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Figure 1 The structure of diamond (a), and models of P1 (b), P2 (c) and P3 (d). (e) N, sorption isotherms at 77 K of PAF-1 (adsorption: black square,
desorption: empty square) and simulated N, sorption isotherms of model P2 (red square)'"!

LR, EEP2IE A B K1 B br 2 fL AR
I IR IR e A I B2 7 B 3 & B T 2 FL 7 7 B 4844
FIPAF-1.

PAF-1 54 &0 bR, HLangmuir(4) 2
Ak 22 K Langmuir Itying 2 45 4 1 iz 3 PR iE Fl— 2L {5
E 557 2 B B2 A1 BET(Brunauer, Em-
mettFlTeller 3N BHER NG MG TS HES H £
O T2 W BB ) B 2 1AL 430 S 7100 F15600 m*/g.
X FL PAF-1 09 %00 B il £k 5 2 A BRAR 4 I 454
14 P2 H (14 55 400 0 S B il %, FRATT R A Y
PAF-1#4 B} 5 S 4 8 P2 B AT JLF— 2 A4 £L 38 1k
(Kl 1(e)), IEHA W PAF- 141 BHE— @R E FBA
PO A B A I P25 K. PAF- 13148 HAT 35 3 I f g4
EME, FEES P RE R520°C, EHK R A1 E
J&, BB RSO B BE LR AT R AR AR A, B
PAF- 1415 48 75 /A0 BRG ARSRAS LR FE. PAF-119 5
L 2 11 AR R A M A LA R A i AR S AR
B fiE 70, X UM A AR 9 i A7 i B Ak T B A
ZALM BB ZE Fni 5. WIEE, T PAFR-14 R 55
T B AR A, B ARD R R EL A A R A R B

PAF-11 D& it & o Z LM R R R T
B —01: 2405 & B4 (PAFs)M B [H20094F, H
RFPAFsH B G ok, BT M B R A AR
AR5 B DA R AR w0 AR PR Ak A R A
P Y A= e A N | AN - =6 i
PAFsH B B 0 1 Z2 Pk D BB 48 T A& 0 1) 2 3%
PEAE AR & BUCE AT H AR, 15 B HAT R 4549

2216

MR SRR I 2 FLAT R AL T T KA T RE,
TAZZER R SR A 7= o A 1 T e

FEPAF-119 & B C 5 b, FLA 1 DU 1 (A48 784 7 g
TR DY 235 H B o e PR AE A A S PAF- 1A 2544 3500,
W 12 B 0 RS TR B G XA Rk BT B, T
N IE A & WA 5/ 20k FIHIRR 2
IR v, HA 5 IS AR P2FLIA Ml — 2 A PAF-1
B R Ty A B ke 3 U B B A 1 DY AT A 245+ 1 1Y
I B g A AL B R 2 4G ST PAFs A4 e} ) HHLAR B R 4,
AT Y R T K R SR, 8 T LA R
il B A Z LA R FLAR R SED, 18] B AR bR 48
I Z R ZFE T REEIE A, DA B4 A1 R
A TR A I M

AR B A FE T IE DU 1 AR 3 T A PAFs
R BT A B B I, B IZ 2 ) 1) 45 48 15
Th . A BRI K R N A5 5 R T VA g A, DL
h Z2FLRE R A 1) A AR — S L. RIS, S T
TR AL S bR Az 7= v b A R AT, A SCIE A 24
TRHEASPAF A R 1 A 122128 B W B PR BB 5%

1SR

#i$b2% (topology) it - TR W I HIIE . Hi 4 250
A SRl B 1% A IR 1) 7 B 6 R A % &
YIRS BT AR TN/, 0 F D2 i 3 R BIF 5 i O b 3
B TR ERR R, RIRTEY I | Ak et
g b AR AT BB A

20028 A, YaghiflF 58 2078 sl oy ks 4 b2 B G

2



IR

N B ZFLAT R S5 BT, AT — RS A
FL 45 4 FOMOFs AR, U B A CaB o3 FING5 # A 25 i
MOF-5 . IRMOF & %1. Z &, Z i 84 J& 2 Ly
A HLEZRBE h, 20074E, YaghifF 5% 21V it
U A % DA FR e B HCRE ) S AU 1 B 3R kA R s
E T B =4k em B borth $ 45 44 By & % COF-102,
103, 105F1108. 20094, EH A 24 WA 4514 1)
PAF- 111 i T 15 11 i 38 45 T8 22 B 22 FL A LY
] 5 AN i U AR,

TER N FBRE I93E S T, PAFSHRHIE 7 4k
Al LM 2AS 7 ) SE . N A _E (bottom-up) FTHT | &
T (top-down), WNE2FRUC . A2 R EAYBG T
Birh, e EENIPEA AL R ST, AR A
(IS FARE S, & It FH B SR 8 SO 2 1, 4 45 1k
(IPAFsHF B AT BE LA (140 F 2t A8 A0 RS AR A
(15 P =N N = W | Pt Su = R SR B O e SRR E R
ghER, Bt A ATIZ IR PN R B R R T, R S iRk
JCHEAT BRI B A ML AR, It BE T i 3 7 50
e WA B, A S EL A R 0 $h S5 A 1 2 1L
MR PAF-1R93 A U2 R T B2 TRkt
S AR S H At 481 R 40 DA HL A I I T A &5 4
IR SR EE IO K, 3 a8 3% 5% 2% BT B K B R 25
ARG A SR 2R DI RETE LA, DT 5 E A
BT fE Ak, S B A S 4 Y R o

2 ZALY T AR S

P b 3 3 I ) B 45 A BT B ) S U
FAT AT AR BB ARG SR 50 e R A B JE: il 4 H A
PAFsHH B 25 R S AR 2R

2.1 fibLafk

FI3IH 94 T H mi i 38 i PAFs A4 R i F i 2L A
TE PO TR S5 48 B AT AL BRI 2 FRLR 32 B2 T A

FE . DUZRBERE S . DUARILEE e S AT AR, BTN
Frvbsem, AMRERRITE, BE RN RS RS
T, FEA BRI RHE 2R d AT SR nT DA R A+ 7R
i AL [ OF DU R HLR R S A TR A, AT LS
PR R FLIE 25 4 e FUBEME FR AR . T B,
1A 5L AN BE 52 ) SR G S R 2R AT, O HLAE S g
JE R BELR B T ok, DT & HE R B S AR . e Ah,
PAFs#FREAY S0t 38 0] DL E 3 J5 A8 4 SR s SE 0. 1E Py
AT A 0 A B S T A9 AT FR fer A ML LR LTIPB A 8%
FKeihil 4 PAFsH R

22 RERM

FHLE AL 221 Z FEPE I PAFsAE B BT A K
AT FEF M ATE LR, Kaass T HTFRTIY
TR0 U BE B A PAFS MBI R G B, X SR G I
REA] A4 W2 sh 253 /2 i (dynamic controlled
reactions) 5 3] 1 2= #5227 (kinetic controlled reac-
tions).

B A BN AT R R, A HILERAR A AR
Mo o BN WT R A, i AR B E, &S
BRSO ) AL A 2 AL B AL, TR 5 R IE R IBOK 1Y
SN (Pl 4(a) Bl BLIE N . ez, 783l 1545 il
N, AR RN AT Y, S — EE R
R o B TR R, MES R K AW
SE R R AR R RMERY . E R 0 R DR A S A
N, RIS RN A5 B B 22 LA R RS R e U,
KRR W ALTE, KR FEAENIEL T IR R 2
J¥ (Yamamoto type Ullmann coupling reaction, [&|
(b)), ZnCLAEAL YT [ 5 W (ZnCl, mediated
nitrile cyclotrimerization, [&4(c))!">"®) B2 %5 =5 A ik
He 5 K ZIELAEPAfEAL T B8 ARSI (Suzuki cou-
pling reaction, [E4(d)!"""", Hekk 5 i K ILAE Pk
™ H Sk 5 BX S (Sonogashira-Hagihara coupling

B2 (PR () PAFSHTENINPAF- DA MR 0 B U A T AL LA B2 F 7)™

Figure 2 (Color online) Topology-directed synthesis of PAF materials (PAF-1) via bottom-up and top-down approaches
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Figure 3 Organic monomers with tetrahedral structure used to build PAF materials. PAF-n symbols refer to the PAF materials constructed from the
corresponding monomer. These PAF materials will be discussed in detail in Section 3
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Figure 4 Representative coupling reactions used in the synthesis of PAFs based on tetrahedral units. (a) Co-condensation reaction between boronic
acids and diols; (b) Ni, catalyzed Yamamoto type Ullmann coupling; (c) ZnCl, mediated nitrile cyclotrimerization; (d) Suzuki coupling reaction of
halogen group with boronic acid group (dl) and boron ester group (d2); (e) Pd-mediated aryl-ethylynyl (Sonogashira-Hagihara) coupling; (f)
Friedel-Crafts reaction catalyzed with FeCl; or AICl; with crosslinker agent; (g) Scholl reaction between two arene compounds with the aid of Lewis
acid; (h) polycondendation of cyanuric chloride with amino-monomer. X refers to halogen atoms
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Figure 5 (Color online) Synthetic route and CO, sorption of PAF-26s. (a) Schematic representation of the synthesis of PAF-26-COOH and
PAF-26-COOM using tetrakis(4-ethynylphenyl)methane; (b) CO, sorption isotherms at 273 K of PAF-26s; (c) CO, isosteric heats of adsorption for

PAF-26s'"!
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Figure 6 (Color online) Synthesis of MCOF-1 and its gas separation properties. (a) Synthetic route of MCOF-1; (b) IAST predicted equimolar gas
mixture adsorption selectivities of small hydrocarbon molecules for MCOF-1 at 298 K and 101 kPa; (c) simulated breakthrough experiment of

MCOF-1 at 298 K"
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Figure 7 (Color online) PAF-25 and its iodine capture abilities. (a) Representative structure basic unit of PAF-25. (b) Photographs showing the color

change before and after iodine capture of PAF-25. (c) Progress of iodine release from PAF-25 when the containing iodine PAF materials were im-

mersed in ethanol”®!
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Figure 8 (Color online) Synthetic route of PAF70-NH2, PAF70-thiourea!”®! and PAF70-Pd"™!
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Porous aromatic frameworks derived from tetrahedral units
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Porous aromatic frameworks (PAFs), an important class of porous materials, have gained worldwide attentions and been
greatly developed since the first PAF material PAF-1 was successfully designed and synthesized in 2009. More than 100
PAF materials with specific functionalities were synthesized and reported in the last decade. The high surface areas, light
skeleton densities and high thermal and chemical stabilities make PAF materials good candidates in various applications,
such as gas sorption and separation, catalysis, sensor and host-guest chemistry.

The design of PAF-1 came from the structure of diamond, the most stable substance exiting in the nature at present.
The carbon atoms in diamond are covalently bonded with four adjacent carbon atoms by sp® hybridization to form tetra-
hedral units. This special structure makes diamond the hardest material. However, the short length of C—C bond results in
a compact structure of diamond. Conceptually, if the C—C bonds were replaced with rigid linear units, the resulting mate-
rial should not only retain the diamond structure but also present increasing internal surface area. By employing Ullmann
coupling reaction of tetrakis(4-bromophenyl)methane, PAF-1 with ultrahigh surface area as well as high thermal and
chemical stability was synthesized. The structural information of PAF-1 was obtained by various characterizations, which
is consistent with P2 model structure simulated from diamond topology. Thus, tetrahedral building units are good candi-
dates to construct PAFs with high surface area and high stabilities.

Reticular chemistry was introduced into the design of porous materials in the end of 20th century, and has been well
developed and employed with the concept of topology. Via the bottom-up and top-down ways, PAF materials derived
from tetrahedral units may possess diamond-like structure thus they would exhibit high thermal stabilities. By adjusting
the length of linkages between tetrahedral units, PAFs with tunable pore sizes can be targeted synthesized, which might
even extend to mesopore range. In-situ synthesis and post-modification methods bring more possibilities for the func-
tionalization of PAF materials. Various functional groups such as -NH,, -COOH, —OH can be embedded in PAFs’ skel-
etons. Metal cations can be introduced in the pores of PAF materials by ion-exchange method. Besides, metal nanoparti-
cles would also be encapsulated in PAF materials with large pore size and specific interaction sites.

In this review, we summarized the targeted synthesis of PAF materials derived from tetrahedral units with the guide of
reticular chemistry and demonstrated the functionalization strategy. Meanwhile, the applications of PAF materials, in-
cluding CO, sorption and separation, small liquid molecule adsorption, iodine capture, catalysis and sensor were pre-
sented and the effect factors were discussed in detail. In addition, cost-effective PAF materials were synthesized with
cheap catalysts such FeCl; and AlICl; to expand their applications in practice.

The above achievements opened up new avenues for the targeted synthesis of porous materials with high surface areas
and high stabilities and provided insights for the materials design with specific functionalities.

porous aromatic framework, targeted synthesis, topology, sorption, separation, catalysis
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