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Synthesis and Electronic Characterization of Organic-tungsten Oxide Hybrid Systems

WANG Bing-Shan DONG Xiao-Wen PAN Qing-Yi* CHENG Zhi-Xuan
(Department of Chemistry, College of Science, Shanghai University, Shanghai 200444)

Abstract:Intercalation behavior of n-alkylamines into layered W,04+H,O has been investigated. W,04*H,O can
accommodate n-alkylamines(C,Ha,.;NH,,n=4,8,12,16)to form intercalation compounds via an acid-base mechanism,
and reversible intercalation and deintercalation behavior was observed among DA, (where DA, represents
intercalation compounds of W,04-H,0/C,H,, NH,, and DA,, DAg, DA, DA s denote W,04+H,0/C,HJNH,, W,04+
H,0/CsH;NH,, W,04 - H,0/C1,HsNH,, and W,04 - H,O/C¢HNH,, respectively). The intercalation compounds were
characterized by XRD, IR, SEM as well as TG-DSC. The results show that the interlayer distance of intercalation
compounds increases with the increase in the number of carbon atoms in the n-alkyl chain, and n-alkylamines
exhibit a bilayer arrangement in the interlayer space with a tilt angle of 71.6°. The intercalation of n-alkylamines
(C.H2.NH,, n=4, 8, 12, 16) into W,06-H,0O also appears to increase the band-gap energy (E,) as compared with
Wy06 -H,0 or WOs, but no difference in E, was observed among DA,, indicating that the oxide layers are

electronically decoupled.
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Fig.1 Schematic structure illustration of WO;-H,0 (a)
and W,0¢- H,0 (b)
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Fig.2 XRD patterns of reaction products of n-alkylamine
(C,Hp,uNH,, n=4, 16) with W,04+H,0 (a and b)
and DAy, (¢ and d)

2.2 WEESY DA, W4

3 REEY DA, I XRD B, W,04H,0 5%
BB K M N RN EL B A e i e e % 19 38 1< (001)
22 T A G U T AT A BE 5 Tl A% B, R BRSO
(b) 1.62 (2) nm (DAJ); (c) 2.61(1) nm (DAy);(d) 3.58 (1)
nm (DAp);(e) 4.51(2) nm (DAg), 83 Fo 8 Al DLk B
W06+ HyO 5 88 58 i e Az I 0 J= )22 181 (0011) 18 437 55 0
AR AH N b FE /RS BN TR 2 1 (110) AT S 06 A b
TR 7 B, 3K 10 I o R i e A 2 ) O 1A IR
W,06+ H,0 B JEMRE5H , Kl 4 J2& DA, 9 SEM &,
F e L B i A W0, HyO J2 8] )5 J2 A 285 #9141k
B3R X 5 XRD FRAELE & —201)

Kl 5 bt SEMctd A2 05, JRRIEE d 5 ke 5k
HRRIR T8 n R, EIR AR S d 5 n B
HERIE KR :d=0.241 n + 0.67, K16 5 e B3 38 Jm— 4>
IR T, d ¥ )m 0.241 nm, BeSEEE7E DL 4 U 4 0
A s ARG I — AR IR R R K 0.127 nm™ A

Intensity (a.u.)

w100 (@
A ARRLINO
N 15 (b)
001 002 1O 003 (@

5' lIO ll5 2IO 2l5 3I0 3‘5 40
20/ ()
3 W,06-H,0 (a), DA, (b), DA (c), DAy, (d) I
DA () B XRD £i7 4 &l
Fig.3 XRD patterns of (a) W,04+ H,0, (b) DA,,
(c) DA, (d) DA}, and (e) DA

Bt S AE W06+ H,0 2 EZXUZHEA , H b I 5
JZ i 18] /) & £ 2R aresin(0.121/0.127)=71.6°, &l 6 /&

R ot i 9 A 2 M) 1 77 7 AR S TR AL £ 9 A
}:;tl:go

E 4 , 9 ]
NONE 0.0k o0 Tmm

WD EOmm

4 DA, Y SEM M7
Fig.4 SEM image of DA

Bls AW DA, JZRIEE d 55k Rk ik
JETH n B KR
Fig.5 Plot of interlayer distance, d versus the number of
carbon atoms in the alkyl chain, n for the DA,

&

> > > <> B D < B D <
T T T < P -

—iell 2 -
<< 4r~*qr:1:z—f-

6 BEAEMTEE G W) DA, J2 B[00 T 7315 1Y
LI A
Fig.6  Ideal structural model of DA, along [001] showing

the arrangement of the n-Alkylamines molecules



E2 M

TS AR AW & MR & S T 203

23 WERERSSMUSHENERIFE

Kl 7a J& W06+ H,0 214K . 997 em™ 715 ¢m™
43 0 6 B W-OH Hl O-W-0 1Y 48 4k 2 7 &
1624 cm™ 3423 em™ 435l /&-OH #9725 i 9= 30 #0445
PRahwg Bl 7h . 7e.7d . Te 57 502 & AW DA, DA;.
DA, DA, FIEZLAMEE , XF B — T be H (G, H,, . NH,,
n=4,8,12,16) IR HELL AN S R E 7a, K LA 5 41 8}
DA, H' 0-W-0 B4 2l i i 5K 1Y 715 em™ 207 3]
560 cm™ ; W-OH Wt )52 19 997 em™ £LF%£5] 901 cm™,
AL — Tk He e 5 A R R A T EAER, B
B A R AR S R R B S et e A T — i R
M) ST P56 %) X R Ao 4 B 3w (CHL) R R X iR A 45 A1
3l v, (CHy) %3 5 H1 K 2850 em™ F1 2920 em™ F [
#2849 cm™ F1 2918 em™; 1Ml &5 1 = 311 6(CH,) W
JEAKM 1466 cm™ LTHE] 1469 em™, A E A,
H L Xt BRI AR 4R 2h v, (CHy) . RO IR 46 R 3h v,
(CH,) B 25 il 4% 3l 8(CH,) X 4ot 5 56 1) ¥4 G2 AR S
Bt LB B A 7E — A AR 52 . 4 S =k 52 AL
PG e FEBE RO 1Y | ) L4 iz 2 M G 7 A 1Y) EL 1) i
W2 2 gl b0 A iy v T R R A Rl 4k B U
(R AR Ak I T e R e 7 AR A S22 T DA 4 o X 77
TER R B e B A S DA, BRI B T —
FE RS I U | XS A PP — JT B S B W,0,- HLO 41
AN T A 1 LIS -NHy 5 A A0 2 B 48 10 4
HE A FH B 08 AN S R 25 i R sl B A it A 3h i 350,
it b T DA S0 — T e i ik A 2 [R] 2 38 3 -NH, 5
2R W,06- H,O 192 18 ¥ 5640 B MR B R-NH,
-O-W Y AH E AR e | BE B i A W,06+ HyO J2 [H]
AT MG AL, ZEWESEZ AL
YER 2R n] )y, Le R i AJZ IR W,04- H0
(4 S5 IV T 4 32 ot B e L B R PRS2 W AR —JC
TE ot e v | e B i 0 pE F o BB T (R4 A2 T
(4 B8 ) 2 B A il DA 5 1 n g G, 4 sk R
TR F| 8 I TR E R X LA b B i b | IE
TR HEAZ BT RE A X RS | X AT RE AL 2 ik
LR IE T B A W06+ H,O T aAEH 12 19 s A | [H)
B, 2EvNEe bz X~V , fh
T RE 7 (B 42 52 0T 1 BE 1) 85 B I B 2 B R AT
1] A B TR, A Wt AR e
Ziie v Z AW 0 TG-DSC #h £k fT iE B (& ).
DA, £ 100 °C M i ¥ 5 & A= be 5& B i B B i
DAg DA, DA WIAE 125 CRE T T 45 A e 55 i 1) e
B .

Iy
1w

\ 5] \
“NG01, 1 469
¥ L : i
Jw y v\\ ) ;‘( t 84941}/ 3301/”7
Wil 2Y0s .oz / (@
i - L e
‘ { N a4
1624 h

\ /997 3423
v

Transmittance (a.u.)

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber / cm™

7 W,06-H,0 (a), DA, (b), DA (c), DAy, (d) HT DA
(e) 1 IR 35
Fig.7 Infrared spectra of (a) W,04-H,0, (b) DA, (c) DA,
(d) DA}y, and (e) DA

(a)

Weight / %
(=3
<

100 200 300 400 500
Temperature / C

8 W.06-H:O (a), DA, (b), DA (c), DA, (d) 1
DA, (e)fE A& N BT ith &
Fig.8 TGA curves analysis of (a) W,04-H,0, (b) DA, (c)
DA, (d) DA, and (e) DA s under N,atmosphere

2.4 HFIH

Bl 9 J& WO W,0s-H,0 B 45 Fl &2 & # kL DA,
(n=4 .8 .12 .16)1Y UV-Vis & R CIG K, 2 8 SCHk
13 T RE M KB S YA 2R EIR
IR AT A W ) AR Al T R 0 A8 AR A W] I R A
(3.60~3.74 eV, iX tb e Z/WO, & A bR B
FERE 4.05~4.20 eV /N, ABEATTIT R 0 52 55 M
I — A (EAR X =R R WO, (25 58 R
2.66 eV, X5 Likalter™ 8 4t 5 1 = &t i & WO,
AR P E 2.6 eV HA—F) JE AR W,06- HLOZE T T
FEHN 2.53 eV)AR T SERE S 2 i, BERRA SRR T
AR 2 HA T A R T B R R RE T
FEJZ 18] 3 A 46 2300 5 (e S ), 2 SR A A 1) 2%
WL, T REEE AR JIIES . WFE W,04- H,O
JE )5 |45 6 40 1) BAS 1 0 ) B 45 b 3 L RE SRS
[ (0 SR, A AT BB AN [ 2 AR A1 A Ak A 2 A
(RS SE R, T & H H AR vl o 2 A 4= Ak
B AR XA LT Tlb b LA VA A R A



204 I ol A

¥ R %23 &

A —

100 DA

"
/’ Jihsa ki i e

Reflectance / %

300 400 500 600 700 800
Wavelength / nm

K9 W05 W0, H,O 45 FH A &4 DA,
(n=4 .8 .12 16)11) 5 Hb-TT DL it [ 4 56 3% 141
Fig.9 UV-Vis diffuse reflectance spectra of WOs,
W,0¢- H,0, and DA, (n=4.8 .12 .16)

3 &

A T AR XRD IR . TG-DSC .SEM #15¢ 1 JL
fift— T bE B (C, Ha, NHa,n=4,8,12,16) 1k A JZ R AL
5 W,0e- H,O BIAT R . K HEME C,H,,. NHy(n=4,8,12,16)
e JE T BT & AL G A W,0,- H,0 210, 75
GW )R 5 R Z AR w5 ) A BRI e
S Mee N2 G LA R A EAUZ A, 2 REE d
W e 5 i e S B B i eI B R R S )R
Wy Je sl 71.6°, X5 F 5 DA, (n=4 .8.12.16)
AT T UV-Vis 4081, BB SRE A9 2 8 9F %4
S ot e o B AN [T T A R Y A B
JE A B G W) DA, (n=4 .8 .12 .16) 1 B 717 5& £ AH
Xof 2 AR BB SRR TIRZ |

SEHR .

[1] Freedman M L. J. Am. Chem. Soc., 1959, 81(15):3834~3839
[2] (a) Rollinson C L. Chromium, Molybdenum and Tungsten in
Comprehensive Inorganic Chemistry. Vol.3: Bailar J C,
Nyholm R, Trotman-Dickenson A F Ed., Pergamon: Oxford,
1973.623
(b) Hagenmuller P, Tungsten Bronzes, Vanadium Bronzes and
Related Compounds in Comprehensive Inorganic Chemis-
try. Vol.4: Bailar J C, Nyholm R, Trotman-Dickenson A F
Ed., Pergamon: Oxford, 1973.541
[3] XU Ying-Ming (% %£H]), HUO Li-Hua (B Hi48), ZHAO Hui
(B ), et al. Wuji Huaxue Xuebao (Chinese J. Inorg.

Chem.), 2005,21(4):538~542

[4] Nanba T, Nishiyama Y, Yasui I. J. Mater. Res., 1919,6(22):
1324~1329

[5]GAO You-Liang (5 & K ), CHEN Qi-Yuan (M J& 7C),YIN Zhou-
Lan(F* i 1#) et al. Wuji Huaxue Xuebao (Chinese J. Inorg.
Chem.), 2005,21(10):1510~1514

[6] Mourey B, Eareng M, Dumont B, et al. Eurodisp, 1984,26:
223~228

[7] Szymanski J T, Roberts A C. Can. Mineral., 1984,22:681~686

[8] Yan B, Xu Y, Goh N K, et al. Chem. Commun., 2000,20:
2169~2171

[9] Yan B, Xu Y, Goh N K, et al. Inorg. Chem. Commun., 2000,3:
379~381

[10]Johnson ] W, Jacobson A J, Rich S M. J. Am.Chem. Soc., 1981,
103(17):5246~5247

[11]Kikkawa S, Teng Y. Solid State lonics, 1998,403:113~115

[12]Ayyappan S, Subbanna G N, Rao C N R. Chem. Eur. J.,1995,
1:165~170

[13]Chong S V, Ingham B, Tallon J L. Curr. Appl. Phys., 2004,
4:197~201

[14]Ingham B,Chong S V, Tallon J L. J. Phys. Chem. B, 2005,
109:4936~4940

[15]Champarnaud-Mesjard J C, Frit B, Watanabe A. J. Mater.
Chem., 1999,9:1319~1322

[16]Schaak R E, Mallouk T E. Chem. Commun., 2002:706~707

[17]Manabu K, Hajime O, Wataru S, et al. Inorg. Chem., 2003,42:
4479~4484

[18]Lagaly G. Solid State lonics, 1986,22:43~45

[19]Scheuing D R, In Fourier Damform Infrared Spectroscopy in
Colloid and Interface Science. Seheuing D R. Ed., ACS Sym-
posium Ser. 441; American Chemical Society: Washington,
DC, 1990.1~21

[20|Wang W, Li L, Xi S. J. Colloid Interface Sci., 1993,155(4):
369~373

[21]Cameron D G, Umemura J, Wong P T T. Colloids Surf., 1982,
4(2):131~138

[22]Vaia R A, Teukolsky R K, Giannelis E P. Chem. Mater., 1994,
6(7):1017~1022

[23]Silverstein R M, Basser G C, Morrill T C. Spectrometric Ide-
ntification of Organic Compounds, Sth Ed. New York: Wiley,
1991.

[24]Linde D R, CRC Handbook of Chemistry and Physics, 81st
Ed. Boco Raton, FL:CRC Press, 2000.

[25]Likalter A A. Physica B, 2002,315(4):252~260



