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Abstract—The systems Ba(HCOO),—Ca(HCOO),—H,0 and Ba(HCOO),~Mg(HCOO),~H,O were studied
at 25°C by the solubility method. The effect of the ionic radii of doubly charged metals on the formation
of double salts containing barium formate was considered.

Barium formate and its binary compounds pos-
sess interesting physical and chemica properties:
Ba(HCOO), and BaCd(HCOO), - 2H,0 are nonlinear
optical materials [1, 2], Ba,Cu(HCOO); - H,0 is pa-
ramagnetic material [3], and BaY(HCOO)s - 4H,0
and Ba,Cu(HCOO); - 4H,0 are suitable starting com-
pounds for synthesis of superconductors [4, 5]. A study
of sat systems containing barium formate is of inter-
est because they show promise for practical application.

Barium formate is known to form double sats
with formates of some doubly charged metals.
Ba,M(HCOO); - 4H,0 (where M is Ni, Co, Cu, or
Zn) (2 : 1: 4) and BaM(HCOO), - 2H,O (where M
isCd) (1:1:2)[6, 7] were obtained by the prepara-
tive method. All these double salts (except that con-
taining cobalt) were separated from the correspond-
ing ternary water-salt systems [4, 8-10]. The double
salt Ba,Fe(HCOO), - 4H,0 was separated from the
Ba(HCOO),—Fe(HCOO),—H,0 system at 25°C. It was
established that it is isostructural to the double sats
of the isomorphic series. It is also known that man-
ganese formate does not form a compound with bari-
um formate. The Ba(HCOO),~Mn(HCOO),—H,0 sys-
tem at 25°C is simple eutonic [11]. It was of interest
to elucidate whether or not barium formate forms
double salts with calcium and magnesium formates.

To determine the mutual solubility of the compo-
nents and the possibility of formation of new phases
from barium, calcium, and magnesium formates, we
studied the systems Ba(HCOO),-Ca(HCOO),-H,0
and Ba(HCOO),-Mg(HCOO),-H,0 at 25°C. The sys-
tems have not been studied previously. Data on the
solubility of barium, calcium, and magnesium for-
mates were taken from [12, 13].

EXPERIMENTAL

The starting substances were obtained by react-
ing barium, calcium, and magnesium carbonates (all
anaytically pure) with a 50% solution of analytical-
ly pure formic acid, followed by recrystallization.
According to chemical, derivatographic, and X-ray
phase analyses, the resulting compounds have the
compositions Ba(HCOO), [14], a-Ca(HCOO), [15],
and Mg(HCOO), - 2H,0 [16].

The solubility was studied by Khlopin’s method
of isotherma elimination of supersaturation [17]:
agueous solutions of two components of the sys
tem, taken in various proportions, were prepared at
80-90°C. Then the solution was cooled in a ther-
mostat to the working temperature and vigorously
stirred to constant concentration of a saturated solu-
tion (i.e, to attainment of equilibrium). The tem-
perature was maintained constant to within +0.1°C.
The equilibration time was 15-20 h. After the sus-
pension was filtered, the resulting liquid phase and
the wet solid phase (residue) were analyzed. The Ba?
Cca®*, and Mg?* content in the liquid phases and
residues was determi ned compl exometrlcally [18]: the
sum of Ba®" and Ca®" ions and of Ba?" and Mg?*
ions was determined by back titration with zinc sul-
fate solution in ammonia solution |n the presence of
Eriochrome Black T indicator, Ca?* was analyzed
a pH 11 (NaOH solution) in the presence of calcone
indicator, Mg®* was analyzed in ammonia buffer so-
lution after precipitating barlum sulfate with a sul-
furic acid solution, and the Ba®* content was calcu-
lated as the difference between the two determina-
tions. The solid phase composition was determined
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Table 1. Solubility and solid phase composition in the systems Ba(HCOO),~M(HCOO0),—H,0 (M is Ca or Mg) at 25°C

Liquid phase
Residue, wt %
wt % mol % Solid phase composition
Ba(HCOO), | M(HCOO), | Ba(HCOO), | M(HCOO), | Ba(HCOO), | M(HCOO),
Ba(HCOO),—Ca(HCOO0),—H,0O system

23.21 - 2.34 - - - Ba(HCOO),
20.59 3.25 2.09 0.58 71.17 155 "
18.05 6.35 1.84 1.13 76.13 2.23 "
16.38 8.50 1.67 152 74.25 3.10 "
14.93 10.66 154 1.92 70.54 3.50 "
15.03 10.23 154 1.83 52.06 37.11 Eutonic
15.14 10.38 1.56 1.86 16.43 70.15 Ca(HCOO),
13.25 10.08 1.33 1.76 70.45 4.30 "

8.90 10.67 0.85 1.79 68.75 2.80 "

4,92 11.29 0.45 1.82 66.12 1.94 "

3.02 12.37 0.28 1.98 73.09 2.10 "

- 14.12 - 2.23 - - "

Ba(HCOO),~Mg(HCOO),—H,0O system

23.21 - 2.34 - - - Ba(HCOO),
21.11 1.92 212 0.38 71.33 0.80 "
20.28 3.40 2.05 0.68 72.55 0.80 "
18.56 6.11 1.89 124 81.72 1.80 "
17.45 7.30 1.78 1.48 80.12 1.37 "
17.27 7.39 1.76 15 44.07 36.52 Eutonic
14.86 7.55 1.47 1.49 4.03 59.88 Mg(HCOO), - H,0
11.45 7.63 1.09 1.45 3.25 51.79 "

7.80 8.32 0.72 153 227 55.32 "

4.20 9.80 0.38 1.76 157 60.38 "

- 11.99 - 2.10 - - "

by Schreinemaker’s method of residues [19] and con-
firmed by chemical, thermal, and X-ray phase ana-
lyses. Thermal analysis was performed on an MOM-12
derivatograph (Hungary), and X-ray phase analysis,
on a DRON-3 diffractometer (Cuy_ radiation, Ni fil-
ter).

The results of a study of the system Ba(HCOO),—
Ca(HCOO),—H,0 at 25°C are presented in Table 1,
and the solubility isotherm is plotted in Fig. la
The system is simple eutonic at this temperature.
The crystallizing solid phases are Ba(HCOO), [14]
and o-Ca(HCOO), [15]. The composition of the
eutonic solution is (wt %) 15.03 barium formate and
10.23 cdcium formate. As either of the components
is added, the solubility of the other decreases owing
to salting-out.

Data on the solubility in the Ba(HCOO),—
Mg(HCOO),-H,0O system are presented in Table 1
and Fig. 1b. The solubility isotherm is represented
by the crystallization branches of anhydrous barium
formate [14] and magnesium formate dihydrate [16],
which intersect at the eutonic point of compositions
(wt %): 17.27 Ba(HCOO), and 7.39 Mg(HCOO),.
The components exert the mutual salting-out effect.
For example, the solubility of barium formate in the
system decreases from 23.21 to 17.27 wt %, and that
of manganese formate, from 11.99 to 7.39 wt %.

A study of the two systems showed that neither
double salts nor mixed crystals are formed at 25°C.
Thus, when barium formate is crystallized, the zinc
and magnesium impurities are concentrated in the
mother liquor. Barium formate free of calcium and
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Fig. 1. Solubility isotherms of the systems (a) Ba(HCOO),~Ca(HCOO),~H,0 and (b) Ba(HCOO),~Mg(HCOO),—H,0 at 25°C.

magnesium impurities can probably be prepared by
recrystallization.

Table 2 summarizes data on the compositions of
double salts formed in the Ba(HCOO),—~M(HCOO),—
H,O system (where M is Ni, Co, Cu, Zn, Fe, Mn, Cd,
and Ca) at 25°C and lists the M?* ionic radii [20].
As can be seen, barium formate yields double salts of
stoichiometric composition Ba,M(HCOO), - 4H,0
(2:1:4)and Ba,M(HCOO), - 2H,0 (1 : 1: 2) with
formates of doubly charged metals. Barium formate
gives the first structural type (2 : 1 : 4) with Ni, Co,
Cu, Zn, and Fe formates. Only the double salt of cop-
per has crystal structure [3]. All these double salts
crystallize in the triclinic system, space group P1,
and have close unit cell parameters, i.e, they are iso-
structural.

The composition of a double salt and the M?* ion-
ic radius correlate. The structural type (2 : 1 : 4) is
formed at ionic radii larger than 0.69 and smaller

Table 2. Composition of double salts formed in the
Ba(HCOO),~M(HCOO),~H,0 systems

M2 ra:j(i)tr}lsc A Double salt composition
Mg®* 0.65 Pure sats

NiZ* 0.69 Ba,Ni(HCOO), - 4H,0 [6-8]
Co?* 0.72 Ba,Co(HCOO)g - 4H,0 [6, 7]
cu?* 0.72 Ba,Cu(HCOO); - 4H,0 [4, 6, 7]
zZn®t 0.74 Ba,Zn(HCOO), - 4H,0 [6, 7, 9]
Fe?t 0.75 Ba,Fe(HCOO), - 4H,0
Mn?* 0.80 Pure sats [11]
Cd?* 0.97 Ba,Cd(HCOO); - 2H,0 [6, 7, 10]
ca* 0.99 Pure salts

than 0.75A. These conditions are satisfied by nick-
el(l1), cobalt(ll), copper(ll), zinc(ll), and iron(Il) ions.
In the systems Ba(HCOO),~Mg(HCOO),—H,O (this
study) and Ba(HCOO),-Mn(HCOO),~H,O [11] no
double salts are formed. This is because the Mg~ ra-
dius (0.65A) is probably too small, whereas the Mn?*
radius (0.80A) is too large to make this structure
stable. Apparently, the decisive factor influencing
the formation of double compounds of the (2 : 1 : 4)
structural type containing barium formate is the M?*
radius. The double salt of the second type [(1: 1: 2)]
(only BaCd(HCOO), - 2H,0 is known) crystallizes
from agueous solution at 25°C with the ionic radius
increasing further. According to the data obtained in
this study, no double salt is formed in the Ba(HCOO),—
Ca(HCOO),—H.,0 system. The ionic radii of Cd** and
C&" are very close (0.97 and 0.99A, respectively).
All the data presently available for the water—formate
systems, including calcium formate, confirm the for-
mation of anhydrous salts [21]. This fact is accounted
for by strong dehydrating action of calcium formate.
Probably, no double salt containing crystallization
water is formed between barium and calcium formates
for this reason.

CONCLUSIONS

(1) The systems Ba(HCOO),-M(HCOO),—H,0O
(where M is Ca or Mg) were studied at 25°C and
the formation of pure salts was established.

(2) Barium formate can be prepared by crystalliza-
tion from an aqueous solution of impurity-free mag-
nesum and calcium salts.

(3) A correlation between the composition of dou-
ble barium salts and the M?* ionic radius was estab-

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 76 No. 8 2003



1224 VASILEVA
lished. Double sdlts of the (2 : 1 : 4) type are formed

) : 10. Nadzharyan, A.K., Itkina, L.S., and Lepeshkov, I.N.,
at the ionic radii within 0.69-0.75A. Above 0.80A,

Zh. Neorg. Khim., 1980, val. 25, no. 6, pp. 1676-1679.

another structural type (1 : 1 : 2) is formed. 11. Fakeev, A.A., Iskhakova, L.D., and Samofalova, N.N.,
Zh. Prikl. Khim., 2000, vol. 73, no. 4, pp. 532-536.
REFERENCES 12. Ashton, F.W., Houston, D.F.,, and Saylor, C.P.,

. Bechthold, P.S. and Haussuhl, S., Appl. Phys., 1977,
vol. 14, no. 4, pp. 403-410.

. Feliksinski, T. and Kolasinski, W., Mat. Res. Bull.,
1982, vol. 17, pp. 1557-1561.

. Sundara Rao, R.V.C., Sundarama, K, and Sinanka-
ra Rao, G., Z. Kristallogr., 1958, vol. 110, nos. 3-4,
pp. 231-240.

. Portnova, SM., Krasilov, Yu.l., Kuznetsov, N.T., and
Balakaeva, 1.V., Zh. Neorg. Khim., 1990, vol. 35,
no. 1, pp. 237-240.

. Vega, D., Palla, G, Leyva, A.G., et al., J. Solid Sate
Chem.,, 1999, vol. 147, no. 2, pp. 545-551.

. Lossen, W. and Voss, G., Annalen der Chemie, 1891,
vol. 266, pp. 30-52.

. Groth, P., Chem. Cryst., 1910, vol. 3, pp. 11-15.
. Fakeev, A.A., Samofalova, N.N., Iskhakova, L.D.,

and Zhadanov, B.V., Zh. Prikl. Khim., 1999, vol. 72,
no. 8, pp. 1262-1266.

. Fakeev, A.A., Samofalova, N.N., Iskhakova, L.D.,
and Zhadanov, B.V., Zh. Prikl. Khim., 2000, vol. 73,
no. 2, pp. 180-184.

13.

14.

15.

16.

17.

18.

19.

20.

21.

J. Res. U.S Bur. Stand., 1933, vol. 11, pp. 233-253.

Balarew, Chr., Stoilova, D., and Vassileva, V.,
Commun. Depart. Chem. Bulg. Acad. Sci., 1981,
vol. 14, no. 1, pp. 57-62.

Watanabe, T. and Matsui, M., Acta Crystallogr., B.,
1978, vol. 34, no. 9, pp. 2731-2736.

Burger, N. and Fuess, H., Acta Crystallogr., B., 1977,
vol. 33, no. 6, pp. 1968-1970.

De With, G., Harkema, S, and van Hummel, C.J.,
Acta Crystallogr. B., 1976, vol. 32, no. 7,
pp. 1980-1983.

Khlopin, V.G., lzbrannye trudy (Selected Works),
Moscow: Akad. Nauk SSSR, 1957, vol. 1.
Schwarzenbach, G. and Flaschka, H., Complexo-
metric Titrations, London: Methuen, 1969.
Schreinemakers, F.A.H., Z. Phys. Chem,
vol. 55, p. 73.

Pauling, L., The Nature of the Chemical Bond and
the Structure of Molecules and Crystals, New York:
Cornell Univ., 1960.

Vasileva, V.Z., Zh. Prikl. Khim., 2000, vol. 73, no. 3,
pp. 381-383.

1906,

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 76 No. 8 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


