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Summary (Abstract) of doctoral thesis contents

Covalent organic frameworks (COFs) are a novel class of crystalline porous materials that are
constructed by linking light-weight elements such as carbon, boron, oxygen, and silicon with
strong covalent bonds. One distinct feature of COFs is that they enable precise integration of
organic building units into ordered two dimensional (2D) or three dimensional (3D) structure
with the periodic structures. The predesignable and controllable features of COFs make these
materials as a promising platform for exploring functions such as gas storage and separation,
catalysis, photoelectronic and semiconductor. Carbon dioxide (CO;) is the main component of
greenhouse gas and its concentration in atmosphere is rapidly increased to 400 ppm, leading to
series of detrimental effects including climate warming, rising sea level and anthropogenic
climate change. Therefore, developing effective technology and various new material for CO,
adsorption and separation is urgent and important. In these study, I have focused on design and
synthesis of COFs with specific skeletons and pore surface, with an aim to achieve systems with
exceptional CO, capture capability. In chapter 1, I reviewed the field of COFs via summarizing
the general principles for the structural designs and illustrating the synthetic methods and
approaches. I further summarize various structural diversity and functional design based on
skeletons and pores, via focusing on the progress in CO;, capture and separation. In chapter 2, I
designed and synthesized a series of hexagonal COFs with a similar pore size but with different
skeleton structures, with the aim to elucidating the design principle of the skeletons for CO,
capture. Especially, series of COFs was designed to have backbone with different yet discrete
contents of triarylamine building unit that interact weakly with CO,. TFPB-TAPB-COF without
triarylamine building units in the backbone exhibited CO, uptake capacities of 12 and 20 mg g_1
at 298K and 273 K, respectively. By contrast, TFPA-TAPB-COF with three triarylamine blocks in
the hexagonal skeleton exhibited enhanced CO, adsorption capacities of 33 and 61 mg g_1 at 298k
and 273 k, respectively. BTMA-TAPA-COF with three organic triarylamine building block in the
backbones exhibited improved CO, adsorption capacities of 45 and 84 mgg_1 around 298 and 273k.
Notably, TFPA-TAPA-COF bearing six triarylamine blocks in the hexagon exhibited CO, uptakes
of 52 and 105 mg g_1 at 298 and 273K, respectively. These capacities of TFPA-TAPA-COF are almost
1.25 fold larger than that those capacities of BTMA-TAPA-COF, twice of TFPA-TAPB-COF and four
fold of TFPB-TAPB-COF. Adsorption experiments suggest that these triarylamine blocks in the
backbone control the CO, adsorption process and this CO, uptake increases monotonically with
the triarylamine content. These results clearly demonstrate a novel design principle for CO,
capture. In chapter 3, I designed and synthesized two different 3D-COFs, i.e. TAPA-TADM-COF,
and TAPA-TA-COF, which were constructed using tetrahedral sp3—nitrogen building blocks for
CO; uptake and sequestration. The structure and porosities of these COFs were investigated in
detail. Notably, these COFs possess micropore and high BET surface areas. As a result, the high
BET surface areas and the small pore size ensure these COFs materials with greatly improved CO,

adsorption capacities. TAPA-TA-COF exhibited CO; uptake capacities of 54 and 127 mg g_1 at 298
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and 273 K, respectively. On the contrary, TAPA-TADM-COF suggested slight higher CO, sorption
capacities of 82 and 170 mg g_1 at 298 and 273 K, respectively. These capacities of TAPA-TADM are
1.4 fold larger than those of TAPA-TA-COF because of a higher BET surface and a smaller pore size
of TAPA-TADM-COF. In chapter four, I predesigned and synthesized a series of hybridization of
COF with amine, aiming to constructing CO, separation systems with exceptional selectivity.
For this purpose, I predesigned and synthesized a novel COFs material, i.e., TAPB-DMPTA-COF,
which is highly porous and stable against water, strong acid and strong base. The COF possesses
hexagonally aligned mesoporous channels and exhibited a high capacity of loading CO,-philic
tetraethylenepentamine (TEPA) in the pore. The uptake and separation of CO, was investigated
in details by employing various methods. In the consequence, TAPB-DMPTA-COF only takes up 11,
6.6, and 3.9 mg g_1 CO, at 0.15 bar and 273, 298, and 323 K, respectively. The TEPA functionalized
TAPB-DMPTA-COF suggested dramatically enhanced CO, molecules adsorption capacities under
the similar conditions. Especially, 52wt%TEPA@TAPB-DMPTA-COF can uptake 122.8, 111.4, and
111.1 mg g_1 of CO; at 0.15 bar and at 273 , 298 , and 323 K, respectively. The uptake capacities are
11.2, 16.9 and 28.5 folds greater than those of original TAPB-DMPTA-COF, which are the highest
performance among 2D and 3D COF reported to date. The TEPA-hybridized COFs exhibit high uptake
and outstanding CO,/N;, molecule selectivity at low pressure and high temperature. In summary
, I summarized the results of these works and showed the perspectives of COFs for CO, adsorption
and separation. Through the three-year study, I unambiguously demonstrated the principle of
design and synthesizes of COFs for CO, uptake and separation. I developed a series of novel COFs
system for the uptake of CO, with high capacity and selectivity. These results clearly show the
high potential of COFs for structural design and set up a new platform to address environmental

issues.
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Zhai LipengfXiE, COME T AT LDOAIMZBIEL T, BB L OMILEE L 5 TG
L. —#H o LFHKEMH B E K (Covalent Organic Framework, COF)f &K & & % 9 2 W58 &
Folze COEMENMERAETA NI 7oA T Ivamy 2 EALT 47T a2y 70T
AW, flix D 2%t 3IRILCOFE AR L, COM 2 L7 F &0 B 2 11 &
M LT, EBI, KERBREZATOMERELZRITL, TOMIAILIZCOZWETE LA
UAa7IvzBAL, COOWEREERAEEBRMELFRICH ELZ AT L E2ME LT,

B1ETIE, FFime LT, COFfEERZ P .OIC, BRIFHEFCAK GIE, MERBL L ED
JERERBIZOWTRBLTWVWD, H2ETIE, COEHWFHAEERZFET D Y 7
oAV TIvasy NEEALT 7T ay ZIZHW, Fax O 2 RICCOFMHEE R DREE R
LT RCO oW EICHOVWTRABLTWS, M) T7xz=AT I, b Z7z=L_rBrik
CRY) 7= Rk FEL2ES2=y MCHAW, 2700 P A XOMILEAET 5 —HEHO RS
TEEAER LT, MAXBEBEMRITBS L OEY OGEE AW T FiEERELEZ, Zh
5OCOFMEMRIZFR LREEB IOMILAREEZ AT HLIICAKL, TILHDCODRE
BExmat Lz, TOME, N 72T I 0vDgENEL RDICOoN T, WERENK

WCHRT LN nhole, ThbH, HxD M) 7x2=L7 I =y F THHPHWHH
HERTHLN, MEKRTIIHAEFEANEGNICHIEI, WERELZELGTHZ L%
MLz, BIETHE, PV 7=2=L T I bHa 0 3R TCOFEEREZ LR L.
SIITHEZ A WTZCOMME Y AT AOHBEEIZOVWTHBLTWVWS, P 7=2=1b 27T 3
VEEBATDHILE TENTZCOREREFIT LI L2 ELD, ZTRLHDORERNL
COBRAEICH L7 2B L3 WuTEEMEEORFRHE AL L7, # 4 E T 1:%
MEE T OMILERE N K X 72 2 IRGTTCOFREIER &2 35 L. ML coz%%%ﬁéﬁ)
ITIVEBAL, EMNRCOEEV AT LAOBEICONTRBLTWND, ZOHA,
FIEAE 232894 m? g ', MIALAEREN1.60cm? g W ZET DI R ghoTo, £z, AR
Va7 IvERORLD BEOEAEEAK LI, TNUOOEAEKITT IV EF&EICKFL
TTWEREETRL, T I VEES2WM%OBEA RIS TEWVWCOEERE (25 °CB LRI /E
T. 14.2wt%) L WERIRME (CO2/Ny = 1.7x10%) Z#fii L7z, &6, ZhboEAKIX
COZMAETLHZENTE, MOVKRLMEIBFHARETHLZ EEZH LN LE, 2D
AT NIENT-REREZATHAIEEEIELTE, RRBRICELSECTCEKOET LD ERBHEIZS
WTRIER LTV,

UEDX9IT, KX TIL, CO,&WHE T 5 COF MEARD R FHIE L T, BkiEE
OFFHERHEZHA LML, o, MM ES L OMILREOHIEIC X 5 2FENIC CO, &
BETEDLVATLAERB L, Fix OH L COF HERDGRF 2 X — 212, CO, ZW AT
LA SAMEEGR LT LT, HEMICLEWKEOHIE THL LHETX D, F
EZERTEE -BCTHBEm XA L (%) OoRGIET S EHEr L,



