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Abstract. In this work, a new covalent triazine framework based on phthalazinone-containing
dinitrile building blocks was prepared by the dynamic nitrile-trimerization reaction. The FT-IR
spectra of BCTF illustrated the characteristic peaks of the triazine at 1503 cm™ and 1360 cm™. The
nitrogen sorption isotherm (Type-1) showed a rapid uptake at low pressure (0-0.1bar) indicating a
permanent microporous nature. Pore size distribution lower than 2nm was calculated using nonlocal
density functional theory (NL-DFT). TGA results showed that BCTF polymer with the skeleton
decomposition temperature above 500°C had relatively excellent thermal stability.

Introduction

Microporous organic polymers (MOPs) are porous materials with pores smaller than 2 nm,
which are composed of light, non-metallic elements such as C, H, O, N and B [1]. Recently, MOPs
have attracted considerable attention and interest in this field of gas storage and selected separation
[2], while possessing high thermal and chemical stability, steerable pore size distribution and high
micoropore volumes with cost-effective and diversified synthesis procedures [3-4]. On account of
numerous available organic monomers and reactions, it is easy to introduce various functional
groups in the pore walls and be flexible for the material design to achieve desirable pore properties
with a plethora of building blocks. In the past few years, several types MOPs have been
successfully manifested, such as hyper-crosslinked polymers (HCPs) [5], polymers of intrinsic
microporosity (PIMs) [6], covalent organic frameworks (COFs) [7] and conjugated microporous
polymers (CMPs) [8]. Covalent triazine-based frameworks (CTFs) [9] were developed through
reversible ionothermal trimerization of cheap and available easily aromatic nitriles catalyzed by a
Lewis acid under conditions of high temperature and autogenic pressure [10]. CTFs exhibit large
specific surface areas, as well as remarkable thermal stabilities, tunable pore sizes, and high gas
adsorption capacities [3-4]. In addition, CTFs have been used in heterogeneous catalysis, as a
catalytic support in liquid phase reactions, for gas storage and separation of organic dyes [11].

2.

Fig 1. The structure of BHPZ-DN (a) and molecular analog by Gaussian 09 (b).
In this study, we designed and synthesized a novel aromatic dinitrile with twisted phthalazinone
moiety 2-(4’- cyanophenyl)- 4-(4’- cyanophenyl) -2, 3-phthalazin-1-one (BHPZ-DN) (Fig 1a). The
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rigid phthalazinone core and the twisted space between the core and the nitrile groups may help to
increase the available space for gas adsorption and storage. Using molten ZnCl, as both molten
solvent and catalyst at 400°C, we obtained a new porous phthalazinone-based covalent
triazine-containing organic framework (PHCTF) (Scheme 1). It displays comparatively high
thermal stability and high apparent surface area.

Experimental Section

Materials BHPZ-DN was synthesized by our group. Zinc chloride was refluxed and distilled
over thionyl chloride to remove water, and then excess thionyl chloride was azeotropically distilled
with toluene. After the removal of thionyl chloride and toluene, anhydrous zinc chloride was
obtained after being dried at 180 °C under vacuum for 24 h.

Characterization Methods FT-IR spectrum was performed on a Thermo Nicolet Nexus 470
Fourier transform infrared spectrometer in the 400-4000 cm™ region (KBr pressed disk).
Termogravimetry measurement (TG) was performed in the nitrogen atmosphere on a TA Instrument
thermal gravimetric analyzer (TGA Q500) at a heating rate of 20 °C min™. The dry state polymer
surface areas and pore size distributions were performed at an Autosorb i1Q (Quantachrome)
analyzer. Prior to measurements, the sample was degassed at 150 °C under high vaccum for 12h.

Synthesis of PHCTF PHCTF was synthesized by heating a mixture of the synthesized
BHPZ-DN (0.16g, 0.45mmol) and ZnCl, (0.61g, 4.5mmol) in a quartz tube (3 x 5 cm) according to
the literature [12]. The tube was evacuated to a high vacuum and then sealed rapidly. Following by
a temperature program (250°C for 10h, 300°C for 10h, 350°C for 10h, and 400°C for 20h), the
quartz tube was cooled to room temperature, and the reaction mixture was subsequently ground and
then washed thoroughly with water for 72h to remove most of the catalyst. After that, the product
was isolated by filtration and again stirred with 100ml 2mol/L HCI for 24h to remove the residual
salt. The resulting black powder was filtered and washed successively with water and alcohol,
followed by an overnight Soxhlet extraction using acetone, methyl alcohol as eluting solvent
sequentially, and finally dried in vacuum at 150°C. Yield: 80%.

Scheme 1. Synthesis of PHCTF

Results and discussion

Porous CTF materials can be synthesized by an ionothermal reaction between aromatic nitriles in
ZnCl,, which can be adapted to a large scale. Molten ZnCl; acts as a Lewis acid catalyst, molten
solvent and porogen for the polymerization ENREF_14 [11]. The high-temperature trimerization of
aromatic nitrile groups catalyzed by ZnCl, would form a C3N3 triazine ring, which can be marked
as a triangular ring. The material PHCTF is insoluble in common organic solvents indicating its
good chemical stability. The formation of polytriazine framework was confirmed by Fourier
transform infrared (FT-IR) studies (Fig 2 Left). The peak at 1692 cm ™ can be ascribed to the lactam
(C=0) of phthalazinone moiety. The almost disappearance in the intense C=N band around 2238
cm™ was indicative of a high conversion of nitriles after reaction, and formed new characteristic
C-N stretching bands for triazine units at 1352 cm™ and 1497 cm™ for PHCTF. Concerning the
thermal stability of the obtained framework, from thermogravimetric analysis (TGA) (Fig 2 Right),

895



it can be observed that the polymer skeleton decomposition started at above 500°C. Specially, the
apparent weight loss before 300°C should be attributed to the adsorbed gas, solvent and remaining

hydrated water. However, the former TGA analysis still displayed comparatively high thermal
stability of PHCTF.
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Fig 2. FT-IR spectra (Left) and thermogravimetric analysis plot of PHCTF (Right).

In order to characterize the nature of the pores of PHCTF, the porosities was evaluated by
nitrogen sorption isotherm was recorded at 77K from 0 to 760 Torr. Fig 3 (Left) shows the N,
adsorption/desorption isotherm of PHCTF. A sharp adsorption step can be noticed at a low relative
pressure (p/po) of 0 to 0.05 corresponding to gas sorption in micropores, which indicates the
substantial microporous character (pore widths < 2nm). The adsorption isotherm follows a type- II
character and the beginning of the almost linear middle section of the isotherm indicates the stage at
which monolayer coverage is complete and multilayer adsorption takes place due to larger
pores_ENREF_16 [13]. The desorption exhibits a slight H4-type hysteresis, that is, the adsorption and
desorption branch of the isotherm remain nearly horizontal and parallel over a wide range of p/po.
The apparent surface area calculated from the Brunauer-Emmett-Teller (BET) model over the
pressure range of p/po = 0.05-0.1 was 1062 m?/g as derived from nitrogen adsorption. Adopting the
Langmuir model to the low-pressure region of the isotherm, the surface area was 1499 m?/g. The
pore size distribution (Fig 3 Right) was estimated from nonlocal density functional theory (NLDFT)
using the model of carbon as an adsorbent indicates that a significant fraction of the pores surface
still originates from micropores with a diameter less than 2A. For PHCTF the additional mesopores
are broadly distrusted between 20 and 60 A.
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Fig 3. Nitrogen adsorption-desorption isotherm (a) and NLDFT pore size distribution curve (b)

Conclusions

A novel aromatic dinitrile with twisted phthalazinone moiety 2-(4’-cyanophenyl)-4-(4’-
cyanophenyl)-2,3-phthalazin-1-one (BHPZ-DN) was designed and synthesized as newly introduced
building block, and a porous phthalazinone-based covalent triazine-based organic framework
(PHCTF) was obtained at 400°C catalyzed by molten ZnCl,. FTIR spectra were used to confirm the
formation of the trazine ring. The analysis of N, sorption isotherm reveals that PHCTF exhibited

substantial microporous and high apparent surface area. Simultaneously, TGA results showed that it
had excellent heat resistance.
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