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Summary. Propylammonium (n-Pa) and isopropylammonium (i-Pa) meta- and decavanadates, 
(n-Pa)VO a, (i-Pa)V03, (n-Pa)sHVloOEs'H20, (n-Pa)4HEVloO2s, (i-Pa)6VloO2a'4HzO, and 
(i-Pa)4HEV10028, were prepared. The physico-chemical properties of the compounds prepared with 
polyanion of the same composition depend mainly on the cation-anion interaction. 
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Synthese und Eigenschaften yon Propylammoniumpolyvanadaten 

Zusammenfassung. Es wurden Propylammonium- (n-Pa) und Isopropylammonium- (i-Pa)-meta- und 
-decavanadate (n-Pa)VO3, (i-Pa)V03, (n-Pa)sHVloOz8.HzO, (n-Pa)4H2VtoO28 , (i-Pa)6VloOzs.4HzO 
und (i-Pa)4HzVlo028 hergestellt. Die physikalisch-chemischen Eigenschaften der Verbindungen mit 
gleichem Polyanion h~ngen haupts~chlich vonder Kation-Anion-Weehselwirkung ab. 

Introduction 

The study of polyvanadates with organic cations resulted either in synthesis of new 
types of polyvanadates, which were not observed with inorganic cations, or in 
isolation of known types of polyvanadates, however, with a different structure of 
the polyanion [1-3]. In  the metavanadates, except [n-(C4H9)4N]HV4012 [1], the 
(VO3),"- polyanion has the same chain structure [4-5] as found in metavanadates 
with inorganic cations [6-9] and, in all decavanadates, the isolated VloO6~ ion 
has also the same structure [10-13]. 

The data obtained so far indicate a possible influence of cation properties on the 
structure of polyanions, mainly on those with layer or chain structure. A systematic 
study on the relation between properties of organic cation and structure of 
polyvanadate ion was not yet performed. From this view point we have studied the 
synthesis and properties of different types of n-Pa and i-Pa polyvanadates. 

Experimental Part 

V20 5 was prepared by thermal decomposition of previously purified NH~VO 3. All the other chemicals 
used were of standard grade. 
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pH was measured on a TTT-2 pH-meter (Radiometer) using a GK 2401 C combined electrode. The 
elemental analysis was performed on CHN-Analyzer 1106 (Carlo Erba). Vanadium (V) was estimated 
by titration with FeSO e using diphenylamine as indicator. The IR spectra in nujol mulls, resp. KBr 
pellets, were measured on a Specord M 80 Spectrophotometer (Zeiss, Jena). The powder diffraction 
patterns were registered on a Philips PW 1050 diffractometer using CuK, radiation. The thermal 
analysis was performed on a Q 1500 D Derivatograph (MOM Budapest), conditions: Pt-crucible, air 
atmosphere, heating rate 5 °C/min, sample weight 100 rag, AlzO 3 internal standard. 

The n-Pa and i-Pa metavanadates were prepared by dissolving V20 s in a solution of the amine in 
95~ ethanol. The optimum mass amount ratio of the amine to vanadium, nA:n v was 6:1. The pale 
yellow polycrystalline metavanadates, isolated after 4 hours from the reaction mixture being kept in 
dark, stirred and heated to 40 °C, were washed with ethanol and dried at room temperature in the 
dark. The pHob s values of mother solutions for (n-Pa)VO 3 and (i-Pa)VO 3 were in the ranges 10.10-10.25 
and 10.50-10.57, respectively. Analyses: calc. for (Pa)VO3: V 32.03, H 6.34, C 22.65, N 8.81; found for 
(n-Pa)V03: V 31.78, H 6.41, C 22.48, N 8.66 and for (i-Pa)V03: V 31.69, H 6.33, C 22.27, N 8.65. 

The decavanadates were prepared by crystallization from solutions obtained by dissolving VzO s 
in aqueous solution of the amine. The nA/n v ratio, i.e. also the pH was changed. The reaction mixture 
was shortly heated to 80 °C, intensively stirred, kept in dark and filtered after 24 hours. The orange 
crystalline products formed at room temperature were washed by a small amount of ice-cold water 
and dried to constant weight above silica gel. 

(n-Pa)4H2Vlo028 crystallized at pH 3.70 3.80 and nA/n v ratio 4:10. (n-Pa)sHVloO2s.H20 was 
precipitated by acetone from a solution with a nA/n v ratio 6:10 and pH 6.30-6.38. (i-Pa)4H2VloOz8 
crystallized at pH 3.75 6.01 and nA/n v =4:10, resp. 5.5:10. (i-Pa)6V1oO28.4H20 was obtained at 
nA/nv = 6:10, resp. 6.5:10 and pH 6.49-7.65. Analyses: calc. for (PahH2VloO28: V 42.46, H 3.53, 
C 12.01, N 4.67; found for (n-PahH2VloOzs: V 42.35, H 3.49, C 11.89, N 4.35 and for 
(i-Pa)4H2VloO28: V 42.53, H 3.48, C 11.69, N 4.54. Calc. for (Pa)sHVloOzs.HzO: V 39.90, H 4.18, 
C 14.11, N 5.48; found for (n-Pa)sHVloO28.H20: V 39.41, H 4.08, C 13.82, N 5.31. Calc. for 
(Pa)6VloOzs.4H20: V 36.65, H 4.93, C 15.55, N 6.04; found for (i-Pa)6VloO28.4HzO: V 36.30, H 4.94, 
C 15.46, N 5.91. Some hydrogendecavanadates were also prepared from D20 according to 
procedures described. 

Results and Discussion 

In  solid c o m p o u n d s  the m e t a v a n a d a t e  ion has  a chain  s t ruc ture  f o rmed  by  jo ined  
VOx p o l y h e d r a  (x = 4 , 5 )  [-4-9]. The  VO4 t e t r a h e d r a  are charac ter i s t ic  for 
a n h y d r o u s  alkal i  me ta l  m e t a v a n a d a t e s ,  however ,  they  have  been found  also in the 

s t ruc tures  of  (enHz)(VO3) 2 [-4] a n d  B a ( V O 3 ) 2 " H 2 0  [-9]. A p a r t  f r o m  b a r i u m  salt 
cons is t ing  of  spiral  chains  of  V - O  po lyhedra ,  all o the r  m e t a v a n a d a t e s  can  be 
r ega rded  as va r i an t s  of  the p y r o x e n e  s t ructure .  The  an ion  in hyd ra t e s  m e t a v a n a d a t e s  
is m o s t l y  bui l t  up  f rom VO5 po lyhedra .  The  I R  spec t ra  a l low to dis t inguish be tween  

the s t ruc tures  bui l t  up  f r o m  V O  4 or  V O  5 po lyhedra .  
Accord ing  to the charac te r i s t ic  I R  spec t ra  (Table  1), the s t ruc tu re  uni t  in b o t h  

m e t a v a n a d a t e s  p r e p a r e d  is the VO~ t e t r ahed ron ,  and  the s t ruc tures  of  the 
m e t a v a n a d a t e  ions are very similar.  In  a c c o r d a n c e  with  [14, 15], the a b s o r p t i o n  
bands  at 800-1000  c m -  1 can be assigned to V - O  (end-bonded)  and  at 500-700  c m -  
to V - O - V  stretchings.  The  m a r k e d  a b s o r p t i o n  b a n d  at  a b o u t  750 c m - 1  obse rved  
in P a - m e t a v a n a d a t e s  does  no t  occur  in the spec t ra  of  m e t a v a n a d a t e s  wi th  p y r o x e n e  
s tructure.  The  I R  spec t ra  of  B a ( V O 3 ) z - H 2 0  and Ba(VO3) 2. 1 / 2 H z O  exhibi t  b a n d s  
at  790 resp. 7 4 0 c m -  1 [16]. Thus ,  the a b s o r p t i o n  b a n d  discussed can  be ass igned to 
V - O  s t re tchings  in V O 4  p o l y h e d r a  fo rming  a spiral  chain  as found  in the s t ruc ture  
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Table  1. O b s e r v e d  wave  n u m b e r s  a n d  intensi t ies  in the  IR spec t ra  of  

m e t a v a n a d a t e s  in the  reg ion  of  V - O  s t re tch ings  

400 600 8o0 [c6 j 
Fig.  1. IR  spec t ra  of  m e t a v a n a d a t e s  ( ) and  a m i n e  hyd roch l o r i de s  

( . . . ) :  (i-Pa)V03 (1), (n-Pa)VO 3 (3), (i-Pa)HCI (2), (n-Pa)HC1 (4) 
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Fig. 2. DTG curves of metavanadates: (n-Pa)VO 3 (- -) and (i-Pa)V03 ( ) 

of Ba(VO3)2"H20 [9]. Nevertheless, these band can be assigned also to strechings 
in VO a polyhedra being deformed by O- . .H-N hydrogen bonds between cation and 
anion. 

The thermal decomposition of Pa metavanadates points to different interactions 
between the organic cation and the (VO3),"- ion. The n-Pa metavanadate is more 
stable than the i-Pa metavanadate. The observed weight toss is in temperature 
intervals 80-460 °C and 60-395 °C, respectively (Fig. 2). At higher temperatures, a 
weight increae was observed in both decomposition products which is caused by 
oxidation of vanadium(IV) to vanadium(V). V20 5 is the final decomposition product 
formed from both metavanadates. In both compounds, the total weight loss is 43.5% 
(calc. 42.8%). The thermal decomposition ofmetavanadates prepared is a complicated 
process consisting of simultaneous redox processes involving also vanadium. 
Vanadium(IV) was detected even in decomposition products obtained by inter- 
ruption of heating at 150 °C. 

The powder diffraction patterns indicate some differences in the crystal 
structures of Pa metavanadates (Table 2). 

The structures of anions, both in n-Pa and i-Pa metavanadates, are expected to 
be very similar. The compounds, however, exhibit certain differences in their thermal 
and diffraction properties. The differences are caused by those cation properties 
which influence their interaction with the (VO3),"- anion. 

The n-Pa and i-Pa decavanadates exhibit characteristic IR spectra in the region 
of V-O stretching vibrations, with band position only slightly influenced by the 
cation (Table 3). This is in agreement with crystal structures of some decavanadates 
known [10 13] in which the cation does not influence essentially the structure of the 
voluminous, highly condensated VloO6~ - ion. A greater deformation of its structure 
can be expected on protonation of bridging oxygen atoms in H,V 1 o0(26- ") -(n = 1-3). 
All protons in u v c~(6-,)- ions are supposed to be bonded to bridging oxygen 

X X n V 1 0 " J 2 8  

atoms [ 17, 18]. The hydrogen bond formation between crystal water molecules and 
bulky anion have a stabilizing effect on the structure of hydrates of decavanadates 
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Tab le  2. I n t e r p l a n a r  d i s t a n c e s  in n m  

(n-Pa)VO 3 (i-Pa)VO 3 

dhkl/ Irel dhkt/ Irel dhkt/ Irel dhkt/ Irel 

1.12/100 0.3657/25 1.04/100 

0.783/13 0.3520/21 0 . 7 7 4 / <  5 

0.669/13 0 .3448/23 0.673/6 

0.663/33 0 .3326/27 0.641/6 

0 .576/15 0 .3169/23 0 . 5 8 3 / <  5 

0 .557/22 0 .3102/13 0 . 5 6 8 / <  5 

0.504/18 0 .3073/47 0.4439/8 

0 .4676/18 0 .3050/16 0 .4183/13 

0 .4336/48 0 .3028/17 0 .4040/5  

0 .4152/26 0.2940/11 0.3883/11 

0 .4088/35 0 .2876/17 0.3723/5 

0 .3986/27 0 .2805/15 0 .3607/6  

0 .3900/17 0.2686/11 0.3570/5 

0 .3818/34  0.2675/11 0.3498/9 

0.3792/31 0 .2622/20 0 .3326/12 

0 .3723/34  0.1852/11 0 .2971/5  

0 . 2 8 6 1 / < 5  

0 . 2 8 1 9 / < 5  

0 .2797/6  

Tab l e  3. O b s e r v e d  w a v e  n u m b e r s  a n d  in tens i t i es  in t he  IR  s p e c t r a  o f  d e c a v a n a d a t e s  in the  r eg ion  o f  

V - O  s t r e t c h i n g s  (T - t e rmina l ,  B - b r idg ing)  

(n-Pa)5HVloO28.H20 (n-Pa)4H2VloO28 (i-Pa)6VloO2s'4H20 (i-Pa),H2Vlo028 Assignment 
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Fig. 3. IR spectra of i-Pa decavanadates: (i-Pa)6V1oO28.4H20 (1), 
(i-Pa)4H2VxoOz8 (2), i-Pa dihydrogendecavanadate prepared from 
D/O (3); ° indicates bands discussed in the text 

with inorganic cations [19], whereas in decavanadates with organic cations, known 
also in form of anhydrous compounds, such hydrogen bonds can be formed directly 
between cation and anion. It means that in all decavanadates there are V-O-'-H 

V - O - V  
bonds. Therefore, the assignment of bands corresponding to [ vibrations in 

H 
the IR spectra of hydrogendecavanadates will be very difficult. The study of 
tetraalkylammonium polyvanadates showed [20] that their IR spectra exhibit 
strong absorption bands at about 620 cm - 1 which cannot be observed in spectra of 
unprotonated decavanadates. However, it was reported [21] that absorption bands 
at 600-640cm- ~ occur in spectra of a great number of crystallohydrates of 
unprotonated decavanadates with inorganic cations. Based on the crystal structure 
of Cs~H2V100/s '4H20,  the bands at 560 and 275cm -1 were assigned to 
asymmetric, resp. symmetric V - O H - V  vibrations [21]. 

As follows from comparison of the I R spectra of (i-Pa)6VloO2s'4H20 (Fig. 3-1) 
with (i-Pa)~,H2V~oO2s (Fig. 3-2), the latter one exhibits additionally two strong 
bands at 899 and 634 cm-  1. In the spectrum of dihydrogendecavanadate prepared 
from D/O (Fig. 3-3), the intensities of these bands are markedly diminished and two 
new bands at 670 and 456 cm-  ~ occur. Therefore we assign the bands at 899 and 
634cm -1 to deformation vibrations of two structurally nonequivalent V - O H  
groups. As the i-Pa dihydrogendecavanadate is an anhydrous compound and the 
V - O H  groups in the H 2 V l o 0 2 8  ion should be equivalent [18], one of the bands 
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discussed m a y  result f rom N - H - - . O - V  hydrogen  bond  format ion  between cat ion 
and  anion. 

In the IR spectrum of ( n - P a ) s H V l o O 2 8 " H z O  prepared from D 2 0 ,  no changes 
al lowing the ass ignment  of absorp t ion  bands  corresponding to V - O H  vibrat ions 
were observed. 

Al though  the IR spectra of decavanadates  and  mainly  those of Pa- dihydrogen-  
decavanadates  indicate a great similari ty in structures of the polyanions,  the 
propert ies of these c o m p o u n d s  are also affected by properties of the cation. This 
conclusion is suppor ted  also by the fact tha t  i-Pa hydrogendecavanada te  and  n-Pa 
decavanada te  could not  be prepared.  
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