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C6F12O has good insulating properties and has the potential to be used as an

insulating medium in gas-insulated equipment. Previous researches show that

thermodynamic properties and transport parameters can reflect the

microscopic properties of plasma and evaluate the physical properties of gas

during gas discharge. In this paper, the thermodynamic and transport properties

of C6F12O are calculated based on LTE conditions. According to the type of

particles participating in the reaction and the thermal parameters, the number

density of particles, the thermodynamic properties and transport parameters in

the range of 300–30000 K are calculated. The results show that the

conductivity of C6F12O is higher than that of CO2 and N2 at lower

temperatures, which is consistent with the properties of most

electronegative gases. The thermal conductivity of C6F12O has distinct peaks

at 3500, 5500 and 16000 K, respectively. The calculation results can provide a

data basis for the subsequent calculation of breakdown and interruption

characteristics, which is significant to the design and development of gas

insulating equipment.
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Introduction

Gas insulation medium has the advantages of safety, reliability, long maintenance

period and without aging, therefore, it plays a major role in the field of high voltage

insulation (Xiao, 2016). Among various insulating gas media, SF6 is widely used in

electrical insulation equipment. Its insulation strength in uniform electric field is more

than 2.5 times that of air (Tian et al., 2019a). Besides, it can recombine under the high

temperature arc has excellent arc extinguishing performance. In terms of performance,

SF6 is a gas medium with excellent insulation, however, its global warming potential

(GWP) of 23,500 can not be ignored (Hou et al., 2019; Zhang et al., 2020a). With the

continuous development of the power industry, the content of SF6 in the global

atmosphere has increased by 20% in the past 5 years, which has a harmful impact on

the environment. If it is left alone, it may cause the global average temperature to increase
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by 4°C or more until 2100 (Zhang et al., 2017a; Obama, 2017).

Therefore, it is urgent to find an environmentally friendly

insulating gas.

C6F12O is non-toxic and nonflammable, which is in focus due

to the original application of extinguishing agent (Linteris et al.,

2013). The molecular structure is shown in Figure 1. Further

research shows that its insulation performance is more than twice

that of SF6 and the GWP value is close to 1, which has little

impact on the environment. However, the liquefaction

temperature of C6F12O is high, which needs to be mixed with

buffer gas to meet the application requirements (Zhang et al.,

2017b; Tian et al., 2018; Tian et al., 2019b; Wang et al., 2020a).

At present, the research on the related properties of

C6F12O has made preliminary progress. In 2014, the

experimental studies conducted by ABB show that the

mixture of C6F12O and air or CO2 has similar insulation

performance to SF6 under AC voltage and lightning

impulse voltage (Mantilla et al., 2014). In recent years,

some progress has been made in the domestic research on

the insulation and decomposition properties of C6F12O. In

2017, Zhang et al. were the first to study the influence of the

mixing ratio on the power frequency breakdown

characteristics of C6F12O/N2 mixture through experiments.

The results show that the power frequency breakdown

performance of 3% C6F12O/N2 is 1.7 times that of pure N2

under 0.1 MPa, which is very close to that of to N2 after adding

10% SF6 (Tian et al., 2018). Under this condition of pressure

and mixing ratio, the products are mainly CF4, C2F6, C3F8,

C4F10 and C5F12 after breakdown. When the buffer gas is CO2,

the breakdown voltage of 3% C6F12O/CO2 mixture at

0.1–0.2 MPa is slightly higher than that of 10% SF6/CO2

mixture (Tian et al., 2019c). In further research, the team

also studied the partial discharge characteristics of C6F12O/

CO2 mixture. Both the initial voltage and extinction voltage

are positively correlated with the mixing ratio, and they are

greatly influenced by the mixing ratio under the higher the

pressure (Zhang et al., 2017b). In addition to the

characteristics of the breakdown and decomposition, the

team also studied thermal decomposition characteristics of

C6F12O (Yi et al., 2019). The results show that decomposition

products are mainly CF4, C2F6, C3F8, C3F6 and C5F12 at high

temperatures. For the compatibility of C6F12O and metal,

existing studies have shown that the compatibility of

C6F12O-air with aluminum is better than that of copper

(Pan, 2021a; Pan, 2021b; Chen and Pan, 2022a; Chen and

Pan, 2022b; Pan, 2022).

From a theoretical level, in 2020, Tian et al. calculated the

total electron collision ionization cross section of the C6F12O

molecule to evaluate its dielectric strength by using the Deutsch-

Märk formula (Tian et al., 2019b). In 2019, Tang et al. analyzed

its bond energy and bond angle in detail from the molecular level,

then, its thermal stability was preliminarily revealed (Tang et al.,

2019). In 2020, Zhong et al. comprehensively analyzed the

decomposition mechanism of C6F12O through advanced

quantum chemical calculations of DFT and TST on the basis

of experimental research (Wang et al., 2020b). In 2021, Rao et al.

calculated the formation process of C6F12O decomposition

products based on DFT, which explained the formation

process of decomposition products from a theoretical level

(Rao et al., 2021).

The above theoretical and experimental researches on the

insulation and decomposition characteristics of C6F12O have

been carried out in a deeply study. Thermodynamic and

transport parameters can be used to evaluate the interruption

and breakdown characteristics of gas insulating media, now,

some relevant calculations have been made in the study of

other environmentally friendly insulating media (Zhang et al.,

2020b; Zhang et al., 2020c). In this paper, the thermodynamic

properties and transport parameters in the range of

300K–30000 K are calculated, which can provide a theoretical

basis for the design and development of gas insulation equipment

filled with C6F12O and buffer gases.

Calculation method

Based on the assumption that C6F12O is in local

thermodynamic equilibrium (LTE), it is assumed that the

discharge is in an ideal gas environment. Based on the

partition function of each particle, the law of mass action, the

law of partial pressure of Dolton, the ionization equation and the

dissociation equation, electric neutrality, and atomic

conservation are combined to calculate the number density of

each particle. Then, various thermodynamic parameters can be

obtained directly by using standard thermodynamic relations

(Wang et al., 2011). The transmission of particle mass,

momentum, and energy in the plasma can be described by the

Boltzmann equation, therefore, the transport coefficients can be

obtained by the Chapman-Enskog expansion of this equation

(Wang et al., 2012).

Specifically, the law of mass action is that the rate of

chemical reaction is proportional to the effective mass of the

FIGURE 1
Molecular structure of C6F12O.
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reactants. The law of partial pressure of Dolton is that the

partial pressure in a gas mixture is equal to the pressure when

it occupies the entire region alone at the same temperature,

and the sum of the pressures of the components in the mixture

is the mixture’s pressure. The Saha ionization equation and

Guldberg-Waage dissociation equation indicates that the

atomic concentration and ion concentration are keep

balance depending on ionization and recombination, which

are calculated through formula (1) and (2).

ne(T) · n(z+1)+(T)
nz+(T) � Qint

e · Qint
(z+1)+(T)

Qint
z+ (T)

· (2πmekbT

h2
)3

2

exp( − Eion

kbT
) (1)

nA(T) · nB(T)
nAB(T) � Qint

A · Qint
B (T)

Qint
AB(T)

· (mA ·mB

mA +mB
)3

2

· (2πkbT
h2

)3
2

exp( − Edis

kbT
) (2)

Qint is the internal partition function of the particle. ni is the

number density of the particle, me is the mass of the electron, Kb

is the Boltzmann constant, h is the Planck constant and Eion is

the ionization energy of the particle. mA, mB, and mAB are the

masses of the particles and Edis is the dissociation energy.

For the partition function of a particle, it is significant in

the calculation. It is the sum of the Boltzmann factors of its

possible states in the system, which reflects the structural

characteristics and thermal parameters of the particle.

According to the molecular structure of C6F12O and

preliminary research, C6F12O may decompose to a variety

of different particles after discharge, which can be divided into

monatomic and polyatomic particles to calculate the partition

function, respectively. There are 13 kinds of monatomic

particles: C, C−, C+, C2+, O, O−, O+, O2+, F, F−, F+, F2+, e.

Diatomic particles are 12 types: C2, C2
−, F2, F2

+, O2, O2
−, O2

+,

CF+, CF, FO, CO, CO+. Polyatomic particles are 34 types: C3,

CF2, CF2
+, CO2, CFO, F2O, C2O, FO2, F2O2, C4, C5, C2F, C2F2,

CF3, C2F4, C3F, C3F4, C3F6, C3F6O, C3O2, CF4, C2F6, C2F6O,

CF2O, CF4O, C3O2, C3F8, C3F7, C4F8O, C4F10O, C5F8, C5F10,

C5F10O, C6F12O.

The calculation methods of different types of particles are

slightly different for the partition function. The atoms can be

directly calculated according to Formula 1. In the formula:Qint
i is

the internal partition function of particle i; gn is the degeneracy of

the nth electron energy level; εn is the energy value of the nth

electron energy level.

Qint
i � ∑

n

gn exp( − εn
kbT

) (3)

When calculating the partition function of diatomic particles,

the vibrational energy level and the rotational energy level also

need to be considered except the electronic excitation energy

level, as shown in Formula 4.

Qint
i � Qel

i · Qvib
i · Qrot

i

� 1
σ
∑
Te

⎧⎨⎩ge exp( − Te

kbT
) ∑vmax

v

⎛⎝gv exp( − Gv(Te)
kbT

)
∑Jmax

J

(gJ exp( − Fv(J)
kbT

))⎞⎠⎫⎬⎭ (4)

Where Qel
i is the electron internal partition function of particle i,

Qvib
i is the oscillation partition function of particle i, Qrot

i is the

rotational partition function of particle i, Te is the excitation

energy level of the particle, v is the vibrational energy level of the

particle, and J is the particle vibration energy level. The spectral

data involved can be obtained from the NIST database.

For the calculation of the partition function of polyatomic

particles needs to be divided into linear particles and nonlinear

particles. During the calculation, some required vibration

parameters and rotation parameters can be found in the

JANAF thermochemical data manual. In addition, for the

macromolecular particles CF4O, C4F8, C4F10O, C6F12O, C5F8,

C5F10, C5F10O, C2F6O and C3F6O, the models of them are built

and the geometric optimizations are carried out in Materials

Studio. Then, the vibration parameters and rotation parameters

with the stable structures are calculated based on the density

functional theory, the results are shown in Table 1.

Based on the partition functions of different particles, the

nonlinear equations are obtained in combination with ionization

equation, dissociation equation, electric neutrality principle,

atomic conservation and Dalton’s partial pressure law. The

number density of each particle are calculated through

Newton iterative method to get the thermodynamic

parameters (Cressault, 2001; Cressault and Gleizes, 2004;

Boulos et al., 2013).

The transport parameters of C6F10O can be calculated based

on the mass, momentum and energy transmission of the particles

in the plasma. Based on the interaction potential, the collision

integrals between different particles at different temperatures are

analyzed and calculated, then, the Chapman-Enskog expansion is

performed on them to obtain the transport coefficients. During

the calculation of the collision effect, the required parameters of

the binding energy, the distance between the two particles when

the potential energy is zero and the polarization rate of most

macromolecules can be obtained from literature (Cressault et al.,

2011). In addition, for other macromolecules, the relevant

parameters are calculated by quantum chemistry method in

Materials Studio, the calculation results are shown in Table 2.

Analysis of calculation results

Number density of particles

The monatomic, diatomic and polyatomic particles can be

produced after the ionization and dissociation of C6F12O at
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0.1 MPa. As shown in Figures 2A–C, it is the change of the

number density of each particle at 300 K–30000 K. With a rise of

temperature, some small molecular particles such as C2, C2F4, C3,

C3F4, C4, C5, CF, CF2, CF2O, CF3, CF4, CFO, CO, CO2 and F2 are

firstly dissociated from C6F12O between 300 and 3000 K. At the

same time, the appearance of C, F and O are accompanied with

ionization. As the temperature continuously rises, the number

density of most particles begins to decrease and the secondary

ionization process occurs. When the temperature is high enough,

there are a large number of monatomic particles C2
+, F2

+ and O2
+

TABLE 1 Calculated values of vibration parameters and rotation parameters of polyatomic particles.

Particles v(d)

CF4O 1294.41(1), 1262.5(1), 947.3(1), 882.1(1), 679(1), 584.1(1), 433.7(1), 227.5(1), 1233.2(1), 607.5(1), 250(1)

Ps = 1, σ = 1

IAIBIC = 1.1519E-113

C4F8O 1508.2(1), 1322.6(1), 1279.5(1), 1251(1), 1246.1(1), 1214.2(1), 1169(1), 1147.4(1), 1101.6(1), 1027.2(1), 981.3(1), 834.7(1),
765.2(1), 727.6(1), 711(1), 591.4(1), 583.1(1), 550.4(1), 535.8(1), 529.6(1), 519.8(1), 452.4(1), 331.5(1), 323.1(1), 315.5(1), 305.1(1),
290.5(1), 182(1), 164.7(1), 137.6(1), 45.1(1), 42.3(1)

Ps = 1

σ = 1

IAIBIC = 3.2371E-111

C4F10O 1332.3(1), 1287.8(1), 1276 (1), 1255.9(1), 1242(1), 1215.6(1), 1183.6(1), 1181.5(1), 1172.5(1), 1166.2(1), 1133.5(1), 986.2(1),
909.7(1), 768(1), 723.5(1), 708.2(1), 692.9(1), 609.5(1), 608.1(1), 559.4(1), 557.4(1), 533(1), 490.6(1), 475.4(1), 448.2(1), 347.5(1),
339.8(1), 337.7(1), 307.8(1), 305.8(1), 261.3(1), 216.1(1), 193.2(1), 163.3(1), 135.5(1), 91(1), 80.6(1), 40.3(1), 24.3(1)

Ps = 1

σ = 1

IAIBIC = 4.2567E-111

C2F6O 1318.4(1), 1267.0(1), 1248.9(1), 1231.5(1), 1197.5(1), 1144(1), 963.3(1), 845.1(1), 735.3(1), 688.1(1), 649.8(1), 355.5(1), 341(1),
170.7(1), 97.3(1), 31.9(1)Ps = 1, σ = 1

IAIBIC = 1.7203E-111

C3F6O 1553.4(1), 1351.1(1), 1263.6(1), 1213.5(1), 1193.3(1), 1155.8(1), 1132.8(1), 1014.7(1), 802.1(1), 768(1), 717.9(1), 609.5(1), 575.4(1),
565.1(1), 533.7(1), 503.8(1), 424.6(1), 307.2(1), 263.4(1), 247.4(1), 158.5(1), 132.1(1), 43.1(1)Ps = 1, σ = 1

IAIBIC = 2.0509E-111

C5F8 1802.2(1), 1387.9(1), 1375.4(1), 1315.6(1), 1281.6(1), 1203.1(1), 1162.7(1), 1137.7(1), 1134.9(1), 1100.2(1), 1006.4(1), 980.6(1),
861.1(1), 704.7(1), 665.1(1), 627.6(1), 612.3(1), 597.7(1), 501.8(1), 444.1(1), 428.8(1), 412.8(1), 344(1), 308.6(1), 306.5(1), 267.5(1),
257.1(1), 248.1(1), 243.2(1), 219.6(1), 174.4(1), 99.3(1), 39.6(1)

Ps = 1

σ = 1

IAIBIC = 3.1973E-111

C5F10 1394.2(1), 1322.6(1), 1299.7(1), 1280.2(1), 1244.7(1), 1227.4(1), 1223.2(1), 1182.2(1), 1166.2(1), 1077.9(1), 998.7(1), 950.8(1),
902.1(1), 868(1), 733.9(1), 671.3(1), 630.3(1), 593.5(1), 578.2(1), 543.5(1), 525.4(1), 456.6(1), 438.5(1), 356.5(1), 330.1(1), 311.3(1),
305.1(1), 278.7(1), 273.1(1), 258.5(1), 246.7(1), 239.7(1), 200.1(1), 191.8(1), 145.9(1), 120.9(1), 72.2(1), 39.6(1)

Ps = 1

σ = 1

IAIBIC = 4.0108E-111

C5F10O 1866.1(1), 1298.3(1), 1284.4(1), 1253.8(1), 1232.2(1), 1215.6(1), 1197.5(1), 1170.4(1), 1165.5(1), 1151.6(1), 1039.7(1), 982(1),
922.3(1), 759.6(1), 762.4(1), 727.6(1), 674.8(1), 633.1(1), 580.3(1), 554.6(1), 544.9(1), 536.5(1), 510.8(1), 472.6(1), 441.3(1),
373.9(1), 341.2(1), 328.7(1), 315.5(1), 304.4(1), 284.9(1), 122.3(1), 74.3(1), 61.16(1), 47.2(1), 27.1(1)

Ps = 1

σ = 1

IAIBIC = 3.5812E-111

C6F12O 1776(1), 1238(2), 1155(2), 1117(3), 1087(2), 1035(1), 945(2), 829(1), 720(2), 696(1), 652(1), 608(1), 550(3), 505(3), 435(1), 388(2),
342(2), 294(3), 258(3), 179(3), 122(3)Ps = 1, σ = 1

IAIBIC = 1.0161E-110
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in the plasma. Therefore, the proportion of macromolecules is

low at high temperature. For polyatomic particles produced

during discharge, the number density is relatively low, which

is less than 1014/m3.

As shown in Figure 2D, it is the mass density of C6F12O,

which is obtained by summing the product of the number density

and mass corresponding for the above particles. Under the

constant pressure, with the increase of the temperature, the

total number of particles increases due to the increasing

decomposition of the plasma, which can increase the total

volume of the system. Therefore, the mass per unit volume

continuously decrease. Some small molecular particles appear

at 300–3000 K, so the mass density of C6F12O decreases rapidly

in this temperature range.

Thermodynamic parameters

Based on the particle number density obtained above, the

main thermodynamic parameters of enthalpy H, entropy S,

specific heat Cp and sound velocity Vs of C6F12O are

calculated. As shown in Figure 3, it is the calculation results

of main thermodynamic parameters of C6F12O at 0.10 MPa.

As shown in Figure 3, it is the calculation results of main

thermodynamic parameters of C6F12O at 0.10 MPa. Among

them, the change trend of enthalpy, entropy and sound

velocity is roughly the same as that of most other gases. The

specific heat has an obvious peaks in the temperature range of

300–5000 K and 20000–25000 K. The position of the peak is

generally considered to be caused by endothermic reaction

processes of particles. Therefore, combined with the analysis

of the change of particle number density, the peak can be

considered to be caused by the dissociation between particles

below 1000 K. At higher temperatures, the appearance of the

peak is mainly due to the peak change caused by the ionization of

atoms.

Transportation parameters

Conductivity
Conductivity σe is a physical quantity used to characterize the

electron conduction characteristics in plasma, which is closely

related to the electron number density and ionization degree. The

expression is as follow.

σe � e2ne������
2meπT

√ · naσen (5)

Where e, ne, me, na, σen are the amount of elementary charge,

number density of electron, electronic mass, number density of

TABLE 2 The key parameters of collision integral the main neutral particle (Yu et al., 2017; Zhong et al., 2017).

Particles ε0/kb (K) α(Å) ξ(A−3) Particles ε0/kb (K) α(Å) ξ(A−3)

C 30.6 3.385 1.76 CF 94.2 3.635 2.317

O 106.7 3.05 0.802 CF2 108 3.977 2.874

F 112.6 2.968 0.557 CF2O 110.917 3.473 1.88

C2 78.8 3.913 3.2 CF3 134 4.3 3.431

C2F 82.3 3.256 3.412 CF4 134 4.662 3.838

C2F2 94.2 3.635 4.634 CFO 108.316 3.279 2.507

C2F4 108 3.977 5.748 CO 91.7 3.69 1.95

C2F6 195 5.5 6.82 CO2 195.2 3.941 2.911

C2O 57.867 3.487 3.2 F2 112.6 3.357 1.38

C3 48.33 3.649 4.9 F2O2 109.6 3.417 2.315

C3F 73.76 3.308 6.028 F2O 161 3.878 1.916

C3F4 41.5 3.915 7.508 FO2 11.02 3.2 2.161

C3F6 67.155 3.636 8.888 O2 106.7 3.467 1.5812

C3F7 47.947 2.553 9.445 OF 109.6 3.412 1.359

C3F8 85.57 3.497 10.134 C6F12O 103.2 3.627 12.34

C3O2 79.757 3.538 6.884 C4F8O 111.45 3.782 7.32

C4 38.59 3.517 7.04 C4F10O 111.87 3.957 8.16

C5 61.97 3.781 8.8 C5F8 79.53 3.636 8.24

C2F6O 131.863 3.927 4.65 C5F10O 109.71 3.878 9.65

C3F6O 84.55 3.343 5.68 C5F10 85.16 3.806 8.49

CF4O 119.57 3.856 3.47
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neutral particles and collision cross section between electrons

and neutral particles, respectively. The internal conductivity of σ

can be obtained by the calculation of Chapman-Enskog third-

order approximation. The conductivity of C6F12O, CO2 and N2 at

0.1 MPa is calculated by the above method, as shown in Figure 4.

It can be seen that when the temperature is higher than 10000 K,

the conductivity difference of the plasma formed by the three

gases is small and the curves of them with temperature almost

coincide. When the temperature is low, the curves show obvious

differences with the change of temperature. Specifically, the curve

of C6F12O is higher than that of CO2 and N2, which is consistent

with the properties of most electronegative gases.

Thermal conductivity
The Thermal conductivity k characterizes the ability of a

material to directly conduct heat, which is consisted of heavy

particle thermal conductivity kh, electron thermal conductivity

ke, internal thermal conductivity kint and reaction thermal

conductivity kreac. The kh, ke and kint are calculated through

the second approximation order, the third approximation order

and the first approximation order of the Chapman-Enskog

method, respectively. The kreac is obtained from the Butler

and Brokaw theory. Among them, the internal thermal

conductivity is caused by the change of heat transfer energy

due to the internal degrees of freedom of particles. The specific

calculation method can refer to Reference (Wang et al., 2020b).

Figure 5 shows the calculation results of each part and total

thermal conductivity of C6F12O. It can be seen that the

proportion of thermal conductivity of each part at different

temperatures. When the temperature is low, the total thermal

conductivity of C6F12O mainly depends on the reaction thermal

conductivity, which is related to the enthalpy of particle reaction.

When the temperature is higher than 20000 K, the reaction

thermal conductivity decreases to a lower level. When the

temperature is higher than 7000 K, the electron thermal

conductivity increases significantly with the increase of the

FIGURE 2
Number density and mass density of main particles.
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temperature, which is mainly because of the enhancement of

atomic ionization and the increase of the electron number

density at higher temperature. When the temperature

continuously rises to higher than 20,000 K, the contribution of

electronic thermal conductivity to the total thermal conductivity

is dominant.

FIGURE 3
The calculation results of main thermodynamic parameters of C6F12O.

FIGURE 4
Conductivity of C6F12O, CO2 and N2.

FIGURE 5
Calculation results of thermal conductivity of C6F12O.
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As shown in Figure 6, the thermal conductivities of CO2 and

N2 are compared with that of C6F12O. The calculation results of

thermal conductivities of CO2 and N2 are consistent with those in

literature (Cressault and Gleizes, 2004). Since the types and

number densities of particles formed by different gases at

different temperatures are different, the thermal conductivities

of different gases show different amplitudes for the peaks at

different temperatures. At the same time, the number density of

electron increases significantly with the gradual increase of

temperature, and the change of the whole thermal

conductivity shows an upward trend. The thermal

conductivity of C6F12O has three obvious peaks, which appear

at 3500 K, 5500 K and 16000 K, respectively.

Conclusion

In this paper, according to all possible particle types, the

nonlinear equations are written through the conditions satisfied

by LTE to obtain the number density of each particle. Then, the

thermodynamic parameters are obtained with partition function

and the transport parameters are obtained by calculating the

collision cross sections between different particles. The specific

conclusions are as follows:

(1) With the increase of temperature, small molecular particles

C2, C2F4, C3, C3F4, C4, C5, CF, CF2, CF2O, CF3, CF4, CFO,

CO, CO2, F2, etc. firstly appear between 300 and 3000 K. At

the same time, the appearance of C, F and O are

accompanied with ionization. As the temperature

continuously rises, the number densities of most particles

begin to decrease and the secondary ionization process

occurs. When the temperature is high enough, there are a

large number of C2
+, F2

+ and O2
+ in the plasma.

(2) When the temperature is higher than 10000 K, the

conductivities of the plasma formed by C6F12O, CO2 and

N2 at different temperatures are almost the same. At low

temperature, the difference of the conductivities is obvious.

Specifically, the conductivity of C6F12O is higher than that of

CO2 and N2, which is consistent with the properties of most

electronegative gases.

(3) The thermal conductivity of different gases show peaks with

different amplitudes at different temperatures and the overall

thermal conductivity shows an upward trend. There are

three obvious peaks in the thermal conductivity of

C6F12O, which appear at 3500, 5500 and 16000 K,

respectively.
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FIGURE 6
Thermal conductivity of C6F12O, CO2 and N2.
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