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A titanium(III) amidinate compound had been successfully obtained using a salt 
elimination reaction between TiCl3(3THF) and [Li(iPr-nBuAMD)] in a 65% yield, and the 
characterization of the compound was conducted using various characterization methods. 
The reported compound’s thermal performances were studied through thermal gravimetric 
analysis (TGA), and the result indicated that the reported titanium(III) amidinate 
compound exhibited a suitable volatility, high thermal stability, and sufficient vapor 
pressure. Furthermore, film material deposit was performed in a CVD reactor under low 
pressure, and a N/C-doped TiO2 film was successfully deposited. 
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1. Introduction 
 
TiO2 film exhibits widespread applications in various fields—such as photocatalysis [1], 

photoelectrochemical [2], and solar cells [3] owing to its excellent physical and chemical 
properties. However, the pure TiO2 can only absorb UV light (< 387 nm), which has seriously 
hindered its large-scale application [4,5]. To solve this problem, numerous methods are put into 
practice to enhance the photoactivity of TiO2 at range of visible light for utilizing solar light more 
efficiently [6-10]. Among these, doping N or N/C elements have been considered as an effective 
way which can enhance visible light photochemical activities of TiO2 through broadening its light 
absorption range [11-13].  

So far, there are several methods used for preparing N or N/C-doped TiO2 films, for 
instance, sputtering [14], sol-gel [15], chemical vapor deposition (CVD) [16], as well as atomic 
layer deposition (ALD) [17] etc. Especially, CVD attracts more and more attention owing to its 
distinct advantages in efficiency, uniformity, and durability of film deposition [18,19].  
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Based on the basic of CVD process, it is found that metal precursor plays a key role in a 
CVD process and a suitable CVD precursor determines the success or failure of the deposition 
process [19]. So far, Several CVD precursors have been reported for preparing N- or N/C-doped 
TiO2 films, such as Ti(NMe2)4 [20], TiCl4 [21], Ti(OiPr)4 [22], Ti(NMe2)3(Me2NC(iPrN)2)2 [23], as 
well as Ti(OnBu)4 [12], etc. However, although these compounds have been successfully used to 
prepare N- or N/C-doped TiO2 film, designing new type Ti precursor is still necessary; this is not 
only because different type precursors will greatly influence the attributes and performances of 
deposited materials, but also because that there are several drawbacks existed in the majority of 
reported Ti precursors and the corresponding film deposition process, such as low thermal stability 
[23], corrosive gas generation [21], as well as hazardous N source [24-26], etc. These 
circumstances encouraged us to design new Ti precursor for CVD of N- or N/C-doped TiO2 films. 

Generally, conjugated system is helpful in improving the stability of a metal compound, 
and the Ti precursor may be possessed high thermal stability if all its ligands are conjugated. 
However, almost all reported CVD Ti precursors so far are tetravalent and are difficult to form all 
conjugated ligand system Ti(IV) compound due to the all conjugated system Ti(IV) compound’s 
large steric hindrance. Under this mind, an all conjugated ligand system Ti(III) amidinate 
compound was designed, synthesized, and characterized in this study. The synthesized compound 
exhibits the following advantages: high thermal stability, no corrosive gas generation, and as a 
single CVD precursor for preparing N- or N/C-doped TiO2 films. 

 
 
2. Experimental 
 
2.1. General synthesis 
All processes were accomplished in a nitrogen system using standard Schlenk technique or 

glovebox. All the used solvents were water- and oxygen-free. N,N’-diisopropylcarbodiimide and 
n-butyllithium (2.5 M in hexane) were used directly, which got from Meryer. TiCl3(THF) was 
synthesized as described in the literature [27].  

Tris(N,N’-Diisopropylpentanamidinate) Titanium(III) [Ti(iPr-nBuAMD)3] 1. 0.11 mol 
of n-Butyllithium was slowly added to 40 mL of tetrahydrofuran (THF) containing 
N,N’-diisopropyl-carbodiimide (13.88 g, 0.11 mol) at -78 °C, and the produced light-yellow 
solution was stirred overnight at room temperature. Then the resulted mixture was added to 50 mL 
of THF containing TiCl3(3THF) (13.34 g, 0.036 mol) and stirred for 24 h. All volatiles were 
removed under vacuo, and then extracted by 50 mL of n-hexane. The hexane extract was filtrated, 
and the obtained filtrate was concentrated and then cooled to -29 oC for 2 days to afford dark green 
crystals (13.77 g, Melting point: 80.3-84.4 oC, 65% yield). 1H NMR: δ = -13.58 (br, 2H, CH2), 
-0.09-0.33 (br, 2H, CH2), 0.66 (br, 6H, (CH3)2), 1.47-1.57 (br, 11H, (CH3)2, CH2CH3), 13.71(br, 1H, 
CH), 26.06 (br, 1H, CH). C33H69N6Ti (597.8): Calcd. C 66.30, H 11.63; N 14.06; Found: C 66.04; 
H 11.25, N 14.47. 

 
2.2. Thermogravimetric analysis and film growth  
The TGA curve was measured by an STA449F3 apparatus under continuous argon flowing, 

and the rate of temperature rise was 10 K/min. The vapor pressure was obtained based on TGA 
data using method mentioned in the literature [28]. 
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The film was deposited on quartz substrate (20 mm×20 mm×1 mm) at 300 oC for 30 min 
through CVD technique, and the CVD equipment was described in the literature [29]. Pure TiO2 
film was selected as a reference and synthesized by sol-gel method [30]. The synthesized 
compound was heated to 230 oC and transported to the reactor chamber through a N2 flow (120 
mL/min). O2 was selected as an oxidant with 50 mL/min gas flow. The deposition pressure was set 
to 10 Torr. 

 
2.3. Characterization  
Diffraction data were obtained by X-ray single crystal diffractometer using Mo-Kα. The 

1H NMR was recorded through a Bruker ACF-400 apparatus at 25 oC using C6D6 as solvent. The 
morphology and composition of the deposited film analyzed through atomic force microscopy 
(AFM), scanning electron microscope (SEM), and energy dispersive spectrometer (EDS), 
respectively. The light absorption performance of the deposited film was measured by UV-vis 
spectrophotometer. 

 
 
3. Results and discussions  
 
Scheme 1 showed that complex 1 was obtained by a simple LiCl elimination reaction 

between TiCl3(3THF) and lithium amidinate ([Li(iPr-nBuAMD)]) in THF, and the stoichiometric 
ratio was 1/3. Pure dark green products were isolated through recrystallization at -29 oC in hexane 
with a moderate yield (65%). After testing, it was found that the designed complex was sensitive to 
oxygen and moisture.  

 

 
Scheme 1. Synthetic process of 1. 

 
 
As described in experimental, several methods were used to observe the chemical structure 

of 1. The measured compound’s element content was in agreement with the proposed structure, 
which demonstrated a high purity of obtained compound. The 1H NMR result (Fig. 1) revealed that 
the number of peaks and corresponding H atoms of 1 agreed with the target structure. The peaks at 
26.06, 13.71, and -13.58 ppm corresponded to the α-H atoms of iPr and nBu group in the proposed 
structure, respectively. The α-H resonances of iPr and nBu group were shifted to lower and higher 
field respectively compared with those in Ti(IV) amidinate compound (2.95-3.77 ppm for iPr 
group and 1.66-2.09 ppm for nBu group) [31-33]; this difference can be attribute to the magnetism 
of the synthesized compound due to the single electron of titanium spins in 3d orbit.  
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Fig. 1. 1H NMR spectrum of 1.  
 
 
An intuitive single crystal structure diagram and crucial bond lengths [Å] and angles [deg] 

data of 1 are presented in Fig. 2 and its caption, respectively, and crystallographic parameters are 
presented in Table 1. It is found that the synthesized compound exhibited a monomeric structure 
and its titanium center was surrounded by six nitrogen atoms from the three η2-coordinated 
amidinate ligands in a strongly disturbed octahedral geometry. The Ti-N bond length average was 
2.14 Å (range of 2.106(3)-2.176(3) Å), similar to those in the reported Ti(III) amidinate complex 
[(CyNC(H)NCy)4Ti2Cl2·2THF] [34]. All of N-Ti-N angle within the chelate rings of 1 were ~62o, 
and the coordination geometry was consistent with other TiL3 (L= bidentate ligand) complexes 
[35,36]. All these results demonstrated the reasonability of the proposed structure of 1. 
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Fig. 2. Single crystal structure diagram of 1. Ti(1)-N(1) 2.176(3), Ti(1)-N(2) 2.106(3), Ti(1)-N(3) 2.115(3), 
Ti(1)-N(4) 2.162(4), Ti(1)-N(5) 2.144(3), Ti(1)-N(6) 2.146(3), N(1)-C(5) 1.315(6), N(2)-C(5) 1.343(6), 
N(3)-C(15) 1.338(5), N(4)-C(15) 1.321(5), N(5)-C(23) 1.336(5), N(6)-C(23) 1.330(5), N(2)-Ti(1)-N(1)

 62.43(13), N(3)-Ti(1)-N(4) 62.38(13), N(5)-Ti(1)-N(6) 62.24(12), N(1)-C(5)-N(2) 113.3(4), 
N(4)-C(15)-N(3) 112.8(4), N(6)-C(23)-N(5) 112.6(3). 

 
 

Table 1. Crystallographic parameters of 1. 
 

Formula C33H69N6Ti a/Å 10.4283(4) 
Mw 597.84 b/Å 16.9927(5) 

Temperature (K) 150.15 c/Å 42.4288(16) 
Crystal system Orthorhombic α/o 90 
Space group P2(1)2(1)2(1) β/o 90 

Wavelength Mo Kα (Å) 0.71073 γ/o 90 
Dx/g cm-3 1.056 V/Å3 7518.6(5) 
2θ range/o 2.176-25.406 Z 8 

R, wR2 (I > 2σ(I)) 0.0537, 0.1176 Absorption coefficient, mm-1 0.255 
R, wR2 (all data) 0.0749, 0.1270 CCDC number 1584852 

 
 
The thermal performance of 1 was evaluated by TGA. As shown in Fig. 3, the synthesized 

compound vaporized in a single step weight loss with a low residue (3.07%), and the termination 
vaporization temperature was observed at 310 oC. This result demonstrated that compound 1 
possessed an excellent thermal stability. Moreover, the start vaporization temperature of compound 
1 was observed at 200 oC, indicated that compound 1 exhibited a sufficient volatility.  
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Fig. 3. Thermal gravimetric analysis of 1. 
 
 
Vapor pressure-temperature plot was measured to further study the thermal properties of 

compound 1. As shown in Fig. 4, compound 1 provided a vapor pressure (1.3 Torr) at 230 oC, and 
this pressure is sufficient for a CVD precursor [19]. From above results, it was certainly that the 
designed compound satisfies CVD precursors’ requirements.   

 

 
 

Fig. 4. Vapour pressure-temperature diagram of 1. 
 
 
Based on the research to above content, CVD film deposit under low-pressure was 

performed to confirming the potential of 1 as a single CVD precursor for preparing N/C-doped 
TiO2 film. The film was deposited on quartz at 300 oC of 30 min. The surface morphology of the 
deposited film was examined by SEM (Fig. 5a), and the result indicated that the prepared film was 
uniform and continuous. Fig. 5b presents the surface roughness of the deposited film, and the low 
value (1.15 nm) indicated that the deposited film had a smooth surface. 
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Fig. 5. The SEM (a) and AFM (b) image of film grown at 300 oC. 

 
 
The chemical component of the deposited film was simply measured by EDS. the EDS 

spectrum (Fig. 6) shows that the deposited film was composed of Ti, O, N, and C; the detected Si 
element (unmarked) was originated from the quartz substrate. Moreover, the elements mappings 
pattern revealed that the detected elements were uniformly distributed in the deposited film. 
Clearly, the EDS results suggested that the deposited film was N/C-doped TiO2 film. 

 
 

 

   
Fig. 6. EDS spectrum (left) and element mapping (right) of film grown at 300 oC. 
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The light absorption performance of the deposited film was evaluated by UV-vis 
absorption spectroscopy (Fig. 7). The result demonstrated that the absorption curve exhibited 
oscillation behavior due to the different refraction index between the substrate and layer [20]. 
Moreover, compared with pure TiO2, the absorption edge of deposited film was red-shifted to 413 
nm, which can be put down to the N/C-doped elements in the deposited film resulting in 
enhancement of visible light absorbing ability [12,13,37]. Obviously, all above results 
demonstrated the feasibility of 1 as a single CVD precursor for preparing N/C-TiO2 film. 

 
 

 
 

Fig. 7. UV-vis absorption spectrum of TiO2 film (black line) and N/C-doped TiO2 films (blue line) 
 
 
4. Conclusions 
 
In this study, a titanium(III) amidinate compound was successfully synthesized through 

the reaction of the lithium salt and TiCl3(3THF) in 65% yield. The synthesized compound 
exhibited a monomeric structure, and possessed excellent thermal stability, sufficient volatility and 
vapor pressure. CVD film deposit was performed to confirming the practicability of the 
synthesized complex as a single CVD precursor, and a continuous, uniform, and smooth N/C-TiO2 
film was obtained. All the results verified the applicability of the synthesized complex used for 
CVD of N/C-TiO2 film. 

 
 
Appendix A. Supplementary Material 
 
CCDC 1584852 contains the supplementary crystallographic data for 1. These data can be 

obtained free of charge from the Cambridge Crystallographic Data Centre, 12 Union Road, 
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.  
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