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SYNTHESIS AND INVESTIGATION OF DOUBLE SULFATES OF CADMIUM

AND HANGANESE(II) IHTH THE HONOHETHYLAMHONIIDICATION

S. ~leksovska and V.Jordanovska

Institute of Chemistry, Faculty of Science,
Univer'sity "Cyr'il and Methodius", 91000 Skopje, Yugoslavia

Double sulfates of Cd2+ and Mn2+ with monomethylammo-

nium cation, were obtained by evaporation at room temperatu-

re,from an aqueous solution mixture of the corresponding met-
al slllfate, and monomethylammonium slllfate,in molar ratio 1:3.

The obtained crystals were investigated by the

methods of X-ray pOI;der diffraction, thermal analysis and
elemental analysis.

The resu.lts of the thermal and elemental analyses
indicate that the obtained double sulfates of cadmium and

man!},anese are dihydrates, contrary to those of Co2, Ni+2,
Cu+ +and Zn2+, obtained in the same conditions, which are

hexahydrates.

The X-ray powder diffraction patterns of the double

monomethylammonium sulfates of Cd2+ and Mn2+ show that they
are isostructural.

From the results of. the thermal and elemental

analysis, it can be concluded that the obtained compounds

have the empirical formula (CH3NH3)2M(S04)2'2H20,

INTRODUCTION

There are many data about double sulfates of transition metals with

a number of monovalent cations, but no data have been found abouL the

double suI fates of divalent metal cation with the monomethylammonium

cation. Also, some alums wi th monomethylammoni urn are known. The crystal

structures of monomethylammonium alums of Al and Cr [1-3] and a number of

their physical and chemical properties are already presented [4,5].

The synthesis and characterization of double sulfates of cobalt,

XIII_0406



22 S. Aleksovska and V. Jordanovska

nickel copper and zinc with monomethylammonium cation [6], and the crystal

structure have been recently presented [7]. Double suI fates of cobalt,

nickel and zinc with dimethylammonium cation were synthesized and

investigated too [8].

Continuing our work on double sulfates of divalent [6-8] and trivalent

[9,10] metals with monovalent organic cations, in this paper we present th~

results of the preparation and characterization of double sulfates of cad-

mium and manganese(II) with the monomethylammonium cation.

EXPERIMENTAL PROCEDURE

Double suI fates with empirical formula (CH3NH3)2M(S04)2'2H20 (where

M is Cd2+ or Mn2+) were obtained from the reaction mixture of monomethil-

ammonium sulfate and the corresponding metal sulfate aqueous solutions, in

molar ratio 3: 1. The mixture was evaporated at room temperature and treated

with ethanol. The obtained crystals were filtered off, washed with ethanol

and dried in air. The compounds were identified and studied by the methods

of X-ray powder diffraction, TG and DSC-analysis, and elemental analysis.

APPARATUS AND METHODS

The X-ray powder diffractometer patterns were obtained on JEOL

diffractimeter model JDX-7E,by

goniometer model DX-GO-F.

TG and DSC curves were obtained wi th a Met tIer Thermoanalyser in a

Cu ~-radiation, Ni fi ltered, with a

flow of dry air. Experimental conditions: reference substance for DSC

determination Q-A1203' TG makrosample Holder with Pt-crucibles,

rate 4 °C/min, temperature range from 20-500 QC.

heating

RESULTS AND DISCUSSION

The fact that double sulfates of cadmium and manganese (II) with the

monomethylammoni urn cation are synthesized in the same manner as previously

ob+ained double sulfates of C02+, Ni2+, CU2-', and Zn2+, which are

hexahydrates [6J, indicated that the compotmds of the same type would be

Bull. Chem. Technol. Kac,,~onla 9 (1990)
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expected.Howeve.r, the results of the quantitative chemical analysis (C,

H, N analysis, and complexometric determination of metals) , and the

calculated mass losses in the thermal decomposition (Table 1), show that

these compounds are not hexahydrates.

Table I. The results of the elemental and TG-analysis of

(CH NH ) H(SO ) .2H 0 (H = Cd2+, Hn2+)33242 2

The literature data [11] point out to the existence of double suIfates

of cadmium an manganese(II) with K+, obtained at 25°C which are

dihydrates and at 40°C, with 1. 5 water molecules.Our investigationsshow

that the obtained compounds at room temperature are dihydrates, with

empiricalformula (CH NH ) M(SO ) '2H 0 (M = Cd2+, Mn2+).33242 2

The X-ray powder diffractionpatterns (Fig. 1) show that the double

sulfates of cadmium and manganese (II) with monomethylammoni urn cat ion are

isostructural. The d-values were corrected fer the experimental error with

aSi02' The d-values and relative intensities are given in Table 11.

TG and DSC curves of the obtained compounds are shown on Fig. 2 (a, b).

The thermal decompositionof (CH3NH)2Cd(S04)2'2H20 takes place in two

stages (Fig. 2a). In the first stage of decomposition, in the temperature

range from 50-160°C the compound loses the water which is followed b~ en-

dothermic peak at 128°C (salculated value 8.9%, found 9.39%). In the se-

cond stage, the decomposition of the anhydrous double suI fate occurs. This

stage begins at 240°C, and it takes place in two steps, followed by endo-

thermic peaks at 328. °c and 409°C (DSC curve). The final product of the

thermal decomposition at 500°C is CdSO. It was4
confirmed by the X-ray

l-nac. xe,' TeXHon. HaKe"oH>lja 9 ( 990)

%
(CH NH ) Cd(SO) '2H 0 (CH NH ) Mn(SO ) .2H 033242 2 332 422

theor. exper. theor. exper

C 5.94 5.47 6.92 7.63

H 3.98 4.14 4.64 4.31

N 6.92 5.83 $.07 8.93

M2+ 27.78 27.05 15.82 15.19

H 0 8.90 9.39 10.38 8.61
2

MSO 51.51 53.53 43.49 42.59
4
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Fig. 1 X-ray powder diffraction patterns of

(CH3NH3)2H(S04)2o2H20 (a: H =Cd, b: H = Hn)

BulJ. Chem.TechnoJ.Macedonia 9 (1990)
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Fig. 2 TG and DSC curves of (CH3NH3)2H(S04)2.2H20

(a: H =Cd, b: H = Hn)

,nac. xeM. TeXHon. MaxeJlo1ll<Ja 9 (1990)
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Table 11. The d-values and relative intensities

of the obtained compounds

powder dirrraction patterns, and by the theoretical values and experimental

results (calculated value ror CdS04 - 51.51%, round 53.53%).

The thermal decomposition or (CH3NH)2Mn(S04)2o2H20 is similar to the

isostructural cadmium compound. In the temperature range rrom 40°C to 220

°C, the compound loses the water (calculated value 10.38%, round 8.61%).

This is the Iirst stage Or decomposition which is rollowed by an endo-

thermic peak at 95°C. The second stage Or decomposition takes place in two

steps. It begins at 240°C, and completes at 420 QC. In this stage the

anhydrous double sulrate decomposes to MnS04' which is rollowed by two en-

dothermic peaks at 315°C, and 410°C. The rinal product Or the thermal de-

composition was identiried by the X-ray powder dirrraction patterns Or the

residue, and by the theoretical value and experimental results (calculated

value ror MnS04 43.49%, round 42.59%).

Generaly, the thermal decomposition to 500°C Or both compounds can be

expressed as:

(CH NH ) M(SO ) °2H 0
332 42 2

stage I
-2H 0 )

2

(CH NH ) M(Sa )
332 42

stage II ) MSO
-(ru NH ) SO 4

332 4

Bull. Chem. Technol. Macedonia 9 (1990)

(CH3NH3)2Cd(S04)2o2H20 (CH NH ) Mn(SO ) o2H 0
33242 2

28 (deg.) d (nm I/I 28 (deg.) d (nm) I/I0 0

7.5 1.17770 100 7.6 1.16220 100

14.9 0.59405 36 15.0 0.59011 26

20.4 0.43496 17 20.9 0.42467 23

22.6 0.39309 15 22.6 0.39303 26

25.1 0.35448 24 25.1 0.35448 39

15.9 0.34371 25 26.1 0.34112 32

27.2 0.32756 14 27.6 0.32291 25

29.9 0.29857 52 30.0 0.29472 27

31.1 0.28732 18 31.2 0.28643 22

37.7 0.23840 47 37.9 0.23719 30

45.6 O. 19876 19 46.0 O.19723 22
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Vest. Slav. Kern.

CmITE3A H HCnHTYBAILE HA lIBOJHH CYflll>ATH

HA KAlIHHYMH HAH1AH(II) CO MOHOHETHflAMOHHYMKATJOHOT

C. AJleKCOBCKaM B. Jop~aHoBCKa

~BOjHM CYJl$aTM Ha Cd2+ M Mn2+ co MOHOMeTMJlaMOHMYM KaTjoHoT ~o6MeHM ce

co McnapYBaHoe Ha cMeca o~ Bo~eHM pacTBop~ Ha. K~MMYM cYJl(j>aTM MaHraH( II)

cYJl(j>aTCOO~BeTHO, BO MOJICK~ O~HOC 1:3, Ha c06Ha TeMnepaTypa.

Ib~BoeHMTe KpMCTaJIM ce M~eHTM(j>MLlMpaHM co MeTO~MTe Ha peH~reHCKa

~M(j>paKLlMjaHa npawO~H~ npMMepOLlM,TepM~~Ka aHaJl~3a~ eJleMeHTapHa aHaJl~3a.

Pe3YJlTaTMTe O~ TepMM'IKaTa ~ eJleMeHTapHaTa aHaJl~3a nOKa~YBaaT ~eKa 3a

pa3J1MKa O~ npeTXO~HO ~o6MeHMTe cYJl(j>aTMHa C02+, Ni2+, Cu2+ M Zn2+ co

MOHOMeT~J1aMOH~YM KaTjoHoT KO~ ce xeKcaXM~paT~, n06MeHMTe nBojHM CYJl(j>aTMHa

KanMMYM ~ MaHraH ce nMx~npaT~, co eMn~pMCKa (j>opMYJla:

(CH NH ) M(Sa ) .2H a (M = Cd2+, Mn2+).33242 2

PeHnreHcK~Te npawO~HII nM(j>paKTorpaMII nOKa~YBaaT ~eKa ~06MeHMTe ~BOjHM

CYJI(j>aTMHa K~MMYM M MaHraH ce ~30CTPYKTypH~.

MHCT~TYT 3a xeMMja, nM$,
YHMBep3MTeT "KMpMJIM MeTonMj", CKonje

rJ1ac. xeM. TeXHOJ1. HaKeAoHHja 9 (1990)


