
ISSN 2079-1704. , . 2015. . 6.  1. . 85-96 
______________________________________________________________________________________________ 

© . , . , 
. , 2015                                                                    85 

 54.057+544.77.051 
 

. , . , .  
 

 
V),  

 
 

 " " 
. , 37, , 03056, , E-mail: dontsova@ua.fm 

 
 

,  
. (IV). 

,  
.  

, . 

: (IV), , , , ,  
,  

 
 

 
 
 

-
:  

 
, , -

 
,  
,  

.  
 
 

,  
 

 [1].  
 

-
 

 [1–3]. 
 
 

 ( ),   
,  

-
 

,  
.  

 

 
. 1),  

 –  
•).  

 
.  

 
 

-
, -

-
,  

 
.  

 
 
 
 

.  
 

-
,  

,  
.  

,  
,  

 ZnO,  SnO2, Fe2O3, CdO, 
WO3, In2O3, TiO2.  

 
,  

 [4].  



. , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 86 

 
. 1.  

 ( ) [2] 

 
(IV), 

 
 

-
  

[5–10]), , 
. , 

-
(IV) . 

,  
(IV)  3.0÷3.2 ,  

 
,  

 
.  

,  
 

,  
,  

 TiO2. ,  

 
 

(IV) (  
) -

.  

 
(IV) 

TiO2  
: ,  

 [11]. ,  
-

.  
,  

TiO6 ,  
 ( . 2).  

 
 

. ,  
 

 388  413 . 
 

TiO2  
 (h+ )   

 (e- )  
.  

 (h  E ) 
 (  TiO2 -
:   –  3.0  ,   

 –  3.2  )  [12].   
 

-
,  –  

 [13].  
 

 

 
   a             

 

. 2.  TiO2: (a) – ; ( ) – ; ( ) –  [11] 

  



V),  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 87 

 
 

TiO2  [14]: 

TiO2 +  TiO2 (e-  + h+ ),            (1) 

TiO2 (e-  + h+ )  TiO2 ( ),       (2) 

TiO2 (h+ ) + -  TiO2 + •,            (3) 

TiO2 (e- ) + 2  TiO2 + 2
•,              (4) 

  – ,  –  
. 

 
 
 

. -
 

 [15]: 

 
 TiO2/  

 ( ) 2 + 2 .                 (5) 
 

 TiO2  
.  3. 

 

 
. 3.  TiO2 [16]:  – 

,  –  

 
, -

 
 [14]:  

1.  
 TiO2. 

2.  
 TiO2 

 
 

). 
3.  

 TiO2. 
4.  ( ,  

)  TiO2. 
5. . 

, 
,  

, , TiO2 
 
 

)  
 (  

). , 
 
 

 TiO2, 
.  

 
 TiO2,  

,  
. 

,  
(IV)  

,  



. , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 88 

,  
,  

-
(IV)  
 [17–20]. 

,  -
 

 TiO2,   
,  

(IV)  
 

.  
 

2 -
, -

 
 

 [21–25]. 
-
 
, 
 

V). 

 

 
2  

: 15 %- (III)  
(IV) 

 « ».  
2.  

2  
15 %- (III)  

 
. (III) 

 pH = 0.8  
168 ,  

:  
 72 .  

 
,   

. 1.  
 
 

.  
 

.  4 
 5  SO4

2-  
 K2SO4 

 ( 3+):(SO4
2-)=1:2  

 –   KF   
3+):(F-)=1:2.  

 

 1.   2 

 , 
   , 

 
1 – 
2 168 

3 0 
NH4OH  

=9.4 
– 

4 
K2SO4 

 
3+):(SO4

2-)=1:2) 

5 

Cl3  
 
 168 – KF 

 
3+):(F-)=1:2) 

20 

6 – 
7 CdS (0.5 . %) 
8 CdS (2 . %) 
9 CdS (4 . %) 

10 

Cl4 72 – 

CdS (7 . %) 

60 

 
 

2  
(IV)  

. (IV)  
 

 (0 ° )  

 (CTAB)  
 1 .  

 30  60 °  
 72 .  

, -



V),  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 89 

 400  °  
 3 . 

 
.  

5 ,  
 CdS ( . . 1),  

 
 

. 
 

 Rigaku 
Ultima IV  CuK  (  = 0.15418 ) 

 0.02  40  
 40 .  

-
. 

-
 125  

 80 . 
 

-
 

Quantachrome® ASiQwin™  –195.6 ° . 
 (S ,  2 ) -

 
 

 (Density 
Functional Theory, DFT- ). 

-
 
 

 ( ), 
 

) -
 368  

.  

 

(IV)  
-

.  
[21, 22], i(III) i(IV)  

:  

4TiCl3 + O2 + 2H2O = 4TiOCl2 + 4HCl.            (6) 

 TiO2  
(IV): 

TiOCl2 + H2O = TiO2 + 2HCl,             (7) 

: 

TiOCl2 + 2NH4OH = TiO(OH)2 + 2NH4Cl,           (8) 

TiO(OH)2 = TiO2+ H2O.              (9) 

(IV)  
(IV) : 

TiCl4+2H2O = TiO2+4HCl.           (10) 

 CdS  
: 

Cd(NO3)2+Na2S2O3+H2O = CdS+2NaNO3+H2SO4.     (11) 

. 4  
, -

 
PDXL   ICDD  /  
PDF-2, COD  JCPDS.  

 00-001-0562 
 TiO2,  ICDD / PDF-2), 03-065-

0190 (  TiO2,  ICDD / PDF-2), 
29-1360 (  TiO2,  JCPDS) 

 00-041-1049 (CdS,  ICDD / PDF-2) 
 

. 
Cl3  

 
 

 ( . 4,  1).  
 (NH4OH)  

 
, , 

 ( . 4, 
 2).  

 
: 

 3,  
)  

,  ( . 4, 
 3).  

,  
 KF -

,  
K2SO4  

 ( .  4,   4   5  
). 

(IV)  
 ( . 4,  6)  

 (CdS 0.2 . %) -
 TiO2.  

 CdS, 
,  

 TiO2 ( . 4,  8–10), 
-

.  



. , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 90 

,  CdS  
 9  10. 

. 2  
,  

. -
 

 (  5  430 2 ).  

 

  
  

  
  

  
  

  
  

  
  

 
. 4. V): a–  –  1–10  

 

 

  

  



V),  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 91 

 2.   2 

 , % S , 2   
,  

1  100 270 6.2 
2  50,  50 270 6.3 
3 , 100 430 – 
4  40,  60 5 1.2 
5  100 355 6.0 
6  100 9 23.0 
7  100 36 14.9 
8  26,  74 48 14.6 
9  56,  42, CdS 2 70 13.1 

10  63,  35, CdS 3 61 13.5 
 

Cl3  
 

 (270÷430 2 )  
, -

Cl4 –  (36÷70 2 ) 
-

.  ,   
 

,  – 
. ,  

, -
2.  

 3, 
. 2,  

.  
 4  

,  
,  K2SO4. 

 1  2  
,  

.  
,  

V)  
, . 

 
,  

S  5,  
,  (KF),  

 
,  

2. 
,  

,  -
 

V). 
 

5–10  
 

 (  CdS 4 . %) , 

,  
.  

. 5 -
 1–5  9 (  

 6–8  10 )  
 

2. 
.  5  (  ),  

 1 , ,  
 (  

 
).          

100–250  
2,  

 ~15  
50 . 

. 5 (  )  
 2,  

2 20–30  70–80  
. 

 3  
,  

(IV) 
 800÷1000 ,  

-
 ( . 5,  ).  

 3         
250–500 .  

 
. 

 4 -
,  

. 
 5 ( . 5,  ) 

 
 30  70 . 

2  
, ,  



. , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 92 

 
.  

 6–10 ( . 5,  )   
 

, -
. 

 TiO2 
Cl3) -

 
 ( -

)  –  1, 
 

 100 %.  2  3 -
,  4  

5  
. 

 
) 

 TiO2 ,  
. 6. 

 
 

 
a 

 
 

 
 

 
 

 
 

 
 

 

. 5. : a –  1;  –  2;  –  3;  –  4;  –  5;  – 
 9 



V),  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 93 

 
. 6.  ( , %)  1–5 25 

 Evonik  

 
-

 1  
: -

 
13.5 %.  

 2, ,  
 

(  = 88.5 %), , ,  
-

.  
 3 -

 2;  
 

91 %  
.  

 4  
, . ,  

 4  
.  

 4 
 

,  
(IV) , 

, ,  
 1 ,  

 [22].  
 

 
. 7.  ( , %)  6–10  

 

  



. , . , .  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 94 

 
 5  

17 %,  
. 

-
(IV) 

 
Evonik P25,  

 60 %,  
 83 %.  

. 7 -
 6–10 

Cl4)  
 ( ) 

.  
,  

 
,  

 
. -

 6–10 -
, -

 
. 

 

 
 

(IV)  
,  

 
-

.  
-

(IV)  
. 

 TiO2  
. 

, -
 
 

, -
,  

 
(S  5  430 2 ). 

,  
 

 (  100 %),  
 (  90 %).  

 TiO2 
 

. ,  
(IV) 

, 
 [26]. 

 
 
 
 
 

V), 
 

 
. , . , .  

 
 " " 

. , 37, , 03056, , dontsova@ua.fm 
 

 
, . 

(IV). ,  
 

.  
, .  

: (IV), , , , ,  
,  

 
 
 



V),  
______________________________________________________________________________________________ 

ISSN 2079-1704.  2015. . 6.  1 95 

Characterization and photoactivity of titanium(IV) oxide 
obtained from different precursors 

 
T.A. Dontsova, I.N. Ivanenko, I.M. Astrelin 

 
National Technical University of Ukraine "Kyiv Polytechnic Institute" 

37 Peremogy Avenue, Kyiv, 03056, Ukraine, dontsova@ua.fm 
 

The advantages of using heterogeneous photocatalysis for removing organic substances from water and 
process mechanism are examined. Series of titanium(IV) oxide catalysts from the various precursors and 
with/without modifiers are synthesized. The use of different precursors and modifiers has been shown to 
provide a wide variety of physical and chemical characteristics of the catalysts. The obtained samples exhibited 
high activity to the dyes of both anionic and cationic types.  

Keywords: titanium(IV) oxide, sol-gel method, anatase, rutile, brookite, heterogeneous photocatalysis, 
photoactivity 
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