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Preparation and Adsorption Application Study of Fluorine—containing
Conjugated Microporous Polymers

Yue, Yong Qian, Zhiqi Kong, Fanan Xiao, Qin Ren, Shijie*
(College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering, Sichuan University,
Chengdu 610065, China)

Abstract Water pollution arising from ever-growing domestic sewage and industrial organic pollutants has caused severe
environmental and ecological problems in many parts of the world. It is urgent to seek appropriate ways to resolve oily
wastewater and organic solvent pollution. Currently, physical adsorption is considered to be one of the most important meth-
ods to eliminate the oil contaminations in water thanks to its high efficiency and low cost. However, traditional adsorbent
materials, such as activated carbon, zeolite and natural fibers, often suffer from low adsorption capacities, poor adsorption
selectivity and recyclability. Thus, it is still of great importance to develop new absorbent materials for the separation and
removal of oils or organic pollutants from water to address environmental issues. Conjugated microporous polymers (CMPs)
are a class of organic porous polymers that have attracted extensive attention thanks to their large specific surface area, good
physicochemical stability and unique extended m-conjugation along the polymer skeleton. Here we report a fluo-
rine-containing conjugated microporous polymer (F-CMP), which was synthesized via Sonogashira cross-coupling reaction
from 1,3,5-trifluoro-2,4,6-triiodobenzene and 1,3,5-triethynylbenzene. As a comparison, fluorine-free conjugated mi-
croporous polymer (H-CMP) was synthesized in the same condition from 1,3,5-tribromobenzene and 1,3,5-triethynybenzene.
By introducing fluorine atom into the conjugated microporous skeleton, the contact angle of F-CMP with water reaches 145°,
exhibiting excellent hydrophobicity. Nitrogen adsorption/desorption isotherms of the F-CMP show a high specific surface
area of 638 m?+g ', and the pore size distribution analysis shows the existence of both micropores and macropores. It can be
obtained by adsorption experiments of oil and organic solvents that the adsorption capability of F-CMP increases significant-
ly compared with its fluorine-free counterpart with similar structural skeleton. Due to high hydrophobicity and porous prop-
erties, F-CMP shows excellent adsorption properties towards to the removal of organic solvents and oils. The adsorption ca-
pability of F-CMP towards pump oil and chloroform can reach 40 g/g and 43 g/g, respectively. Meanwhile, F-CMP shows
rapid adsorption rate and excellent adsorption recyclability. Thus, F-CMP displays promising application prospects in the
field of organic pollutant adsorption and environmental remediation.

Keywords conjugated microporous polymer; fluorine doping; adsorption material
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H-CMP

B 1 RE&YF-CMP M H-CMP ({4 BB M1: 1,3,5-= 20038, M2: 1,3,5-=58-2,4,6- =R, M3: 1,3,5-=8K; F-CMP RSB H (a),

H-CMP IERAYE IR A (b)

Figure 1 Synthetic routes of F-CMP and H-CMP; M1: 1,3,5-triethynylbenzene, M2: 1,3,5-Trifluoro-2,4,6-triiodobenzene, M3: 1,3,5-tribromobenzene;

photo of F-CMP (a), photo of H-CMP (b)
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Figure 2 FT-IR spectra of F-CMP and the monomers (a), XPS full spectrum survey of the polymers (b), F 1s spectrum of F-CMP (c), C 1s spectrum of

F-CMP (d)
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YIRDLH T BRI B 2, ULRH R SR AR K
HIRFLEE # . (RIS, PR o 2 78 A 6 I 77 8¢ v 11 [X 485
(P/po=>0.9), XWES IR A TSR BT, RURE
DAL A7 A TR 30 5 R L M S AR PN RS RS T T R T
FURRFLEE . RA WML T oA it e 3 vz
PR FE I (NLDFT) #2435 45 (K 31), H-CMP fil F-CMP {15
AL B 2R 4, HALARER EE A TE 0.85 nm [FLFL
X1, #R#E Brunauer-Emmet-Teller (BET)& LT H H %
4% H-CMP 5 F-CMP I ELR TR 5108 1135 mPeg ™!
F1 638 mPeg . ZALMEHIBFLE AT UL LIRS 4
FURFRT EEAT) (Vimiero! Vi) KRR, WIFE 1 7w, H-CMP [1)
LN 85%, T F-CMP f£] 61%. F-CMP H &G H £
HIA LRI R FLEE L), aX e 25 4 mT LALEAT HLIVA 75 AN 7 A4
REAZZNBH 328/, SRR R i A2 K.

1 EEWMLRTAMZ LR
Table 1 BET surface areas and porosity data of the polymers

Sample  SAppr®/(0*g ") Vi (o2 ™) Vil (s2 ™) Visiero/ Vit
F-CMP 638 0.26 0.43 0.61
H-CMP 1153 0.51 0.60 0.85

“Surface area determined by the BET method.” Determined by t-plot method.
¢ Total pore volume calculated at p/py=0.99.
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of the polymers
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Figure 4 Adsorption process of toluene (dyed with oil-red III) (a~c), Adsorption capacities for different solvents and oils (d), Instant adsorption capac-

ity for chloroform
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HOEPY. 750 CHIZMHT, B REMER(342 mg, 1.5 mmol)
BT 15 mL MIRERER, SRSTERHRRE FEEmA KI
(747 mg, 4.5 mmol)Fi K, AR B M. BN 1,3,5-
ZHAK(132 mg, 1 mmol)/&, MFIKKI, FHEE 70 C
KB4 h. RERSE, FEPggE N vKoKiH, KA
CBFREEL, AN NaHCO; KiEREEIEMTEK Na,SO,
T, IR e ZEBR A VAR, FEENT A RE
O [H 1K 420 mg (P75 82%).
42 BEY H-CMP BHl&E

ETARKTEIFKMET, ¥ 1,3,5-= 29K 225 mg,
1.5 mmol), 1,3,5- =¥ 7315 mg, 1 mmol), Pd(PPh;), (58
mg, 0.05 mmol)Fl Cul (19 mg, 0.1 mmol)[E A f# T &
K VYERIE (20 mL)F1 = Z. %20 mL)FIEFIF, FHE
F) 80 ‘C/RI 36 h fHEIREGY. RINMEHR)E IR,
ERE VAT HIE, K. R, &7 SR
ek, B2 R OB G BRI AR AR 7). 75 380 A4 T4 3 51 D
Rl SO SR R AR 24 h, HETREE 3
FOE A 217 mg (77 F: 96%).
4.3 BEY F-CMP HHl%F

REEY F-CMP {14 BT AR H-CMP & 17528
L. WA RN 1,3,5-= 25 %(225 mg, 1.5 mmol),
1,3,5- =%-2,4,6- =1 75(510 mg, 1 mmol) #4k, LI I
Pd(PPhs), (58 mg, 0.05 mmol)#1 Cul (19 mg, 0.1 mmol)f
7. SEEWIAE BT TR 515 2R 5t HUIRE iR 273
mg (7= 99%).
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