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1. Synthesis of 6H-dibenz[c,e][1,2]oxaphosphorin,6-[(1-oxido-2,6,7-trioxa-1-
phosphabicyclo[2.2.2]oct-4-yl)methoxy]-, 6-oxide (DP)

DOPO (5.0 g, 23.1 mmol) was charged in a three-neck round bottomed flask connected to a
condenser and Nz inlet. Dry Toluene (50 mL) was added under nitrogen, followed by the addition
of N-Chlorosuccinimide (NCS) (3.40 g, 25.4 mmol) in small portions via side arm under N2 at
ambient temperature. After complete addition, the reaction mixture was stirred at ambient tem-
perature overnight. The white precipitates were removed by filtration under N2 using Schlenk
frit. The solvent was removed under vacuum. The residue was re-dissolved in dichloromethane
(50 mL) and transferred under N2 to a dropping funnel and was slowly added to a mixture of 1-
oxo-4-hydroxymethyl-2,6,7-trioxa-1-phosphabicyclo [2.2.2]octane (PEPA) (4.17 g, 23.1 mmol)
and triethylamine (2.80 g, 27.8 mmol) in dichloromethane (100 mL) at ambient temperature.
The reaction was again kept under stirring overnight at ambient temperature. The solvent was
then completely removed and ethanol (50 mL) was added while stirring, forming a white prod-
uct. The product was then collected by filtration and washed with ethanol and dried in vacuum
at 80 °C until constant weight (4.45 g, 50% yield). The NMR data fit well with the published

reports [1, 2].



2. ATR-FTIR spectroscopy
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Fig. S1. ATR-FTIR spectra of the uncured resin EPO_WH (a), cured resin EPO (b), in-situ
silica-epoxy system EPOZ2Si (c) and in-situ silica-epoxy system containing 2 wt.% of P and
melamine EPO2Si_DP2P_Mel (d).



3. Thermal analysis
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Fig. S2. Formation of hydrogen bonds between the oxygen of DP structure and hydroxyl groups,
of the silanized epoxy chains, formed because of the cross-linking process [2-4].

Table S1. Thermogravimetry analysis (TGA) data collected in air and N, atmosphere for all the
investigated samples. Tsy is the temperature, at which 5% wight loss was recorded. Tmaxi, Tmaxz
and Tmaxs are the temperatures, at which the weight loss rate reaches the maximum; the residues at
800 °C and at the Tmax temperatures are also reported.

Sample Tse Tmaxt Tmaxe Tmaxs Residue (wt.%o) at
(OC) (OC) (OC) (OC) Tmaxl TmaxZ Tmax3 800 °C
Under air
EPO 336 351 519 - 75 18 - 0.7
EPO_DP2P 266 308 356 535 77 58 35 13
EPO_Mel 259 269 349 514 92 71 24 1
EPO_DP2P_Mel 261 244 322 533 97 73 36 8
EPO2Si 293 367 553 - 61 11 - 1
EPO2Si_DP2P 255 187 322 535 98 69 34 11
EPO2Si_Mel 235 263 353 536 88 68 20 2
EPO2Si_DP2P_Mel 242 263 320 541 92 75 34 10
EPO2Si_DP1P_ Mel 243 327 536 747 71 30 12 8
Under N2
EPO 338 354 - - 73 - - 8
EPO_DP2P 295 318 - - 67 - - 13
EPO_Mel 258 359 - - 80 - - 7
EPO_DP2P_Mel 333 358 - - 74 - - 12
EPO2Si 333 358 - - 74 - - 12
EPO2Si_DP2P 245 360 - - 64 - - 12
EPO2Si_Mel 270 324 - - 70 - - 12
EPO2Si_DP2P_Mel 250 366 - - 56 - - 9
EPO2Si_DP1P_Mel 338 354 - - 74 - - 8




4. Vertical flame spread tests
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Fig. S3. Residues after UL-94 VB tests of (a) EPO, (b) EPO2Si, (c) EPO_DP2P_Mael and (d)
EPO2Si_DP2P_Mel.




5. Pyrolysis combustion flow calorimetry results

Table S2. Pyrolysis Combustion Flow Calorimeter data for all the investigated samples.

Sample THR (kJ/g) HRC (J/g-K) pHRR (W/g) Residue (wt.%0)

EPO 30+£0.3 539+ 44 545 + 57 6+0.2

EPO_DP2P 24+ 4 434 + 99 371+91 16 +0.3
EPO_Mel 245 633 + 165 494 + 158 9+3
EPO_DP2P_Mel 26+1 334 +21 297 +14 71
EPO2Si 28+0.1 450 + 24 448 + 22 11+1
EPO2Si_DP2P 24 +3 434 + 99 372 +92 14 +2

EPO2Si_Mel 26+1 462 + 4 410+ 8 11+0.5
EPO2Si_DP2P_Mel 26+1 316 + 34 270+ 38 15+2

EPO2Si_DP1P_Mel 25+0.1 367 +17 319+ 24 10+1




6. Cone calorimetry tests
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Fig. S4. Photographs of the char residues obtained after cone calorimetry tests for EPO (a),
EPO2Si (b), EPO_DP2P (c), EPO_DP2P Mel (d), EPO2Si DP2P (e) and
EPO2Si_DP2P_Mel (f).



7. Pyrolysis—Gas Chromatography—Mass and Direct Insertion Probe—Mass
Spectrometry.

Table S3. Major decomposition products of DP [2].
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Fig. S5. DIP-MS analysis of EPO2Si_DP2P_Mel; thermograms of its major decomposition
species listed in Table S3 are shown in the inlet.
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Fig. S6. DIP-MS analysis of EPO, thermograms its major decomposition species listed in Table
S4: bisphenol A (a), 4,4'-(cyclopropane-1,1-diyl)diphenol (b), phenol (c), 4-isopropenylphenol
(d), 4-isopropylphenol (e).

Fig. S7. Intumescent char residue after cone calorimetry test for EPO2Si_DP2P_Mael [5, 6].
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Table S4. Major decomposition products of pristine epoxy with cycloaliphatic hardener
under N2 atmosphere [7-15].

Compound m/z Name Symbol
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Scheme S1. The proposed mechanism of EPO/DP reactions in oxygen (O2) atmosphere.

11



Table S5. Energy-dispersive X-ray analysis (EDX) elemental composition of the char residue of EPO,
EPO2Si, EPO_DP2P, EPO_DP2P_Mel, EPO2Si_DP2P and EPO2Si_DP2P_Mel obtained after the
vertical burning test is shown.

Sample CWt%)  OWt%)  NWt%)  Si(wt%) P (wt.%)
EPO 80.1 18.1 18 - -
EPO_DP2P 84.2 11.3 - - 45
EPO_DP2P_Miel 72.1 15.2 23 - 10.4
EPO2Si 75.6 15.4 0.7 8.3 -
EPO2Si_DP2P 63.2 26.2 3.4 43 2.9
EPO2Si_DP2P_Miel 61.8 21.7 4.1 3.8 8.6

8. Mechanical behavior

Table S6. Results from tensile tests for pure epoxy resin, in-situ silica-epoxy system and the in-situ
silica-resin added of melamine and DP (2 wt% of P). The tensile modulus was measured from the slope
strain range below 0.2%; all the curves were linear until the breaking point, without plastic defor-
mation.

Sample E:(MPa) 6.t (MPa) &1t (%0) Ut (J/m?3)
EPO 2629 £ 42 112 £ 35 42+12 2162
EPO2Si 2896 £ 24 89 + 27 3.1+£09 1121
EPO2Si_DP2P_Mel 3493 + 37 72 £ 22 2.1+£0.6 590
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