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Equilibrium Diagram

The assessed Li-Sn phase diagram is given in Fig. 1, and a de-
tailed section of this diagram is shown in Fig. 2. Special points
of the diagram are presented in Table 1.

The phase diagram has been investigated by thermal analysis
over the entire composition range [10Mas, 32Bar, 34Gru] and
in a restricted composition range [79Bai]. Liquidus data have
been obtained also by emf measurements [66Fos, 81Wen] and
solubility measurements [82Dad].

Four eutectics have been reported for this system. The Li-
side eutectic temperature was found to be 175 °C [10Mas],
179 °C [34Gru], or 183.3 °C [82Dad]. The eutectic composi-
tion was reported by all investigators [10Mas, 34Gru,
82Dad] to be ≈0 at.% Sn. In the most recent and precise de-
termination [82Dad], there was no detectable difference (+/−
0.1 °C) between the Li freezing point and the eutectic tem-
perature. The solubility of Sn in Li was measured in the range
306 to 472 °C [82Dad], who reported the following expres-
sion for the solubility:

ln XSn = 4.742 – 6794/T (Eq 1)

579  ≤ T(K) ≤ 745

Extrapolation of this equation gives a eutectic composition of
approximately 0.004 at.% Sn at the freezing point of Li. On the
assumption of zero solid solubility at this point, a simple ther-
modynamic calculation indicates that the eutectic temperature
lies 0.02 K below the Li freezing point.

The second, high-temperature eutectic was reported to be 752
°C, 20.5 at.% Sn [34Gru]. The third, intermediate eutectic was
reported to be 458 °C, 37 at.% Sn [10Mas]; 458 °C, 35 at.% Sn
[32Bar]; 470 °C, 43 at.% Sn [34Gru]; 469 °C, 43 at.% Sn
[79Bai]; and 470 °C, 43 at.% Sn [81Wen]. The Sn-side eutectic
was reported to be 214 °C, 95 at.% Sn [10Mas]; 214 °C, 94
at.% Sn [32Bar]; and 222 °C, 95 at.% Sn [34Gru].

The solubility of Li in solid Sn was determined at 200 °C
from hardness curves and other methods [38Jen] and was re-
ported to be less than 0.1 at.% (this is consistent with the fact
that electric conductivity measurements of an alloy of 99
at.% Sn [34Gru] showed a distinct change of slope at 220 °C,
that is, the eutectic temperature). On the assumption of zero
solid solubility, the theoretical liquidus compositions would
be: at 214 °C, 94 at.% Sn; at 222 °C, 96.6 at.% Sn. The
liquidus data near this eutectic [10Mas, 32Bar, 34Gru] are

too scattered to locate the eutectic more precisely. Thus, a
mean value of 218 °C, 95 at.% Sn was chosen for the as-
sessed phase diagram.

The reasons for the locations of the phase boundaries in the as-
sessed phase diagram are given after the following discussion
of intermediate compounds.

Li22Sn5 was prepared by direct reaction of the elements
[64Gla] and was characterized by its powder x-ray pattern
[64Gla]. Its range of homogeneity at 415 °C was found to be
1.2 at.% Sn, from 17.9 to 19.1 at.% Sn [80Wen, 81Hug] from
emf/coulometric titration measurements. Its congruent melt-
ing point, deduced from the liquidus data of [34Gru] is 758 °C
(Fig. 2).

“Li 4Sn” was thought to melt congruently at 684 °C [32Bar]
or 765 °C [34Gru]. It is probable that “Li4Sn” (20 at.% Sn)
was mistaken for Li22Sn5 (18.5 at.% Sn).

Li 7Sn2 was prepared by direct reaction of the elements
[34Gru, 75Fra2] and melts congruently at 783 °C [34Gru]. It
was characterized by its x-ray single-crystal pattern
[75Fra2]. According to emf/coulometric titration measure-
ments [80Wen, 81Hug], its homogeneity range at 415 °C is
1.4 at.% from 21.5 to 22.9 at.% Sn. Thermal analysis data
[34Gru, 79Bai] establish the high-temperature homogeneity
range; at 715 °C, it extends as far as 24 at.% Sn (Fig. 2).

Li 13Sn5 was prepared from direct reaction of the elements
[75Fra3] and was characterized by its x-ray single-crystal pat-
tern [75Fra3, 81Wen]. Its range of homogeneity at 415 °C is
0.5 at.% [80Wen, 81Hug] as determined by emf/coulometric
titration measurements. It melts incongruently at 716 °C at a
peritectic composition of 30 at.% Sn [79Bai].

Li 5Sn2 was prepared by direct combination of the elements
[75Fra1] and was characterized by its x-ray single-crystal
pattern [75Fra1]. It melts incongruently at 720 °C [34Gru] or
698 °C [79Bai], at a peritectic composition of 28 at.% Sn
[34Gru] or 31 at.% Sn [79Bai]. Its range of homogeneity at
415 °C is 1.0 at.% [80Wen, 81Hug], according to emf/cou-
lometric titration measurements.

Li 7Sn3 was prepared by direct reaction of the elements
[74Mul] and characterized by the x-ray single-crystal pattern
[74Mul]. It melts incongruently at 500 °C [79Bai]. A peritectic
at 502 °C, 58.3 at.% Sn observed by [34Gru] and attributed by
them to “Li2Sn,” probably corresponds to Li7Sn3.
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“Li 3Sn2” was thought to melt congruently at 465 °C [10Mas]
or 483 °C [32Bar].  This compound was not reported in other
work [34Gru, 79Bai]  and was  shown  not to be present  at
415 °C [81Wen] as shown by emf/coulometric titration
measurements. It is probable that the reported “melting
points” of this compound [10Mas, 32Bar] were misinterpre-
tations of the intermediate eutectic (458 to 470 °C).

LiSn was prepared by direct combination of the elements
[34Gru, 73Mul, 79Bai] and was characterized by its single-
crystal x-ray pattern [73Mul]. Its congruent melting point was
reported to be 485 °C [34Gru], 488 °C [81Wen], and 486 °C
[79Bai]. Its homogeneity range at 415 °C is 1.9 at.% [80Wen,
81Hug], as measured by emf/coulometric titration.

Li 2Sn5 was prepared by direct reaction of the elements
[69Han] and was characterized by its single-crystal x-ray pat-
tern [69Han]. It was reported to melt incongruently at 319 °C
[10Mas], at a peritectic composition of 76.5 at.% Sn. Peritec-
tics observed at 320 °C, 79 at.% Sn [32Bar] and 326 °C, 78
at.% Sn [34Gru] were incorrectly assigned to “LiSn4” and
“LiSn2,” respectively.

The general shape of the liquidus in Fig. 1 is based on the data
of [34Gru], while the number and identity of intermediate
compounds are based on the more recent evidence. The Li-side
liquidus is not well defined. It is drawn to respect the results of
solubility measurements [82Dad] rather than those of thermal
analysis [32Bar, 34Gru], but the position of the boundary is in
doubt. In the interval 24 to 32 at.% Sn, the diagram is drawn
with greater weight given to the most recent data [79Bai].

Crystal Structures and Lattice
Parameters

The crystal and lattice parameter data are summarized in Ta-
bles 2 and 3.

Li 22Sn5 is isostructural with fcc Li22Pb5 [64Gla] with 16 for-
mula units in the unit cell [Pearson3]. Li7Sn2 is orthorhombic,
isostructural with Li7Ge2 and similar to Li7Pb2 [75Fra2].
Li 13Sn5 is trigonal, with an ordered bcc derivative structure
[75Fra3]. Li5Sn2 is trigonal/rhombohedral, similar to idealized
trigonal/rhombohedral Li2Si and hexagonal Li9Ge4 [75Fra1].

Table 1 Special Points of the Assessed Li-Sn Phase Diagram

Compositions of the respective phases, Temperature, Reaction
Reaction at.% Sn °C type

L ↔ (βLi) ......................... 0 180.6 Melting 
L ↔ (βLi) + Li 22Sn5 ........ 0 0 18.5 180.6 Eutectic
L ↔ Li22Sn5 ..................... 18.5 758 Congruent
L ↔ Li22Sn5 + (Li7Sn2) .... 20.3 18.5 22.2 752 Eutectic
L ↔ Λι7Sn2 ...................... 22.2 783 Congruent
L + (Li7Sn2)  → Li13Sn5.... 29.5 24.0 27.8 716 Peritectic
L + Li13Sn5 → Li5Sn2....... 31.1 27.8 28.6 698 Peritectic
L + Li5Sn2 → Li7Sn3 ........ 28.6 30.0 502 Peritectic
L ↔ Li7Sn3 + LiSn........... 43 30 50 470 Eutectic
L ↔ ΛιΣν ........................ 50 487 Congruent
L + LiSn → Li2Sn5........... 50 71.4 320 Peritectic
L ↔ Λι2Sn5 + (βSn) ........ 95 71.4 100 214 Eutectic
L ↔ (βSn) ........................ 100 231.9681 Melting

Table 2 Li-Sn Crystal Structure Data

Composition, Pearson Space Strukturbericht
Phase at.% Sn symbol group designation Prototype Reference

(αLi)(a)....................... 0 hP2 P63/mmc A3 Mg [Massalski2]
(βLi)............................ 0 cI2 Im3m A2 W [Massalski2]
(Li22Sn5) ..................... 17.9 to 19.1 cF432 F23 … Li22Pb5 [64Gla]
(Li7Sn2)....................... 22.2 to 24.0 oC36 Cmmm … Ge2Li7 [75Fra2]
(Li13Sn5) ..................... 27.5 to 28.0 hP18 P3m1 … Li13Sn3 [75Fra3]
(Li5Sn2)....................... 28.1 to 29.1 hR7 R3m D8g B5Mo2 [75Fra1]
(Li7Sn3)....................... 29.7 to 30.3 mP20 P21/m … Li7Sn3 [74Mul]
LiSn ............................ 49.5 to 50.5 mP6 P2/m … LiSn [73Mul]
Li2Sn5 ......................... 71.4 tP14 P4/mbm … Hg5Mn2 [69Han]
(αSn)(c) ...................... 100 cF8 Fd3m A4 C(b) [Massalski2]
(βSn)........................... 100 tI4 I41/amd A5 Sn [Massalski2]

(a) <72 K. (b) At 415 °C [80Wen, 81Hug]. (c) <18 °C.
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Li7Sn3 is monoclinic, a variant of the bcc structure [74Mul].
LiSn is monoclinic and is not isostructural with LiGe or LiPb
[73Mul]. Li 2Sn5 is tetragonal, isostructural with Hg5Sn2; the
basic building unit of this structure is a pentagonal prism with
two atoms at the extended poles [69Han].

Thermodynamics

Earlier data on liquid Li-Sn solutions were reviewed by
[75Smi]. The excess chemical potential of Li in solution has
been determined by emf measurements in the overall ranges 0

Fig. 1 Assessed Li-Sn phase diagram. Although ranges of homogeneity have been reported for some of the intermediate phases, the ranges
refer to a single temperature and are neglected in this diagram.
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to 100 at.% Sn and 360 to 850 °C [66Fos, 72Mor, 77Sab,
79Yat, 81Wen, 86Mos]. The vapor pressure of Li-Sn solutions
was determined by the transpiration method at 1200 °C [72Fis]
and by the Knudsen effusion method at 700 and 850 °C
[71Bar]. The enthalpy of mixing of Li-Sn solutions was meas-
ured by direct high-temperature calorimetry in the interval 418
to 665 °C [86Mos]. All results indicate that both ∆H and GE of
liquid Li-Sn solutions are strongly negative and highly skewed
toward the Li extreme (Fig. 3). This suggests strong Li-Sn in-
teraction in the solution, and this is corroborated by neutron
diffraction [84Alb] and electrical resistivity [82Mar] measure-
ments.

Standard thermodynamic properties of formation of Li-Sn
compounds have been determined from emf measurements
[66Fos, 81Wen], by  solution calorimetry [82Som],  and  by
direct calorimetry [38Kub, 56Kub]. The  most recent  emf-
derived data [81Wen] are probably the most reliable and are
summarized in Table 4. The other data [38Kub, 56Kub,
66Fos, 82Som] are in fair agreement with those of [81Wen].
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