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Solid state synthesis: 
Ce1-xGdxO2-x/2 

(x=0.1 to 0.9 at 0.1 intervals) 
T=1400°C

48h 

Objective

Conclusions

Synthesis

Rare earth-doped ceria has been the subject 
of thorough research as an electrolyte for 
solid oxide fuel cells (SOFC) due to its 
exceptional ionic conductivity. Gd-doped 
ceria (GDC) has demonstrated superior 
performance in this field compared to the 
frequently utilized Y-stabilized zirconia (YSZ). 
Elevated temperatures during the process of 
synthesis and application could potentially 
result in the selective evaporation of the 
components in the examined system. The 
knowledge of vapour composition as well as 
thermodynamic properties of the system is 
useful to predict the behavior of material in 
such conditions.

Mass spectrometer МS-1301
Electron ionization, 30 эВ
Twin tungsten effusion cell
Heating of the cell – 
electron bombardment
Optical pyrometer EOP-66

Relation between pressure and 
ionization current:
 𝑝𝑝 = 𝑘𝑘

𝜎𝜎
𝐼𝐼𝐼𝐼 

( ⁄𝑘𝑘 𝜎𝜎 is constant for a specie during one experiment)

Activities:

𝑎𝑎 𝐶𝐶𝐶𝐶𝑂𝑂2 = 𝑝𝑝(𝐶𝐶𝐶𝐶𝑂𝑂2)
𝑝𝑝𝑝(𝐶𝐶𝐶𝐶𝑂𝑂2)

= 𝐼𝐼 𝐶𝐶𝐶𝐶𝑂𝑂2
𝐼𝐼° 𝐶𝐶𝐶𝐶𝑂𝑂2

ln𝑎𝑎(𝐺𝐺𝑑𝑑2𝑂𝑂3) =
− ∫𝑥𝑥(𝐺𝐺𝑑𝑑2𝑂𝑂3)=1

𝑥𝑥(𝐺𝐺𝑑𝑑2𝑂𝑂3)=𝑥𝑥 𝑥𝑥(𝐶𝐶𝐶𝐶𝑂𝑂2)
𝑥𝑥(𝐺𝐺𝑑𝑑2𝑂𝑂3)

𝑑𝑑 ln𝑎𝑎(𝐶𝐶𝐶𝐶𝑂𝑂2) 

Thermodynamic functions:
∆𝐺𝐺𝑚𝑚 = ∑𝑖𝑖 𝑥𝑥𝑖𝑖∆𝜇𝜇𝑖𝑖𝑚𝑚 = 𝑅𝑅𝑅𝑅∑𝑖𝑖 𝑥𝑥𝑖𝑖ln𝑎𝑎𝑖𝑖
∆𝐺𝐺𝐸𝐸 = ∑𝑖𝑖 𝑥𝑥𝑖𝑖∆𝜇𝜇𝑖𝑖𝐸𝐸 = 𝑅𝑅𝑅𝑅∑𝑖𝑖 𝑥𝑥𝑖𝑖ln𝛾𝛾𝑖𝑖
𝜕𝜕ln 𝑎𝑎i
𝜕𝜕1/𝑇𝑇 𝑝𝑝,𝑥𝑥𝑖𝑖

= ∆𝐻𝐻𝑖𝑖
𝑚𝑚

𝑅𝑅
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Meas. data:Sr2CeO4
perovskite (Sr, Ce), syn, strontium cerate(IV)
Strontium Hydroxide Hydrate
Strontium Oxide
Strontium Hydroxide

In
te

ns
ity

 (c
ps

)

          0

       5000

      10000

      15000

      20000

2-theta (deg)

20 40 60 80

perovskite (Sr, Ce), syn, strontium cerate(IV)
Strontium Hydroxide Hydrate
Strontium Oxide
Strontium Hydroxide

∆𝐻𝐻𝑖𝑖𝑚𝑚 ≈ 0

∆𝐺𝐺𝐸𝐸 = 𝐴𝐴𝑥𝑥1𝑥𝑥2 Strictly regular
∆𝐺𝐺𝐸𝐸 = 𝐴𝐴1𝑥𝑥1 + 𝐴𝐴2𝑥𝑥2 𝑥𝑥1𝑥𝑥2 Subregular
∆𝐺𝐺𝐸𝐸  = 𝑅𝑅𝑅𝑅𝑥𝑥1𝑥𝑥2 ∑03 𝐶𝐶𝑛𝑛 𝑥𝑥1 − 𝑥𝑥2 𝑛𝑛 Redlich&Kister

∆Gmin
m [kJ/mol]= 116.96 ±0.51 r Å −126.17±0.45

Vapour composition

Ion (m/z) Molecule

CeO+(156) CeO, CeO2

CeO2
+(172) CeO2

GdO+(176) GdO
CeO+e-=CeO++2e-

CeO2+e-=CeO2
++2e-

CeO2+e-=CeO++O+2e-
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The approximation of experimental results

r=0.917

Comparison with similar CeO2-containing systems: 
the possibility to predict thermodynamic properties 

(2150 K)

Theoretical phase diagram of the CeO2-Gd2O3 system 
compared to experimental results4

The dependence of activities CeO2 (black), 
Y2O3 (red) on ceria mole fraction3

The dependence of CeO2 (black), ZrO2 (red) 
activities on ceria mole fraction2

r=0.994

r=0.602

xCeO2―(1-x)Gd2O3

CeO2

The dependence of CeO2, Gd2O3 activities on 
ceria mole fraction at 2150 K with different 

structure solid solution boundaries1

The dependence of ∆Gm and 
∆GE on ceria mole fraction at 

2150 K

∆Gm minimum 
at:

Activities do not depend on 
temperature:
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Introduction

KEMS method

Main equations
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(C-structure)
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∆Gmin
m  –  is the 

value of minimum 
∆Gm in the system 
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r – is the Shannon 
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