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SUMMARY

The preparations of (BHZ)[ ZrFg ].mi,0, where B = ethylene-
diamine (m=0) and biguanide (m=1), (BH),[ ZrFg ].nH,0, where
B

It

guanidine (n=1), pyridine (n=0), (BH)[ ZrFg ].H,0, where
B = -, - and ¥ -picoline, (BH,) C ZrOFy 1,+xH,0, where

B = ethylenediamine (x=5), propylene-1,2-diamine (x=3), N,N-

It

dimethylethylenediamine (x=3), M- [ ZrOFy 1.1.5 Hy0, where

M = alkali metals, (NyHg) [ Zry0,Fg 1.4H,0 and (EH,)[ zroF, ],
where B = 1,10-phenanthroline and 2,2‘-bipyridyl are described.
The compounds were characterised by chemical analysis, TGA, IR
spectroscopy and X-ray powder photography. (pyH),[ ZrFg ]

(py = pyridine) is unstable and undergoes slow decomposition on
keeping in air. On isothermal heating at 120°C it yields (py H)
[ zrFg 1. at 180°C (o¢ =pic H){ ZrF5 1.Hy0(e -pic = o -picoline)
yields (e<-pic H)[ zr,Fg 1. K[ ZrOF; 1.1.5 Hy,0 yields

K{ ZrOF ].0.5H,0 and the anhydrous compound successively at
130°C and 225°C, The corresponding anhydrous cesium compound is
produced at 220°C, IR spectra suggest the presence of Zr—0-Zr
chains in the oxofluoro-compounds. From the various types of
studies 1t appears that the oxofluorozirconates contain only a

fraction of water as Zr—OUH group.
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INTRODUCTION

A literature survey shows previous description of many
fluorozirconates [ 1-4 ] and a few oxofluorozirconates of
alkali metals [ 5-10 ]. Whilst the previous workers prepared
the oxofluorozirconates through hydrolysis of heXxa- or hepta-
fluorozirconate [ 5-7 ] or through high teuwperature reactions
of Zr0, with a fluoride [ 8 ] or fluoroborate [ 9 ], the
present work involves the isolation of alkali metal and
cationic organic base oxofluorozirconates primarily through
controlled hydrolysis of zirconium fluoride solution. Several

new fluorozirconates of organic base cations are also described.

EXPERI MENTAL

1Zirconium fluoride solution' was prepared by digesting
hydrated zirconium oxide with HF (10%) solution on a water-bath
having the hydrated oxide in excess, followed by cooling and
filtration, On analysis of the filtrate zirconium and fluorine
were found to be present in it in the ratio 1:4. The fluoride
content of the compounds was determined gravimetrically as
PbClF [ 11 ]. Zirconium was estimated gravimetrically as
zro, [ 12 ] and alkali metals as their sulphates [ 11 ].
Nitrogen was determined by Dumas' semi-micro method. Analytical

results are reported in Table 1.
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TGA data were recorded using a manuslly operated thermo-
balance by heating the compounds at a rate of 2°C/min. In the
case of alkali metal compounds, TGA and DTA data were recorded
using a Shimadzu DT-30 thermal analyser in a dynamic atmosphere
of nitrogen. The sample wasS heated in a platinum crucible at a
rate of 10°C/min. with inert alumina as reference. IR Spectra
were recorded in KBr discs on a Perkin-Elmer spectrophotometer
in the range 400 to 4000 cm—1° Powder X-ray diffraction photo-
graphs of oxofluorozirconates were taken in a Philips,

PW 1130/00 generator using Ni-filtered Cu-K_ radiation.

Fluorozirconates

1. Pyridinium hexafluorozirconates, (py H)Z[ ZrFé ] : Hyd-
rated zirconium oxide, precipitated from an agueous solu-
tion of zirconium nitrate (4.4 g) by adding ammonia solu-
tion, was washed with hot water and dissolved in 4.0 ml
HF (40%) and diluted with 50 ml water. Pyridine was then
added in excess to the solution, which was evaporated on a
water-bath to crystallisation. The crystals were filtered,

pressed between filter papers and dried in air.

2, o« -picolinium, A -picolinium and ¥ -picolinium penta-
fluorozirconates having the same general formula (pic H)
{ ZrFB ].HZO and ethylenediaminium hexafluorozirconate,
(EnH,) [ ZrFg ], were obtained in the above mamner by adding
calculated amounts of the amine acidified with HF(20%) to
fluorozirconic acid solution obtained as in (1) above. The

crystals were dried over KOH in a desiccator.



232

3.

Guanidinium hexafluorozirconate, (gu H),[ ZrFg ].H20 and
biguanidinium hexafluorozirconate, (bigu Hy)[ ZrF, }.H,0
were obtained similarly by mixing calculated amounts of
fluorozirconic acid solution prepared as above with

guanidinium carbonate and bigusnide sulphate both acidi-

fied with HF (20%),

Ethylenediaminium and guanidinium hexafluorozirconates
have been previously prepared [ 1,2 ] starting from HZZrFé.
2H20. The pyridinium compound slowly decomposes in air, but
the other compounds are Stable and showed no loss in weight

even on keeping over P205 in vacuo.

Oxofluorozirconates

1e

1, 10-phenanthrolinium oxotetrafluorozirconate, (1, 10-phen H2)
[ 2rOF, ], was obtained as above by evaporating a mixture
prepared from calculated amounts of 1,10-phenanthroline and
hydrated zirconium oxide both dissolved in minimum amounts

of HF.

2,2'-bipyridyl oxotetrafluorozirconate, (2,2'-bipy HZ)'

[ zrOF, ] : 2,2'-bipyridyl (0.8 g) was dissolved in alcohol
(5 ml) and the alcoholic solution was added with stirring to
'zirconium fluoride solution' (22 ml) containing 0.45 g of
Zr. The small amount of precipitate which appeared slowly
was filtered off and neglected. The filtrate was evaporated
in a desiccator when needle-shaped colourless crystals

appeared, These were filtered, washed successively with small
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amounts of cold water and alcohol, 2nd dried in a desiccator

containing fused CaClZ.

3. Hydrazinium dioxopentafluorodizirconate, (NZHS)[ ZrZOZFB ]
.QHZO, was obtained as a precipitate on adding a solution
of hydrazine hydrate (0.3 ml into 1.5 ml water) to 'zirconium
fluoride solution' (18 wl containing 0.45 g Zr) with mecha-
nical stirring, The compound was filtered, and dried as

above,

4. Bthylenediaminium oxotrifluorozirconate, (en Hz)[ ZrOF3 ]2>

.5H20, propylene-1,2-diaminium oxotrifluorozirconate

(pn! HZ)[ ZrOF; ]Z.BHZO, propylene-1,3-diaminium oxotri-
fluorozirconate, (pn Hp)[ ZrOFz J,.3H,0 and N,N'-dimethyl-
ethylenediaminium oxotrifluorozirconate, (N,N'-dimen HZ)'

[ ZrOFz ]2.3H20, were obtained as precipitates in the same
manner as the hydrazinium compound using about 0.5 ml of
the corresponding amine and 'zirconium fluoride solution’

(18 ml) containing 0.45 g Zr.

Preparative study of the systems, zirconium fluoride -
CHBCOOMI (where M' = Na, K, Rb and Cs) at controlled pH

A detailed study was made with four systems, viz.,
zirconium fluoride with (i) sodium acetate, (ii) potassium
acetate, (iii) rubidium acetate and (iv) cesium acetate. Rubidium
and cesium acetates were obtained by dissolving the respective
carbonates in acetic acid (1:1). The reactions of 'zirconium

fluoride solution' with alkali metal acetates were carried out
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at 1:1, 1:2 and 1:4 molar ratios. The metal acetate solution
was added to celculated amount of 'zirconium fluoride solution!
with conctant stirring by a magnetic stirrer when a white
precipitate was obtained. The pH of the mixture was recorded
after the precipitation. The precipitate was filtered, washed
successively with small guantities of water and alcohol,pressed

between filter papers and dried over KOH to constant weight.

Based on this preparative study of different systems
products were obtained whose composition corresponded or nearly
corresponded to oxotrifluorozirconates. For sodium, potassium
and rubidium compounds the products were obtained at pH values
4ot to Lok on mixing zirconium fluoride : metal acetate in the
ratio 1:2, whilst the cesium compoundkwas obtained at pH 5.2 on
mixing zirconium fluoride : cesium acetate in the ratio 1:4.
Since the method of preparation is the same for the alkali
metal compoﬁnds only that for the potassium compound is given

below.

Potassium fluorozirconate, K[ ZrOFy 1.1.5H,0 : A solution

(15 ml) of potassium acetate (2 g) was added dropwise to
tzirconium fluoride solution' (27 ml) containing 0.91 g Zr
with stirring to give a precipitate. The mixture was allowed to
settle. The compound was filtered,washed successively with
small amounts of water and alcohol, pressed between filter

papers and dried over KOH.



235
The oxofluorozirconates are insoluble in common organic
solvents. They are stable in air but hydrolyse in water. The
in

hyarated compounds do not dehydrate on keeping over P205

vacuo.,

RESULTS AND DISCUSSION

The decomposition temperatures of the compounds as observed
through their TGA studies are recorded in Table 1. On the basis
of TGA results the following compounds were obtained through

isothermal heating of the compounds.

(o]
(by H),[ 2zrig ] ~12%> py ®[ zrFy ]

(o]
«-pic H[ zrFg 1.H,0 80 5 o -pic H[ Zr,Fy ]

No other intermediate was noticed by TGA and isothermal heating
of the fluoro- and oxofluorozirconates of the organic base
cations. The analyses of the residues obtained at around 450°¢

suggest them to be mixtures of fluorides and oxides of zirconium.

TGA for the potassium compound (Table 2) shows its stability
upto 90°C and above that it loses weight showing stable regions
for intermediates at 130-160°C and at 220-260°C. DTA indicates
two endotherms showing completion of the Stepwise decomposi-
tions at 130° and 220°C, The cesium compound starts losing
weight at 60°C and a horizontal in TGA is observed at 220°C
supported by an endotherm in . DTA curve, Exotherms are observed
at 350°C and 280°C for K-compound and Cs-compound respectively

indicating the evolution of new structures for the two



236

(nyols (2l ¢2) (96°LL) (¢8°6)

0% (s)ogs % (w)aey L7 g2 66°LE z8°¢
(9z°2z) (2l°9z2) (0zZ'8)

08 0O%7 MoTIE L2z 0L'92 62°8
(28°6L) (6L°¢2) (0%°*lL)

ool (s)osg (wYoon og°6l  g&°¢e [AAY
(w)506 (78 L) (L6°0¢) (69°%)

ozl - » (w)ely L9*Le  G6g¢to¢ LLty
(s)005  (48°LE) (LG°0%) (69°%)

ool - ® (MYCChH ¢z*2¢  Oow'o¢ PN

(mYoly (Lz°8C) (9L of) (gL°¢)
- - R (M)ohy 9f°Q¢ gL oy 9z°*¢

vaoom (79*1g) (LG6*0¢) (69°h)

oLl - R (M)0o9y ¢lL*z¢  25°0¢ L9*%
,mwoom (L9°6¢) (gz2°re) (92°%)
- - X (W)ohh 6G°GC L2 he 6lL*¢g

(og7ke) (96°72) (99°L)
- - - G6*0¢  82°6Z Lg*s

(wyosw  (S679€) (96°Lz) (9n°L2)
0¢e - R (M)osy 65°hC  L8°Le gLz

(0z°c¢) (96°92) (9n°ne)

06 2 Ca0az 1L Zhue ]
[ "ao0az J[ “ubdrq 22 )
[ 7302z I[ SHuaud-ol ‘L ]
0%4* [ Sax7 1[ uotd- & ]
o%° [ S3a7 17 wotd- ¢/ ]
[ 4%z I Hotd- > ]
0%u° [ Sqaz ][ Hotd-e ]
[ Saxz [ ud ]

[ %2z 1°[ ubd )

0%a* [ %14z J[ %ms1q ]

0cz - (a‘s)olg-osy  wlege ¢z'9z 8Lz o%u* [ Zaaz 1°[ w3 ]
(79%en) (2b*ng)  (Ly°ol)
ole - (a‘s)osy  olL°zy o2*wg  ggeol [ %3z 1T %ue ]
(Do) (, _wo) (| o) 3 17 e
aanyed L
-odwe1 uoT1 0=IZ 4=z ; spunodmoy
- rsodwooag (%) (*poTED)PUNOg

goanzeJadwalr uoI3Tsodwooap FUIPNTOUT $81BUODJITZOJIONTIOXO DU

-oJonTy JO B1Bp YT pue [ROTIATRUY
L ITEYL



237

*peOaq = q fyeam = M ‘unytpew = w ‘Suoals = g

(s)ozs  (sLb°6L) (0L°0%) (&L°%h)

(s)ans ® (s)owh oL*6l 26°2% 6lLech L €017 1so
(A*8)o0S  (¢0°82) (Se'ww) (£z°6L) ¢
(s)ows % (s)oy 1662 90°GY 2502 [ "do01z Ix
(a‘m)ols  (68°9z) (96°2h) (Ln'sl) . c
(s)ags ® (s)G¢Y 60°L2 L2y 268l ofuso* [ “d01z 1
(65°LL) (wi°s2) (00°Ln) 2 ¢
09 (s)ons (s)ogy /A A 05 ° 0% z6'6¢ o%HG L [ “d047 ]sD
(6L°w2) (L9°6£) (L6°9L) > ¢
06 (s)ogs (s)ogh 6¢ 12 06 *6% 2L 9l O%HG*L* [ =301z I
(26°22) (20°%%) (9.°9)
06 (s)oss (Yogn  €Le¢z’  Cztww  C9g 0% [ %1%°%az JT “un 3
s)oLSe  (2l°w2) (09°8¢) (26°G)
ozl (sYosg =% Anmmvorq Ly he ¢hegc’  18°G 0%ug* 2 “a0az [ ZHuswto- NN ]
(w)oos  (98°%2) (BL*6L) (LL°9)
06 (s)os8 % (s)Yszn  0z°Gz  wz'ow  6L°9 0% 2 Sd0z 1T %4 ud ]
()05 (98°'%2) (8L°65) (LL°9)
oLL (s)ogs % (s)oer  Gw'wz  LLTow  90°9 0%He et “101z ][ %H,ud ]



238

08z WIDYFOXE

orA4 WISYIODPUR 092 9% 022 - op - o%us L €101z Jso

06¢% uI8Y3 OxXy

02z - op - 092 01 022 - op -

o¢l wIsyropuyd Q9L 01 o¢l 18 93BTpo2wWJIa1UT ommm.r.ﬁ MmOLN um
(Dg ) dwag, via (Dg)*duag ¥oL punodwon

$9]1BUOOITZOJIONTFOXC wNTs30 puB unIss2iod J0J Vi{g DUB YOI FO s3INsdy

¢ AT™VYL



239

compounds. Kolditz and Feltz [ 5] reported partizsl loss of
water and slso HF in the region 140-200°C for the K~-compound,
The present authors did not find any loss of HF even up to 220°%C

in agreement with the results of Sheka et al.[ 7 ].

On the basis of these studies isothermal heating of the
compounds were carried out and the products analysed., The

results agree with the following scheme :

130° 225°
K[ ZrOFy 1.1.5H,0 —==> K[ ZrOFy 1.0.5H,0 —==2> K[ ZrOF5 ]

o]
Cs[Zﬂﬁé].1.ﬂbO—4§£> Cs[ zrOF; ]

IR spectra of all the compounds described above show Strong
absorption bands in the region 390-530 e~V due to Zr-F stret-
ching vibrations [ 13 ]. The protonated organic base compounds
show typical N~H frequencies in the region 3000-3500,1540-1650,
and 1390-1490 cm™ 1 [ 14 ]. The spectra of the hydrated compounds
also show bands in the region.3115-3500 and 1600-1650 cm™ ! due
to symmetric and antisymmetric OH stretchings and HOH bending
respectively [ 14 ]. Superimposition of these bands with those

of N-H frequencies probably occurs,

The oxofluoro compounds show intense narrow absorption bands

in the region 830-850 cm™ |

which may be due to Zr = 0 or
Zr—0-Zr bends or to the surface OH group [ 15,16 ]. The
presence of Zr—OH group could not be established with certainty

since the characteristic band for M-OH was not observed in the
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region 1000-1150 e~ in any of the IR spectra recorded for
the oxofiuoro compounds [1&]. The close similerity of IR bands
of oxofluorozirconates to those of Zr'O2 in the region

400-500 cm™ ] suggests the presence of Zr—0O—Zr bonds in the
former compounds; but in this region bands due to Zr-F zlso
appear, auperimposition of bands due to both types of bonds as
stated above is very likely. The ir banas in this region of th
dehydrated procucts of potassium znc cesium compounds of
oxofluorozirconates obtained at 2250 and zirconium oxide

resemble each other closely,

A comparison of X-ray diffraction data of KZrOF 1.5H20

3,
and KZrOF3 (obtained by dehydration at 225°C) shows partial

breaking up of the structure of the former on dehydration,

The retention of 0.5 mole HEO at 130-140°C in potassium
compounc suggests the presence of strongly bound residual
water. Hence it is very likely that this amount of water is
present in a polymer as Zr—QOH. Various data as reported above

suggest the oxofluorozirconates to be polymers,
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