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1. Characterization
[bookmark: _Hlk84609033]The relative viscosities (ƞr) of FRPA56s were measured at 0.01 g/mL of solution in 96% sulfuric acid at 25.00 ± 0.01°C employing an Ubbelohde viscometer. The number-average molecular weight (Mn) and polymer dispersion index (PDI) of FRPA56s were obtained by Agilent 1260 Infinity Ⅱ GPC equipped with a refractive index detector. HFIP was used as eluent and solvent at a flow rate of 0.3 ml min−1. PMMA was used as the standard to generate a calibration curve. The phosphorus content was determined by Prodigy-ICP inductively coupled plasma atomic emission spectroscopy (USA).
[bookmark: _Hlk76560387]The crystal structure of FRPA56s was characterized on a D2 PHASER X-ray diffractometer under a Ni-filtered Cu Kα X-ray beam with the wavelength (λ) of 0.154 at U=30 kV and I=10 mA. Tensile measurements of FRPA56s were carried on an MTS Exceed E42 in accordance with ISO 527-1:2012 at a stretching speed of 10 mm min−1 with a dumbbell shape of 25 mm × 4 mm × 2 mm.

2. Molecular weight and molecular weight distribution of PA56 and FRPA56s
The relative viscosity and GPC data of PA56 and FRPA56s are summarized in Table S1. Even the relative viscosity of FRPA56s reduces with the increases of DDP content, all the relative viscosities of PA56 and FRPA56s are greater than or equal to 2.2, which meets the essential number-average molecular weight (Mn) requirements for many applications. The lower relative viscosity of FRPA56s is mainly attributed to the rigidity of DDP, which reduces the polymerization activity of PDA-DDP salt during the polymerization[1]. GPC results show that the number-average molecular weight has a similar trend as the relative viscosity. In addition, the polydispersity index (PDI) widens with the increase of DDP content, which is related to the high steric hindrance effect of the phosphaphenanthrene ring in DDP. The steric hindrance of DDP leads to the reaction activation energy of PDA-DDP salt lower than PDA-AA salt. Thus, the polymerization rates are heterogeneous between different molecule chains, broadening the molecular weight distribution[2]. It is noteworthy that the measured P contents of FRPA56s as summarized in Table S1 are very close to the theoretical values. This result also suggests that all DDP monomers are included in the main chain.

[bookmark: _Ref80002514]Table S1. Relative viscosity (ƞr), number-average molecular weight (Mn) and P contents of PA56 and FRPA56s.
	Sample
	[bookmark: OLE_LINK2]Feeding molar ratio
	r
	Mna
(g/mol)
	PDI a
	P contents (ppm)

	
	AA/DDP
	
	
	
	theoretical
	measured b

	PA56
	100/0
	2.81
	2.80˟104
	2.20
	0
	-

	PA56-0.5DDP
	99.50/0.50
	2.81
	2.74˟104
	2.47
	1380
	1590

	PA56-0.7DDP
	99.30/0.70
	2.74
	2.64˟104
	2.59
	2070
	2440

	PA56-1.0DDP
	99.00/1.00
	2.43
	2.73˟104
	2.71
	2760
	2960

	PA56-1.2DDP
	98.80/1.20
	2.20
	2.45˟104
	2.94
	3450
	3780


a Mn, PDI: determined by GPC.
b Actual P contents as measured by ICP. 


3. WAXD of PA56 and FRPA56s
[bookmark: _Hlk88903303][bookmark: OLE_LINK43]PA56 has two crystalline phases, α-like form and γ form. γ-form of PA56 shows a strong diffraction peak at 2θ of 21.4º while α-like form of PA56 displays two strong diffraction peaks at 2θ of 20.1º and 22.9º[3]. The X-ray diffraction patterns of PA56 and FRPA56s are displayed in Figure S1. All the curves show a strong diffraction peak at 2θ of 21.4°, which corresponds to the γ form crystal structure for PA56. This phenomenon indicates that DDP has little effect on the crystalline form of PA56 within the range of research.

[image: ]
[bookmark: _Ref80040311]Figure S1. WAXD patterns of PA56 and FRPA56s.


4. Mechanical property of PA56 and FRPA56s
The mechanical properties of PA56 and FRPA56s based on the tensile test are presented in Figure S2. The tensile strength and the elongation at break of PA56 are 77.2 MPa and 21.1 %, respectively. Compared with PA56, the tensile strength and elongation at the break of all FRPA56s show a slight decline with the DDP content increase from 0.5 to 1.2 mol %. For FRPA56-1.2DDP, the tensile strength and elongation at break drop to 61.5 MPa and 7.7 %, respectively. The deterioration of the mechanical performance is related to the phosphaphenanthrene structure of DDP, which inhibits the propagation of the molecular chain and restricts the crystallization of FRPA56. 
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[bookmark: _Ref89186796]Figure S2. Mechanical property of PA56 and FRPA56s.
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