4 when the bias voltage increases from 1 to

6 V. The current density increasing rate becomes larger

when the voltage is over 8 V (from 0.4 to 12.6 mA

mm�2 when the bias voltage increases from 8 to 18 V

for complex 3 and from 0.62 to 19.5 mA mm�2 when

the bias voltage increases from 8 to 21 V for complex 4).

The current density increasing rate for complex 2,

however, is lower than those of 3 and 4 (from 0.04 to

11.5 mA mm�2 when the bias voltage increases from 1

to 20 V).

The EL emission intensity�/voltage as well as the EL

emission intensity�/current density relationships of the

EL devices has been measured and are shown in Figs. 7

and 8, respectively. Seen from Fig. 7 the light output of

the EL devices is increased with the input voltage in the

Fig. 4. Photoluminescence spectra of 2, 3 and 4 in solid state.

Fig. 5. Configuration of EL device.

Fig. 6. The relationship of current density and voltage of EL cell with

the emitter of complexes 2, 3 and 4.
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range 9�/18 V (2), 8�/19 V (3) and 9�/20 V (4). The

emission intensity increases with increasing forward bias

voltage. The EL intensity-increasing rate for complex 3

is larger than those of 2 and 4 when voltage increases

from 8 to 15 V. When applied voltage is larger than 15

V, however, the EL intensity-increasing rate of 2 is

larger than those of 3 and 4. This implies that different

substitutes on the complexes have different effects on

the electroluminescence properties in different voltage.

The driving voltages of the present diodes (8�/9 V) are

much lower than that of tri(1,3-diphenyl-1,3-propane-

diono)monophenathroline Eu(III) (driving voltage is 25

V) [25] and is similar to tris(8-hydroxyquinolinato)alu-

minum (below 10 V) [26].

The EL luminescence spectra of the EL devices are

shown in Fig. 9. Their EL bands are all located in the

blue region. The EL emission maxima are 451, 454 and

479 nm with the intensities of 1.45, 1.84 and 0.94 au for

complexes 2, 3 and 4, respectively. As shown in Fig. 9,

the emission maxima of the devices are related to the

substitutes on the phenyl ring. The emission bands are

similar to those of the photoluminescence emission

spectra. This illustrates that the EL spectra are inde-

pendent of the driving voltage and current. The result

also indicates that the radiative recombination of

injected electrons and holes takes place in the gallium

complexes. The role of gallium atom in the blue

luminescence of complex is considered to be twofold.

First, the formation of covalent bond between the

gallium and the sulfur atom and of the donor�/acceptor

bond between the gallium and the nitrogen atom which

may contribute to the perturbation of the p energy level,

thus change the p*0/p transition energy of the ligand.

The second, the binding of thiobenzhydrazone ligands

to the gallium atom increases the rigidity of the ligand,

thus reducing the loss of energy via un-radiation

vibration motions and increasing the emission effi-

Fig. 7. EL intensity�/voltage curve of EL cell with the emitter of

complexes 2, 3 and 4.

Fig. 8. EL intensity�/current curve of EL cell with the emitter of complexes 2, 3 and 4.

Fig. 9. Electroluminescence spectra of EL cell with the emitter of

complexes 2, 3 and 4.
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ciency. The effect of substitutes on ligands as well as the

different alkyl substitutes of gallium atom on electro-

luminescence is being investigated in detail in our

laboratory.

3. Experimental

3.1. General procedure

All reactions were performed in a glove box under

purified nitrogen. The solvents were refluxed with

sodium benzophenone and distilled under nitrogen prior

to use. Thiobenzhydrazones were prepared by conden-

sation of thiobenzhydrazide with benzaldehyde, 4-meth-

oxybenzaldehyde, 3,4-dimethoxy-benzaldehyde, 4-N ,N -

dimethylaminobenzaldehyde, 2-naphthaldehyde and 9-
anthraldehyde, respectively. Trimethylgallium was pro-

vided by the National 863 Program Advanced Material

MO Precursors R&D Center of Nanjing University. 1H-

NMR spectra were recorded on a Bruker ARX-300

spectrometer with TMS as internal standard. Infrared

spectra were collected on a Shimadzu IR 408 instrument

in KBr pellets. Mass spectra were measured on a VG-

ZAB-HS spectrometer (electron impact ionization).
Elemental analyses were performed on a Perkin�/Elmer

240 C elemental analyzer. Luminescence spectra were

measured on a Perkin�/Elmer LS 50B fluorescence

spectrophotometer. Melting points were observed in

sealed capillaries and were uncorrected.

3.2. Preparation of

dimethyl[benzylidenethiobenzhydrazonato]gallium (1)

A solution of trimethylgallium (0.24 g, 2.1 mmol) in

10 ml of cyclohexane was added dropwise over a period
of 10 min with stirring to a solution of benzylidenethio-

benzhydrazone (0.48 g, 2 mmol) in a mixture of 10 ml

cyclohexane and 2 ml benzene. After the mixture was

stirred for an additional 5 min at room temperature,

volatiles were removed in vacuo and the yellow powder

residue was recrystallized from cyclohexane/benzene

solution, giving 1 (0.68 g) in a yield of 86%. m.p.: 76�/

78 8C. Anal. Calcd. for C16H17N2SGa: C, 56.68; H, 5.05;
N, 8.26. Found: C, 56.34; H, 4.93; N, 7.96%. 1H-NMR

data (d ppm in C6D6): 6.9�/8.3 (m, 10H, Ph�/H), 8.6 (s,

1H, Ph�/CH �/N), �/0.16 (s, 6 H, GaMe2). IR data

(cm�1): 3050 (w), 2999 (w), 2948 (w), 1624 (vs), 1574

(vs), 1492 (w), 1446 (m), 1210 (w), 1072 (w), 956 (m), 857

(w), 752 (vs), 691 (vs), 497 (M). MS data: 209 (8.53%),

208 (57.67%), 207 (52.97%), 181 (10.30%), 179.9

(18.32%), 177.9 (4.28%), 165 (4.05%), 131 (16.35%),
105 (22.10%), 104 (100%), 103 (24.02%), 102 (9.37%), 91

(10.28%), 90 (16.33%), 89 (23.37%), 82.6 (13.13%), 78

(21.4%), 77 (93.15%), 71 (2.47%), 69 (1.02%).

3.3. Preparation of dimethyl[(4-

methoxy)benzylidenethiobenzhydrazonato]gallium (2)

Prepared in the same manner as described for 1 from
(4-methoxy)benzylidenethiobenzhydrazone (0.58 g, 2

mmol) and trimethylgallium (0.24 g, 2.1 mmol). Com-

pound 2 was isolated as yellow crystal. Yield: 0.65 g

(88%). m.p.: 100�/102 8C. Anal. Calcd. for

C17H19N2OSGa: C, 55.32; H, 5.20; N, 7.59. Found: C,

54.13; H, 5.02; N, 7.27%. 1H-NMR data (d ppm in

C6D6): 6.9�/8.3 (m, 8H, Ph�/H), 8.6 (s, 1H, Ph�/CH �/N),

�/0.15 (s, 6H, GaMe2). IR data (cm�1): 3085 (w), 2964
(w), 2934 (w), 2836 (W), 1591 (vs), 1577 (vs), 1511 (VS),

1485 (s), 1267 (S), 1175 (VS), 1024 (m), 936 (m), 829 (m),

769 (M), 691 (m), 579 (M). MS data: 371 (20.7%), 369

(28.15%), 355 (26.23%), 353 (30.77%), 291 (12.85%),

271.3 (21.7%), 270.2 (14.4%), 269.3 (25.6%), 237.2

(15.72%), 135.1 (11.2%), 134.1 (100%), 131 (21.8%),

121.1 (22.2%), 119 (15.2%), 107 (10.7%), 104 (18.42%),

101 (23.9%), 99 (30.1%), 91 (56.1%), 90 (10.35%), 77
(18.5%), 73 (26.3%), 71 (12.2%), 69 (15.45%).

3.4. Preparation of dimethyl[(3,4-

dimethoxy)benzylidenethiobenzhydrazonato]gallium (3)

Complex 3 can be synthesized in the same manner as 1

(see above). Thus, (3,4-dimethoxy)benzylidenethiobenz-

hydrazone (0.6 g, 2 mmol) is treated with trimethylgal-

lium (0.24 g, 2.1 mmol). After appropriate work-up,
complex 3 can be isolated as a yellow solid. Yield: 0.65 g

(82%). m.p.: 158�/160 8C. Anal. Calcd. for

C18H21N2O2SGa: C, 54.16; H, 5.30; N, 7.02. Found:

C, 54.05; H, 5.15; N, 6.84%. 1H-NMR data (d ppm in

C6D6): 6.98�/7.77 (m, 8H, Ph�/H), 8.5 (s, 1H, Ph�/CH �/

N), (s, 6H, �/OCH3), �/0.23 (s, 6H, GaMe2). IR data

(cm�1): 3049 (w), 2940 (m), 2862 (m), 1590 (m), 1479

(vs), 1436 (m), 1229 (m), 939 (m), 893 (m), 744 (s), 697
(m), 649 (w). MS data: 386 (15.7%), 385 (76.2%), 384

(20.8%), 383 (100%), 299 (1.04%), 298 (2.34%), 164

(11.8%), 122 (1.05%), 121 (4.25%), 119 (2.01%), 103

(4.71%), 101 (1.5%), 99 (2.48%), 77 (3.52%), 71 (1.95%),

69 (3.64%).

3.5. Preparation of dimethyl[(4-N,N-

dimethylamino)benzylidenethiobenzhydrazonato]gallium

(4)

Prepared in the same manner as described for 1 from

(4-N ,N -dimethylamino)-benzylidenethiobenzhydrazone

(0.57 g, 2 mmol) and trimethylgallium (0.24 g, 2.1

mmol). The compound was isolated as yellow crystal

after recrystallization from benzene. Yield: 0.68 g (90%).

m.p.: 164�/165 8C. Anal. Calcd. for C18H22N3SGa: C,
56.75; H, 5.80; N, 11.00. Found: C, 56.32; H, 5.26; N,

10.72%. 1H-NMR data (d ppm in C6D6): 6.46�/8.21 (m,

9H, Ph�/H), 8.3 (s, 1H, Ph�/CH �/N), �/0.06 (s, 6H,
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GaMe2). IR data (cm�1): 3087 (w), 3049 (w), 2949 (w),

2906 (w), 1616.7 (m), 1574 (vs), 1528 (s), 1479.9 (s), 1439

(m), 1377 (s), 1182 (s), 931 (s), 816 (m), 755 (m), 678 (w),

576 (w). MS data: 370 (5%), 369 (13.47%), 368 (70.47%),
367 (20.77%), 366 (92.55%), 352 (0.84%), 282 (2.24%),

281 (5.33%), 223 (1.98%), 221 (1.29%), 184 (1.44%), 183

(3.01%), 177 (2.74%), 148 (14.69%), 147 (100%), 146

(10.9%), 145 (21.22%), 132 (5.66%), 131 (11.33%), 129

(2.38%), 121 (11.36%), 120 (13.73%), 119 (11.28%), 105

(10.83%), 104 (13.23%), 103 (23.15%), 102 (2.9%), 101

(6.5%), 99 (9.42%), 77 (17.78%), 76 (7.68%), 71

(14.09%), 69 (20.94%).

3.6. Preparation of dimethyl[N-(2-

naphthyl)methylenethiobenzahydrazonato]gallium (5)

Prepared in the same manner as described for 1 from

(2-naphthyl)methylenethiobenzhydrazone (0.58 g, 2

mmol) and trimethylgallium (0.24 g, 2.1 mmol). The

compound was isolated as yellow crystal after recrys-

tallization from benzene. Yield: 0.65 g (84%). m.p.: 164�/

165 8C. Anal. Calcd. for C20H19N2SGa: C, 61.85; H,

4.93; N, 7.22. Found: C, 61.31; H, 4.48; N, 6.95%. 1H-

NMR data (d ppm in C6D6): 6.46�/8.21 (m, 9H, Ar�/H),

8.3 (s, 1H, Ar�/CH �/N), �/0.06 (s, 6H, GaMe2). IR data

(cm�1): 3087 (w), 3049 (w), 2949 (w), 2906 (w), 1616

(m), 1574 (vs), 1528 (s), 1479 (s), 1439 (m), 1377 (s), 1182

(s), 931 (s), 816 (m), 755 (m), 678 (w), 576 (w). MS data:

372.8 (2.2%), 308 (8.79%), 307 (4.02%), 292 (4.98%), 291
(17.65%), 290 (82.39%), 289 (55.04%), 288 (84.33%), 258

(6.66%), 257 (11.73%), 186 (11.70%), 185 (30.51%), 171

(22.51%), 163 (61.78%), 155 (18.42%), 154 (64.34%), 153

(57.63%), 141 (14.74%), 140 (7.87%), 139 (15.52%), 135

(24.23%), 128 (50.18%), 127 (100%), 126 (19.41%), 121

(40.32%), 104 (55.06%), 103 (41.14%), 101 (11.38%), 91

(12.98%), 77 (48.96%), 76 (14.59%), 71 (1.42%), 69

(2.77%).

3.7. Preparation of dimethyl[(9-

anthryl)methylenethiobenzahydrazonato]gallium (6)

Prepared in the same manner as described for 1 from

(9-anthryl)methylenethiobenzhydrazone (0.68 g, 2

mmol) and trimethylgallium (0.24 g, 2.1 mmol). The

compound was isolated as yellow crystal after recrys-
tallization from benzene. Yield: 0.76 g (87%). m.p.: 218�/

220 8C. Anal. Calcd. For C24H21N2SGa: C, 65.74; H,

4.83; N, 6.38. Found: C, 65.21; H, 4.58; N, 6.14%. 1H-

NMR data (d ppm in C6D6): 6.46�/8.21 (m, 9H, Ar �/H),

8.3 (s, 1H, An�/CH �/N), �/0.06 (s, 6H, GaMe2). IR data

(cm�1): 3087 (w), 3049 (w), 2949 (w), 2906 (w), 1616

(m), 1574 (vs), 1528 (s), 1479 (s), 1439 (m), 1377 (s), 1182

(s), 931 (s), 816 (m), 755 (m), 678 (w), 576 (w). MS data:
427 (4.42%), 426 (14.78%), 425 (56.56%), 424 (21.30%),

423 (76.95%), 205 (16.47%), 204 (100%), 203 (26.69%),

177 (35.66%), 176 (17.19%), 175 (4.56%), 153 (4.39%),

151 (6.48%), 121 (5.09%), 119 (4.09%), 117 (5.80%), 71

(6.97%), 69 (10.69%).

3.8. X-ray structural analysis of complex 2

Single crystal of compound 2 was obtained by

recrystallization from benzene solution. A single crystal

suitable for X-ray determination was mounted in a thin-

walled capillary tube in a glove box, plugged with resin,
removed from the glove box, then flame sealed. Data

were collected at 291.2 K on a Rigaku-RaxisIVP

imaging plate area detector with graphite monochro-

mated Mo�/Ka (l�/0.71073 Å) radiation to a maximum

2u value 55.08. Read out was performed in the 0.100

mm pixel mode. The data were corrected for Lorentz

and polarization effects during data reduction. A

correction for secondary extinction was applied
(coefficient�/0.0056(19)). A total of 2854 reflections

were collected. The structure was solved by direct

Table 1

Crystal data, collection parameters and refinements for C17H19N2OS-

Ga (2)

Formula C17H19N2OSGa

Formula weight 369.12

Crystal colour, habit yellow, prismatic

Crystal dimensions (mm3) 0.30�/0.30�/0.20

Crystal system monoclinic

Unit cell dimensions

a (Å) 7.4018(15)

b (Å) 25.463(5)

c (Å) 9.4617(19)

a (8) 90.00

b (8) 104.11(7)

g (8) 90.00

V (Å3) 1729.5(6)

Space group P21/C

Z 4

Dcalc (g cm�3) 1.418

F (0 0 0) 760

Index range (8) 05/h 5/9,

05/k 5/33,

�/125/l 5/11

m (Mo�/Ka) (cm�1) 17.14

Diffractometer Rigaku-RaxisIVP

Radiation Mo�/Ka (l�/0.72070

Å)

Temperature (K) 291(2)

2umax (8) 54.98

No. of reflections measured 2854

Independent reflections observed (I )�/2.00

(s (I))

2457

No. of variables 200

Correction Lorentz polarization

R (F ) 0.0781/0.0621

wR 0.1659/0.1559

Goodness of fit on F2 1.120

Drmax (e Å�3) 0.890

Drmin(e Å�3) �/0.421

(D /s )max 0.089
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methods [27] using Fourier technique [28]. All non-

hydrogen atoms were refined anisotropically. Hydrogen
atoms were included but not refined. The final cycle of

full-matrix least-squares refinement was based on 2457

observed reflections [I �/2.00s(I )] and 200 variable

parameters and converged with unweighted and

weighted agreement factor of R�/ajjFoj�/jjFcjj/
ajFoj�/0.0781/0.0621, Rw �/aw (jFoj�/jFcj2/awFo

2)1/2�/

0.1659/0.1559. The standard deviation of an observation

of unit weight was 1.120. The maximum and minimum
peaks on the final difference Fourier map corresponded

to 0.890 and �/0.421 e Å�3, respectively. All calcula-

tions were performed using the TEXSAN crystallographic

software package of Molecular Structure Corporation

[29]. Crystallographic data and details on refinement are

presented in Table 1. Selected bond distances and angles

for the compound are listed in Table 2. The crystal

structure of complex 2 is presented in Fig. 1.

4. Supplementary material

Crystallographic data (comprising hydrogen atom
coordinates, thermal parameters and full tables of

bond lengths and angles) for the structural analysis

have been deposited with the Cambridge Crystallo-

graphic Center (Deposition CCDC No. 137750). Copies

of this information may be obtained free of charge from

The Director, CCDC, 12 Union Road, Cambridge, CB2

1EZ, UK (Fax: �/44-1223-336033; e-mail: deposit@

ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
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Bond angles
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Ga(1)�/S(1)�/C(7) 95.81(19) N(2)�/N(1)�/C(7) 116.6(4)

Ga(1)�/N(2)�/N(1) 116.1(3) Ga(1)�/N(2)�/C(8) 133.0(4)

N(1)�/N(2)�/C(8) 110.5(4) S(1)�/C(7)�/N(1) 125.8(4)

S(1)�/C(7)�/C(6) 117.7(4) N(2)�/C(8)�/C(9) 128.6(5)
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