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£ < n-propanol & el A titanium n-propoxide (Ti(O"Pr)y)9l 7hrEsiut-ol ¢jste] TiOM22e 459, 7HEES g 749
A gl oetel At BUEAHL water/alkoxided FEH7F o 304 RN AN oH, BEE weLE A7 9wk
G4 - A7l gHe] o FAxAE RAAT W TiO'Pr)e] =4 Hlsld S5Eg Haoz o FAIAFLo T A
A3, +EEEF4E Guggenheim method2 AleIAT £3 E9o $992583HD0)E 24 3te] vheo] Bojsls 28R Zujye 3
detict d9AR T4 3 4714 £ 2AAM TIOmEZo] 49U, TR BH2ERY TIOYAE 37 04-07mAEY 78
AAE HlHlon, g9 T SR FUEFE WAt FaBS4E AT E AAE ABL BT B THUsF
24H, L2 nucleophilic catalysis2 2-§8ta glon] we& w2 RE HolAdele] Toldlt n-valued} 2EA wetujelS At 2
3, THOPr),e 7hRankg-& o] 2} #4491 associative Sx2 mechanism©.2 A& Aoz 250},

Abstract : TiO, powders were synthesized via hydrolysis reaction of titanium n-propoxide in n-propanol solvent and the reaction rates
were studied by use of UV-vis spectroscopic method. Concentration of water, reaction temperature, reaction time and acid-base effects of
the solution were investigated to determine the optimum conditions for TiO» powder synthesis. The reaction were controlled to proceed to
pseudo-first order reaction in the presence of excess water in n-propanol solvent. The rate constants which varied with temperature and
concentration of water were calculated by Guggenheim method. Reaction using D:O was also carried out to determine the catalytic
character of water. TiO» powders were synthesized only in the neutral and basic solution and those were almost spheric forms having
average particle size of 0.4-0.7ym diameter. Particle size decreased with increasing concentration of water and reaction temperature,
however, increased with increasing reaction time. Associative Sx2 mechanism for the hydrolysis was proposed from the data of n-value in
the transition state and thermodynamic parameter. D»O solvent isotope effect showed that H.O molecules reacted as nucleophilic catalysis.
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2.2.2. Characterization
2.2.2.1. olMF=x 2HE

gAg njEue] JEUA A7) vATERE SRIE] A5t
o wELS Az Al o]F Ay FAA 3
(Akashi BS-1309)-& Ab&3te] #asttt

2.2.2.2. XRD&H
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TiO Y] H#a718 =483d Fig. 29 UYehligith Fig.
2004 & = Ql%e], YAF 2Zo)A water / alkoxided] H](E
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aeju, H5TellM 9] dz27] ¥shs 25T9 35TAM RoZE
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H ZF

A QA dolAt B9 vmvF FMstE A $els OH
o TRt AnZ 5EE7 44 Yot TIOHSY o] o}
AA H31, ZEEol 93 TioYae] A de] 47 Pt

Add og TiO; »|&% T4 7 9-¢w7hZ(1): Titanium n-propoxide?] 71453} 779

(a) 1.388 M H:0

(b) 1573M H0

Fig. 1. SEM photographs of TiO» powder synthesized at 25°C
by the hydrolysis of titanium n-propoxide.
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Fig. 2. Plots for TiO» particle size vs. concentration of water
at various temperatures.
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Fig. 3. Plot of particle size vs. reaction time(R =337, 257T).
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Table 1. The pH Effect for Synthesis of TiO; Powder from
Titanium n-Propoxide(257C, Ny Environment)

HO(mD) | HCI(mD) | NHCI(ml) | NJO/Ti(Q"Pr)s | pH Type
60 ((1)i31) el 25 precli\;(i):ated
60 (0.%fM) 27 45 precIi\;])(i)ttated
6.0 (?13) 297 104 | Powder
6.0 (1§§M) 297 11 Bulk

AXE CHOH, (£ H0)7F Tiol H2#hok AT, alko-
xide®) alkyl groupoll 9&te] WS wol AR whdo] Yo
% Qlth, vt Q71Euikel 49, OH & CHOH: (£
H:0)el wate] 2717F 2w, alkyl growp#te] #& G
wron Tio] A2 4 vk webA alkyl group®l steric
effect7} Azvpt AuFoz A7) g dr4 FHEE
o] Blw7 fojg Ao HITh

to rlr ng

3.2. XRD 24 Zxzt

&% 273 25Co| 1, B9 FE7F 1480 MollA AT BEE
50Tl A4AIZE AZAZ B2 ol F 350Te 800TClA 7
7k 5A17F BoF dAPste 2 Algd] djd XRD patterns
Fig. 49 YRSt 50TAA 24412 ¢ Axd 229 74
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AA Agoln], FelAEzt obd gelldelE 34 € TH19-20].
Fig. 4. b= 350ColA 5417 dxgd Bare] A$2, 50Tel
A AN 22N 2EE dAYshe A%, 53 AA A F
37} yehs, o] fa5e gAZ 512 Zo| broadd AH

2 polx g}t o] HAEE JCPDS card(card No. 21-1272)
9} Bl A3 Ti09 anatase?Rol #@sls Aoz 3l
gk 2, 80°CAA 547 B9t %ﬂﬂﬂ 2ol 79
= Fig. 4 0% 20], 350CAA #28 JA s G2 ZdEdA
B4 sharpd YAEEL 4d& F UdAoH
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um n-propoxide® 7}4E 3]l 40}‘4 Aojzl &7
Felo] 728 L5Z siete A, 2R3 Al
FEE O|FE TiOs ZHA 712 Fxo HEYo]
A HlwA BrAS anatase TF7F WA A
2o 4& ¢ 7teke A9, TiOZHA 729
o Bt RS HeY rutle TRE AAolste A
AH21). o)dE A= ARA dojn Argx
T3 NHClE AHg-3he pH 119 971744 8949 %=
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Fig. 4. X-ray diffraction patterns of TiO» powder synthesized
by hydrolysis of titanium n-propoxide. (a) dried at 50C
for 24h, (b) calcined at 350C for 5h and (c) calcined at

800C for 5h.

3.3. 7I&s HizIHF
Ti(O"Pr)y & 7bp2alubgol dg v7llE: d+e A =F
i AAE W FAsA HAGHAGI2] 3= 2AHS
A8 FAH )L 308nmB nAEGon, o] XA A
7o e FEx9 HsE F3s9n, F3=9 4% F7
7t dolue HE vieEsutdy 73 HY¥goz Mday
o ¥heEEE 25T, 3BT, HCoen, 242ty 2o FExo
A AR w2 3R WsE AU 25T 47
At ?. ln(Al-m ~\1) <} ’\]Zlﬂ'gl #AE Fig. 5

et Fig 9} Fig. Gow & %o ln(Arm'Al) s}
Az} -‘4‘74]7]' AL °]—r..L. RlC’U% o)

g %4_ %A}"‘ﬁ}'ﬂ”
ERGF kobs—-fé— gatef Table 2ol GeERATH dAE 2%
AM 29 =7t FHEFE A9 717t FUkehe A
& g olen, ofr AN 717lE g9 fAYANSEEE
BFEA NS 457 29 R JEsn eE o
Bty ol2fd A3 Table 2914 Yebd fARd A S5
A HeRE A £ olvh ekl oig 22 S stuz}
AT FAYLETd W AdddE by 2o 009

DO i3t &EAFHE 1.24-1.41(Table 2)A}o)9] oz
titanium isopropoxide®] Aol Al A& FH1.07-1.25) Rt} &7}
F7ket #2218 Yl it} Deuterium oxide solvent isotope
effect+ nucleophilic catalysis$} general base catalysisS] Zvl
B FEE F e BV FoR AFRE £ gt gREe
A%, 23 D0%olA general base catalysis® F33}= A
kino/koeo®] HIZF 2-34 =9 & 7l Ao] naEgon
nucleophilic catalyzed hydrolysisol W&l A= kuo/ kpod] H)
7H12AY oz eyt o83 AEAAE protond -d

—|-'

of 93 TIiO; ul¥% §A4FH -&7hF(): Titanium n-propoxided] 7H2 3} 781

-0.40
[H0] : 1.388M( +)
" 1.480M(=m)
1.573M(e)
. 080
<
1
b
£
<
N’
g 42
S T I B
0 10 20 30
Time (min.)

Fig. 5. Plots fo In(Ac-ac—Ay) vs. time of the hydrolysis of tita-
nium n-propoxide at 25C.

-0.40
. {D0] : 1.39M(# )
1.48M(m)
B 1.57M(e)
~ -0.80
<
;;i
<
£ 420
*
-1.60 L | i
0 20 40
Time (min.)

Fig. 6. Plots fo In(A;-a-Ay) vs. time of the hydrolysis_ of tita-
nium n-propoxide at 25C.
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Table 2. Rate Constants for the Reaction of Titanium n-Pro- -2.80 4
poxide(4.482><10“3M) with Water in n-Propanol at :ggg
Various Temperatures . 45:0
A 1 25'C(D;0)
Temp. (C) [H0] (M) 10* kops (sec™) B
1388 4589(3.253") _
0
% 1,480 5648(4525°) j
1573 7.049(5.432°) Q320 |~ n=3.22
1.388 599
%5 1.480 7741 n=3.42 R
1573 8975 B
129 7455 n=4.10
45 1338 9.030
1420 11.79 .3.60 L ] \ I
a ; Concentration of DO, * Kobs-120 / kans -0 = 124~141 0.10 0.15 0.20
log [H20]
AAE AmE 2= 9l 1 i - ideo] HES
stel @S 49 & AT Titanium n-propoxides] ¥l Fig. 7. Plots of log[H:0] vs. log kebs. for the hydrolysis of
A =203 $AH wgog APAThA, fArdA e £ - . . .
- titanium n-propoxide at various temperatures. (n : the
A et 2ol B8 F U
number of molecules of water).
In ks = n - In[H0] + In &, 2 o
Table 3. Rate Constants and Activation Parameters for the
olu), AN 7]&7)E Wge HolAEid Hojss 282 Reaction of Titanium n-Propoxide with Water in
)] gx{ Kivinen n valuegt2 = 30, k& olaAut$& 54 n-Propanol at Various Temperatures
zoltt. Ao 95t FAY AR & TS B R R Temp. | 10° ke \ Nt —ast G
A2 AAE Fig. 790 debidch 24zhe) 2EdM £4# data (0) |Meseeh| ™ |(keal - mole™){ical - mole 'K ™) (keal - mole )
7} ANL o]Fm glon o] Kivinensol 7Hdg whgA ol 5 1488 | 34 61 553 6
Bg Ao 98e ouldtl n gl 9% weuES #¢ — -
e 7120 9ehd, ngte] 2-34 EolW 2EAWG R WA S o ) %4 231
o, ngtol 6- -TATOH (Ao g MY 3 Ao g W3} 45 3.038 34 6.1 55.4 237
o Q) wkge] Aol aEel Agste BRAY Fo o ahtE b ; the number of molecules of water
L£EAE K2 (229 712719} intercept@ S 2HE AXEH3
i, 2 A7E Table 30 YehAATh. Table 3el4 & #3832 n stateS EA & T leaving group®] oA UrkE associative
ghe 3820 Zhe ZAA T olE 2BASd Mt RE U (A) mechanism(S\2) 2.8 AAste JdEZY ZHHZFQEAE
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