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1. Linear combination of atomic orbitals and secular determinant for water molecule are expressed as Eqs. (A1-A2). 
	[bookmark: _Hlk205836839]
	

	(A1)

	
	

	(A2)


2. [bookmark: _Hlk205836715]The combinations of hydrogen atomic orbitals (A1, B2), the interaction between O2s, O2py orbitals and A1 orbital (F1), the effect of O2px orbital (F2) and interaction between O2pz orbitals and B2 orbital (F3) are given in Eqs. (A3-A7).
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	(A7)


3. Consider many-body interaction in real fluid, the complex Hamiltonian operator is shown in Eq. (A8), where the subscripts ‘in’ and ‘ex’ present for inside of molecule or molecular cluster and extra-molecular microenvironments, respectively. ‘Const.’ is nuclear interaction terms under Born-Oppenheimer approximation. Import Veq for all the extra-molecular environment interaction, then the Hamiltonian operator could be expressed as two terms, as shown in Eq. (A9).
	
	
	
	(A8)
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4. The differentials ∂ε/∂R of Equations (A5-A7) are given in Eqs. (A10-A12).
	
	

	(A10)

	
	

	(A11)

	
	

	(A12)


5. In most cases evidenced by the spectrum characterization, the energy level variation of molecular motion could be estimated by a normal distribution function where εi is the weighted average of all energy levels, Equation (A13).
	
	

	(A13)


From the Schrödinger equation, the Taylor expansion of ε is presented in Equation (A14). The energy difference δ between current intrinsic energy ε and local minimum energy ε0 of corresponding wave function ψ0 is presented in Equation (A15).
	
	

	(A14)

	
	

	(A15)



Owing to the normal distribution feature of a particular microstate, the energy difference δ and the distribution variance σ2 are related as shown in Equation (A16). Therefore, the integrand should be approximated as a constant value when the distribution variance varies. The derivative of M with respect to σ-1 and δ are provided in Equations (A17-A18), respectively. The analysis of derivatives to maintain M as a constant indicates that the wider distribution arises from smaller energy difference δ between current intrinsic energy and local minimum energy. Meanwhile, molecule motion on the potential energy surface form by Veq could become less constrained due to a low Veq, decreasing the energy difference δ. Hence, with low Veq applied, the distribution of molecule motion would become wider as depicted in Figure 2(a).
	
	

	(A16)

	
	

	(A17)

	
	

	(A18)


6. Distribution profile of hydrogen/oxygen atoms under 2 eV/Å intensity gradient of Veq at 473 K is given in Fig. A1. The ordered structures of water molecules disappeared away from the interfaces, identified by the peak positions of hydrogen/oxygen atom profile marked with a red dashed box.
[image: ]
[bookmark: _Hlk206080212]Fig. A1 Distribution profiles of hydrogen/oxygen atoms under 2 eV/Å intensity gradient of Veq at 473 K.
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2.   The combinations of hydrogen atomic orbitals  ( A 1 ,  B 2 ), the interaction between O2s,  O2p y   orbitals and  A 1   orbital ( F 1 ), the effect of O2p x   orbital ( F 2 ) and interaction  between O2p z   orbitals and  B 2   orbital ( F 3 ) are given in Eqs .   (A3 - A7).  
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