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NMR Analysis of the Substitution of Titanium Tetraisopropoxide with
Phenol and Carboxylic Acid
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Abstract Titanium phenoxide and titanium
carboxylate derivatives were prepared by ligand
exchange of titanium tetraisopropoxide with the
corresponding phenol and carboxylic acids. The
substitution reactions were analyzed by NMR
focused in the liberation of isopropylalcohol. The
chemical shift of secondary proton of isopropyl
group shifted to upfield after liberation; from 4.47
ppm at titanium-bound to 4.1~4.3 ppm at free alcohol
state in CDCl;. The substitution reaction of titanium
tetraisopropoxide with carboxylic acid was applied to
form dye-Ti complex for dye-sensitized solar cell.
Keywords Titanium tetraisopropoxide, Titanium
dioxide, N719 dye, solar cell
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Figure 1. TTIP ¢} 4-Cl-phenol 2] Xk
H-NMR(CDCl;) ~# E7. ArOH ¢} Ti(Pro), 2 &
2 1] a) Ti(PrO), only b) 1:1 c) 2:1 d) 4:1 ) ArOH
only. Ti-(iOP)4H, £ 3= A &2 isopropanisol
9] o]x}=40]al iOP = &2l E isopropanisol.

Figure 2. TTIP ¢} benzoic acid 2 X|gi-$
H-NMR(CDCl;) 2~ E ¥, Benzoic acid & Ti(PrO),
°] A= H] a) Ti(PrO), only b) 1:1 ¢) 2:1 d) 3:1 e)
4:1, BA-TI(iOP):= Elgte] wlzAlo] Ay &=
Zoli ioP + @l2l¥ isopropanisol S WER.

Table 1. Chemical shift of isopropyl alcohol after
released from TTIP by ligand substitution with
phenols and carboxylic acid derivatives in CDCl; (Ha
of TTIP observed at 4.47ppm).
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Figure 3. €45 N719 ¢ Ti(Pro), & X 3i-s-
H-NMR(DMSO + D,0) Z%. Dye ¢} Ti(Pro), & =
H| & a) Ti(PrO), only with D,O b) 0.1:1 c) 0.3:1 d)
0.5:1e) 0.8:1 f) N719 only.
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