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2 Theoretical basis Table 1 Rotational transition  Rotating molecule Dv (THz)
frequency interval of?CO and
. . . . 13,
2.1 Theoretical derivation of the rotational spectra CO gases zco 0.116
of gas molecules Bco 0.110

When terahertz waves interact with gas molecules, only _

when the photon energy of the beam is equal to the energﬁ?sorbed by a molecule are arranged at equal intervals,
range between the two adjacent energy levels of the ga‘g'th ~a spacing ,Of B. Therefore, to measure the pure
molecule will the molecule absorb the photon energy of théotat|oqal transition spectral line of CQ, a series of spectral
terahertz wave to change its rotation or vibration state andn€S With equal spacing can be obtained. .
generate the absorption spectrum. The energy required for Different isotopes have different rotational energies and

the pure rotational transition of gas molecules is lower tharinerefore different positions of absorption peaks in the
that required for the vibrational transition, so the vibra-rotational spectrum. The moment of inertia is given by the

tional transition of molecules is accompanied by the rotafolloWing equation:
tional transition. The rotational spectrum is the spectrum ¥4 | Rg b
produced by transitions between the same electronic state
of a molecule and two different rotational energy levels of
the same vibrational energy level.

Since the photon energy of the terahertz band is very 1, MM Eb
low, the spectrum of this band is a pure rotation spectrum. M b m;
The energy of the rotation spectrum is quantized, so: Therefore, when the mass of one atom becomes larger, its

h2 reduced mas$ will increase, the moment of inertibin-

EYa 8p2l Jap 1pA ¥ 0;1,2...P &P creases, and the rotation constamecreases, so the different
) o ) ) rotation constants can be distinguished from different iso-
wherehis PlanckOs constahts the moment of inertia, and 05 \which can be obtained through the spectrum analysis of
J is the rotational quantum number with a nonnegativehe frequency and rotation quantum number relationship,
integer. When the energy absorbed by a molecule transi,ing the rotation constan®, and B, and then distin-

tions from a Iovygr energy level to a higher energy level, theguishinglzco andCO (Klapper et al. 2003; Table 1).
molecule transitions from an energy level with a quantum

numberJ to an energy level with a quantum numke® 1, 5 5 Thegretical calculation of rotational spectra
thus producing a pure rotational absorption spectrum. of 2CO and *cO

Then, the energy difference between two adjacent energy

levels can be expressed in the following equation:

The nuclear spacing of a diatomic moleculeRg and
Re = Ry ? Ry. | is the reduced molecular mass,

According to the above theory, combined with the related
h2 U data of the CO molecular structure, the pure rotational
4p2|61p 1PAIY0,12...P 2P {ransition spectrum and rotational transition frequency
According to the Bohr frequency condition, the rota- interval of CO gas under the assumption of rigid rotation

tional transition frequency of the energy absorbed by thé:%obemg?elitllit?g'11;268(:;::032 Oggri?c brzggsle;g{EE@Of the

DEYEjp1 E;j%

molecule is atom is m = 1.9939 10P?kg, and the atomic mass of the
VVi o @p 1P Yi0;12...b g O atom is m=2.6579 105_’26kg. The molecular rota-
4p“l tional transition frequency intervaDv = 0.116 (THz) of

This formula is often written as v 2B&Jp 1bwhereBis -CO can be obtained by Egs. (3), (4) and (5). Similarly,

the rotational constant, so the molecular rotational transithe rotational transition frequency interval 5iCO mole-

tion frequency intervaDv ¥4 2B, B 1/4%2'_ Therefore, once Ccules can bg solvgd. The molecular pond length is related
to the atomic radius but not to the isotope, so €0

you know the moment of inerti you can determine the R
molecule carbonboxygen bond length is still 112.8 pm, the

molecular rotational transition frequeneyand the transi- 13 ot romi 4 » 1599 10P25K dthe O
atom atomic mass is o+ 2. g, and the

tion frequency intervaDv. X . P25
When a pure rotational transition occurs in the energyPt0m atomic mass is o= 2.6579 107""kg. The molec-
tational transition frequency intervddv = 0.110

absorbed by a molecule, the change in the rotationaf!a" roia _
JHz of “CO can be obtained by Egs. (3), (4) and (5).

quantum number causes the energy interval betwee ) e :
adjacent energy levels to gradually increase. Since The premise of the derivation of the above theory is to

Dvv: 2B, the spectral lines generated by the energy':lssume that the gas molecules are rigid rotors. However,

123









866

Acta Geochim (2023) 42:859D869

Table 2 40% *3CO rotation -9
spectrum

7D6
8b7
9b8
109
11910
12Pp11
13b12
14P13

lZCO 12CO 12CO 13CO 13CO 13CO

Obs (THz) Calc (THz) Obs-Calc (THz) Obs (THz) Calc (THz) Obs-Calc (THz)
0.8087 0.8067 0.0020 0.7629 0.7712 — 0.0083
0.9155 0.9218 — 0.0063 0.8698 0.8813 — 0.0115
1.0148 1.0369 - 0.0221 0.9995 0.9913 0.0082
1.1520 1.1520 0 1.1063 1.1013 — 0.0050
1.2665 1.2670 — 0.0005 1.2131 1.2113 0.0018
1.3733 1.3199 0.0534 1.3199 1.3213 - 0.0014
1.4954 1.4969 — 0.0015 1.4343 1.4312 0.0031
1.6174 1.6117 — 0.0057 1.5411 1.5410 0.0001

Rotational frequency (THz)

5 6 7 8 9 10 11 12 13 14

Rotational quantum number (J)

Fig. 13 Relation between the rotational quantum number and

rotational constant of 40%4°CO
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Fig. 14 Time domain diagram of 60%°CO in the terahertz band

3.3.2 Terahertz spectrum of 60%CO

The sample in this experiment CO gas with 60%

abundance, which can be obtained in the same way. Fi

Fig. 15 Frequency domain diagram of 6098CO in the terahertz
band

the mixed sample, and Fig. 15 shows the terahertz fre-
quency domain spectrum of the sample is obtained through
a fast Fourier transform.

After further data processing, the absorption peak of the
mixed sample in the spectrum range of 0.5B2.5 THz was
obtained, as shown in Fig. 16. The bgure can better dis-
tinguish the absorption peak 6fCO and**CO, as shown
in the bgure below:

Table 3 is obtained by sorting out the bgure above and
combining the theoretical simulation results (Nolt et al.
1987; Zink et al. 1990):

Similarly, Fig. 17 is btted from Table 3, and the mea-
sured rotational quantum numbedsof **CO and **CO
have an approximate linear relationship with the rotational
frequencyv.

As shown in Fig. 17, the slope isB2 and the rotation
constants of*?CO and**CO are also 0.058 and 0.055,
respectively, which are consistent with the calculated
results of theoretical values and the experimental values of
the previous stage. Therefore, it is also proven that the
characteristic absorption peaks B0 and**CO can be
xtracted from the terahertz spectrum with a 60% abun-

ure 14 shows the terahertz time-domain signal diagram o ance of*3Co.
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