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bbb P:Mo: V=1:9:3,1:6:6,1:5:7,1:4:8) FRIN&M)F, /Bl Ti& &K, (NH, VO,
Vi FE B KT MR ER R 4 AR, R AR I EBHE R, NIRRT . H
H,SO, (1: ) B L B ripH = 4, B4 15—204 30 /5, BN & HER, /A H.S0,Q:D

B L EAWN pH =2, 46808, MRERMBRELIEFRPN=ZS2— REDSE H,

RS 90°C, WRCAHIBH H Mk, REAM H. SO, EERFK, & & ABTU E &
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Table 1 Flementury Analysis of Velyhdovanadophosphoric Heteropoly Compounds

f I'% Mo% V9% NH,.% H,0% FHRIB/REE
N mole ratio of profucts
products (HIG P80 (Nos of 1) PiMé: ViNH, (H):H,0
I11.40C1.38)  38.3(38.0) 6.80(6,70) 4.43(4.54) 22,4 1,01:8,97:3,00:5,8/:27.8

(NH ), TP, V.0, 7-XH.O

1.3001.38) 38.5(38.4) 6.78(6,70) 4.60(4.54) 23.0f 1,01:9,05:3,00:6,10:28.6

ta

—~

(NH:[PMo, Ve O543-11.0 L7icl.72) 31.8032.0) 17.,2017,0) 4.63(4,72) 11,4 0,99:5.90:6,00:4.75,14.0

(NELDLIPMog VO ,y: 0 3- X HL O [1.55(1.52) 23.1€25.5) 17.7(17.5) 4.44C1.16) 21.9] 1.01:4.92:7.00%1.97:24.3

(NHLOY, [PMo, V0, .7 X HLO 1.66(1,63) 20.1(20,1Y 21.0021.1) 5.45(5.35) 21.6| 1.05:1,12:8.00:5.90:23.5

H,[PMo, V0,2 XH, 0 LAGCLSTY  £2,0CH109)  T18(7.49)  5.95(6.00) 20,2} 0.96:8,96:3.00:5,05:23,1
H.[PMo, V0,3« X H, O L76CLL73)  B2,1032.2)  16.9(17,.1Y 5,07(5,000 18.2] 1.03:6,05:6.00:5.00 18,3
TN O, V045,51 X HO 1.80(1.86) “8.7(28.8) 21.5¢21,4) S.0Q(3,00) 11,50 0.96:4.95:7.00:5.00:13.6
o PMo V035,051 XH.O 1.87(1.86) 22,4423, 21.9024,3) 5.06(F.00) 16,6 0.,99:5,38:8.00:6.00 15,7

T RSO ERAGE, IEESRBERIIEE 17 KOs T4 kGRS I e B, “2 LRt R
#) 7 Ty,
Notice: Num)ers out of parentheses gre measured values and in parentheses are calculated values;“1” is analytical

(Jata of synih 1c product by method .[1] and “2” is by improved method
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Fig.1 Titration curve of P-Mo—V in ag. sol,

Curve a. Hs (PMo1V1038), C =1.572X1073 C Naon
0.09658N; b. Hs(PMosV7087.5), € =2.054 X 10-3M
C. Hs(PMo4Vs037.5), C = 1.400 x 10~3M.

Com— 0.04935(N)
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(a-AlL O, fEE MY FT-IR iU
UV-190R8 A8 2522037 B X JE
Fr&HYs FA— 1 BIEIR(RZA(YLs IP—MI .

Tk i B 1% 18
SEE B R R #E2, 3. 4, 55 &

! - . P Aeaioad
4\ 5\ 6\ 7\ 8, [4 2 4 6 ] 10 12 ’VﬁaOH
2:5 % _L—j ﬁj‘ VE‘\ B2 P—Mo—VRESEEZ =My i (mh

1. VRS BRE W S A K MFE B 2 P—Mo—V 22 B 2 “REH iR i e
Akl 4 ]H{]ﬁ{zufgjﬁﬁégf\]%‘fﬂzjjﬁ*_l, Fig,2 titration curve of P-Mo—V in glycol

ST n= 3sHBEABELRE. (LF5 Curve a. H5(PMosVaQ3s8)
Wit 25 SRAE A B T I (LR 1), Cnaocna = 0.1027(N)
BR, AHEAAENF E G Rn=6,7.8 b. Hs(PMo5V:037.5)

itk kit, AEETRERENLBEA C. Ha(PMo4V80a1.s)
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AT HIT xR, OB T RMHFEGRFE: 1) H—mEmBTMmAR: 2)

PRI R IR B . o4 S MR SRR & B, BHAERTREN M LHE
Fs RIEMAGHEAIRR, AERTIRICERPHAET, U ENEABREHE T X
— R REIEFE N SCHRE 4 DR LT DI AR AL, (R b, PR AR SR 15 BE 2 S e 25 TH B 7 1)
LR, BRI AR E] 80—90°C, L] LIBE G0 I B 7 Ml o s X LSRR /D I MY B (]
BEEEART Ve ik, SRIEWRED TN TAES R = 6, 7. 8 HIBRE
i, MR TFEEBM T Y. (NH),[PMos VeO;,1-xH,0, (NH,);[PMosV,0;;.5]¢
xH,0, (NH)¢[PMo,VOsq.5TxH, 00 AW IE 1. BF-HILES T 4 R
AN, WLIIEH, TOIRMFRAB RSB E R,
2, HHRSBNER . \n<6WIEPRI R L RIGA R T/ U F H, Z A BRE
REREEHAWHABRLEBROEE, GO HE. BRESHAEBAB L LZBRINER
W, HRBERSHEFEREATIRAOREERE, ZIRERWBET, S&200H
AR LAE FRBERGEBRORLHET: PMo,, V.05, PMo,, V,04s, s AMM
RINMFRLHET: PMo, V.03, f1 VOI 8F. FEn{ENMN, BMEHE VO3 BT 1 12 & ¥
e Hit, EAZREAGREESRBRANZEBNSTEFRERE: RN TH, £ E
SEE/AE =T BRI A RS BN L% R RN, REBIREY. H
THIMERE Mo BEMRREBANEHABRE SRR T E. IUES LR LES
RHEEERANEABRRLHR. BNBYREBOMAERESR =6, 7. SHIEHK, H
HRBIERNER,

FRAERBEFRHENRGERRI 7 =6, 7, 89 LM, EREN, HBEPHTEHAR
RETENL, HEHRPE Mo: V=5:7, 4:8%46,0:7.1, 4,0:6.5; HrkRPEHEADN
BEHEES Z 0. XiH, @NBELHETESRIBRA > ®. FKARATERET
RHMEREGREE BENOIEHB LM,

SR F AR 3R B F 20 ik T AR B R R B 4 I —— R S BREO7KVA I, IR BA TR
W, MTREANTSZ8EMERANV, 228 Hi[PMo,V,0,,1-23H,0, V.8 H,[PMo,
VeOs4.01°18H,0, UURKEBXHMIZEHV, V8 H;[PMo,; V,0;,.53°13,6H,0, H,[P
Mo, VOs,7.51+16H, 0, BIIWLESIFERLE 1.

WA PR BB RXERLBROERLET, ShERT®REESBEHE R 8 pH,
AR d, BTREFEFRN pH HAEETL, SEERENFRTE 80 FE 5
o MR, ERNZHAP, WAEGHIERY pH(E, b2BEMERNEMARNE R, TEN
MEEERIESE T X —45i0: MHEGIKRERROSETIER, —OE R g smiEm
B pH (&, 5 —MEXHREBAERY pH EHRASEE 2.5 U, FFMER THER 0GR
Bk Z AL BB B E G, B AN bS5 b S R, 5T — M R THER S, BEEERMS
P:Mo:V=1:7.5:4.8 (FRh}1:5:7), |5 —MERTHANELEYFE, P:Mo:V=1.0:
4.95:7.00 HIPLTI I, 7ERRHud B e diblisiRi pH &, ERZHAETFRETHEERKRL
Wik RIN X2,

%ﬁ%?iﬁﬁ&ﬁ%Tﬁﬂiﬁ&%ﬁﬁ%ﬁ,mE%TZ%%mﬁﬂkﬂﬁﬁE‘
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BEUESM, BRAAEHERR, FOasEMR~E. TRIEHA, KRXEREKEE BHNEN
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ZAbe TERMMER R HARR RSO RRE, AT LRETE A AT, ER PR TR —,
XARBAFHRZBRBUE TRAFTRNS A,

3. AYIMAS LAY RAR

(1) WENTE: HE1R, » =6, 7, 8 KH=FRHAR S % B /KA R ALE 2 ih
EBEBFESANET A, AN E— I ERS (pH=4,2) HEORE 4 9 H . 5,07, 5.00,
5,96, N T HHABIHNHATENERE, RNMARTEN pHERNXZREFK B K L &
.

& 3 FRHe[PMo, V05, . NAKTENA pH(2.2, 4. 2, 7.5, 9.5) {ERAILK L&,
HETR, FEE—~MEFTAN, BARLEHETIS BNEMREE L — g S RH
FIBIER (~107°M, pH=2.2) #HE, #HHAZERPRBIT TN, EEEITA
(pH=7.5) B, HILTHARHE NaVO, HEMBEA, AN LHBEFARS W 2%
SHEF S (pH= 9.5), HMNMERZAFHED S NayMoO,, NaVO, HEMBEA, XiH
BEFLCHEFREBRAS TENRRBRRE T, HEaBERRRE THARESREKSE
R EME, RANERTREHARETFHRSBER, EHTHE BN AT ERESBRNRE
RIEHM,

2 E W, AR e 5 B
—} TNt T N 4 7.~ R T A R

A A, B—PRANERE

ARRX & o BB AR BL, BT B AR,
° 5 o RER /K 0 TR 2 15 D 4 R

R BRI A SH R
FHISIRR L, PSKIFIN,
H~T =T plzz 42 TS 88 g Rl R, T

. . HyLlPMo. V051,41 s s

NazMoO NaVO [PMo ]/l{%kﬂ%ﬁ?: E@%%ﬂ;ﬁ’]%ﬁm

&3 HsPMoaVsOsz. s (M A 52 v 4 pHfE 15 110 3% B MAKERFAERS
FINazMoOs NaVOsfhih Rk TN, ERYHEET

2R B R R, KRELE TEIEKIE R TEKE R PR

(2) GaEl: ITHREARLEL LS DR EERNMT 2R, RESTRIA
RS, WEAhb, d, (REWATUER, n= 6. 7. 8WAABMREHRE W CEL
Fia0e7K, B FRHBRSSRELRE, £300°C EEFEES . HERMMHSAEMEKT
Pl B ARBER S =F T,

AR SRR ERS (84da, . o) SHNMMWRATEE—B. BNZ R KM
ABXKAE: SHhRE NS KA 430° CHIL (Vo7 420° ©) HIA—-IHRKNSFE
BERL, MO ESHMS L HRERS BREFSEAERS EHEMENLR, 21500° C
EAKEIEE., ROENX—RARRBEZRERN. Bk ER IR FESRHE
TEMNHSBIRE. RE3.

(3) NMFmsEH: Hs4HTr=6.7. 8RS RANBEARRZLE Y K
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Table 2 Decomposition Temp, of Molybdovanadophosphoric
Heteropoly Compounds

ft & %

a
ﬁiﬁmo compounds &

(NH.)m[PMOu " _,,V,,O;]'XH:O H'"[Phdolz-nvnoaj' XH.0

] 260 270
260 270
/8 245 , 260
TG TG
| DG
PTG
DTA
DTA
T ; T
a . (NH)[PMo, V,0,,T+xH,0
TG TG
TG DTG
130°C
DTA
DTA 250°C:
ic
T
€+ (VHO LMoy Vi O 1oxHLO 4. HIPMos ¥-0y -, ToxH: 0
TG
T T
270°C
DTG DTG -
T 126°C \r/-’v_—_h—
DTA N~ a°C DTA | 7oC
1"'c
100°C
T T

e . (NHOWIPMo V0,7 ,s1xH O F.HOIPMo, Vi0,, 5 3oakl 0

A4 HAMRZ SRS TTRE

Fig.4 Thermal analytical spectrum of molybdovanadophosphoric heteropoly compounds
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Table 3 IR Spectrum of Molybdovanadophoric Heteropoly compound®

1 I il W v 11
350 3153 348,0 A\
336.2 3584 .
3765 384.6 380 37 373.0 379.3 §i-0-ut
391,1 395.0 y,
431,0 \
460
457 .1 471.3
180.5 184.3 187.0 185.8 Tr-e.
1961 188.9 197.2
50045 200,35 530 510.7 500.0 504.8 J
5037 595.2 615 003.5 590.0 592.6 ven,
7813 789.9 730 T8I 770,0 781.9 P LI
89,4 §65.9 876 879.5 880.0 875.3 Y-y
gif.d 9532.1 955 948.9 950.0 9{9.1 Vit
10601 1054, 1073 1054 .4 1070,0 1052.3 I'po,
1100.7 1412 1412 NH,
1604.3 1619 1624 1620.3 1622 18190 H.O
5150 3100—3 100 3135 3100—3100 3100 31003100 NH,
3110—3600 3430 3140 H,0

e Ly (NH)[PMo, V0,41 XI11LO, I, HIPMo: V. 0,3+ \H, 0,
by (NHDS[PMos V04705 1+ XHL O, v, HyIPNMO VO o XH 05
Y (NHOLIPMo V40,51 XH 0y M. HeIPMo, VO - 57-XH.Q,

A \WJ
!

7
W/ |
- L 3 A n . e A _L__:"
L 3600 2800 2000 1200 400
4000 2800 2000 400 0 Deemsd)

T(em™'?
[el5b 1R Ak 2 R VLAY
Fig.5b TR spectrum of molybdovanadophos-
phoric acid

(50 ER R TR 1Ll S 1%
Fig.5a TR spegtrum of ammonium salts of
mlybdovanadophosphoric acid
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FEX B, B AR SCRRI11138 HHAY, 960cm ™! Kb58 BE S /N Mo = ORI Wy %, 1
930~—-940cm ™~ RLFE n{E 54 5% B B3 B INEO V = ORI R it , 10 R RTE 944—958cm™ JEH
R —PRENBRREIE, LAY, XPEREMo=08MV=020EKBREEGZLER,

A 18

7
[

256 280 305

Bl6 fHe B2 EH U V e

_Fig.6 UV spectrum jof 2molybdovanado-
phosphoric heteropoly _compounds

330 356
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6, HitBEXEmKierREL/I, , HXRHERCTE
51,

M5 WLLEH, n A6, 7. 8 NIRBEERTE 20 A
8.20, 8.90. 9,40, 27.9. 289K IEMPB W, XF
XakiRZIMEHER Keggin £, n2b1, 2. 30H
PRl EELIN, BB, TTUH
Mny 6. 7. 8 KHAMELBE XUUNKeggin 41,
(O BB R RGEMEIMR R HRER L ERE
WA AR AR (18048 KRR 24 % b & M el ik b
Wi o Wik irt Bl 5 i g L AT DL 6,

SESNI e B 1L £ By X MR R ST BTN

Table 4 Data of X—Ray Powder Diffraction for Molybdovanadophosphoric

Heteropoly Compounds

2| ¢ |1 20| 2 11, | 20y 4 I
(NH,)s{PMo, V40543 (NH,)s[PMo;V;,0s54.53+ (NH)¢[PMo,V,05;.52-
15H,0 24H,0 26H,0

4,50 | 19,686 | 28.0 4.40 | 20,028 | 5.80 4,50 19,636 9.20
9,60 | #8.2126) 100 8.90 9.5555 | 76.4 9.45  9.3486 100
16.9 5.2461) 26,3 9.60 9.2126. 1100 1.2 7.8998 23,0
21,6 4,1329) 20,0 16,7 5.3084 | 20,0 16.1 5.4049 20,0
26,6 3.3686] 25.0 18.5 4.7958 | 21,0 18.4 4.8216 29,0
28,4 3.1317) 29,4 24.5 3.6332 | 14,4 242 3.6776 14,5
27.2 3.2784 | 15.7 26,7 5.3386 13.3

29.8 3,0990 | 30,0 29.5 3,0278 32,0

32.2 2,7798 | 13.7 32.1 2.7833 15,0

HLPMog V43,4 1018H.0O Hi{PMo, V.O,; .53+ 14H. O He[PMo., V;04,.:7 +21.5H,0
8,10 10.915  §0.0 8.25  10.701 4.1 8.24 10,730 199
8.90 9.9355 100 8.85  9.9803 100 8.93 9.8125 47,1
9,40  9,1082 96.0 L350 9.3093 69.6 9.80 9.0250 33,1
18,50  4.7958 12,0 21,5 1.1329 21,5 16.9 5.2461  21.1
20,2 4.3959  40.0 6.5 3.3636 71,5 18.4 41,8061 19,7
21,2 4.1419 42,0 27.9 3.1977 74.5 20.2 4.3959 10,5
26,7  3.8386 65.6 28.9 3.0893 29,4 23.7 3.7447  15.5
27,7  8.2135 67.5 29.6 3.0178 20,6 26.4 3.3684 75.4
28,9  3.,0893 47,5 27.9 3.1977 14,8
29.9 3.1789 9.8

29.9 2.9921  19.7
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y 8o 100 [t/I‘ s
100 {2/ 2 @NHL),[PMo, V,0,,1+15H, 0
50
* | [
He[PMa, V,05,1¢1811:C. “ ‘
‘ ] ” ol W |
ofry ! o 1ol 1/1
1 {m,, o . ¢
NH [P Moy V5054, 3+24H, 0
" 5 |
d.
L H,EPMo. V-0 n o 14H, Of | m
|
: o1 , 1 :
100 |1, el en 100 1/7 fl
KNEL) 4 L0 Mo, V3 Oyr 4y +26H, 0
50 | ‘. 50
e Ho[PMo, V40,/.57-21,5H,0 ' ‘ ]] ‘
bl
ol L ]l’ i Ll TN
0[ 20 y ! 20 A0

40
20(*)
H 7 HABERSLEHN y BETHE
Fig.7 X—Ray diffraction of molybdovanadophosphoric heteropoly compounds
£ 5 AmiPMoj2-n Vi Oy J-XH 080 5 SRk ahiB i i R X Ep
0.5NHAc—NaAc i ai, pHl=4.0, LIEMW. BE&IHIEAz—Ag(KCD

Table 5 Peak Potential of Derivative Pulse Polarography for Am{PMo,,_,
V,0.1:XH,0
buffer solution 0,.6NHAc—NaAc W.,E: D,AM.E R.E: Ag—Ag(KCD

n 8 7 6
A NH?T ! NH?T NH;
~-0.22 -0,20 -0.25 -0,30
-0.34 -0.37 -0.37 -9.54
Ep(V) . .
-0.53 -0.51 -8.59 ~0.98
-1.00 -0.98 -1.03

D

B 8 L b &P R AR 7
Figz.8 Pulse polarogram of molybdovando-

phosphoric heteropoly ¢nmpounds

Ep(W"
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USRI 72 7.8 WPIFNG: 2 B 8 PO S I LA A R, Hig . nfy
8 FY x5 Je A MO U ML AL AL, X U A 44 2 1L & W R RO B B T X % 1L & i AL R IR
RN R, HEBNBERREIIR TG H, a4 %508 F R L E RN EB R A vl ¥
M W FLOZRE pH 34 NA 53 (B RS B L2 AR T LB T IR
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SYNTHESES OF MOLYBDOVANADOPHOSPHORIC
HETEROFOLY COMPOUNDS AND STUDY
ON THEIR PROPERTIES

Chen Yaguang Wang Eunbo Zhao Shiliang Liu Jingfu !‘Zheng Ruli\

(Department of Chemistry Northeast Normal University)

By the method of adding raw material stepwise and controlling the
temperature of reaction ahout 80°C, the ammonium salts of molyhdovanado-
phosphoric acids with 6,7,8 vanadium atoms were prepared as crystalline
solid, By the way of ion-exchange, the corresponding [ree acids were ob-
tained first time with the salts as raw material: H;{PMogs Vi O,51exH, 0, H,
PMo, V,0,,31+xH,0, HyPMo,V:O0;;.51xH;O. According to the chemical
analyses, their composition were determined.

The potentiometric titration measurements in the aqueous and non-—
aqueous solution with NaOH and NaOCHj; as titrant, respectively, showed that
their alkalinities were 5,5,68, The process of the decomposition of heteropoly
acids were studied, The temperatures of the decomposition of molybdovanado-
phosphate compounds were obtained by the thermogravimetric analysis and
solubility tests. Also, the UV, IR spectra, X-ray powder diffraction and
polarographic properties were studied, These compounds seems to have the
Keggin structure, The pulse polarographic experiments indicated that the moly-
bdovanadophosphate anions with 6 vanadium atoms were reduced in three steps
and with 7,8 vanadium atoms, in four steps. Their peak potentials Ep
were Epg: —0,30V, -0,54V, -0.98V; Ep,; —-0,25V, -0,37V, -0,59V,
-1.03Vy Eps:—0,22V, -0.34V, -0,55V, —1,00V,

Keywords Vanadium molybdovanadophosphorie compound heteropoly compounds



