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S1 Energy integrated neutron scattering data
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Fig. S1 Variable temperature S(Q) data for 2D MHPs (1,3-PDA)PbBr4, (1,4-PDA)PbBr4, and (1,4-XDA)PbBr4, and 0D perovskitoid (1,3-
XDA)2PbBr6. The peak marked with an asterisk at approximately 2.7 Å−1 originates from the aluminum sample cell. The pink dashed lines are
the calculated neutron diffraction (ND) pattern, the grey lines are the XRD data, and the purple dashed lines are the calculated XRD patterns.
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S2 Additional S(Q,E) data and fits

S2.1 S(Q,E) of (1,3-PDA)PbBr4
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Fig. S2 S(Q,E) with fits for (1,3-PDA)PbBr4.
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S2.2 S(Q,E) of (1,3-XDA)2PbBr6
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Fig. S3 S(Q,E) with fits for (1,3-XDA)2PbBr6.
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S2.3 S(Q,E) of (1,4-PDA)PbBr4
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Fig. S4 S(Q,E) with fits for (1,4-PDA)PbBr4.

S2.4 S(Q,E) of (1,4-XDA)PbBr4
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Fig. S5 S(Q,E) with fits for (1,4-XDA)PbBr4.
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S3 Additional EISF models and fits

(1,3-PDA)PbBr4 (1,3-XDA)2PbBr6 (1,4-PDA)PbBr4 (1,4-XDA)PbBr4

(1,4-PDA)PbBr4 (1,4-XDA)PbBr4

(a) C2 rotational diffusion around its short molecular axis

200 K

350 K
300 K
250 K
225 K

(b) C3 rotational diffusion of the -NH 3 group together with C2 rotational diffusion of the phenylene ring

Fig. S6 EISF fitting results with (a) C2 rotational diffusion of the whole organic cation around its short molecular axis, and (b) C3 rotational
diffusion of the -NH3 group together with C2 rotational diffusion of the phenylene ring.
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