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Study on the Preparation and Adsorptive Separation
Performance of Calixarene-Based Porous Organic Cage

Materials

ABSTRACT

In today's era, the increasing environmental pollution and energy
crisis pose a serious threat to the sustainable development of mankind.
Efficient adsorption and separation materials play an important role in
addressing the environmental and energy challenges, and thus have
become a research hotspot in the field of materials. Porous organic cages
(POCs) exhibit potential applications in many fields such as adsorption
separation, host-guest interaction, molecular recognition and
supramolecular catalysis due to their structural and functional designability
as well as good chemical stability. Among them, the research of POCs
materials in the field of adsorption and separation is of particular interest.
In this thesis, the adsorption and separation properties of POCs and their
composites were investigated through the following two main works:

Firstly, to address the problems of resource waste and environmental
pollution caused by oil-containing wastewater, hydrophobic porous

organic cage-modified melamine sponge composites (MS@POCs) were
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successfully prepared in this study and applied to the field of oil-water
separation. Specifically, we synthesised a structurally novel porous organic
cage (CPOC-302-CFs3) via Schiff base reaction by combining meta-cyclo-
calix[4]arene (C4RACHO) with 22 ‘- bis(trifluoromethyl)-[1,1" -
biphenyl]-4,4'-diamine (TFMB) as the reaction material. Due to the
presence of trifluoromethyl functional groups, CPOC-302-CF; has good
superhydrophobic properties with a water contact angle of 157° .
Subsequently, the composite MS@POCs was prepared by in situ growth of
melamine sponge (MS) as a substrate, which has excellent hydrophobicity
and lipophilicity, and exhibits strong adsorption capacity for a variety of
organic solvents, such as n-hexane, petroleum ether, toluene, and
chloroform, etc., and the adsorption performance of the MS@POCs was
still good after 15 consecutive adsorption-desorption cycling experiments.
performance. When MS@POCs were used as filler materials to separate
different types of oil-water mixtures, the separation efficiency was up to
99.8 %. In addition, for water-in-oil emulsions, MS@POCs can also
emulsify the emulsion based on its hydrophobic and lipophilic properties,
thus achieving efficient oil-water separation. In summary, MS@POCs
composites have good application prospects in the field of oil-water
separation and can provide new ideas and methods to deal with the
pollution of oily wastewater.

Secondly, in order to investigate the influence of the
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microenvironment of the porous organic cage cavity on its gas adsorption
and separation performance, in this study, a porous organic cage CPOC-
108-NH, was successfully prepared by self-assembly reaction of a specific
triamine ligand with C4RACHO with the structure of [2+4], in which the
four amine functionalities in the molecular structure were directed to the
inside of the cavity of the cage, thus realizing amine- and amino-
functionalization modification of the porous organic cage cavity.
functionalized modification of the porous organic cage cavity. CPOC-108-
NH, exhibits significantly enhanced acetylene and carbon dioxide
adsorption properties compared to the unsubstituted molecular cage
(CPOC-108), and the adsorption selectivity for acetylene/carbon dioxide
of CPOC-108-NH, is significantly higher than that of CPOC-108.
Theoretical calculations show that the amino functional groups in the
cavity can enhance the host-guest interactions between the cage and gas
molecules through hydrogen bonding, and the amino functional groups can
be used for the adsorption of carbon dioxide and acetylene. The theoretical
calculations showed that the amino functional group in the cavity could
enhance the host-guest interaction between the molecular cage and the gas
molecules through hydrogen bonding, and the host-guest interaction
enhancement effect was more significant for acetylene. Subsequently, the
results of the gas penetration experiments showed that CPOC-108-NH,

was able to effectively separate the C,H,/CO, (50:50) mixture with a
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separation time of 18.3 min g'!, whereas CPOC-108 was almost unable to
achieve the separation of this gas mixture. Notably, CPOC-108-NH, can
also achieve the recycling of the above gas mixture separation, and the
separation performance of CPOC-108-NH; remained almost unchanged
after five consecutive cycling experiments, thus demonstrating its good
cycling stability and recyclability. This study provides a good example for
regulating the gas adsorption separation performance of porous organic
cages through cavity microenvironmental modulation strategies, and can
also provide certain theoretical basis and experimental reference for
subsequent related studies.

In conclusion, the present study on the application of porous organic
cages for oil-water separation and gas adsorption separation has achieved
a series of innovative and valuable research results. These results can
provide a certain theoretical basis and experimental support for the
application of porous organic cages in the field of environmental treatment
and energy development, and can also provide reference for the

development of new functional materials in related fields.

KEY WORDS: porous organic cage, meta-cyclo-calix[4]arene, oil-water

separation, amino functionalization, gas adsorption separation
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FIRTHZ AR TEREN S, UTAER, AR T B R R AN B XS A AT
FARIIPER, ZFLEHLIE (Porous organic cages, POCs) X—RH A HH L FL#f
BHZLERE TR HIEF, POCs 1EN— AR B BRE S 2 M KL B
BT TR B2 AR AR . AU A7 A 20 12 LSBT AL ) 2 1)
REF &, RINFEZ FLIRR . EEaE R 5T 1 G L S5 ekt B A 7 7 B O
He&EAIER (MOFs). HMANER (COFs) MEZSLANEEY (POPs)
SRy R Z MR —FE, POCs B A & i R AN FL IR L0 121 AR 2 4b
£, POCs BA BEHM 2 T454, EAER WA NLVE R i B A R I 8vE
P, XA HARR AT AT ReA T TH R A B R A 1,

FKTEHIEIR (Organic Cage) WEPIHIN T ] LLE# 2 LA N+
FAHOR. 19694, J.M. Lehn #ERIPHRIE 788 — AL EY), FEx HAg&RET)
BEAT TERABEFL . 1991 4%, D.J. Cram ZURUHRIE 77— e A7 i (52 1 5 %
J ) Carcerand 254 BT I E FLIRBE H e AR AR AE SRR HORAS 22 A,
MNATTEE 22 MR T 90 B B T FL Al i DL ARV P B -2 AR PR e o Hm) il id, TP
ZOIRER AL TR ERE RS TG, WA SEGH 2 TR, I
BAZAE, RAEANIIEREE S K2 LT It . 2 2009 4, AWK
1] Cooper #U U e URFIH & R (Schiff base) [N, % T =15 W f 4
(C=N) EZEMZILANIED T, X=Fh[4+6] WA (h 4 =B HIuA 6 1
ez e HAHBEIERO 1) POCs AMRBFRINH R AT AR B PERE. 77 K THIES
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J. M. Lehn BET 624 m’g”' BET 1153 m?g™! BET 1540 m?g"! BET 1181 m’g™ BET 2803 m’g- BET 350 m?g-!
1969 1991 2009 2012 2013 2014 5 2015 2017 2020 1 20 )
A, yosde «f@%ﬂ;
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= B
) o0 1&;’:».8.»'@56%%.
D. J. Cram Mastalerz Banerjee Beuerle
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B 1-1 ARFRNE 2 FLA WL A FRE e W«
Figure 1-1 Representative timeline for the development of POCs.

BT Cooper ZUZ NS, [H P94 ALIRBIH MAHLEAE POCs ST R 7T
TAE, JEEAS T — BRI EA BB AR . 2013 4, Doonan H#% H1 B
FIFAS AT I RR-RREE SR A 5 POCs M KE. 2014 4F, 1B LR K24 Mastalerz (3% U
RRAMILL 1,3,5-= (4-2KID ZRNERE, il RR R4 & IR N SR A SUE HL 4+
B, JETEE SRR TP R B KB B (4 10 5 T RRCEL B o T OB
[F)4F 1% F A R2OTE] B R P B0 R B 4 S A B T — PRl (B-O) B 1
[8+12] 3775 )\ K%, HNWAATLLUEE] 3.1 nm, WREAFEIE 3758 m? ¢!, X
WIS NIk LR AR A = ) POCs AL, JRAETNER IR & S W 2 il & POCs #4
BHOA R0, AR R0 B A 2V oA 15 SeUB S e i AT WL B AE K Pl 5 2 ik
MW, RS A P BA A KA E M, 2015 4F, i [E Al
FHERF TR Kim 0% A1 A2 ik (Ui 5 1,3,5- =203 - = ik B 4
BRI — M [o+8 IR TRy nbmh Ik 2 FLAHLIE, 1270 T J84E 4.8-13 1 pH JEH N
BIRRARFRGE R e . 2020 4F, A [EIRL 2 AR £ 40 5 45 AL R 5 T 0 3R SRR A
C20] FH ELAG <191 T 45 4 RO AL R IR AR (4] 5 /8 (CARACHO) HARTAZEAL ) —
RO AR AT E AL, i BB S AG SR T — ZR 9 AT S [ 4 K S R ) (R R AR
[4]75 %5 POCs Mk, Hoyle+12] \EZ LA NI CPOC-303 I LLR A
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Bk 2803 m* g e 2023 4F, B ST HIAEIR A e i SCEE K (Knoevenagel) ¥
BT — RV sp?-BiiE (C=C) B miAsE Pk POCs Mk}, i, 7SR
¢ 58 B BAU A1 (M S P AL SRS AL 1 9 28 B AN ) [ 42607 3C R K e e
ZALAHIE (IPOCs), XL IPOCs Sk TG A Wl ER @ A SRR,
TEFRK, WRERER . SRR AR E A AN TR R B RE R IR S M e . sk, &
WA TPOCs M4 RHE AT DL SE I 20 e 200 B DA A KA o NH 1) v R %
FOERTM . R ITAFR POCs MBI R IRE, HAFEXT 1) MOFs #1 COFs #4
BHHLL, HRRKIAZENE, FUIbHER— L R F R T A8 A
PR R DU T e H 28 7708 1R e Y R PA 453 ) 2

1.2 ZFLBNEMRBRTIE

FIF POCs MBI 2 SN AT G AP AT S NN AT T S o 5
POCs f5 i WL B0 ) 38 s B A5 S 8 5 S IR 4 4 s I A s e/ R e B2 9 i
SR o ANRIIE 2 NAE POCs 15 i AR e/, AR ) 5] 5~ il 0 < e R AL 1R 22
SISO SRA% U S B AN B A - BRI s BRFE JH + POCs #3R 1Y
BB B . R M AN RT3 A B ) 4 O AT LS BT BOm AR E 1, HA G AR
AR R EIHAAAAENCRAR SRAER 8. M2, BT shas 3 m iz m
A NAE 7T A O AR T S E RN A, AT SEI POCs AR e &%) 45
LR HER, MHZESI LR S A PUEIEG 1 R, ARRST
A E 43T ) POCs MEME AR 4EIT A K

1.2.1 AT R Y

(1) ETIRESRNERSFLAINE

V. 4 B N T T A A A i ) P A S T RO B, R N A
SEAFRAN S AR 5 T B ONT SO P R R S L, SO R AL 1B HUR
NESEA R TTEZ — o FeT W46 & RN SR A L7778 2 A R ISR A%
AN ) J LT B 1 22 Jie AN 22 I e /D B A AE A T B AR 2R . 40 2009 4,
Cooper #Fz RN IAYI IR = HIBEMANFR —E (4 K. 1,2- & FE M.
(R,R) -1,2- "3 ale) Jalkl, B MREA & Sl # 1 =F [4+6] FRY
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KA T BAMMNARY, HSER=FEM (R, R) -12-"&HEHf
e S SAL £ 1) Cage-3 FLLR AR SIA 624 m? g !, A2 i) AR IE ¥ 7 [ 4404 K
R ) o

R-CHO + Ry-NH, =— R N2 + H0

O

=

Os e

K 1-2 = [4+6 ] M BT i B iE 32 0 2 S LA LB & s & K
Figure 1-2 Synthesis of three [4+6] imine-linked POCs.

2012 4, Mastalerz PRI A AN R HUREE (/K AN =Rl = e A A
SSLIERE, Gl e 4 G SR A T R (46 I RN 4 10 . WAL
B, ORI R RS IR/ POCs MRHI LU R T AR R AT B2, 1%t 9t LA
NGB R TR POCs MRH T & B AL 1 — & B S 3K 4

Bl 1-3 [4+6] 4 Y 0 et 243 22 LA HILIE B A B
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Figure 1-3 Synthesis of [4+6] imine-linked POCs.

2015 4F, Kim ZREHPHRIE 7 —FpnbskoigetL ) POCs #4 kL (PB-1),
PB-1 HIZSMARKREE R B TT (P) AIAA =R (L) M (R PeLs), oo
BHAEIA 1.95nm. EREARS TG, PB-1 LRI EIA 1370 m? g !, &4 A
A f E LR THAR ) POCs #18L. 2020 47, Kim H#A Baik % R4 PR E 1
R 12 AR T (P FI 244 “V” B TRETLR (L) HARERNZ
FLOMIREHLTE (RD PiaLoa)o Bl XS RIMNAR, ZIAHLIE R — MMEE
149 5.3 nm FISLJ7 \HARSER), NS BEALN 4.3 nm, X224 N1k
RKIVEND T . YEREMNAER B, A HLIE AT DUA U — 32 525407
ARG EA RS, T HL R E s S A ELAE F R AR AR K AR T R 43 T
I COPII & H .

2a R = n-octyl NN 3a R = n-octyl

2b R = 2-octyldodecyl /Wv:(\/\/\/\/\ 3b R = 2-octyldodecyl

K] 1-4 PeLg F1 P1oLog NAMREE 2 FLAHLIERT B THE B
Figure 1-4 Design and synthesis of P¢Lg and P12L24 porphyrin-based POCs.

(2) ETHERGES K NARSFLANE

BRER 4 5 B NN POCs AT RHI & B it 1 — Ml s A 2 7 i, AR
GITE A RIA N KRR B PRz e tEA 2, (HeEEae RIS W
FEA R AR . 2014 4, Mastalerz VREZHPOHRGE 7 —Fh [8-+12] B R e ik 42
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\IPOCs PR, %40 T4 A8 =R B AR, RF I 7 A MNITE. 2
e, ZEIESBEERN 2.8 nm, R EIA 3758 m? ¢! £5 T
o, A 2 R R B OR A1) Beuerle 458 N PSHIRGE 1 — il 8 i 82 452 1) 52 7 AT WL
7, HHRmARFERE L 3426 m?> g '

OH HO_ R, o_R;
R-B  + j — R-B_| + 2H0
OH  HO 'R, O™ R,

R
B(OH), O
i L.
Ho
(HO),B B(OH), ia A e g

[8+12]

k\ W Y 0 P -
W8 = Me
\,ﬁ% @@=t 1-Et 2-Et

@="8u 1-"Bu  2-"Bu

1-5 [8+12] K BT IR BRA HLIE & B =
Figure 1-5 Synthesis of [8+12] configuration borate ester POCs.
(3) ETHIZ/RIEE SRR NWHZFLEHE

Wi K LI 5T 0 AR IR — R IR S L I P BB B A I S B, RS A
T EIN G BT R PR B il SRR POCs MRMEAE R
AR A RENE, FFRE RFFA ML TARAAL . DARNIATT A B L A 51
261, 2011 4R, FEZh 2 KM TRAR R S NIl Mol 2 0 il SRR Th & i 1 %
RIFAI N IREEATHLIE COP-5, %50 FIEXT Coo S G- AN T2 & 15 Coo
GEEREAT], SRIREE R COP-5% & ¥R &4 Cro 1L £ KT 1000/1,
RIS, % - L RSP AE S SR L BK 3] T 1Y) AT 30 45 5 R ik B9 845 AN s
NGRS 53 B Coo AR BT S 2, IX 2 B I Bete 52 43 il S S SR
AL FIE. 20134, Doonan 32 A AUVl R iy HRa AR S B4 il T —
564 HBR-IREA R A NLIE, A PUER AR S MHFE N, 1 400 °C 1SR
A, HASH R RER e R . IR/ B 2 03 il SUSLXT TAE 481K POCs AR
SUTERR ST ERRAN e /B, TR0 h e KA 2 2% (8 43 1 4 Mt L R B 3

6



S MW e e VAT

CigHas Pd(PPhg),Cl, Cul

piperidine , THF, 85%

N
O O Pyrrole, BF3eEt,0 DDQ A
CHCI, Tol,35%
o) | ° = C16H33/

K 1-6 F R bke 2 7 il f G HLJE COP-5.

Figure 1-6 Synthesis of COP-5 by reversible alkyne metathesis.
122 N M

AT IS s R T POCs A SR F- 85 20 o SR AN T s S A 365 4 S 1
)28 AR S B 55 A% BUAR R B R & A6 - 30 i e BE . 2013 4,
Rankine #4525 A\ U8V FE AR 35 Sk 4k 9 A~ W14 Bd 44 22 18] (1) Eglinton Homocoupling
R, HEAFENT —Frl-i (C-C) BEELEMANT FHE. BT RN FHE
AR, BRI AR RS S 1E i BERRRE 10 26 A T AT, R T &
EAGFSRAR = = 3. 2015 4, AR RS I sk I S NPTHRIE T —Fb
HIDUZE Z4& (TPE) IThESALEAARSr T 2,6- —SMEnE-3,5- MBI POCs #4
ke 1%y FIE45 ¥ TPE ook PUSIEE R # E , IXBORCPREI T TPE Hocr
RIS HEIRE), NG BRI R L2, Bk, %507
T MR AT BRI PO MERE, I HZ o T2 A ARRGE AT R4 Wt
e, HAHE R m i A SR B R
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. /_:_ - N i§ S CUCI, CU(OAC)2 _4/\’/
ot '« v
/ pyridine, Ar
- { )
HO. OH
e adlh e . [2+4] =
NC. | CI i /§
Al Cs,CO, DMSO )\
e’ e

B 1-7 RN AT s A 2 LA L -

Figure 1-7 Synthesis of POCs by irreversible reactions.
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Figure 1-8 Timeline of POCs for gas separation applications.
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Figure 1-12 Synthesis of NKPOC-1 and testing of gas adsorption and separation properties.
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Figure 1-13 Synthesis of POCs with different degrees of fluorination and testing of gas

adsorption and separation performance.
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Figure 1-14 Concept of SLEN materials and their conductivity.

Hi-1@ A HLE B A M BHEM RIS BRI T E R, ETahs g
) SR 1) T -5 P A6 L 228 AP T 90 4 1 2 s RO AR = T U 4R TE PR A O v
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Figure 1-15 Synthesis routes of two POCs composites: (a) POCs with added C60 and (b)

POCs with added sulphur.
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Figure 1-16 (a) Chemical synthesis of CC19, (b) 3D crystalline structure of CC19, (c) schematic
of preparation process of CC19-TFN membranes.
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Figure 1-17 Schematic diagram of the self-assembled catalyst and its selectivity and activity at
low CO; concentrations.
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Figure 1-18 Schematic of preparation and adsorption of ASPOC-based composites.
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Figure 1-19 Adsorption mechanism of composite material (PIL@CC3).
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A FE R REAHLIER B T-& S, 1 H S8 0 B POCs MBI M RERF 7T . 454
A 2 R R TN Y H B T U 1Y) R ER RS ) B, O R PR AR [4]05 e
POCs M EHIRTIARE 5T LA . ARIe ST & BB AL 1) POCs #4 kLK POCs &
MR FRRNIRTCEATTE M K 53 25 1SR B 43 25 A B2 P, AR 18 32 i B
WA A A3 LR

(1) @ EE AL R IR AR [4]95 48 (C4RACHO) AT 2.2'- W (=4 HF L) -
[1,1-BEK]-4,4- & (TFMB) Z[8]f) B 423 [ Nt % T —F B A K e
POCs %} (CPOC-302-CF3). CPOC-302-CF; 7 = RFig4n (MS) R JEAL
A KT A S R E S AE MS@POCs. %8 &+ EHEA B I HG KSR MR,
X UL WLV T35 2 I 5 v R B e 70, EL P48 15 IR 4 1) VR B - (i 3
LI, MS@POCsARIH BEfRFFH: R AT AR PR RE. 1BAh, MS@POCs it LA
T EAFERAL AR G, s BRI 99.8 %o STl ALK IR,
MS@POCs [FI ¥ e i S I i AU K 73 B9 . SRIe 4 R, MS@POCs B &Mk
FEHI7K 73 B8 U R AT B4 10 B AT 5%

(2) FH=ECAS CARACHO #HAT HAHBE N, RN & H oA [2+4]
AL POCs #4 %} (CPOC-108-NH2). CPOC-108-NHa 2% 5 FRA7AE DU AN A S N )
ST REHE], I SEI 2 A E IR BRI RO . AR PR SR IR R B
CPOC-108-NH, 5 TCHURHI 73 F % (CPOC-108) #H LR B H 5 25 1458 f) 2, F1
TR T RE, IF B 2y AR AR AR B e R LR B s T CPOC-
108. BEEFE)E, CPOC-108-NH:2 AEW A LI CoHo/CO, (50:50) Y& A
B, BRI 18.3 min g, 1 CPOC-108 M7 B REAIX B % . AHF T
I I RS AR A4 POCs AR} 2 s SR B2 5K 1 5 AL P A R B 4 23 P B R A
THEESH, W POCs MBHE SRR 73 B 48 ¥ B B9 58 HE il
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SE [ 22 Y IR B R 2 SLAP R, ey 7 s Sl L [ A AL SRR & A v Bk
POCs MM ZEARF AR AR RO T\ JEUAL 7542 LA BORS HE D e A 77 T g B
MR AU, SRR, FHRENI LI R — RIEA AR LR EH A
AN POCs Mk, XA RHE AR /70 8 ek 1R &l oy 1
AL AT R I H AL BRI 1o AEH/K 7 B U, POCs PR iy EE R THI A
AN RLGF A 25 R TS U PR O B R PR e A1 ). 2RI, 255 e POCs #4BL
AEAE AR, I AR (Rt 72, X AE—ERERE_E IR 1 POCs £E 7K
IS o O9 1 PRX L, R BURE POCs 216 21| HAth 22 LA
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JS7FH 3 i — g R H IR R R T 5

—REMEES (MS) BAREE. mILRER., @it AR SRS A,
&R AR S A AR RO FEIM K 2y B AT, K MS #EAT B K 2ot Ok
DRI FL L B 25 R R 43 B R () — R R - AR, E ATHE A% MS #E4T
o B ThREA RS A7 A R e AN . 4% T 2R AR A e i S ), 3K
RRFEAR T B AT SEBR B A (1608, SEF ik, BATRA LG R,
¥ MS VENFERMRE, 72 A S R T 5 A AR K B /K 1% POCs # KL (CPOC-
302-CF3), MR Thfil & tH—Fh 3+ MS I E 51k MS@POCs. L1 CPOC-
302-CF; fagsi /K PEA MS R R 42454, MS@POCs RILH R UFsi/KHERE,
It 2 FhE HLIE IR EGE R BE 1. 24 MS@POCs {E I 7 M kL. H
Tk By, HARE SCIL 2 il AR S W RO B, e o B AR AT IA
99.8 %. IbAh, ARWFFCIETEAE T MS@POCs X 22 1 7% 1 771 2 i A /K FLil
(K173 BV RE .

2.2 SERER Y

2.2.1 LGNS

R 2-1 SR A

Table 2-1 Experiment instrument.

B4 RS AP
X HH AT D8 5 [H Bruker 2 ]
AR BSA124S i [ 5 % 45 A
AR B ASAP2020 Plus % [E Micrometrics 22 ]
RLHES AR A AVANCE NEO-500 1% [F Bruker 2\ 7
Ay MaXis™ 4G 18 % Bruker A 7]
8 LI AR LT A A IRPresting21 A Iy A ]
A9 T R R CIQTEK SEM3200A [ 45 &
Beful A% SL250 FE KINO A

KA Smart-515 F g ARAL AT IR 7]

19



S MW e e VAT

FL AV I S TR A

PR R A A IR A T

DHG-9410A
B I U A KQ3200E B LLHE 75 A 38 A PR A A
IR BRI I 5E A% 852 AR
2.2.2 LI
 2-2 IR
Table 2-2 Experiment materials.
EX) BRI CVRI I
R 100 g LN 7
B 2 500 g 2545 [
7S U F 5L DY fi 500 g I 2442 (4]
4.4 F22 W (ZHH 50g RS
B R
=R AHUHEA M TBERE B AR PR ]
1- FF -2 - e A 500 mL [ 244 [4]
1P S 500 mL [ 24 45 ]
oK H R 500 mL [ 24 4R [4]
WERIR 500 mL I 24 4L 141
EX ¥ 100 mL 2
fifjd 2R 500 mL I 244 141
223 MRERL

(1) BEALBEIFF[4]5512 (C4RACHO) HIERK

K2R =M (33 g, 30 mmol). A (285 mL) F/K (15mL) HIA =3A
JEFM (1L 1, 7£ 15 T TFHHE 10 08 FIEEWHIIAN 75 mL ikERIR, B
JETEVKKIS RS T ¥ 7 IR (25.8 g, 30 mmol) MM ARSI, 25K
WINTERE S, KK IE S A, BRI 65 °C, BT EA 12 he %
ARG, IRV DB LR, REREA RSP T 12 h B
FRAFHE S R AR (2K MR (4105 48 BlJS, FREL 6 g IIIRIZR A% [4] 05
JeA 8 g 7SI L DY i B T 100 mL I He S RO, 2R F5 IMA 50 mL () =5
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IR F I SIRTBCEAE 120 CHIMIE B I ASBERE 8 h, RLE NG H B =R,

W MRS 250 mL A5 250 mL #58 (1moL/L) WRIRE, HRd$iH: 12 h,
RIGIREAT 70 o B BKAR R ST EAT 2 I3, &P A NI E R 5%
PR B LGSR e Ba, FPEXDHE P S Tsedk, SRS hIEIHAE 60 °C
NEZTHE, B0 153 IEAL A FAAE [4] 5 (CARACHO) [0, Py v 4[]
KA, HFERLN 54 %. '"H NMR (DMSO-de/500 MHz): § 10.90 (bs, SH) ,
10.12 (s, 4H), 7.32 (s, 4H), 4.71 (t, 4H), 1.81 (t, 8H), 1.40 (m, 4H), 0.84 (d, 24H).
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Figure 2-1 'H NMR spectrum of C4RACHO sample.
(2) AHLFE CPOC-302-CF; BIE K
¥ C4RACHO (0.025 mmol, 21 mg) Fl4,4- "8 FE-2,2-X (= FH) Bt

Z (TFMB) (0.033 mmol, 10 mg) I 1-FZEE2-MEM el (2 mL). &K (1
mL) FIFEE (1.5mL) FRREWERT . FIREGY%EAE 10 mL B3FM, 1£ 80°C
T 12 h, FEIAEIE AL O R (il 2-3 Fros). il g d ik,
HH BB =R, FR1G B it — D REAE R R AC R, SRJGHE 100 °C

FHA TR 12 h, BIA153] CPOC-301-CFs BEfh, 24100 69 %
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(3) &K MS@POCs HIA R
# C4RACHO (0.05 mmol, 42 mg) A1 TFMB (0.066 mmol, 20 mg) & f#AE
4.0 mL 1-FAEE-2-nE e e . 2.0 mL &R A 3.0 mL FEERR AR . A5,
TEVEHT R I = BEMES (2cm x 2em x 2cm) I EIRE BT . HIRE
Y SHE 25 mL BB/, RMAE 80°C TAREF 18h, WEIR=EIR)G, #/E
AL LR Z RN f)a, SBERSAE 60 °C THZ T/ 8 h, 155
2 EME MS@POCs.

= -
\

Immersing Taking out
—— e
80°C,18h Squeezing

MS@POCs
MS @

Mixture

2-2 MS@POCs E & MEH & om = K.
Figure 2-2 MS@POCs Schematic diagram of composite material synthesis.
(4) & HKREYRMREFESETRERNMEKIRE
7K TR A P e 7 B b VR A AT HLVA R A0 25 B TRk i 4 1) o K7k A R
PL 1:100 (V/V) 8 & il % £ 58 W U98 K 2 G 7K $LI . Span-80 W& N 2
mg/mL, RJEEEIR TXZRGYEAE LI 6 h, Frfflilaetem™ Ll L, &
DU B LI R R A

2.2.4 W34 =it

(1) MS@POCs M= £ K EE FI A

¥ MS@POCs 7 /MR NEIARFE A NI, DUEVE Al H T % J8H WL
IR B PERE . BB TR : BRSA (lem x lem x lem) ] MS@POCs # i
RNBSFE LR OREE 30 FPJEHUH, ETEIEM L E 1 s, REHEHT
HEE, AR AT = RE S S DR T R B R . T DU R -
B -1 5 2RV MS@POCs HIE SR FHTERE . TESLIRIFE T, B HLIET
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RN O YRl eriar e, /KA SE Y et DARESRAG SE AP AR BE 2R
BRZAKICMAE T Q (mg/mg) s A3 (1) AT
Q="+ (D

Hr my (mg)fl my (mg)/2 MS@POCs 7E Wy Fff 512 36 1 5 ¥ 5 &, AT A
MS@POCs [WEZFIHVERE, LT T 15 AN SEE0 . SRR S
Jeil i YR LB MS@POCs WEFHI KBS, JERILET 60 °C T4 12 h,
RS B 56 4% 23 B 5 TR HEAT T — S0 R I 5236
(2) MS@POCs Hit7K 53 B4 g Mzt

T 7K B 40 43 35 S 6 SR B K h A0 B T SRS R 4, SR TR BRI o
BIENESS B ARG, DSLBESHKSE. W 2-17 (@, (b) Fiw, W
IRBHI, PE R uIEFE MS@POCs, REIRANZIM/KEEYH: BEWS —
Ui 5 S B ARE . TERZSIERIMERT, WMHRE MS@POCs #iFF4tbik 2 b
MR, AT SEBLM KB AR 8. EE Rl fEd,
MS@POCs [ & Jyid JE2% B (b A 382, (E B BKSRMAE e,  JhAH a] UG
Fl@d, WA AR BT, TR KR A S E . S5
SRR, HARBORA O YeRl YR i, AT 0 5 el . 0 B SE I AR 3
A (2 WHEFBHE (Ep.

1%=3xm0% (2)

Fort ma F1 ma 2390052 53 B R IS RIK 5 &
(3) MS@POCs R ZLEZ M
W i & b LRI BN E IR A B R E h, £ E JMEM Mg B
MS@POCs il % Hd 92, Tk BB FLA R . BFLAT S AR & /K& (Co
FCo B RIR AR AT, FEME (B HHUTARIE
Co-C;

Efr C—XIOO% (3)

0

Ferf Co A1 Cy 9902 FLIBURSE AL FI 5 VUM ) 5 7K
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2.3 ERMITIL
2.3.1 CPOC-302-CF; FIFE X RIEF 4 7

(1) CPOC-302-CFs ] Stk i Fr

B 2-3 e BT T CPOC-302-CFs ¥ AR B
Figure 2-3 Optical microscopy images of crystalline samples for CPOC- 302-CFs.
(2) CPOC-302-CF3 4% Hs K ¥
"H NMR (500 MHz, CDCl3): § (ppm) = 15.75 (s, 1H), 10.31 (s, 1H), 9.19 (s, 1H),
7.26-7.60 (m, 4H), 4.66 (t, 1H), 2.16 (d, 2H), 1.59 (m, 1H), 1.06 (t, 6H).

33
26

2w
2

—1031

—-9.19
—4.66
216
—-1.59
~1.06

e
a
e,glh,i
€ b
£ d -
A — e
16 14 12 10 8 6 4 2 ] -2
1 (ppm)

2-4 CPOC-302-CF; [ 'THNMR Yt & .

Figure 2-4 '"H NMR of CPOC-302-CFs.
24



S MW e e VAT

) R

o
ot
[

"

e

© ® N o o » w N - O
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|
LN
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[ENEY
- o

A
Y

" " 10 ? : ! f2 (:pm) ° ¢ : 2 ! °
& 2-5 CPOC-302-CF; ff] 'H-'H COSY NMR J&ift &
Figure 2-5 '"H-'H COSY NMR Spectrum of CPOC-302-CFs.
(3) CPOC-302-CFs 7 73 3% o 1l Pl A1 N Wz By 424 g il k.

et —REHCAA (TFMB) 5 C4RACHO [ [ 2H %5 S BRI 75 31 75 58\ T 44
7 CPOC-302-CF; (Z5af AW 2-6 A7k ). CPOC-302-CFs [ HIIE 55 L B8 K AT
B[] )57 3% (ESI-TOF-MS) Il i 3% B, [M+8H]¥"& ¥ & i 47 th (m/z) N
1044.9871 Kb B, %250 I (5 B THEE (1044.9899) miEW)4E, MITIIE
5% CPOC-302-CF3 ffi 5 475 5\ A BY (¥ 73158

CFy CF;=e
12 - CPOC-302-CF,
& 2-6 [6+12] 7N FARSE CPOC-302-CFs 14 L5 45 F IR

Figure 2-6 The synthesis and structure model of [6+12] hexameric cage CPOC-302-CF3.
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Bt 5 IR T CPOC-302-CF3 7E 77 K 61 R 1) No W PR R . BRI,
56, K CPOC-302-CFs ¥t B T o /K HlEH, & 24 h #EAT 6 VA AIAC#, 3%
PR =K. BJGITIERES, JRBEFERAE 100 CCE &M FHHTIERL, B REE
WRER T 77 K 0 N B9 No BRI anfd 2-7 Bz, CPOC-302-CFs 23t
() 1R B P TR 2R, IEMT% POCs AHRFEA MALE K, Hf KRB
B 632 em’ g, RA BET JiRIHEAGH, CPOC-302-CF; [ LLR A 1782

2 -1
m-g .
a b 700
8+ —— CPOC-302-CF,
1044.9871 Experimental 600 - .0-0-0-0-0"2-8¢ SRR
—_ O")'O/s-: o o0 ®
- 00 a0
o0 0= gee®®®
e, 500 oo
£ *
¢ '
A
K]
-™
[ ]
8+ & 300 ¢
1044.9899 ~ :
v 48
Simulated ':‘ 200 ]
£
= L d
= 100 ¢
.
of §
T T T T T T T T T T T T T T
1044.4 1044.6 1044.8 1045.0 1045.2 1045.4 1045.6 1045.8 1046.0 0.0 0.2 0.4 0.6 08 1.0

Relative Pressure / (P/P,)
2-7 (a) CPOC-302-CF; )i i il B S FAHUs i &1, (b) CPOC-302-CF3 7 77 K N2
T PRI B SR 4
Figure 2-7 (a) ESI-TOF-MS spectrum of CPOC-302-CF3, (b) N> sorption isotherm of CPOC-302-
CFz at 77 K.
(4) CPOC-302-CF3 &% B ARy AR AT 70 A
T E S (TGA) FAE T CPOC-302-CF; fli#iasett. ik 2-8 AR,
TERSIAE T CPOC-302-CF; FIFAE 2 o, 7E 300 °C2 i, CPOC-302-CF;
AR KR B2 I FF S i ik, IXRWIE =R 2] 300 °CZ A, CPOC-302-CF;
HA RiFm#Hdaett. #it 300 °Cj5, CPOC-302-CFs Eyn R4 i 1) Ji 24 0%,
X Ut A T MR P S BN L S5 M T R o il . R R X ZRAT4 (PXRD) KB
fET 25y T AL . WK 2-10 FiR, CPOC-302-CFs 7E 3°~5°f/NA KT
YO A AE ] S AT e, ELATS I R BIAE 4.48°, 1EW] CPOC-302-CF3 H
A RIFHI RS .
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120
(a) —— CPOC-302-CF, )
4000 1
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-
= 807 = 3000 -
s £
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S 601 E‘
E E 2000 1
=
101 =
1000 +
201
0 T T T T T T T 0 T T T T T T T
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K] 2-8 (a) CPOC-302-CF; [FJ#E#iZk, (b) CPOC-302-CF; 1) PXRD ik,
Figure 2-8 (a) TGA curves of of CPOC-302-CF3, (b) PXRD patterns of CPOC-302-CF3

(5) CPOC- 302-CF3 ) 7K 22t 110 5E
I8 I A B A € T CPOC-302-CFs ¥y ARE W K2 A, W&l 2-9 fr
7~, CPOC-302-CF; f/Kefub /iy 157° , IFBAH B B IF R E K T RE .

Kl 2-9 CPOC-302-CF; i 7K #2 b Ff

Figure 2-9 Water contact angle of CPOC-302-CF3.

2.3.2 MS@POCs BYHE X FAEF 53+

CPOC-302-CFs A&k, BIHBARILS . X PR TE I LA H
IS A7AE W) 8o, 5 ik AIN T RRe € TR . [N, CPOC-302-CF5 H& Bl A
Bos, AR E R ERRAC T LR MME . = REURIES (MS) SRR iZ
HERM 213, I B A E 2 P LR 45 1 Be 0 526 AR il 2 42 4K = 1
KA, FCHE AR H & AR EAR R R . T 0k, RATIEA MS 1E
NFEEA R, 38T CPOC-302-CFs £ H A 1 S 4 1 5 A7 A K e 28 e Dl | 46 HH 2 T
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POCs M =R a5 liF s E &Mk (MS@POCs).

W 2-10 s, #l#& RS MR MS@POCs 5#1MHM k MS AH LLAEZM I _E
FAEMEZER, MS 2EHLAM, M MS@POCs NIANRL (., BrAh, MS XAk
BRI BIFRISEAE, T MS@POCs WHA W & MBiKEmhE, SRR
YRORIR P K VA VAR 2 0 Y2 3 (B K M o B S R P K Ak A 430075 MS@POCs
KL 2o 1420 CanlE 2-110), EBA B RIFHISKERE .

K] 2-10 MS@POCs 5 MS ZEHi KX LE

Figure 2-10 MS@POCs Comparison of hydrophilicity and hydrophobicity with MS.

K] 2-11 MS@POCs 7K Befi £ -

Figure 2-11 Water contact angle of MS@POCs.

B JE A IR S (SEMD) M%7 MS Al MS@POCs HITOWIESH .t 2-
12 ffizR, JEUEMEE MS 2 GTEIN, B B S R BURLIR 45 M B At AR R TR 5
MR AMEL MS@POCs T 2 JLH AR AN [F] IO S5 AR AE, TR K TIRZ
TN R BURL, X R AR R A AT B 5T, ARG, X E A MR
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W T 1R IR ) BRAIAL S o

Kl 2-12 (a, b) MS [ SEM K&, (¢, d) MS@POCs [f] SEM K.
Figure 2-12 (a, b) SEM images of pristine MS, (¢, d) SEM images of MS@POCs.

B o i A B B -5 2R OGE (EDS) 4R (MS A1 MS@POCs) )
TCRMAATIRNI . W 2-14 FR, MS Sih B850, & 4=
FpotE; MifE MS@POCs 5k, Bk B =Fioagsl, AL EMF LR
fii. XKW, CPOC-302-CF; IhskBl 18 MS R R A

Counts

2 3
Energy(kev)

100pm

2-13 MS@POCs 1] EDS 7t fc =4,  (a) MS@POCs [¥] SEM Elf%.  (b)
C. (c) N. (d) O. (e) F. (f) MS@POCs ] EDS 73 #7 .

Figure 2-13 EDS analysis and elements mapping images of MS@POC:s, (a) SEM of MS@POC:s.

(b) C. (¢) N. (d) O. (e) F. (f) EDS analysis of MS@POC:s.
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(©)

U
100pm 100pm

(€)

Counts

rm 0 1 2 3 4 5
100pm Energy(kev)

Kl 2-14 MS 1] EDS /i e & A %, (a) MS@POCs 1) SEM %, (b) C. (o)
N. (d) O. (e) MS ¥ EDS 54,
Figure 2-14 EDS analysis and elements mapping images of MS@POCs, (a) SEM of MS@POCs.
(b) C. (¢) N. (d) O. (e) F. (f) EDS analysis of MS.

N TR MS@POCs A EHP i %5, AT MS. CPOC-302-CF3
PLE MS@POCs #H4T T 204N iE (FT-IR) FRAE. @& 2-15 (a) frw, 5 MSH
Lk, POCs il MS@POCs 7E 1582 cm™ AbERWLEZ R 1 I £L /MR IS, X ok
I 0 B EL AR SR I B R AE 0 . BB Ah, 1265 em! ARFUEAE AT IR T C-F
SRR R IRSN . XKW =5 TR IR IS C4RACHO #EH47 T H
HAE P, FFH CPOC-302-CFs AL 178 MS B3R BRI, v 1 ik MS
M MS@POCs I EaE I, A TBEEX EATHAT 7 AE S (TGA). Kl 2-15

(b) Fizs, MS Al MS@POCs 7E % il = 382 °CIHITL P 7w H 40 20 %4542 5

K. I 382 °CHF, MS Al MS@POCs # & H PJGE I i ik, X

A BB A FHAE S 4504 0 R ), X eS8 SR8 40E B T MS F MS@POC B
BT R AR E 1
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a b
120 T
—MS |
—— MS@POC

1001 S@POCs I
~  |MS@POCs |
= I

E -k Bl

Z <
£
£ 5 60- 1
E 4 I
? :
= 401
= I
= . 1
+1265 (C-F) 201 1
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K] 2-15 (a) MS. POC. MS A1 POC ff] FT-IR i, (b) MS F1 MS@POCs ] TGA #HZk .

Figure 2-15 (a) FT-IR spectra of MS, POCs, MS@POC:s, (b) TGA spectra of MS and MS@POCs.

2.3.3 MS@POCs HIR Ff 5> Bt RERRT R

Z 83| MS@POCs B RIEFMIBAKSE MR, FATERIEAT 7 MS@POCs
X 7K A BILVE TR R B S5 (1] 2-16)

Kl 2-16 (a) MS@POCs EFMEM /KT _F3 Akt GRZA gt MR, (b)
MS@POCs JEFE AR SR GHLL ) it fEr .
Figure 2-16 (a) Photographs of the selective absorption process of cyclohexane (dyed with oil-
red) on water surface with the MS@POCs, (b) Photographs of the selective absorption process

of o-dichlorobenzene (dyed with oil-red) from the bottom of the water with the MS@POC:s.
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PSR 4 R, TSR I TOKIE 2 LS B WLARER Ok, 62
DUT KR Z T B % B A MLV R 28 80K, MS@POCs ¥ Re1E R PR B AT 19K
R, Fedh rR A NIETEEIK, AITER MS@POCs & R A L 75 B B
Jlo BT HRSEIGEE R, ATE MS@POCs 1EAIEFTM AL, HIFE 7 P F
WK B E, RIEHT T — R AR A5 B 9

a ¥ b

Connected to
Vacuum pump

MS@POCs

Collected oil/organic solvents  Oil water mixture

THRITHIK 7 B

B, (e, d) BT B 8 B

Figure 2-17 (a) The oil-water separation device model for the removal of low-density oils, (b) The
oil-water separation device model for the removal of high-density oils, (c, d) Images of oil-water
separators in operation.

B 2-17 () H2EE EEH T SR &Y PR E I, 7RS4 7
ERF, AHLE R S0 AT LUl MS@POCs & #E N B U s 1Mol T
MS@POCs MRS FgiKM:, AKIEiEE MS@POCs, MMk 2 /KIEEY)
BRI B 2-17 (o) FHEEE FEA T 0 B AKR AR B, S8
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Bd FE A MS@POCs fF NI JEd B b Al 82, HT MS@POCs K
SR, AT ROEE @, K e R B, ATTA R K 4 B H
¥,

RIS O AP UE MS@POCs BEMSI A HLIAT, HH A 7 8 il KiE
EYINIE ST TR MS@POCs #EFIITERES S, FRATBERITF R T — R 51
ERE. H, EX MS@POCs MM IR ERE, BATIME T HITA R WL
IR B 25 it . 7RI, AR T -UR & AR A HER, AR b,
WEA. ZBROH . ZHIER. B, =& F k. UELR. Wl 2-18 (a). (b)
Bz, BEEA NS B 3N, MS@POCs WL I s EthrEiz 4 BT, &g
A3 3] MS@POCs W25 88 62-123 mg/mg, XEXHHEA RIFHEHIA
FIRBERE . BESS, FRATR K> B3 E XN MS@POCs 1£— RFKIE &Y
IR A B M R HEAT PRAY, XSS K IR A S T R AR M S A R A A R
SIS KB, MS@POCs X ZKIR &9 153 B CRAT 96.5 %1199.8 %2 [H],
IER] MS@POCs 7EiH1 7K 73 B AU EA BRI M T /) (i 2-19 (e) Fos)s

a b w

@ Carbon tetrachloride
Cyclohexane 5120 @ Trichloromethane L]
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=100 :
<
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=
ot
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-« [ ]
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Kl 2-18 (a) MS@POCs X} T A A HLIA I s KW 25 5, (o) AN [EAATLIE 7 ) W B 25
M FEZ AR R, () MS@POC 1E it /KIR & YE AR SL bR sy B2, (D)
MS@POCs FIfEF i I PERE -
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Figure 2-18 (a) Maximum adsorption capacity of MS@POCs for different organic solvents, (b)
Relationship between adsorption capacity and density of different organic solvents, (c) Actual
separation efficiency of MS@POC as filler material for oil-water mixtures, (d) Absorption
recycling capacity of MS@POCs.

b 5 AT MS@POCs [IEIA M EREREAT 7 VFAE, Bl 2-18 () B T
MS@POCs £ A AR P IR A AR . SEIRgs R, 4 15
AN Bt - - T S S, MS@POCs TR B2 B R K AR B2 R . [FII, JE3E
I H S, MS@POCs /K Efi o 1320, F BIHAKSR B R 47 1 B K M
(L 2-19), LiR5256 7852 B MS@POCs H 4% K 4t ] 55 8 R B 1t A 38 A2
EVE, AR AR SEBR N B B R

] 2-19 MS@POCs 7 15 {RAE P P 5258 5 1) /K i £

Figure 2-19 Water contact angle of MS@POCs after 15 cycles of adsorption experiments.

TE WS B 7 S B 87 P I R o, G ) 2 R P 2 VP Ak i B R 1 o B2 2 R
oy, Pl MS@POCs [ )5 Aa e, AR T #8: 50 HUET H 1l
Hi (L 2-20). SLIREHE BN, 24 MS@POCs &2t H & H i 2000 %)
JE 71 HAE R ERIR R TE 40 %J5, KIARE R 2R a6 = 5, RIS 1
PR RE ST, IR, MS@POCs #7IESE 50 YK5m 1B 48 2 JF K Y 50 %, fi#lR
JEAEA I, HARE R E BEAK A 95 %Lh b, FF HAPRLR A 3L &
ey, XFW MS@POCs H % RUIFHI 1R et
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K] 2-20 MS@POCs J& 45 [FI 56 (1) a2 HE o

Figure 2-20 Optical photographs of the compression-rebound test of MS@POC:s.

N T Vs MS@POCs TEIMIZK 43 B AU R FHE 7, AT H 538 43 4ol
(¥ MOFs 5. COFs 2:E AMEBHIATERERT L (FEAER sk 2-3 frs), WAk
Pl MS@POCs £ Z A~ i M ReFadn - A EREMR A . B e 5 & 071
MS@POCs R H AR 122 FLEEHI LL N2 POCs 5 MS 2 [al i FIVE A, (75 H 24T
LU e BB R I B 2 e, X RARE AR SE PR A 5, MS@POCs RS 1E
BE T [B] A A SR R AR B B KIR A, TR AL B . Ak, TETT RN
FFHJTH, MS@POCs [RIFER DL (B, HAEL ] 15 YR BE-Tt G 0 5256 )5 47 e
TREF 97 % & &, ZAHE BT T K HE 43 X5 LA Rl 1 08 B8R B RE
MS@POCs R i ¥ 45 K B s 11 A58 FL 0 B 25 B (1 8 DRl BE 5/, M RHIR) e B
DHREVEAS AT RUORFF, XK IR 1A A I 48 AR IR =, 12
2 7 MS@POCs 17K 43 B A ) ELR B 77
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% 2-3 MS@POCs 5 % Fh MOF 3. COF #: & &R WL B B8 K ol [l i g7

78]

Table 2-3 Comparison of the oil adsorption capacities and recyclability of MS@ POCs with

various MOF-based and COF-based composites.

Cycle
WCA Capacity .
Adsorbents Absorption substances (Absorption  Refs
® (mg/mg)
rate)
heptane, dodecane, hexadecane,
MFS-PC-MIL-100
125 silicone oil, 1,2-dichloroethane, 10-18 10 (96.9%) 71
sponge
gasoline, chloroform
decane, dimethylformamide,
UiO-66-NH- toluene, acetone, ethyl acetate,
151.7 32-66 10 (80.5%) 72
C18@sponge diesel oil, n-hexane,
dichloromethane,
n-hexane, gasoline, diesel oil,
toluene, acetone,
ZIF-90-CF3/ MF 132 p-xylene, m-xylene, o-xylene, 40-109 20 (90%) 73
petroleum ether,
carbon tetrachloride
n-hexane, diesel oil, methanol,
UiO-66-1F/
150 toluene, N, N-dimethylformamide,  51-108 10 (88.5%) 74
PDA/MF

dichloromethane
n-hexane, dichloromethane,
acetone, o-xylene,
ODA-ZIF-90/MS 154 24-63 20 (98.7%) 75
peanut oil, petroleum ether,
tetrachloromethane

toluene, chloroform, hexane, N, N-
TzDa-octyl@

154 dimethylformamide, 31-64 / 76
foam . .
olive oil, petroleum ether
pump oil, silicone oil, rapeseed oil,
Sponges ethyl acetate,
ponges@ 154.3 Y 81-150 / 77
COFs n-decane, cyclohexane,
n-hexane, toluene
chloroform, crude oil, silicone oil,
MS@COFs- 10
155.7 tetrachloromethane, gasoline, 68.5-125.9 78
F4 i (>50.0g/g)
rapeseed oil
carbon tetrachloride, chloroform, Thi
is
MS@POCs 142 dimethyl sulfoxide, toluene, ethyl ~ 62-123 15 (97%) K
wor

acetate, acetone, cyclohexane
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2.3.4 MS@POCs {E AR F M R B M BER 52

T LK LV FEAE R ) P B 2 M oA 1 2 AU b 45 DAV B I R AR
AETECRPE . ZEAM TR, I K P AR W B R RO, N
JEAE S 8 M SR A T BRI s R (A 0 ORI . ARG AR P 400, LKL
WH 7824 N FR B SR RS, 6 T T 2R P AR e 3 e s R A
FEED N A, Tl B K FLIR AR I8 T T £ it R 1) VRS i, Lok R 2
PRI 2 A5 B LRI S R 1 o R B

it 5 il LK FLIRLE AR 2 U ) 2 B, LSS R A B i) R B, e
T Lo R B A 56 P R R TR 1) — KBk il e i X — el L, JRAT] 50
MS@POCs 1E NI E}, H g —Fhfa] 5 ik FLR E, E LMK 2-18 (b)
Fime fERARSCIRAEE R T, FRATE R AR AR E M ZEE T, £E
TERT, WEGKIBZEET MS@POCs. 7EILIIE, FLWAIANI &4 T
RSB, B WTAA R T B 70 VB 0 B VA, LA S AR IR KT L
Nl 2-21 (a) Fivs. Ak, FRATEME B 5 WA S 0 FLIBE 7L AT S R ROSDIRAS
HEATIEE, RS TG (P 2-21 (b). () B ). MIXEEEUG AT L
THWH A I, FURAE R FL AT AL S RS I PO, T 7E A LS T AR R 3 AL
WOR HIAFAE o [FIN, T ABCRL S 0 RS AR SR, BLE TRk 30 80k
B (DLS) HiARZATAH BRI SHM s B 5 a5 7K 43I0 5 4500 5E 43 85 1 i 7L
HK SR, S EARE] MS@POCs FIBEFLRCR KT 96.1 %, 1%Si0gh St
—PUESE T MS@POCs 75 FL N FH A ) R 4F B )

BERANTE— PR T MS@POCs B AMNLEE, Wk 2-21 (b Fiw, HT
MS@POCs H & FT B4 1) R i K SRR, A TR T FH 2R 7K LT e R
R AR AN R E SO B VR 75 . — 5T, MS@POCs X F R B H & 3%
(IR PR SN T, 1258 A0 7 R (R A8 FR 248 43— Rt [ FL SR T SR AR R B, TR
B Sk AN ) £ ELE T MS@POCs 454 1 iy /K i il 4 [4] 5 FR R 40— 2 T R S AR
. 5—7J71H, MS@POCs 7K ZHLH S ZIHEFAEH, 12 th 3wk 2 [
5K 72 A AR K 2 BT S8R . R R A AR b R SR B, {4
MS@POCs REf A IR FH 2R A0 K LR AR e 1k, (R A LB 1 R ZRAH AT 7K AR
RAESNE, IS BBl L .
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(b) (d)

200pm Water-in-oil
(C) emulsion
Compressed
MS@POCs

200pm

K 2-21 (a) FOREKFLRBFLAT S AN, (b,e) WA ELK LB L AT = SO0 I
(d) MS@POCs 1F N 7 bk i L B R =
Figure 2-21 (a) Comparison of the appearance of emulsion before and after emulsion breaking,
Optical microscopy images of emulsions before (b) and after (c) filtration, (d) Schematic

mechanism of MS@POC:s for the separation of water-in-oil emulsions.
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2.4 RE NG

A ZE LA AYIEE AR MS@POCs [ 4 b LA 1 /K 73 85 77 1H ) 52
T — RV IT . EMEHETTTH, R 7 AR5 B POCs AR
B, HEIEAEME MS@POCs #il& A fE, e T RASSIIRAF. &4F
L=tk 2% 1) MS@POCs & A =S FUIIF 4R/ L AT RE, i
Gk POCs #18} CPOC-302-CF3 7EH A # A & i JR o2 AR KA 2. dlid — 5417y
Pl B (EFEERI R, RER OB XHLu. ashitg) Xt
MS@POCs BEAT | 853 AE, I HAEWHBA RafF i ga ettt A @tag
MUt Fe € £ . CPOC-302-CFs 15 it 7K M A1 = 2R U 4 R AR 1R B 4l M 1 13
MS@POCs HA REFMEKIER: OKEMMLN 142° O, I HHX ZFEHIE
FIRDUHE = R RE S R RAE 62-123 mg/mg Z 8D . [HAERNE,
MS@POCs 1EIZ 15 IS IR P - -T IR IER 200 5, K IHORIF R I 1
BHPERE. S HIEH R RN, MS@POCs i fE S B % R il /K I8 A A A K 3L
W B, B BRI 99.8 %. 4 LFTid, MS@POCs & &M ERIE
MK G B AU A RIS AT R, B — 2 R B AT RN E, e
A I KT G i R T I A e BB R g
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3 E [EERUSILANENGRREESERMTE
uE Y R AT

3.15|8

POCs 1N X% M2 LA N RE, & L s S5 i e i AT B iy
KRR T IR AR, T SR A TR AR T NI AR A R,
H M Cooper 5 Atwood U PR (T BUERT 7 TAFIFRELASK, POCs #ENZ#T
AT SRR, AR R ILER, AFJUAARART K POCs bl 82T A&
K, EATHIECR 2P SURIE A RS AT SR AE s AR R . TR
HIFLERZ A AL 5 ZREIZhRER I, POCs MBHE &ML 70 7R
e 2 1A 0 2 LA L2 AR AR A s I 2 S5 4 ULt WK R 10 ) 2 PR i S5 801,
U4k, POCs FEH WATHLIA I A B AT RAF T I, (AR I WAL B I 40
Frfidh . AT A RR I TE S5 rDE R I, POCs REE XA L BRIk
e AL F AT BB, NI GRS D RE B3R B BE 1 50210

BT H S B2 LR, POCs IRy [ AR R 77 B TSt A7 5 70 88
Guk. HRET, WM. KRBy, WA, . IR SEARE B RERI O A B I F
POCs HJH SEE5 R B EE,  DLIRCHR T AR B 2 AN PR e S T 011080, 4%
1M+ MOFs. COFs “5HARZ fLARAHLL, POCs 7ESERR TR &1 70 2 U5 TH
JSEFIARIT FEAE AL T2 A0 fy Be 1), dis b, POCs 45K W1 EL B AT 58 il 1k
SRAE I RS i B A B 1 2 S R AL AL A 7 PR RE IV B AR 5, RN B Bl
TIRAIRIC POCs 4511 BE 2 [A] () N AE BB AR D00, A L e BDRS v 5T
POCs MR, BEWSA RO 12 i A BRI AL 238, BE T IE I 52 IR 2 JEE 9 110
2 P LR VR LA FI 3G 98 POCs X RFSE U7 T B S5 & 2R AN IR 321, 0 i
) Lewis Bk B BEMR], ZIEAEZ FLAPEL (1 MOFs) G544 [l 5 A6 77 T C AT 1 2 B
H, JF B OBOIESE RES R 1 SR B R o (H H T &R I8 VR 9 I
FPOCs FY I NMEE RER], DB TG i TH A B R i L ) & )l s i e
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BEALIY POCs MARHIIIG B R BhAR . BE BT, A EL POCs & H AEL I i
A 2 I A A LB T L AU 4 8 P R 1 AH ST T 4R

FEZATIARIE S, AR A P (3 RS R B« T4 F454
(RIS SEAL R AR [4] 5% (CARACHO) 55N [A] 1) — Jie o — Ik Ak e (A k47 9 21 2%
JRE, M T — R BAANRE BRI POCs MK, #5r& i POCs T
Iy FE A G N P 1 o 205 ] A R o 000 1331350, SR B H AT Ak, R T
[E] AR [4] 25 53 POCs AHRMEA BT 45068 F 0k 43 25 M e S M (1 F 72 1 AR T
FEARTULAES, FRATFI AR E M =IAk (A2) 5 C4RACHO HEAT HHH RN,
I ) 2 — A B 24T IR S5 M A HLJE (CPOC-108-NH2), H A A
MaE AN AT RE. BT R AN (CPOC-108), 5l AR
B AE N A BAE A A& AR, AR TH T CPOC-108-NH, X
CoHa F COx SR IR B 7). BE N EE B, FRATT I A4k %7 3% SI2 56 3IF B
CPOC-108-NH, HA 5 Z 501 CoH/CO2 73 BRI RE . AR T 25 I R
A POCs AU 7 M PERR M DCHERC W, BN T POCs [ AU B AR K
OEE M E R LRI 2% .

3.2 LI ER Y

3.2.1 LGNS

R 3-1 SEIRAHY

Table 3-1 Experiment instrument.

R LiERs) AR
IR BSA124S (GYESE S IR /A
X5 4 B SR AT X D8 1% Bruker 2 ]
X-B 2 o S AT S SuperNov F[E Agilent A 7]
ARG A ASAP2020 Plus 2% [ Micrometrics /A ]
PR ILARPAEAL AVANCE NEO-500 {81 Bruker A 7]
JRREAX MaXis™ 4G % Bruker A 7]
AE T STA 449C [ i 4t
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(R RV AW S e IRPresting21 H 7 By i ]
F T B CIQTEK SEM3200A AR

ali7K Bl Smart-S15 AR A BR A F]

F A I B R TR DHG-9410A RS S R A PR A T

P R o KQ3200E L A AR A PR A B
3.2.2 SEERIA
* 3-2 LR
Table 3-2 Experiment materials.
2R A CVR
St I 100 g B
B 2 1y 500 g 2545 [
AY/ eI 500 g [ 24 4L 141
1,3- 7R 25¢ i}
4 FE RN IR AT 1 i 25¢ Z ik
VU = AL R4 5g Z bk
2,6- " IRIRNG 25¢g LN
Te7K MgSO04 500 g [ 248 [4]
TEER =S 500 mL [ 24 4. [4]
TR 500 g L
To/K 500 mL [ 244 4]
I ESIIRL 500 mL [ 2445 [4]
3.2.3 BCiRRY & RRANSRAE

(D (L1853 1-=2K 8 -4.4-— % (A1) &K
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NH,
Py

Br B” Q
Pd(Phs)y, K;CO3
: - )
THF/H-0

Br

s &
NH-
A1

Kl 3-1 Fifk A1 & Bos =B .
Figure 3-1 Synthesis diagram about ligand A1.

Bo1,3-TR%E (118 g, 5.0 mmol). 4-ZILIEMIEARMEEL S (2.63 g, 12.0
mmol). Pd(PPhs)s (0.58 g, 0.5 mmol) Al KxCOs (2.07 g, 15.0 mmol) 7E 100
mL BRI FIRG . RS HEHAANT =G, MAVUERERE (30 mL)
ATH20 (30 mL). KRS 100 °CHFAE T THiHE 24 h, FANEEIR, 78
AHUAE, FRHIZ&FE (3X30 mL) FEUKMH. & IE0A VIR K55,
SRJGF oK MgSOs T8, Ik 28 K50, FH =S5/ HEE (100/1, V/V) Ak
N BRI I A SR AR, B 93 %R E 1,131 = K] -
44-—Ji% (A1), 'HNMR (500 MHz, DMSO-d6): & (ppm)=7.64 (s, 1H), 7.42(d,
4H), 7.37 (s, 3H), 6.65 (d, 5H), 5.24 (s. 4H). '*C NMR (500 MHz, DMSO-
d6): J (ppm) =148.83, 141.64, 129.59, 128.26, 127.81, 123.42, 123.04, 114.73. ESI-
TOF-MS FRigiH5E{H: CisHisNa [M+H]" 261.1386, SZIGHUE: 261.1381.

~  ©wW!wWw - o ~
o~ O O O o«
© T T O © © o
~ M~~~ © © w
( )
404 410 407
3/08
1/00
S v L /S
T T T T T T T T T T T T T T T T T T
8 7 6 5 4 3 PPM

3-2 ficfk A1 1) 'H NMR 63 K.
Figure 3-2 '"H NMR spectrum of ligand A1.
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mmmmmmm

148.830
141.640
29.594
28.259
27.807
23.417
23.038
114.725

5!

3

1

9

7

5

3

T T T T T T T T T T T T T T T T T T T T T T T
140 120 100 80 60 40 PPM

3-3 fiLfA A1 F 3C NMR JEiE K.
Figure 3-3 3C NMR spectrum of ligand Al.
(2>, [1,1130 1=K ]2 4.4- =% (A2) HIHHL
+H
O

0.0
Br B

Pd(Phs)s, K,COs
NH, =+ - O NH,
THF/H,0
’ &,

NH,

A2
F 3-4 Fifk A2 & s 2 B .

Figure 3-4 Synthesis diagram about ligand A2.
¥ 2,6- IRZEME (1.25 g, 5.0 mmol). 4- (4,4,5,5-PU FF3E-1,3,2- S = -
2-F) FHE (2.63 g, 12.0 mmol) . Pd(PPhs)s (0.58 g, 0.5 mmol) Al K>COs
(2.07 g, 15.0 mmol) fE 100 mL [FKEHIREG . METIHFEHARAR TR
Je, IMIANPUEPRIE (30mL) 7K (30mL), KHRAWIAE 100 °C FHEHE 24 h, 4R
JEAHMEER. SEANME, FEH & P (3X30 mL) ZEHUKME, &IF1RE
NUAHFH #E 7K e, IR TE7K MgSOs T8, kB 28 R 50, FH — & e/ H
(100/1, V/V) {ERGEBAGATH AR AL, 521,113 1" =2k H] -2, 44-=
fi (A2), 7% 87 %. 'HNMR (500 MHz, DMSO-ds): § (ppm) = 7.11 (d, 4H), 6.87
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(d, 2H), 6.64-6.69 (m, 5H), 5.15 (s, 4H), 4.09 (s, 2H). '*C NMR (500 MHz, DMSO-ds):
S (ppm) = 148.16, 141.83, 129.93, 128.80, 128.01, 127.31, 117.65, 114.55. ESI-TOF-
MS Fig i : CisHigNy [M+H]" 276.1495, SZIGHft: 276.1489.

5.154
4.085

4.00

2086

T T T T T T T T T T T T T T T T T T T T T
7 6 5 4 3 PPM

3-5 Fi4k A2 ) THNMR Ye i .

Figure 3-5 '"H NMR spectrum of ligand A2.

148.160
141.830
129.929
128.799
117.649
114.550
40.577
40.366
40.162
39.950
39.739
39.534
39.323

128.011
127.311

-
—_—
=

w0 120 ‘ 100 s 60 " 40 PPM
3-6 ik A2 (1) 3C NMR JGi% .

Figure 3-6 3C NMR spectrum of ligand A2.
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3.3 AWML AN ERE RAFRIE

3.3.1 MMZFLBIEN SR

(1), CPOC-108 HJ& H
B (1,13 1= ]-4,4'- % (A1) (0.04 mmol, 10.4 mg)f1 C4RACHO

(0.02 mmol, 16.5 mg)¥&fE(E 1.8 mL AHEEZKH 0.6 mL HEEH, MIR-AYILE 80 C
T 10 he LAY 75 %EINCR SR A AL IR CPOC-108 5, Jo A H B VR

(C4RACHO & 7 iEM E&EFT—%0) "H NMR (500 MHz, CDCl3): § (ppm) =
14.51 (s, 1H), 10.51 (s, 1H), 9.07 (s, 1H), 7.35-7.56 (m, 7H), 4.69 (t, 1H), 2.12-2.16 (m,
2H), 1.62 (s, 1H), 1.07 (t, 6H) ESI-TOF-MS: # i i+ 5 {H: CPOC-108 (Ci6sH160NsO16)
[M+2H]*" 1274.6082, SL5GHH: 1274.6096.

e,g,h,i,j

f
NH OH
4’& J L J‘f ‘i A JIL N1V

T T T T T T T T T T T T T T T T
14 12 10 8 6 4 2 PPM

i 3-7 CPOC-108 [1] '"H NMR Y i,

Figure 3-7 '"H NMR spectrum of CPOC-108 (CDCls, 500 MHz).
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A I Al A L_;LJU;

lo
s & H
3 L
] - & = 2
13
4
- o - [ Py
5 E
[ [
]
\6 =
o a
= af [
‘ '8
_ - 9
Ho
.' I
1 1
1 10 9 8 7 6 5 4 3 2 1 0
12 (ppm)

] 3-8 CPOC-108 {1t - HERZ M A 1 1513 .
Figure 3-8 'H-'H COSY NMR Spectrum of CPOC-108 recorded in CDCls.

2+
1274.6096

Experimental

- .

2+
1274.6082

Simulated

N

| | I | I | I | '
1273.5 1274.0 12745 1275.0 1275.5 1276.0 1276.5 1277.0

& 3-9 [M+2H] i HLIBE % KAT I TR) R 3% (ESI-TOF-MS) i, Hrh M AR A CPOC-
108 A% fA
Figure 3-9 ' ESI-TOF-MS spectrum of [M+2H]?**, M represents the intact assembly of CPOC-108.

(2). CPOC-108-NH, 114 %,
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Bo[1,131-= B 2K ]-2'44-= % (A2) (0.04 mmol, 11.0 mg) Al
C4RACHO (0.02 mmol, 16.5 mg) VAfELE 1.8 mL LA 0.6 mL FHEEH, H
IRAWAE 80 °C N N# 10 he FA& LA 60 % MR IRAF L LR CPOC-108-NH; i
&, SR H R RS Z iR . "HNMR (500 MHz, CDCls) : 6 (ppm) = 14.85 (s, 1H),
10.73 (s, 1H), 9.18 (s, 1H) , 6.89-7.51(m, 7H) , 5.38 (s, 2H) , 4.68 (t, 1H) , 2.12(d, 2H)
1.60-1.66 (m, 1H) , 1.07 (t, 6H). ESI-TOF-MS ¥ i£ it 5 {4 : CPOC-108-NH
(C168H164N12016) [MH+2H]*" 1304.6299, SL36% 1k : 1304.6314.

e’gShSiDj

3-10 CPOC-108-NH, f*) 'TH NMR i & .

Figure 3-10 "THNMR spectrum of CPOC-108-NH> (CDCls, 500 MHz).

fl (ppm)

h)w
LY

|
L}

n

12

,,,,,,,,,,,,,,,,,,,,,,,,,,

6 5
2 (ppm)
3-11 CPOC-108-NH, [ 'H-'"H COSY NMR Y i,

Figure 3-11 'H-'H COSY NMR spectrum of CPOC-108-NH; recorded in CDCls.
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2+

1304.6314
Experimental
L . J .
2+
1304.6299
Simulated
J\ o
T T T

1303.5 1304.0 13045 1305.0 1305.5 1306.0 1306.5 1307.0

B 3-12 [M+2H 2 F L 55 KATIF A i B (ESI-TOF-MS), H MARE 52 #1) CPOC-
108-NH, ZH %4
Figure 3-12 ! ESI-TOF-MS spectrum of [M+2H]**, M represents the intact assembly of CPOC-

108-NHo.

K 3-13 Y622 B0 T CPOC-108 Fi1 CPOC-108-NH> [ S A& B H .

Figure 3-13 Optical microscopy images of crystalline samples for CPOC-108 and
CPOC-108-NHa.

3.3.2 A ZFL B ER RAEHEINE
7E 150 K I6E R, FHH SuperNova Atlas CCD HHT B 5 8#i Uk 82 . CPOC-108

F1 CPOC-108-NH, 1) i A2z . AR DU R 25 BAE SR 3-3 il .

49



S MW e e VAT

% 3-3 CPOC-108 1l CPOC-108-NH, [1] i Ak e ks 15 45 5

Table 3-3 Crystal Data and Structural Refinement for CPOC-108 and CPOC-108-NH,.

Empirical formula
Formula weight
Temperature (K)
Wavelength (A)

Crystal system

Space group

a (A)

b (A)

c(A)

a ()

X

7 ()

Volume (A%)

Z

Calculated density (g cm™)
Absorption coefficient (mm)
Fopo

Orange for data collection (°)
Reflections collected
Independent reflections
Parameters
Goodness-of-fit on F?
Final R indices [1 > 20(])]

R indices (all data)

“Ri = ZIFo| - [Fell Z[Fo|. "WR2 = {X[w(Fo* - F?)*)/ Y[w( Fo?)’1}?

CPOC-108
Ci6sH160N5O16
2547.03
150.0(1)
1.54184
triclinic

P-1
12.1665(2)
18.1121(3)
24.0784(3)
93.2580(10)
101.0940(10)
99.7260(10)
5110.01(14)
1

0.828

0.420

1352

1.878 to 76.479

74831
20602
877
1.059

CPOC-108-NH;
Ci6sH164N12016
2607.10
100.0(1)
1.54184
triclinic

P-1
15.8801(5)
17.6259(4)
19.7838(6)
82.940(2)
72.565(3)
88.171(2)
5243.0(3)

1

0.826

0.422

1384

2.358 to 72.295
50078

19155

891

2.141

R1=0.1446, wR2 = 0.3904 R1=0.1420, wR2 = 0.4587

R1=0.1482, wR2 =0.3924 R1=10.1609, wR2 = 0.4830

3.3.3 AMSIL AN ENRESaaH

FERHFEZR TR IR B, i

& C4RACHO 504

BH “V7 %

BOAR[1,1m31"-= 2K )44 - % (A1) #HTEHAEE RN, RAAR T [2+4147
SEAREHLIE CPOC-108. WK 3-14 7, CPOC-108 %) C4ARACHO 73 T1EN
T DU AR AL AR NSO T . H bl X-AT 8 IiR#E B, CPOC-
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108 &5 T =R &R, FAFA P-1, HAXHIRETCH A FIR > T . it
Voidoo #2715 AT A1, CPOC-108 &5 #4025 —AMARU N 957 AP KT J IR %,
HES B X 2R ~F24 2.07 x 1.01 nm, FIFH Pywindow #2Fi+ 5 H % &
DA # E AN 6.69 A Bk id . R Ak A, [ %S
CARACHO I HH BT [3+6] =R =Mkt . FRATTI S 46 25 5L 2 BH 19
“V” BRI K BERS S E POCs P2 A AR B 43R

N T IR E S ARG POCs ML, FRATHE AL 15 F45 R AAh SN —
AT R, AT IGUR 13 32— Fh = e A (1,173, 1- =B ] 2" 4,4"-= % (A2).
FRATHEN, BSOS N E B R BE AR, JEEAS TIANERM L fid .
a5, FATRAE CPOC-108 MR H)& 7%, HHECHA A2 5 CARACHO H#EAT
AR ARV T — P 5w ReAb It [2+4 1T IR 2 A LA WL,
B CPOC-108-NH, (F 3-14 b). £ CPOC-108-NH, H 425 fer, A2 43F ]
8 5 RE T RN IR B SR, I AT 82 E T A AT AN SR IE B ik B ) % T
RLFEFT S . S5HI40 4T, CPOC-108-NH, [FRES: S T =46 R, FEBEN P-1,
AWM PR EANERS T, FFHELMS CPOC-108 +/r M. ANFZ 4k
fET, CPOC-108-NHy 4514 H DU AN S 3 7 R (A1 48 7] 25 i A 38, AT SE IR 43 -8
SN B BB, X thiEE CPOC-108-NH, S I -1 R 7% 9 ) LAl 45 5
4h, CPOC-108-NH, [ P 2 s R AR & 11550k 889 A%, AHLELT CPOC-108 J3i/b
T 7.1 %. CPOC-108-NH, &5 #4135 % # 1A 26 SF K278 2.08 % 0.87 nm.
HRYE Pywindow BAETTH, HEHAEHN 6.46 A HIER{KT] 78 i CPOC-108-NH, 25 T i1
o ZEREY, SEPEET RN NFERE/N TR ZILENER T
EARBRI T R

(b)

Ayl
|

CPOC-108 CPOC-108-NH,
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Kl 3-14 (a). ZRITHEIRTE CPOC-108 F1 (b). 2 H it AT HIRIE CPOC-108-NH,
HDEY AR
Figure 3-14 The structure of (a) dimeric lantern-shaped cage CPOC-108, and (b) amino-

functionalized dimeric lantern-shaped cage CPOC-108-NH,.

3.3.4 MZIL AN EN R RIES T

(1) LAMRAESHT

% CPOC-108 F1 CPOC-108-NH, FiFf POCs #MRHHAT IRALER I v, B 5 HEAT
2L AN RE 7R CPOC-108 Al CPOC-108-NH, £ i i 4 AE R ULl C-N
B (1417 em™). C=N X8 (1619 cm™). O-H ##F1 N-H # (3375 em™), X3E
i CPOC-108 F1 CPOC-108-NH, FINITF [ 212

— CPOC-108
— CPOC-108-NH,

Transimittance

v 1 M 1 v 1 v 1 v 1 v 1 v 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

& 3-15 CPOC-108 1 CPOC-108-NH, [FI£T /i A .

Figure 3-15 FT-IR spectra of CPOC-108 and CPOC-108-NHo.

(2). ST

FERSASA B 5% CPOC-108 il CPOC-108-NH, #H(T T #E /3 HT (TGA)
Mk MBS 2 B IS AT BLE Y, /2 130 °CH) 320 °CIRJZ XK,
CPOC-108 HIL T3 A, X w] AP -T-MORE A 30 B 6L 5 B 71 4332 i
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FERME . & T 320 °CJ5, CPOC-108 il CPOC-108-NH, &1 & 3 H BH & i) 2k &
B, 2 TRER D WG R . [ X R CPOC-108 AT CPOC-108-NH.
PIRIA REE % ik 320 °CI#RE 1, H CPOC-108-NHy (1) # e 5E 1B i T
CPOC-108. Mjff POCs # 8L K 47 iy i PR B e A T B & sl A B N K35 R
MEBEIIE /1.

100 —— CPOC-108
—— CPOC-108-NH,

90 <

80 +

Weight (%)

70 +

60 -

50

40 +

T T T T T T T
100 200 300 400 500 600 700 800

Temperature (°C)
3-16 CPOC-108 1 CPOC-108-NH, [ # & 14

Figure 3-16 TGA curves of CPOC-108 and CPOC-108-NH>.
(3). BK X-SH AT 94t

AT e CPOC-108 1 CPOC-108-NHa FIMS A KE i i AT ZLVEFIML AL R . [t
JEFIFHR R X 26479 (PXRD) 43 5% CPOC-108 Fll CPOC-108-NH #4745 i
JEMR . Wl 3-17 FiR, CPOC-108 1) PXRD M4 SR S5 AR &, F
AR RIFRIMAE . Wi 3-18 Fras, CPOC-108-NH: HJ PXRD 145 Rt
SRS RV A IR, TR RIFIOARAERE . BiFh POCs B PXRD Pt
SR MR EATHA RIFH RSN,
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Simulated
—— Experiment

T T T T T T T T T T T T T
5 10 15 20 25 30 35 40

2 Theta (deg)

[ 3-17 2RI S (1) CPOC-108 IR R X S 47t (PXRD) K.

Figure 3-17 PXRD patterns of CPOC-108 after desolvation.

Simulated
— Experiment

M

T r T T T r T T T T T T T T
5 10 15 20 25 30 35 40

2 Theta (deg)

3-18 EEHMLE I CPOC-108-NH, HI# & X 5474 (PXRD) Ki.

Figure 3-18 PXRD patterns of CPOC-108-NH> after desolvation.
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3.4 SRR S 57 B RERT 5T

3.4.1 N, IR Bt scié

N T UEEBH CPOC-108 Al CPOC-108-NHz P POCs #EHIZ FLIE, AT TR E
AT T 77 K A FRIE AN, 5, ¥ CPOC-108 #1 CPOC-108-NH,
A SRR ) BT B ER G T, BERDIEAT 48 h A RIACHSLES . SRS TE 100 °C
HAAE T X R POCs MEHEATIHALALTE 12h, BJE1E 77K 1 ADMKAE R
TR S8 . 4k 3-19 Fizs,  CPOC-108 A1 CPOC-108-NHa f W Fff il 2% 557
A T BB AR 2R, X R M POCs ARMS B A LA R RFAE .
CPOC-108 1 CPOC-108-NHz 7 1 MR UL T HYERR N & & 73 ilik £ 260
em’® g F1 283 em® g, ¥ T H AT CARIE I EAG A F B R TE BRI [4] 55
J&H: POCs MK BT 55 H CPOC-108 1 CPOC-108-NH; [ BET L& AR
3R 822 em® gt F1 778 em? gty TUALIERA A 0.31 em? gt 1 0.22 em® gt
It4h, CPOC-108-NH; i) BET {HAGLALAAFIAERT T CPOC-108 A AN [FIF% B2 1
1, IX A REAE B2 B AR ] o 40 2 s 2 BT

350

| —e— cproc-108
—8— CPOC-108-NH,

300

250

200

150 +

100

Uptake (STP) (em’g™)

50

0 I T 1 I 1 I

0.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure / (P/Po)

3-19 CPOC-108 1 CPOC-108-NHa 7 77 K 25 14F F N W P 2515 26

Figure 3-19 N sorption isotherms of CPOC-108 and CPOC-108-NH, at 77 K.
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3.4.2 CoH, 0 CO, IR Mt sSCi&

NIRRT, CGH 5 CO MEBr B EAEER N, K —H5T
RN BRFPERIE , SR AE AR PRI 2 B AR B . 58 3] CPOC-108
1 CPOC-108-NH, FI7K AFLIRZE A m L R AR, FRAT 15 AR T A POCs M RHE
CoHa F COn 43 B AU BV 77, I HLARA B G 23 i P = R B RE I (KA 1E 2
2% POCs WM 5 70 B M BEF= AR5, DG ERATTREAT 77 2 R 5156 -

e, fE293K 4N, #4777 CPOC-108 F1 CPOC-108-NH; [ 541 43S 4
(CoH F1 CO2) MR BRI, PAIEARZR EA TR CoHo/CO2 TR G SR 73 B 77
W 3-20 7R, Hikl POCs MR CoHo et 3 KT CO W& . B AR,
7£ 293 K HJE /124 1 bar i, CPOC-108 X CoHo HIW I B AL A ] 46.3 cm’g’
L MAEAFEZAE T, HoE COx MR AN 33.7 em?® g TEMH FIIAZ&AF R,
CPOC-108-NH; %} CoHa Hil CO, FWR i 25 B 43 il ik 110.7 em?® g 11 49.7 cm’ g7
X E Y =T CPOC-108.

120
L C,H, ads/des of CPOC-108-NH,
® O G,H, ads/des of CPOC-108 5ge®°
1004 * * €O, ads/des of CPOC-108 NH, ..0°
* % CO, ads/des of CPOC-108 _Ber .0
:\ 7‘7‘:"‘".‘.
'of ol
. 80 - 00 o®
g 0 .e®
& 50 _o®
o™
“ o0 @
% 60 - O .o.
N
g“ .. Ly W
= 7 & VJégtb. 0
€ 40 - q ‘@@00@356
& e @ QW@ b4
- ggee¥ P T hiag
%e® _ogatdit s
4 . wERX w
204 ", Qggggigéﬁgﬁﬁﬁﬁ
.99“§§§ w
nE R
w
0
1 1 1 1 1
0 20 40 60 80 100

Absolute Pressure (kPa)
I 3-20 CPOC-108 Al CPOC-108-NH, ££ 293K " 1] CoHa Al CO2 W B SR £k -
Figure 3-20 Experimental C;H> and CO> adsorption isotherms of CPOC-108 and CPOC-108-NH>

at 293 K.
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CPOC-108 1 CPOC-108-NHa X} CoHy Fll CO» Wi P A B () W 22 e K, &
BRI 5 N RGBSR R 2 A AR . A R R, R
CPOC-108-NH, [ HIFAH X AIK, (HAE 293 KA1 1 bar 2648 ~, H CoHa Rl &
#7& CPOC-108 1] 2.4 f5. [Fl}, 5 CPOC-108 #HLt, CPOC-108-NH, £l i %
JINE N IS B ol MR TSR 2R, 5 LW B it 288 5 3t B oy 2 2 [R) A7 7E
JEIG, X PUESEE XS CoHy SUA BB BRI G Ry Mok, ATIE
KIL, CPOC-108-NHp FEFREE 25 T (1) CoHa MR B 5 B X /5 T SR T8 (19 TR 21 AF (4]
75 Kk POCs MR B Fofth POCs #1KE, 40 CC3B (FE1E LR 3-4).

% 3-4 CPOC-108-NHa ] CoH WP E 7755 CRIE ) POCs AR EL (JE 124 1 bar).
Table 3-4 Summary of CoH» uptake capacity (at pressure 1 bar) of the reported POCs with

CPOC-108-NHo.

C,H; uptake at

BET values C>H; uptake at r.t.
POCs (g 273K Cem g Reference
(em? gh)

CPOC-108-NH; 778 135.47 110.70 This work
CPOC-101a 406 105.33 95.02 [136]
CPOC-101p 38 66.54 60.34 [136]

CPOC-102 133 --- 52.05 [137]
CPOC-103 49 --- 44.42 [137]
CPOC-104 --- --- 39.70 [137]
CPOC-107 1202 --- 146 [138]
CPOC-201 1292 --- 92.90 [137]
CPOC-203 1132 114 [138]
CPOC-301 1962 --- 76.79 [137]

Cage 9* 511 56.67 - [139]

CC3p 652 ~60 [140]
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NKPOC-1-a 58 [141]

C4A-TAPA 1444.9 - ~38 [142]

S, FRATI T P Fh POCs 4 BHE 273 K F1 1 bar 2641 F ) C2H2 #1 CO2
IR B BE (S5 R 3-21 Fin). B4R, 5 293 K 448 NI EUE AL,
CPOC-108 1 CPOC-108-NH, ¥J JE I i 5 = () CoHa A1 CO2 WRFHHPERE, I H. A
POCs ] CoHa W EARIH KT CO Wi & . 7£ 273 K I, CPOC-108 X CoHa H
WPt E e T2 60.5cm® gty X CO, IR 42+ & 42.1 em® g!s CPOC-108-NH;
X CoHo I BB 535 135.2 cm® !, % CO MR B IAH) 65.3 em?® g7l

ol ® O CHyadsides of CPOC 108 NH,
® O C,H,ads/des of CPOC-108 QQO QO
# % CO,ads/des of CPOC-108-NH, . 0999999
1204 % % CO,ads/des of CPOC-108 0 g8®
o Oog..
"ag OO..
e, 100 S0ge®
= Ce®®
= y Ca® "
w
x 80 - OO.. ***M
E 1 O.. ** jo(;.O
=) “o * QooP
= 60 - OO. *‘A‘go OOOO
= o ® 5500 SHMARI
D * st% fesese
40 Ce w8 %%
] oo OSQQQ et
vi Tk
20| 7 g Tiae
g KN
##
0
I I " 1 " 1 v 1 v I
0 20 40 60 80 100

Absolute Pressure (kPa)

3-21 CPOC-108 il CPOC-108-NH, 7E 273K T ] CoHa Fl CO, W} B 5537 28
Figure 3-21 Experimental C,H, and CO; adsorption isotherms of CPOC-108 and CPOC-108-NH,
at 273 K.

CPOC-108 1 CPOC-108-NH; X} CoHo Fll CO, W B 5 1 22 55 7] LA Bh 25 W
B (Qu) T LARERE, %W P #R a4 B o7 F2 96 273 K A 293 K f&E T
WP IR 2615 2. 2015, CPOC-108 fE X 55 % T CoHa Al CO2 1 Qs (B 735l
32.5 kJ mol™ F1 25.1 kJ mol CHISCH ¥ @ m Tl 3-22 Al 3-23). ML T,
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—

CPOC-108-NH %} CoH, (34.2 kJ mol!) 1 CO, (27.2 kI mol™) HJ QufH & &
T CPOC-108, 1X— 3G AJ I PAl -2k A [T ¥ 472 2E 3501 = M4 LA A DA
o BEAh, WP POCs RN CoHa B Qu fHISE T CO2, ZE RIURE EAE
CoHo/CO2 R AW 53 125 77 T P e B % — 8 LA 77

45
® CPOC-108-NH,
ae ® CPOC-108
35
2o
g 20
30 4 °°°°o°°°°°°,i 3233

000000,

" s

Q,; (KJ/mol)
5
1

0 20 40 60 80 100 120 140
Loading (mg/g)

& 3-22 CPOC-108 F1 CPOC-108-NH, *-T CoHa ) Qufi -
Figure 3-22 Qy values for CoH, of CPOC-108 and CPOC-108-NH>.

MAOW A 73BT, CPOC-108-NHa 45 #4 g 3 B 58 A1 H 51 A28 1 8
NI IR =0 A . CoHo 73 TR S EH . (AR -8 BAE
FIUCA B m-m A AR A5 2 b7 G &R A 45 6 7). Blin, AR EF B
Pk 71T A Colo 2 7 I o FB 7 = TR RS BOAH EVE T, TN T CoHL 78
2R I RS e . BE4F, CPOC-108 5 CPOC-108-NH; fIWK 25 £k IR
H5EAIH QuEh EAMIEHE, CPOC-108-NH: 55 Bt i W i 25528 5 Ho e
(K] Qu fEAH B, BEU IR W P 450 4 2 W L AR AU AIC s 70 BB A8 SRASH 8 i R R B
IX R PR AR B A BRI B R PE S8 P AR, T Que (R TA BF AL 1 TR B
REHIR/INe XF T CPOC-108, AR 28 1 W B 45 IR 2o 0t B2 A AR Qs fEL, &R
PR L IR B I R ARG 5 Al A0, R B BT 5 B A 791 ) PR AH LA B 5 o e i PR B
SRR QuIEMIZEE T, BEMSIRNEAW A POCs MR B HLE], A e 4k
EATTHE SERR Tlk 43 B I A2 v 10 I S AR e 1 50 S
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35

| ® CPOC-108-NH,
30 4 ® CPOC-108

D 20000000000000000000009
25

29
l 9900000000000

20

Q,(KJ/mol)

15

10 +

0 * T 4 T 4 T n T N T N
0 20 40 60 80 100 120

Loading (mg/g)

] 3-23 CPOC-108 il CPOC-108-NHa T CO» ) Qg 1t -

Figure 3-23 Qg values for CO; of CPOC-108 and CPOC-108-NHo.

3.4.3 CoHo/CO» S E M RE

AR H S Ie 45 3, RATC L0 € &N IR T R sL et it &
CPOC-108-NHy HI AR RE . #5Hok,  JRATTIE HYH AR IR B ¥ VR 38 (TAST)
F1 Langmuir-Frendlich (LF) K4 H P4 CPOC-108 5 CPOC-108-NH, *f
CoHo/CO2 (50:50) MR AN 70 Bk FEtt. W& 3-24 () Fion, {E293K M
1 bar %ffF, CPOC-108 [] CoH» Fl CO» Wi Bt & £k i N B, X S8
CoHy/CO, M FEME AR, XN 2.1, #HLZ T, CPOC-108-NH> J& Ji ih (1)
CoHy/CO B A B4 i, TABI T 3.5, IXFe /M BB B 3L 7 s AESETH A
Sy S IEPEPE T T RS RAEE EAE A

ik — 53 CPOC-108 Al CPOC-108-NH, %} CoHo/CO, AR A H ) SEBR
SrESVERE, FRATE TR NEHT T A AR S, HAR ST R R T R
N 2 em® min ' [{) C:H/COLTRASME (50:50, viv) 264 NkAT. @il 3-24 (b
Fiim, MRS 1 R A it 22 T LU i, CPOC-108-NHa H &t (411 4 B fig /1,
FREBS ARSI CoHY/COr TR G AN 5B 27 B . fE Bk sEg i i rf, COs £E
52.1 min g JEEIRFRBUAFAE, M CoHa I FA: T A CR BT I [RIMIL 2] T 70.4
min gl HIXKEME] COx Fl CoHy Z [AIfFESE 18.3 min g [ [A][H]R%, CPOC-
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108-NHy 1S 44 43 25 250 R A1 T M6 i 0038 19 18] BR 45 [4] 95 #2 2 POCs, 46
HPOC-102. HPOC-104. CPOC-101o #1 CPOC-1011p &4kl . CoHy SARLEI S
A HI R AR T CO2 HARAJEAIAE T CPOC-108-NH2 ¥ CoHy 73§ A A
SRINZEGoRAN T, A TR CoHa MidE CO2, CPOC-108-NHy [ 47 W Ff ik
BV HAE DB CoHo/COx ARGV T R I . M2, CPOC-108 X}
CoHo/CO VG SRy Bt Re 2 (W 3-24 (o) Fm), FRRENIE T2 AEE

BEHIAE CoHa Al CO, [14) B3 FE AR B OC BB RE N . 1% SEI0EE R 5 2 Aridid
FRLZH G R B S G DL KRR T TAST B T HAS 2 B e B S AT &, B2
ANTE] AR FE SRR EIE T 2258 B ReAL 0 T TH U 3 B PR RE AR (AR AR

TESEBR Tl S 3% 5, W5 B 7510 F0 T 6 4 R P A e — T Oy S 1) 25 & TR
R, NV HERIPERL CPOC-108-NH, HIEFAH A MERE, FA Tt 5 iR 2 WAtk
N T RFAT IS AR R SE S . ] 3-24 (D) Fivn, &S Hk G
W, HAr BN REEALRIEAAR, ZRR A RAE T CPOC-108-NH, £
CoHo/COy 43 &5 80 H A HAT T HH R A A e M DA 2 RBF I T SRR, X Rk
FEAESLPR M R CPOC-108-NH, RS A RURACHA . fem BRI HE, K
S H & B m AT E AL 77

6 ( )1.6
(a) ® CPOC-108-NH, b . Co,
@ @ CPOC-108 144 . CH,
540 2
°
\ 124 s,
e %
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i ° e 1.0
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] 3-24 (a) 293 K K CPOC-108 Il CPOC-108-NH, %t C,Ho/CO, (50:50) JAWIHI IAST ik
FPE, (b) CPOC-108-NH2 F1 (¢) CPOC-108 ] C2Ho/CO2 (50:50) JRA I S50 5% iHh
2§, (d) CPOC-108-NH, {1 A, H 2% .

Figure 3-24 (a) IAST selectivity of the C;H»/CO; (50:50) mixture for CPOC-108 and CPOC-108-
NH; at 293 K, experimental breakthrough curves for C;H»/CO; (50:50) mixture of (b) CPOC-
108-NH; and (c) CPOC-108, (d) Cycling breakthrough curves of CPOC-108-NH,.

g bk & U7 T SR B s MBS 2 A 45 2R, CPOC-108-NHy R A H )<
IR VERE . RIFH CoHo/COr 43 B FEME . 1035 1) 5B 73 B8 AR A S AL F5 1 AT
[, XAEHAE CoHo/CO 7 B AU R A RIF N AW 71, JF HAe#E o POCs
PR SE BRASAR 73 55 S ) B SR A SN 2%

3.5 BEZRIEIS (DFT) HE

3.5.1 FEMATS

FTE % B R (DFT) THH3858 i 4t gy WSk B R (VASP)
SKPAT o FLF-AZ A ELAE R B0 (PAW) 75 RHIR, 1 7383
TR A D01 308 3oL 3 o 511 e - )R B E R (PBE) 2 ERTET BB LB (GGA) /K
TR BHTR; PRI T 500 eV HENTRE, FrAHEEEE T E ek
. ESSHRATTH, JI0SsIE ¥E 4 0.03 eV/A, HEEEISIE 10 eV LA
N o 9T E U VP AN VO A AR AE EAE R, 7R R TR B I R P OR TR HL AR
(Grimme) HJJ57% (DFT-D3). CPOC-108-NH, %45 #4 A 354 2 168 M IR
Fo 16 NMEFT 12 MRIEFLLK 156 MEJRT, 1 CPOC-108 4 F45 i
B 168 MRIE T 16 MAJR T 8 NERT LA 152 MER 7. B FIREE
JBUEAE—ANAKN 35 %35 x 35 ANy &, X161 5 28 EMFsy, R
FHAE A KT PR 1 x 1 x 1B k5 R

F 5y Y30 71% (MD) B A P 5 it (GROMACS) #fFRikAT,
SRR RN T R 2EF 713 OPLSAA 5. AR A/
Gy - IR 30 4 B AT SR P B o D B R FL A (RESPDY J7 ik, il FH 224 A W1
(Antechamber) AR IFE; EATME FFHELE B3LYP-D3/lacvp** BB 7K
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TEAWE, EH T Gaussian 16 BAF, HUGHT M FFEIRKF FH#EAT 1)L
eEifiit. BEKBEIES FREE - =fMl&ard, FH5&ET7%
Fife/NEEESN 1.0 nm, FERELFIET CH Al COy 73 7o AT ZHS )
CPCO-108 fl 5 4348 Mg 1, AbT A A H) CPCO-108 L7 3347 M5
T, AT 2SR CPCO-108-NH 55 4356 ME T, AT —HbiAfk
Hiff) CPCO-108-NH2 4 3355 MR To K FIR &R RIS SRS (R
JEN 293K, RN 1atm) AT FHET, BOBIUNAN 3 x 100 ns. KA 1 &
AR INFA L BT AR AR R A A BE 10 43 1 B0 0 RO %, P ek
(K15 T3 1A RN R A 2 £s I TP, IRA8F SHAKE SE R A A & 4
JFE PR . A B 10 A MBS MR e 5, KRS R
IR T PRSP BL/RE (Particle Mesh Ewald) SR EATVRAE . 2> T-8) J1 2448
PR A s MU EAE, B ZREKIER KT 1000 kI mol ' nm™ . /MU 5 A &
o, EEAE 293 K R TBENLE R S 3 =AEIA, B4 BIAEZAE 293 K A
1 atm Z5F 2030547 100 ps (IFIEZEKON 2 f) HISEIRSESS (NVT) #1100 ps
(B KN 2 f) MRS E (NPT) PR, BEE, #4T7 KN 100 ns
(A KN 2 f) HIAF=iE4T, & 200 ps fRAE— KR, &F 200 ps fRAF—IX
SRPE o A A BE LR B AR EE RIS, BL 0.1 ps R JE) 5 Aok S L 4
FAE 293 K THYRERS & . M B A%-5i## 2 (Parrinello-Rahman) 5,
LA 2 ps RIS 18] 3 20K He SR 4ERFLE 1.0 bar

PR SR N ST IR BRI I A 20 Bads = Eeage T Emol — Ecage-mol 1T
B, HA Ecages Emot M1 Ecagemot 73 AR N F IG5 . JAL /NI DA B 7Y
(Mg E, I HAEH VESTA B kbl 4.

352 EHER

AT 7> T FE LA 2 NEATTH B S8 3RS, X — Bl RIS RE %
B DR AT AR AL AR R PR VR A I AT s . AR SRR B e, BEAT it — P R4S
TP o IZMAE RS KO IR A AR B0« S B A 12 1E LA S AR E R
/AL ER, I S IR, Ay T IE A HIE B v RS E HA B RIRES,
N Ji SR VRO B i i B 1 SIE LA
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TEXT POCs M MR A A 431 BB S R R, IR AR FEAN IR B AR 2 Sk
75 POCs Z IR 45 GrReNE DL B 2 S, XA B TR TR 1 A8 IR
LT DA SR B R 22 SR AR N TE Skl o TIZE AT A GBI TH L2 1T, Tk CoHp Al
CO2 5> T43 I E N CPOC-108 F1 CPOC-108-NH, )25 it N LA 5 84k . 7 bt
FErf, FEEFAH BN TN I (VTG B T AR B DA R R0 2 fs P
JEF =R I aa A BAE B R @B R SR T I AL E AN, (R
gh A Re TSR F AR AR E VI B, 2 I BT IR N AR AL T 5, DAtk
B A M RIRRE RS S8 . FIR AR N T RESE RS HE AT Sk T 5
POCs M4 RFZ A1 FIAH FLAE AR PE, T N BEAF T B A w558 A0 A HE 0 S

W ES T RATRIL, S A5 FAE POCs 25 fi P IV BT A7 (E RS, R
“Tots R PRAEORT CERR” MBS, X T IR, FRATE T
BB EAR T /S0 T 5B POCs MHEHIZE &4 RE (AE) ¥, Hof,
CPOC-108-NH, ¥ A CoHa 45 & RETHEN-7.86 keal/mol, 12 EN CO, 4G
A HEN-7.58 keal/mol. #HELZ N, CPOC-108 2N CoHy Al CO, 45 A RES
N-7.54 keal/mol M1-6.67 keal/mol (PEANEHE 7] 7% [&] 3-25 F1IE] 3-26), MIXLEE]
FEXTEERT LR, ARSAES TEPOCs P S AR EEHEER, 466
2Rl T2 MR E, a0 POCs MR E & A MRF R BT B eI Ah e 2
LGSR G 5 IS [ DAL 2 P T 56
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[l 3-25 58 IR /N T 2 2 BB (DFT) A4 (a) ZHURFfH7E CPOC-108 Tl
AL g R, (b) SRR FH/E CPOC-108 T I RALEE ), (¢) ZMRIL I 7E CPOC-
108-NH, ism AL, (d) SR ALRRIR £ CPOC-108-NH, Tiidm I EALES 1, (e) 4
BB FRAE CPOC-108 JEF AR L MR IARAL S5 1, () S ALBRIRIAE CPOC-108 iE#:1A

HOFHE AR, (g) LB FHTE CPOC-108-NH EFHE A O R A 4544, (h)
ARG E CPOC-108-NHy 3 Rz 44 Lo BT R R AL 25 44 o
Figure 3-25 DFT optimised structures of the small molecule adsorbed within the cages: (a) The
optimised structure of C,H; adsorbed within the end of CPOC-108, (b) The optimised structure of
CO; adsorbed within the end of CPOC-108, (c) The optimised structure of C,H, adsorbed within
the end of CPOC-108-NHa>, (d) The optimised structure of CO, adsorbed within the end of CPOC-
108-NH>, () The optimised structure of C,H; adsorbed near the linker centre of CPOC-108, (f)
The optimised structure of CO, adsorbed near the linker centre of CPOC-108, (g) The optimised
structure of C,H; adsorbed near the linker centre of CPOC-108-NHa, (h) The optimised structure

of CO; adsorbed near the linker centre of CPOC-108-NHs.

0
—
T
o
=
S —41 =
—
>
2
2 6
W CPOC-108_C,H,
K_—J CPOC-108_CO,
7Y CPOC-108-NH,_C,H,
—g8- <] CPOC-108-NH, CO,

End Linker
&1 3-26 58 SRS THOTH SR B G -
Figure 3-26 The calculated adsorption energy of gas molecules within the cages.
bt JE FRAT T — 20 g T AR MR A SRR e . AR B
T, CPOC-108-NH, i CoHa &S & RETHE ¥-4.12 keal/mol, ZFEHN CO2 1Y

2545 HEN-3.72 keal/mol. CPOC-108 FHEWN CoHy 1 CO, W45 & RE 47 7 N-2.54
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kcal/mol F1-3.21 kcal/mol CHAT] WL 3-25 R 3-26). “HHefh” WHHEET
g & REBE 2N T “ T ” MR RLC N I45 G e, X WTRE = BT Rk
BFAE S A o3 BT Ak PR A 2 PR R 245 ) 7 B 45 DR 3R BRAIR T HL 5 POCs iR TR
FRAHEAR . B, AT SR 15 POCs M4 REZ 18] (FAH FLAE FH HEAT VR 4043
Hro BATRIL C2Ho Al CO, fERS 5 CPOC-108-NHa [ AN B R L B BE
e, FULERES B 0R SA S T 5 POCs MR 2 R &5 G AR E PR SR,
CPOC-108 &5tk = LB SMAELE G AL, X FE CoHy Fl COy R 5 HANES:
PR 2 B AR LE A SR S5 IR AR A AR, BRI AT 45 & s i BAR T
CPOC-108-NHy 45 44 7 ) T 2 AR A HAF

3-27 CPOC-108 (a. b) I CPOC-108-NH, (c. d) HZHR (a. o) A AfbbE (b &
FITH SR N S A A BRI T K, SR TALE, RETRER, fET AR, 4
LR T 5 ZIANE (POCs) ZIRIMAHEAEH, JEARERIIEE AN A,
Figure 3-27 The calculated adsorption binding sites of C;H> (a, ¢) and CO; (b, d) in CPOC-108 (a,
b) and CPOC-108-NH> (c, d), respectively. Carbon is gray, oxygen red, nitrogen blue, and
hydrogen white, the green dotted lines indicate the interaction between the gas molecules and the

POCs, the labelled distances within the cages are given in A.
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] 3-28 A& 3-29 43l o 1 “Pasm L 4 AJE A “HEEAAR T 4 A5
A CPOC-108 5 CPOC-108-NH, £ 4441 CoHa M1 CO2 73 T & I 0 At L. M
3-28 KA, fE “Msm0” 4 AJEEN, CPOC-108 H' CoHy 73 I —Fif
R RA B H BRI AR, T COp 2370 RA—FhAH X 45 514H %5 AN K
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Figure 3-28 (a) Number of CoH, molecules within 4 A of the centre mass of two ends in CPOC-
108, (b) Number of CO2 molecules within 4 A of the centre mass of two ends in CPOC-108, (c)
Number of C2H, molecules within 4 A of the centre mass of two ends in CPOC-108-NHa, (d)

Number of CO, molecules within 4 A of the centre mass of two ends in CPOC-108-NH», These

amounts are obtained from 100 ns molecular dynamic simulations.
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Figure 3-29 (a) Number of C,H, molecules within 4 A of the centre mass of the linkers in CPOC-
108, (b) Number of CO» molecules within 4 A of the centre mass of the linkers in CPOC-108, (c)
Number of C,H, molecules within 4 A of the centre mass of the linkers in CPOC-108-NHa, (d)
Number of CO» molecules within 4 A of the centre mass of the linkers in CPOC-108-NH>, These
amounts are obtained from 100 ns molecular dynamic simulations.

WIS L RATRIL, CPOC-108 55 CPOC-108-NH, 454+ CoHz Fl CO, 431
B M a2 R, IR AT ReUR T 2 25 B A 9] A& 7 POCs M ELS
AR T A B EAE RS, BTS2 SR TR A E O N B RIS . '
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AT B A B AR BT E G R At SR B 2 B AR
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FINEEAE RO . AEEE REBIE A I EEAL R, BESR T AT RSN
o7 Z I 2 ARAH AR, 3R f 43 POCs 4 RS A IR B A 7 85 14 i 3R A5 4%
RATH. Bk, ZEEERERIANLIE CPOC-108-NH, #H LG TR IR H A HL
78 CPOC-108, F: CoHo A1 CO2 WY e /WY R 4G 5%, Hirf CPOC-108-NH2 X CoHz
[N P75 B 2908 CPOC-108 MR PR R 2.4 £, FF H I 2B/ — AR W B
P E 2 & T CPOC-108. MAMIRZF A LIRS R MK W], CPOC-108-
NH: A8 Sl CoHo/COz IRASMIIA R &, /7 EufEriA 18.3 min g, 1M
CPOC-108 JL-FTiE LA Z SRR S 70 5 . Bt 45 SRR, CPOC-
108-NH, 45 M (R IERENS 5 CoH, 1 COx FE A BE, 1T CPOC-108 5 < ik
T2 RAEAE TG AE M EAR Y, R H CPOC-108-NH, 554K T 145 &g th
FH R T CPOC-108 IS &rhesiE. Likgs BEH, I ARSI AR
S SE I B 5T 5 W B R 2 AT 2 B ARAR ELAE R, JE T3 T+ POCs ORI A B 3
BTERE, EIET) Bk T LR A S TR S A TR POCs AR S AR IR Bt 5
SrESTERe, WMAENS ARG Z LRI Bort& PR AL AR RSB0 AR

70



S MW e e VAT

HLSRE
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