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Summary 

Binary gas mixtures provide a basis for the investigation of the thermal conductivity behavior and create 
a starting point for extending the analysis to more complex gas mixtures. Nonlinear behavior already 
appears in fundamental binary gas mixtures, indicating that even simple systems exhibit complex com-
position-dependent interactions. Improved prediction of these nonlinearities enables enhanced simula-
tion and calibration of thermal conductivity detectors. 
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Introduction 

Precise theoretical prediction of the properties 
for gas mixtures is challenging because intermo-
lecular interactions depend on the molecular 
model, temperature, and pressure, and deter-
mine the energy transfer between translational 
and internal degrees of freedom [1]. Therefore, 
the thermophysical properties of each pure com-
ponent in the binary gas mixture are analyzed to 
assess its influence on transport and thermal be-
havior. Even in binary mixtures of monatomic 
gases, nonlinear thermal conductivity behavior is 
observed. Consequently, the concentration-de-
pendent nonlinearity of the thermal conductivity 
of binary gas mixtures requires experimental de-
termination, as a precise theoretical prediction 
remains complex, but is crucial to understand 
more complex gas mixtures, e.g. air. In this pa-
per, the binary gas mixtures of Ne-Ar, Ne-N2 and 
Ar-N2 are considered, enabling a fundamental in-
vestigation of the nonlinearity. 

Experimental method 

Most advanced, precise gas measurements via 
thermal conductivity are based on variations of 
the hot-wire method. This method uses a simple 
and robust tungsten wire as a thermal conductiv-
ity detector (TCD), which simultaneously serves 
as a heating element and temperature sensor, 
configured as Wheatstone half bridge. The 
TCD’s reference elements adjust to the ambient 
gas temperature, thus compensating for 

temperature influences. Since cross-sensitivity 
to temperature and humidity affects thermal con-
ductivity, this was additionally measured to as-
sess its potential for use in compensation. The 
schematic of the TCD measurement for a con-
trolled binary gas mixture is shown in Fig. 1. The 
increased measurement requirements are met 
by the lock-in amplifier principle, which are com-
posed of an advanced, compact microcontroller 
electronic and a benchtop lock-in amplifier. 

 

Fig. 1. TCD measurement setup for controlled bi-
nary gas mixture measurements. The mixed gas is 
passed through a 10 m long extended thermalization 
unit to both measurement chambers with an additional 
temperature/humidity sensor ScioSense (ENS210), 
which are located inside the climate chamber. The 
TCDs operate through a microcontroller electronic 
and a lock-in amplifier (Zurich Instruments HF2LI) with 
external voltage follower and a 1 Ω shunt-resistor for 
current measurement. 
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Results 

Literature values on the nonlinear behavior of the 
binary gas mixtures Ne-Ar, Ne-N2 and Ar-N2 

were compiled from various sources [1,2], as no 
systematic compilation exists that considers the 
influence of temperature. Therefore, Ne-Ar, Ne-
N2 and Ar-N2 measurements were performed to 
investigate the influence of the nonlinear behav-
ior at 25 °C and 38 °C for atmospheric pressure. 
The bridge voltage measurement using constant 
gas steps was carried out to determine the non-
linear behavior of the noble gases Ne–Ar 
(Fig. 2). 

 

Fig. 2. Nonlinear behavior of Ne-Ar gas steps at 
25 °C and 38 °C with 0 % RH. The TCDs were driven 
via the microcontroller electronic (µC) and the lock-in 
amplifier (ZI). 

The nonlinear behavior is determined by dividing 
the bridge voltage difference by the correspond-
ing linear gas concentration factor. The relation-
ship at 25 °C and 38 °C shows a nonlinear in-
crease up to a factor of 1.4. The pronounced 
nonlinearity results from the large difference in 
the thermal conductivity of Ne-Ar, with a ratio of 
49:17.7. The binary gas mixtures of Ne–N2 
(Fig. 3) show a similar nonlinearity as Ne–Ar. 

 

Fig. 3. Nonlinear behavior of Ne-N2 gas steps at 
25 °C and 38 °C, which are compared with the litera-
ture of Barua [2] at 30 °C and 45 °C. 

The difference in the thermal conductivity of Ne 
and N2 (49:25.8) increases up to a factor of 1.45. 
The literature data of Barua [2] are below the 
measured values and exhibit irregular behavior. 
The binary gas mixtures of Ar–N2 (Fig. 4) show 
a lower nonlinear behavior as observed for Ne. 

 

Fig. 4. Nonlinear behavior of Ar-N2 gas steps at 
25 °C and 38 °C, which are compared with the litera-
ture of Srivastava and Srivastava [1] at 38 °C. 

The difference in the thermal conductivity of Ar 
and N2 (17.7:25.8) increases nearly linearly up to 
a factor of 1.1, whereas the literature data of 
Srivastava  and Srivastava [1] reach up to 1.25, 
with a significantly steeper increase. The two 
readout electronics are located close together 
and the small temperature difference between 
25 °C and 38 °C with atmospheric pressure is for 
the gas combinations not noticeable. 

Conclusion 

The experimental results of the binary gas mix-
tures for Ne-Ar, Ne-N2 and Ar-N2 at 25 °C and 
38 °C with atmospheric pressure show a pro-
nounced concentration-dependent nonlinearity. 
The nonlinear behavior for Ne-Ar and Ne-N2 can 
be attributed to the larger thermal conductivity 
difference. The marked nonlinearities in binary 
gas mixtures indicate that simple linear models 
are inadequate for accurately describing the 
physical behavior, which is a critical factor for the 
accurate calibration and reliable operation of 
TCDs. 

References 

[1] B. N. Srivastava, R. C. Srivastava; Thermal Con-
ductivity and Eucken Correction for Diatomic 
Gases and Binary Gas Mixtures. J. Chem. 
Phys. 1 May 1959; 30 (5): 1200–
1205. https://doi.org/10.1063/1.1730155 

[2] A.K. Barua. „Thermal conductivity and Eucken 
type correction for binary mixtures of N2 with 
some rare gases“. In: Physica 25.7–12 (Jan. 
1959), S. 1275–1286. issn: 0031-8914. doi: 
10.1016/0031-8914(59)90049-7. 

1.0 0.8 0.6 0.4 0.2 0.0

1.0

1.1

1.2

1.3

1.4

S
e

n
s
o

r 
re

s
p

o
n

s
e

 (
a
.u

.)

Ne-Ar-concentration

 M1 µC 25°C

 M2 µC 25°C

 M3 µC 25°C

 M1 ZI 25°C

 M2 ZI 25°C

 M3 ZI 25°C

 M1 µC 38°C

 M2 µC 38°C

 M3 µC 38°C

 M1 ZI 38°C

 M2 ZI 38°C

 M3 ZI 38°C

Meas. 25 °C & 38 °C

1.0 0.8 0.6 0.4 0.2 0.0

1.0

1.1

1.2

1.3

1.4

1.5

S
e

n
s
o

r 
re

s
p

o
n

s
e

 (
a

.u
.)

Ne-N2-concentration

 M1 µC 25°C

 M2 µC 25°C

 M3 µC 25°C

 M1 ZI 25°C

 M2 ZI 25°C

 M3 ZI 25°C

 M1 µC 38°C

 M2 µC 38°C

 M3 µC 38°C

 M1 ZI 38°C

 M2 ZI 38°C

 M3 ZI 38°C

 Lit exp 30°C

 Lit cal 30°C

 Lit exp 45°C

 Lit cal 45°C

Meas. 25 °C & 38 °C

Lit. 30 °C & 45 °C

1.0 0.8 0.6 0.4 0.2 0.0

1.0

1.1

1.2

1.3

S
e

n
s
o

r 
re

s
p

o
n

s
e

 (
a

.u
.)

Ar-N2-concentration

 M1 µC 25°C ↑
 M1 µC 25°C ↓
 M2 µC 25°C ↑
 M2 µC 25°C ↓
 M3 µC 25°C ↑
 M3 µC 25°C ↓
 M1 ZI 25°C ↑
 M1 ZI 25°C ↓
 M2 ZI 25°C ↑
 M2 ZI 25°C ↓
 M3 ZI 25°C ↑
 M3 ZI 25°C ↓
 Lit exp 38 °C

 Lit cal 38 °C

 M1 µC 38°C ↑
 M1 µC 38°C ↓
 M2 µC 38°C ↑
 M2 µC 38°C ↓
 M3 µC 38°C ↑
 M3 µC 38°C ↓
 M1 ZI 38°C ↑
 M1 ZI 38°C ↓
 M2 ZI 38°C ↑
 M2 ZI 38°C ↓
 M3 ZI 38°C ↑
 M3 ZI 38°C ↓

Lit. 38 °C

Meas. 25 °C & 38 °C

EUROSENSORS 2026 559

DOI 10.5162/eurosensors2026/Mo−PHS−08

https://doi.org/10.1063/1.1730155

