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Supplementary note 1: Simulation of the Zeeman effect 
a. NO2
The Zeeman behaviour of NO2 has been explained by CD Hause1, TJ Sears2 and JT Hougen3 et al. In the external magnetic field, the total Hamiltonian of NO2 consists of the vibration-rotation Hamiltonian, the spin-rotation interaction Hamiltonian and the Zeeman Hamiltonian,
.
The matrix element of the spin-rotation interaction Hamiltonian is given by4 

The parameter is defined as , where ; ,  and  are the spin-rotation interaction constants. The Zeeman Hamiltonian  of NO2 can be written as1

where  is the electron spin gyromagnetic ratio and  is the Bohr magneton. The Hamiltonian matrix has the form3

This matrix must be replaced by a matrix containing only the lower right (upper left) diagonal element when . Then, molecular energy levels in the magnetic field are given by the eigenvalues of the matrix, 

for , and

for . Through the direction cosines in Table S15, the transition probability for an electric dipole transition from a state  to a state  is given by

Here,  and . 

Table S1. Values of the elements of all direction-cosine matrices for the prolate-symmetric-top molecule, NO2. 
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b. NO
For the diatomic molecule of nitric oxide, the additional energy due to the magnetic field can be expressed as

where  are the magnetic quantum numbers,  is the Lande g-factor,  is the Bohr magneton, and  is the magnetic field strength. The ro-vibrational transitions between the Zeeman sublevels of  and  are given by 

where  are vibrational quantum numbers, rotational quantum numbers and magnetic quantum numbers, and the primes and double primes refer to upper and lower states, respectively.  is the Planck constant,  is the speed of light, and  is the transition frequency without the external field. The Lande g-factor  of NO is given by Hund’s coupling case (a–b)6,7,

where  and ,  and  are the spin–orbit coupling and rotational constants of the vibrational quantum number , respectively; the upper and lower signs represent the  and  fine-structure components, respectively. For the overtone () band of NO, ,  and ,  8,9. The centre frequency of the Zeeman transitions  () is described by 
.
As shown in Table S2, the line intensities of the Zeeman subtransitions, , can be calculated by the corresponding 3J symbol10
 and .
The integrated line intensity  can be obtained in the HITRAN database, as well as the zero-field parameters, such as the transition frequency and the quantum numbers of the upper levels and lower levels. 
Table S2. Table of relative strength, , for the Zeeman transitions.
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Supplementary note 2: Calculation of the MVCD and MORD spectra
The transition frequency  and the line strength  of the Zeeman components () under a magnetic field are given by the above analysis. The transmission spectra are described as11 

where  is the Voigt-shape function,  is the number density at  and  atm,  and  are the temperature and pressure under the experimental conditions. The MVCD () is defined as the difference in absorbance between , 

The phase spectrum of the Zeeman components () is obtained by the Kramers-Kronig relationship, and the MORD ()
.
The calculations of magnetic linear dichroism and magnetic birefringence in a transverse magnetic field can be performed easily by replacing  with . 
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Fig. S1 Measured magnetic field (red curve) and polynomial fitting curve (blue curve).

In the simulation, the inhomogeneous distribution of the magnetic field should be considered. As shown in Fig. S1, the distribution of the longitudinal magnetic field strength along the cell is measured by using a Gaussmeter. A polynomial fit was applied to characterize the strength distribution of our magnetic field along the propagation direction of the incident beams. The fitting curve can be expressed as:

Based on the polynomial fitting function of the magnetic-field distribution and the molecular models of NO2 and NO, calculations of the MOA spectra are carried out to explain the experimental results.
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