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The thermal dehydration of Mg2P2O7 · 6H2O were studied, in the range
25–800◦C, by thermogravimetric analysis (TG-DSC), x-ray diffraction,
and infrared spectroscopy. According to the TG-DSC curves, the dehy-
dration of this salt takes place in two stages. The results of thermal anal-
ysis, x-ray patterns, and infrared spectra of this compound heated at dif-
ferent temperatures showed that, after dehydration, Mg2P2O7 · 6H2O
decomposes into dihydrate Mg2P2O7 · 2H2O diphosphate then to an
amorphous Mg2P2O7 product which crystallises at 665◦C to give an-
hydrous diphosphate αMg2P2O7. The 1H enthalpy of the dehydration
of Mg2P2O7 · 6H2O and of the formation of αMg2P2O7 have been cal-
culated from thermogravimetric data. The infrared spectroscopic study
of Mg2P2O7 · 6H2O and of its heated products, reveals the existence of
the characteristic bands of the P2O7 group (νas POP and νs POP) and
showed that the POP angle is bent in these salts. In these compounds,
the POP angle values are estimated using the Lazarev’s relationship.

Keywords: Diphosphates; thermal dehydration; thermal analyses (TG-
DSC); x-ray diffraction; infrared spectra

Several structural studies of anhydrous diphosphates M2P2O7 (where
M is a divalent metal) are reported in the literature.1−12 However very
few investigations also have included structural and thermal study of
hydrates M2P2O7 ·nH2O. For the latter, the only known structure cor-
responds to the Mg (n = 2; 3.5; 1 and 6),13−15 Mn (n = 2),16 Co (n
= 2),17 Fe (n = 2),18 and Ca (n = 2 and 4)19,20 salts. Investigations
on the thermal study of these types of diphosphates have been
made only for Ni2P2O7 ·nH2O (n = 6 and 8), Zn2P2O7 · 5H2O and
Cu2P2O7 · 5.3H2O.21−23
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FIGURE 1 TG and DSC curves of Mg2P2O7 · 6H2O.

RESULTS AND DISCUSSION

Analysis of the TG-DSC Curves

According to the thermal analysis data, the dehydration of
Mg2P2O7 · 6H2O occurs over a wide temperature range (25–800◦C). As
follows from the TG-DSC curves (Figure 1), the dehydration of this
salt takes place in two stages corresponding to the existence of more
than one type of water molecules; the first strong endothermic peak
with a maximum rate at 210◦C is accompanied by a loss of four wa-
ter molecules. The second endothermic peak, with maximum rate at
375◦C corresponds to the removal of the last two water molecules. The
exothermic peak, with a maximum rate observed at 665◦C is accompa-
nied by the transformation to the other phase. The calculated enthalpy
of the dehydration and of the phase transition of Mg2P2O7 · 6H2O are
summarised in Table I.

TABLE I Enthalpy (1H) of Dehydration and
Phase Transition of Mg2P2O7 · 6H2O

Peaks Ti (◦C) Tf (◦C) Ts (◦C) 1H (mJ/mg)

1 endo. 112 258 210 581.839
2 endo. 317 406 375 91.798
3 exo. 603 688 665 −94.207

endo.: endothermic, exo.: exothermic, Ti: initial
temperature, Tf: final temperature, Ts: temperature
with maximum rate.
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X-Ray Diffraction

The Mg2P2O7 · 6H2O diphosphate crystallizes in the monoclinic system,
with space group P21/c and four molecules per unit cell with the follow-
ing parameters: a = 7.189, b = 18.309, c = 7.665 Å, β = 92.360◦. The
P2O4−

7 anion has a bent POP angle (125.6◦).15

According to the x-ray diffraction data of this compound, the re-
moval of the first four water molecules after heating the initial prod-
uct at 210◦C, leads to the formation of the dihydrate Mg2P2O7 · 2H2O
diphosphate.13 The loss of water molecules decreases the number of
interferences on the x-ray diffraction pattern of Mg2P2O7 · 6H2O, with
a change in the position of the principal atomic planes. The removal
of the other two water molecules also is characterized on the diffrac-
tion patterns by a decrease in the intensity of a number of reflections
and eventually by the disappearance of all of them. The sample thus
obtained at 375◦C is amorphous to the x-ray analysis. At 665◦C, we ob-
tained anhydrous diphosphate αMg2P2O7.

1 The x-ray patterns of the
Mg2P2O7 · 6H2O and of its heated products are listed in Table II.

Infrared Spectra

In the infrared spectrum of Mg2P2O7 · 6H2O shown in Figure 2 (25◦C),
the bands observed in the range 3800–2700 cm−1 and 1700–1600 cm−1

can be attributed to OH and H2O vibrations.24 The bands between 1250
and 400 cm−1 are attributed to the P2O4−

7 modes and to the libration
and rocking modes of H2O. The bands of H2O bending modes detected
at 1668 and 1651 cm−1 confirmed the existence of more than one type
of water molecules in the crystal of Mg2P2O7 · 6H2O.25 In the region
1250–400 cm−1, the bands observed at 1179, 1148, 1110, and 1034 cm−1

are ascribed to antisymmetric νas PO3 and symmetric νsPO3 stretching
mode of the PO3 groups. Bands detected at 924 cm−1 and 760 cm−1 were
assigned respectively to the antisymmetric (νas POP) and symmetric (νs

POP) stretching modes of the POP group. The broad band observed at
856 cm−1 is due to the H2O libration mode.24 The rocking mode of H2O
(ρH2O) appear at 635 cm−1.25 The deformation modes of the PO3 groups
(δPO3) are detected in the range 600–400 cm−1.26

The infrared spectra (at 210 and 665◦C) respectively of
Mg2P2O7 ·nH2O (n = 2, 0), resulting from the calcination of the
initial product Mg2P2O7 · 6H2O, are illustrated in Figure 2. The
infrared spectroscopic study of Mg2P2O7 · 6H2O and of its heated
products, reveals the existence of the characteristic bands of the P2O7
group (νas POP and νs POP) and showed, by the existence of the νs POP
mode,26 that the POP angle is bent in all these salts. After heating the
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TABLE II X-Ray Patterns of Mg2P2O7 · 6H2O and Its Heated Products

Mg2P2O7 · 6H2O Mg2P2O7 · 2H2O αMg2P2O7
(25◦C) (210◦C) (665◦C)

dhkl Intensity dhkl Intensity
Amorphous
(260–600◦C) dhkl Intensity

9.15 17 7.06 80 Amorphous phase 6.44 4
7.98 2 6.5 40 5.12 8
7.07 16 5.08 100 4.37 6
6.68 23 3.95 36 4.19 2
5.66 85 3.71 8 4.15 40
5.14 60 3.66 2 3.88 2
4.95 36 3.56 4 3.84 2
4.77 3 3.48 10 3.72 2
4.65 12 3.44 4 3.5 6
4.63 22 3.24 8 3.21 10
4.48 22 3.14 5 3.08 75
4.03 5 2.88 8 3.02 100
3.93 3 2.86 3 3.01 85
3.83 3 2.66 4 2.98 2
3.6 14 2.62 26 2.94 5
3.53 38 2.56 5 2.83 2
3.43 8 2.55 18 2.68 2
3.37 3 2.4 6 2.63 2
3.32 3 2.38 4 2.62 1
3.3 35 2.36 6 2.54 18
3.26 17 2.32 5 2.53 2
3.25 14 2.29 2 2.52 1
3.21 27 2.24 2 2.43 15
3.15 35 2.22 10 2.3 1
3.1 27
3.05 18
3.02 5
2.98 6
2.93 100
2.91 14
2.83 3
2.8 4
2.68 11
2.62 16
2.61 11
2.56 27
2.55 9
2.52 14
2.47 9
2.46 10
2.45 10
2.41 23
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FIGURE 2 IR spectra of Mg2P2O7 · 6H2O (25◦C) and of its thermal treatment
products at 210, 375, and 665◦C.

initial diphosphate Mg2P2O7 · 6H2O at 210◦C, the infrared spectrum
of the resulting salt does not present a great change compared to the
initial compound. Broadened bands appearing on the infrared spec-
trum after heating the initial salt at 375◦C confirms the formation of
an amorphous phase. After calcination at 665◦C, the heated compound
shows a infrared spectrum similar to that of αMg2P2O7, as previously
published.27,28

On the whole, the results of the x-ray diffraction and infrared spectro-
scopic studies confirm the thermal transformation of Mg2P2O7 · 6H2O.
The corresponding band assignments of Mg2P2O7 ·nH2O (n = 6, 2, 0)
are given in Table III.

This work illustrates the possibility of obtaining information about
the POP angle from the infrared spectra results. From available spec-
troscopic data for the bridge stretching frequencies, it is possible to
estimate the POP angle values in these salts using the magnitude of
an empirical factor 129 defined as:

1001 = (νas POP− νs POP)/(νas POP+ νs POP) (1)
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TABLE III Infrared Spectra Data (cm−1) and Band Assignments of
Mg2P2O7 ·nH2O (n = 6, 2, 0)

Mg2P2O7 · 6H2O Mg2P2O7 · 2H2O αMg2P2O7 αMg2P2O
IR (25◦C) IR (210◦C) IR (665◦C) IR [27, 28] Assignment

3563 m
3496 s νOH + νH2O
3465 b 3478 m
3364 m 3341 s
3222 m 3203 s
3109 m
1668 m 1525 b δH2O
1651 b

1209 bs 1211
1179 s 1184 s 1187 bs 1193 νas PO3 + νs PO3
1148 vs 1163 vs 1128 bs 1138
1110 s 1102 b 1102 vs 1118
1034 m 1056 m 1105

1052 s 1081
924 s 926 s 980 s 982 νas POP
856 bm 808 b H2O Libration
760 m 761 m 755 b 761 νs POP

745 m 740
635 w 647 w 636 b 638 ρH2O
586 w 622 w 585 vs 587 δPO3
574 w 598 bs 558 s 558
568 w 587 sb 505 w 509
561 s 584 s 450 s 457
498 w 557 b 437
485 w 546 s
467 w 487 b
452 w 471 w

463 m

TABLE IV Values of the POP Angle in Mg2P2O7 ·nH2O (n= 6, 2, 0)

Mg2P2O7 · 6H2O Mg2P2O7 · 2H2O αMg2P2O7

νas POP (cm−1) 924 926 980
νs POP (cm−1) 760 761 745
100 1 9.74 9.78 13.62
POP(◦)exp. 125.615 125.713 1441

POP(◦)* 125.2* 125.3* 143*

*this work, exp.: experimental.
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and the plot given by A. Rulmont et al.30 The numerical values are
presented in Table IV.

The parameter (100 1) observed for these three salts corresponds
respectively to a calculated POP angle values, which differs only slightly
from the experimental values.1,13,15

CONCLUSION

The Mg2P2O7 · 6H2O was synthesized by an ion-exchange resin method
and characterized by thermal analysis, x-ray powder diffraction, and in-
frared spectroscopy. Infrared spectrum of this salt was interpreted. The
dehydration and phase transition of Mg2P2O7 · 6H2O can be described
by the scheme

Mg2P2O7 · 6H2O(25–260◦C)→ Mg2P2O7 · 2H2O(260–600◦C)

→ amorphousMg2P2O7(600–800◦C)

→ αMg2P2O7 (2)

EXPERIMENTAL

Synthesis

The starting materials were “analytically pure.” An aqueous solution
of Na4P2O7 (0.1 M) passed through an ion-exchange resin “Amberlite
IR 120,” the diphosphoric acid H4P2O7 thus obtained is immediately
neutralised by a solution of Mg carbonate (0.1 M). After filtration, the
limpid solution was kept for three days, the solid phase that formed
was filtered by squeezing under a press and finally dried in air to give
the title salt.

Investigation

All x-ray diffractograms were recorded on a D-5000 Siemens diffrac-
tometer calibrated with external silicon standard using the Cu Kα
line (λ kα = 1.5411 Å). Infrared spectra were recorded on a Perkin
Elmer 16 PC FTIR 132 spectrophotometer, using the KBr disc method.
Thermogravimetric investigations were performed at atmospheric pres-
sure with a 40 mg sample in platinum crucibles in the range 25–800◦C
using the SETERAM TG-DSC 111 equipped with Epson calculator. The
sample was heated in argon with a 5◦C/mn heating rate.
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