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Abstract: The adsorption behavior of microplastics (MPs) toward polycyclic aromatic hydrocarbons
(PAHs) and their derivatives determines the migration, fate, and combined ecotoxicity in the envi-
ronment. Given that the adsorption selectivity and interaction mechanisms induced by structural dif-
ferences in PAH substituents remain unclear, this study takes polyvinyl chloride (PVC) MPs as the
research object. By combining macroscopic batch adsorption experiments with Fourier transform infra-
red (FTIR) spectroscopy and two-dimensional correlation spectroscopy (2D-COS) , the adsorption
characteristics and molecular interaction mechanisms of PVC toward phenanthrene and its derivatives
were systematically investigated. The results of macroscopic adsorption experiments show that the
substituent structures of PAHs exert a significant effect on the equilibrium adsorption capacity of
PVC. The adsorption process is dominated by chemisorption, and the pseudo—second—order kinetic
model yields the best fitting effect. The adsorption behavior of PVC toward most pollutants conforms
to the Linear model, whereas the Langmuir affinity coefficients of chlorophenanthrene and formyl-
phenanthrene are notably higher, indicating the presence of specific interaction characteristics. Fur-

ther 2D-COS spectral analysis revealed that the dominant mechanism for PVC adsorption of phenan-
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threne was Cl— interactions between the side groups of PVC and aromatic rings. Substituents dynam-
ically regulated the response priority of PVC functional groups through various interactions: methyl
groups slightly adjusted the response sequence of aliphatic segments; aldehyde groups altered the
adsorption pathway by forming C—H?*++O=C hydrogen bonds; chlorine atoms prioritized the re-
sponse of C—H bonds via inductive effects and steric hindrance; and nitro groups drove conforma-
tional changes in the PVC main chain through strong field effects. This study provides a scientific the-
oretical basis for the ecological risk assessment of combined PAHs—MPs pollution in aqueous environ-
ments.

Key words: polyvinyl chloride microplastics; phenanthrene and its derivatives; adsorption interac-
tion mechanism; 2D-COS
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Fig. 1 Adsorption trend plots of PVC for PHE and its derivatives
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Fig. 2 Linear fitting plots of pseudo—first—order(A) and pseudo—second—order(B) adsorption kinetic models
of PVC for PHE and its derivatives
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Table 1  Adsorption kinetic fitting parameters

Pseudo—first-order Pseudo-second-order
PATTs Qe/(mg'g_l) K/(mg - (g-h)™) R’ Qe/(mg'g_l) K/(mg - (g-h)™) R
PHE 0.5822 0.076 3 0.983 0. 066 8 7. 86 0.998
PHE-CH, 0.079 3 0. 0306 0.497 0.1182 6.97 0. 966
PVC PHE-CHO 0.0714 0.078 7 0. 745 0.9029 4.06 0. 996
PHE-CI1 0. 066 5 0.059 4 0.744 0.9116 0. 69 0.997
PHE-NO, 0.046 0 0.0955 0. 964 1.4915 19.51 0. 999
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Fig. 3 Isothermal adsorption model diagrams of PVC for PHE and its derivatives
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¥ 0,24, RI R EN L AR B S FWRRIE ; —F7E Langmuir BRI ) K EAR &5 (5 1A
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Ve I 5t S BOR B AL s A, HASK I 2 ROT RS 7 HAEFLBR N 9 /Ors, #Htb 2T, PHE-
CH, i) Freundlich 24§ 1/n~1(0.92), H Linear A& RCRAE:, R HEE PVCERI MK . 59K
VERTFHE VARG S IS 2

F2  PVCX PHE BHATT A Wi WE b S5 2 28
Table 2 Adsorption isotherm model parameters of PVC for PHE and its derivatives

Linear Langmuir Freundlich

PAHs = 2 y o 2 1 1\ 1 2

K/(L-g") R Q./(mg-g') K/(L-mg") R KJ/((mg g )/(L-mg)'™) I R
PHE 5.19 0.93 1.47 0.20 0.92 6.30 1.06  0.93
PHE-CH, 2.74 0.61 1.33 3.09 0.62 2.21 0.92 0.61
PVC PHE-CHO 2.75 0. 81 1. 64 400 0.96 0.38 0.24 0.95
PHE-CI1 5.77 0.92 1. 80 200 0. 68 1.53 0.24  0.92
PHE-NO, 22.24 0.97 0.76 17.82 0.99 9.99 0.60  0.99
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Fig. 4 FTIR spectra of PVC after adsorption of PHE and its derivatives
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B—J7 T C—HAE B EME 55 /IS C—H---mEM, i AT s ol 704, 95l
MHAEIRENAAE & AR R 5 C—C B QM gRRE R G ., 25 PVC BN MR U5+
N G BRI G R LA, T SUE T-OZRH AT 145 s i i 4Lk, AR R ER
WEERRE R B AL S B R AR
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Fig. 5 Synchronous(A) and asynchronous(B) 2D—COS local amplified spectra of PVC adsorbing PHE
(550~1 500 em™ vs. 550-3 250 em™)
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Fig. 6 Synchronous(A) and asynchronous(B) 2D-COS local amplified spectra of PVC adsorbing PHE
(2750-3 250 ¢cm™ ws. 2 750-3 250 cm™")

2.3.2 PVC3tPHE-CH,#8E{ER#I2D-COS 441 X PVCHZRf PHE-CH, B FEHEAT 4 AH 0% 4
Mo @538, PVCWL PHE-CH, it #2 ARFEWE Y AR A8 . C—CL4aIRE>—CHClI—H C—H i)
IR >—CH,—25 R F> C—C M4k sh>—CHCl— C—H g Eah . 55E, MRPEEsRm c—cl
RN, FEREERE TS5 PHE IR miR R B FICEME, —FHE R Cl-n HHEAE 5 T
LA B o KRG, —CHCI—H i) C—H 4R Pesng i, Ff 5—CH,—25 iR zh 230 8 by [H]
P X F PHE-CH, ik N\ PVC SERIBRIS PR A2 )45 1, B A VR 7 —CHCI—3E R3], i
A I B A RO REL s [RIB BB WA —CH— ik 0p 5 B L 25 (Rl R de o [5) 5 &k AR d A4k, e — %
¥t sem i . 5 PHE AL, PVC WL PHE-CH:H 388 C—C & 28 3R 3l 57 $2 A, LR I 5L 1
oy FRERBFIEVE A, e BRI IR . R REEE LT, S FeEEd e R AR R, Hom i
ST C—HMZgEIREM N, . —CHCI—H 1) C—H ZadREh i Jama i, 5 P 0T B8 A2 R A 4323 8] i In)
FrgAet, SHZIEH A A IR, 155 T ER AR EAEH .
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2.3.3 PVC3tPHE-CHO#E{Ef#2D-COS &4 X PVC Wt PHE-CHO i #23E 47 4 A0 5% 0% /3
Mo 45RFW, PVCIENEY PHE-CHO i3 #2 v RRAEIE B 25 LT : —CHCI—H C—H A {45 3R 3>
C—C 4R 3 >—CH,— 25 {1 #E 8 >—CHCl— ' C—H M 25 3R 3h> C—CL 4 3R 3 . W2 [t 4 30 ,
—CHCI— ) C—H pZaiRsh R Jemny, AR HILE (0=C) v 5415 C—H ¥ i C—H- - -0=C
Sk, HPENA C—HE T =040, HHMGRIRIE A . B C—C R AR B S, 2
B T REELA) 23 )4 R 5 PVC 5 C—CERILRC B RSy, WK B854 R S e LIAkAb 5 PHE-CHO 43
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A SR A EAE N, BEREM R B 5 | R —CH,—Z iRk As . 5248k, —CHCl—H iy C—H
MIRZN I B S, FERATIIE RN C—H- - - O=C SR T C—H MW, ik T C—H i
H Ve, S E0E MR A DL e B C—CU SRR B 5 Jame 7, A PR Ay R RS 110 5 H, 7RIS B AR T
PHE 5 &R TR, FEARTEAER) Cl-m AH BAE H B2 155
2.3.4 PVC3xf PHE-CIHHEEA R 2D-COS S #7 X PVC WL [ff PHE-CI i R 3E 4T 4 AH S 3E 4047 o
2R, WL FE R PV C RIS R AR A . —CHClI—H C—H B4R 3 >—CH,—25 s IR 3>
C—C ZEPRE>—CHClI— C—H B 25 3R> C—CUMZEIRS . —CHCl—Y C—H M5 IR 2 i Jea b,
XA T PHE-Cl 2> FH Y ClLR - PRl nld i 25 [0 5 OV 5| PVC H—CHClI—2: 1] C—H
BTz, fTHARE SHERE L AR MRS . RS R —CH,—Z PR3N . PHE-Cl I ZR R 28 B AT P 1
HHeLEH, 5 PVCHRIEER: B A e U eS| I S5 KA EAE R [E A SR 3k 49 2 [8) A BEAR i PV C
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Fig. 7 Schematic illustration of the microscopic adsorption mechanism of PVC
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Table 3  Response sequence of functional groups during PVC adsorption of PHE derivatives

Position/cm ™" Functional group PHE PHE-CH, PHE-CHO PHE-CI PHE-NO,
610 C—ClH iR 5) 1 1 5 5 2
1090 C—C % dksh 5 4 2 3 1
1246 —CHCI—H C—H #9725 1 3% 30 2 2 4 4 3
1424 —CH,— & 19k ) 3 3 3 2 5
2912 —CHCI—rh C—H 43R 3h 4 5 1 1 4

the numbers in Table 3 represent the sequential response order of the corresponding functional groups during the adsorption process (& 3 H Y%L
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B (C—Cl. C—H) 5 T HEE 2R IS AR B N A e 2 . WL a2 RE SR AR e Bome 7 5 1B
St C—H- - - 0=C S E LI B2 TFEI 59 Cl-m VEH ;. SEURILAE B S0% 545 I B C—H
HE R EE B BN, [ E] Clomr 7 5 T SRAR A B0 A i 25 (e) 3720 £ 5 E R R B
) S B P W J57 D00 25 S i

3 &

AN FAGN A B RGPS T PVC X IE S AT AE W W B A T S5/ PRI o 22 S Ff S 56
FB, PVCXT 5 H bR o0 AW & 5% 4 . PHE-NO,>PHE-CHO>PHE>PHE- CI>PHE-CH,; 31/
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