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Synthesis of Ti' -Substituted K eggin-Type Po lyoxam etalates

and the Behavior in the W ater Solution

LiuHongxig Yang Chun

(School of Chanistry and Environm ental Science Nanjing N omalUniversity N anjing 210097, China)

Abstract The T {'-substituted tungstophosphate and tingstosilicate were synthesized i acilic condition

(pH=2) using Ti(OPr),as Tisource The sampls were characterzed by R spectmscopy * P NMR

and 'H NMR. The states of he samp ks inwater aswell as he UV-vi spectoscopy and redox properties

of the samp ks i the aqueous solition were also nvestigated It & demonsirated that the T ' - substiuted

compounds are of saurated K eggin structurg and the wungstophosphate san pleswere am xure of proior

nated m onom er and anhydride fom dimer The dinerof ungstophosphate can convert into hem onomer in

the aqueous solutbn but the dmer of tungsbsilicate is stable under the same conditbon Their redox

processes i the aqueous solition involve a one-ekcton reducton of T1 and two steps of woelkcton re

duction of W', which are rehted b pH of the aqueous soluton
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, , T1
Ti(OPr), , .
1 SZB0E )
1.1
Hs PW 12040 ( PW12) HiSW 1040 (SW 1) HiPOs NaWO,* H,0 NapSDs* H,0 CH; CN
MeNCl BwNBr : Ti(OPr),
(R) Nexus670  FTR ( N icolet) , 4000~ 400 an” ',
KBr ."'P'H (NMR) AVANCE- 400 DRX- 500 ( Buker
) , CD; (N ; 0.0l mol/L. *'P 85% H PO,
Lanbdal7 UV - vis ( Perkn-Eer) , 190~ 800 mm.
1.2 Tt
: NgPW,1 03 * nH,O (PW ) [5] H:;PW 1,04
(PW 1)  HsPO, . KsSW, 05 12H,0 (SW ) [8] NaWO,* 2H,0, NaSD;*
9H,0
T1 : 1. 42 ¢( 0. 5mmol) PW,, 50mlL ,
0.21 g( 0. 75mmol) Ti(OPr). 1mol/LHCI pH=12
20h , ,  0.55¢g(5mmol) MgNCl 1.6 g(5mmol) BuNBg ,
, , 1.26 g(MeN ) 1. 48 g(BwN ). BuN
CH;CN , M N
[MeN|PWTj BN [BuN]PWTi
Ti ,  MeNCl . ll4g [M &N ]SWTi
1.3 Tt
0.25 g[MeN]XWTi(X= P Si) 50mL 12h [MeN]XWT j
45mL 30mL . ., [MeN]XWTi sj
(X= P, Si).
1.4
XW ; (X= P Si) 1x10 " mol/L , [MeN]XWTi(X= P, Si ,
CH 1600 ( (HI )
, (SCE), SCE 3mm
. H=405060 HAc/NaAc 50mV /s
2 GR50
2.1 T
1 Ti R 1100~ 500 an_ '
K eggin ) Keggn . Ti ) R (
) R , , 1070 890 800 an ' P-0, W-0,-W W-0,-W
; , 790 am "™ W-0.-W , 890 am ™' Si- 0, ,
Ti(OPr) Ti(OH),
, Keggin , Ti 655 an '
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Hes[ (SWoT#037)205] (Ti- O- Ti700 an” )", o
D aw son K, HyP,W;, ’
TiOn (Ti- O- Ti683 an )", K eggn
[BuN]7[(PW 4y TDs),0H] (Ti-
0-Ti655a )" [BuN]s[(PWTDy),0] (Ti 2
0-Ti640 am )" G S
N 2 000 1 600 1 200 800
T1 . Wavenumbers/cm™!
2 [ BuN] PWTi CDsCN p (a) PW5(b) [Me,NJPWTi;(¢) SiW:(d) [Me,NJSiWTi
NMR 5 ’ 1 HE0IR#E
~13.30 ppm - 13.36 ppm, 0. 06 ppm, Fig.1 IR spectra of samples
T .
(71 . [BuN]s[ (PW,05Ti),0] (- 13.29 pm)
[BuN4PW ,05T i{OH) (- 13.34ppm) °'P , 0. 05 ppm,
, ( 1b) Ti-0-Ti . [BuN|
PWTi .
, Ti ( TiO ) T OH ,
T DH Ti- 0- Ti R (
Ti-0-Ti ', R
z R
= =
|
2
|
)
l
ol "J\\.w"\,-f"\MIMl l‘/\\*\’\'\)v}ﬂ\»‘.,\,nf”: L__._
—1.0 -;1 —12 —;3 -;4 —‘15 —.16 3l.5 3:.0 2..5 2?0 1‘.5 l..O (;.5
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M2 [BuN]PWTi # &% CD,CN ) P NMR i B3 [BuNJPWTi # &7 CD:CN #49 'H NMR i#
Fig.2 P NMR spectra of [Bu/NJPWTi in CD,CN Fig.3 'H NMR spectra of [BuN]JPWTi in CD,CN
3 [BuN]PVTi CD; (N 'H NMR CD;CN e 5 , ab
cd 1. 02 ppm (3 ) 1.4 ppm(6 ) 1.68 ppm (5 ) 3.19
pm(3 ), 3222 CH; (a) CH, (b) CH, ( ¢) CH,
(d) - f : 217, Ti- OH H.
[BuN|PWTi , [W,0%Ti(OH) 1",
2.2 T1
2.2.1 ZRBKMAMR
[MesN]XWTi(X= P, Si) ( ) [MeN|XWTi
’ . R 4 4a 4b ,
Ti- 0-Ti ,P-0, (1070 m ') ( 1 090



[(PW11039Ti)20]8_ +H20:2[PW11039(TDH)]4_ (1)
[ PW 1,05 (TOH) |¥ == PW,,0%(T0) " +H" (2)

Ti ,
, [MeN]SWTi
R Ti-0-Ti L L - )
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( 4c), Ti Wavenumbers/cm™!
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M4 HRAMIRE
Fig.4 IR spectra of samples

222 ©F ik

T1 ( 5) 1x10 °mol/L ,
1 Keggh 190~ 400 nm , 190 nm
: 260mm . 0, W pint dm \ O,. W pn dm
(XWp, X= P, Si) (XW,, X=P,Si) ,0,. W
|11|‘ Ti|V ) Oh c—>W ’ ’
Ti . ( ) (14 mm) (
) (91’111) N [SW11039]8_ [(SW“TDp)zo]m_
; Keggn
251 . 25F
A q B
20 20F
z215F b 2151
z © :
s < e
=10 = 10F
05 05F
00f 0.0f
200 300 400 500 200 300 400 500
Wavelength/nm Wavelength/nm

(a) PW;(b) [Me,NJPWTi;(c) PW,;5(d) SiWy,;(e) SiWy;(f) [Me,NJSiWTi
M5 P.SiRESEMEMENERTFHER
Fig.5 UV-vis spectra of tungstophosphate and tungstosilicate
1 PSi
Tabk 1 UV-vs dat of tungstophosphate and tungstosilica te

W, W, [Me;N] PWT] SW,, SW [Me,N|SWTi
0, W /mm 193 187 189 191 189 191
0y, W /mm 252 247 256 264 255 269
2.2.3 wRFITH
TT H 6 1 2
2 XW ., (X=P Si L () H=40 ,XW, -
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-1.2 —08 -0.4 —12 —08 —04 -1.2 -08 —04
E/V(vs SCE) E/V(vs SCE) E/N(vs SCE)

B 6 [MeNJPWTi 7 pH % 4.0(a).5.0(b) .6.0(c) i) & i B PO TE R R R @
Fig.6 CV curves of [Me,/N]JPWTi in the buffer of pH 4.0(a).5.0(b).6.0(c)

a F

—l2 —08 —0.4 -12 —08 -04 -|2 -04
E/N(vs SCE) E/NV(vs SCE) E/V(vs SCE)

B 7 [MeNISiWTi % pH % 4.0(a).5.0(b).6.0(c) R 48 4 7 s O TR IR R
Fig.7 CV curves of [Me/N]SiWTi in the buffer of pH 4.0(a).5.0(b).6.0(c)

2 il P Si
Table2 CV data of uungstophophate and tungstosilicate in different pH cond itions
Ep /mV
pH= 4.0 H=50 pl= 6.0
- 588 - 794 - 656 - 847 - 673 - 894
A, - 638 - 853 — - 920 — - 1020
AEp 50 59 — 73 — 126
E°’ -613 - 822 — - 883 — - 957
- 625 - 897 - 597* - 756 - 958 - 59k - 805 - 1026
- 732 - 956 - 665 - 814 - 1023 — 652¢ - 864 - 1132
[MeN] B | Ti \
AEp 107 59 68* 58 65 55¢ 59 106
E° - 678 - 926 - 631* - 785 -990 - 625¢ - 835 - 1079
- 620 - 832 - 688 — 888 - 763 - 982
SW, - 673 - 891 - 710 - 962 — —
AEp 53 59 82 74 — —
E°’ - 646 - 861 - 79 - 925 — —
- 697 - 835 - 723 - 958 - 626¢ - 799 - 1014
[Me,N] SW T - 758 - 964 - 83 - 1041 - 688 - 894 - 1138
AEp 61 129 100 83 62+ 95 124
E°’ - 727 - 899 - 713 - 999 - 65F — 846 - 1076
AEp - D E = ( + Y /2% Ti
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