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B E DIBERRAOKAT (SWCNTSs) by 52 A, SR R R A3, il 4 HPLC (il D52 Z G 18 R Al
& W7E SWCNTs (o34 b iofe B R T, BF9E SWONTs S-S nom AR . 45 30 A L& WU 2L
R FAEL 4 JEF B0 0 2 AR A P S 915 SWCNTs BAR VR, SR PR IR RS R (LSER) &
- RAE SWCNTs SH WAL S RAEAER, kg @iy LSER #ER B A H58 iLA fE 1 (R? = 0. 844) FIFE filt vk
(Qipo =0.768) , BRI m-/n-FL F X AE R FIZS 70/ WRWUE FH B 45 SWCNTs S5H VL& WA BE/ERH EEEE.
KR WAOKE, BILEY, RERT, LMEMEECR (LSER).

WRANKAE (CNTs ) VE B B i e ST A4 Ht | 8 A Sk R B 5500 265 B 2 7K b i) 4 B8 A LTS G R AE W
Je i SEAFSR R T CNTs FLAT B /K M 26 TR /8y R TR, CN'Ts 4 10 oAy [ 4R A6 EBURI SR/ 80 AR £ 33%
A 7R [ 2 A SRR I 5 T LTS Sy B 20 A L B9 2B A sl R A A0 A €033 (7 5 A 1 2 T
Jit, DTS M 8 R 7 [ R AR (R B8 ) 5 o A 14 B RE 0 Uk T 15 Sl A | 1 R A R R A A K
AN B, AT MR HLE R R CNTs SA WU S Y 0 AH BAE T, A Bh T CNTs 15 [ 2 A A R e 1k
2E AT AR B N

T 435 2R P 2 A7 D 7 KRR i CNTs XA HLL S IR N S50, 708 T CNTs 58L&
YIRIA AR R S S SE CNTs XA ML AP0 B, A0 R B Bent 3% 0. T, 3Bk
A A A IS CNTs J50R7 45k PRIXGE | 5 M 25 SR A v . CNTs 78 25 8 K i B AL TR A, i fe
B2 AR A5 55 M 3 7 v 2 B A T A s A HIOIR S T DRk SR P e S A 9 B 5 A5 P R T CNTs
SHEVACE WA EAER R 5 25 50 e, (g O B3 5 T T 3R AR T 7E [ AR L i PR R g .
FF O N R PRI R BE IS R (LSER) 1T DL R GeifF 78 1 005 [ 22 A0 A9 A A FA ML, Bui 261 A
JH LSER JCRMFE T 200 ZF0 25457 F 7o In S A s AR B AT R, LMo+ By SR (A) R
SR (B) X HAR B = EAE A, IR AL R — R LR 259 50 F BB BE . Fields 451" 5@ i 43
PRER A7) LSER £ W58 1 32 #ik & W5 — o B[4 22 48 ( butylimidazolium-based ) 2 [A] [ 4 H.
YEH.

AHIF 5T R FH i 12 3 1 48 BAOBE Bik 40 K 4 (SWCNTSs ) 235 44, 1 & A AL & 9 7E SWCNTs 4 i+
PR R T g O R R Y LSER BERIIF SR A ML A 5 SWCNTs 1 AH EAE . FH 5%
TR B RO R T CNTs 546G B AR BLAE T, AT LA 2580k o [ 3 125 1 PRI 44 6 52 50 i) 30,
DSBS BB THAE.
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1,2,4- =50 (96% , B T A2 FRA Wl ) ZHIV B P It e (@3 ol | e i B W fk iR A BR 2
A LNE P EERAE (G54l SEE Tedia AH]). PIFECAER, B 1 g- L W B SWER.
1.2 BRYOKAE 5T %
PEHL 4.6 mm x 50 mm AEEAIR: 5 FREL 250 mg FRBERRYN KA (SWCNTs, 4 95% HME 1—
2 nm K JE 5—20 nm, WEREREGORFEARAGBRAF) F 50 mL ABEESHETEIHE b, A 30 mL — H 3% B i
Jig, BT K TP A 10 min, $il 45 SWCNTs )38 . R I R A 38 3, il A< sh e R 2R (2
Haskel 23 7)) 7E 50 MPa JE /7 F il % SWCNTs (5 tE.
1.3 5k B A B8 R -
{8 Agilent 1100 =5 20RAH G E (L (SEE Agilent 23 7)) Al SWCNTs i AE E A 7. A0 4440 F .
TEhA N 100% N, FiHE R 0.2 mL-min ~" | #EEER 1 WL, BTN 25 °C, LAMGIN I K A 210—254 nm.
BHULAYTE SWCNTs it F AR EE i a] () BOMAE . LA ERAE A BER [ ARiC 4, T2 SWCNTS 4
TERERIBERTTA] (1) 0 B 0 A HERE 3 R AGF A, ARAEA X (1) IHHEA VLS W TE SWCNTs (i
RO T ().
k= (1, —1,)/1, (1)
1.4 LSER 3£
LSER #RI A] R P Ak 2 s R A A ) R g b s snl Ak i s ' LSER MRS nT AR AR
UL A5 SWCNTs A BAE LS 5 915 8. LSER BRIk .
lgk' = c+ek +5S +aA +bB +0V (2)
K E.S A BV EHANALG ST GSE I B i BRI B, S St/ (R 2
B A RS EIRE S, B IV RSB S5, V A McGowan FAIERFL. e s .a b v ¥4 I 5L,
FORE 55 [ AR A AR B 225, ¢ AR
AT 1 18 B UL S P RIS (S I E STk 11-12,15-17 ], HAESI7ER 1.
1.5 BRI EE Ny 5 R AE
KB EH 7 (SPSS 17.0) , LA Igh’ A AR & RIS S 80 A AF &, 337, LSER BifY. 7E gt
B AR b B I GG B B o A I SR B A & | (0 FH IR 4R (13 ML-& ) A B8 TR 5 (5 4
e ) SHE R EATIGTE. ARG OECD J&T QSAR BAIFHE 5 i FH S 00 R 6 05 i g ol FH S A
AT AR A AHOC R BT 05 (R?) (FJ7 R 22 (RMSE ) Fll . 2 MK (P) RAE B RLER (@ Al ] 25—k
A SIGUE R EL(QF o ) FAF s BRI THIN BE S5 AN 0T R 7 22 ( Q) RAE. I 22 RERK 7 (VIF) TF
fh R AR A I L2 AR B, AR VIF KT 10, Uil [ 78 i 5 AR mAr fe B 2 AR SCHE . #E
SHNE LANF

R~ 2 Gi-y) (3)
z (yi _5"1‘1{)2
z (9’,', _;/i/i)z
02 o =1 _l,:,l— (4)
Zl (yi = Ym)
2 (y,: _;/i)z
Qz pxr = 1 - ,l,,:l (5)
21 (y: _5’EXT)2
2 (yl' _;’i>2
RMSE = [ — (6)
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2 LER 58

2.1 ETOEGEE T NG SWCNTs 54 UL A YA B A

SCHGINE ZHEA R 18 FAHLILAWIFE SWCNTs (A HE b i (i {88 IR 7, 45 R0 6 1 b, U
HAE SWCNTs FE P (R 54 B R 7R /N R B FEAE > R > TROE > 2K B > 0K > K > 28 > 28 %W
BURIEA RIS THURIE S SWCNTs A ELAE RIS A - i3k > 203 > B IE > B3t > SBURsE >
HIE > 23, FRAsBURIE M AN BUm sE ), & B TE PR B B ROl o 1,2,4- =808 > 1) 580K > 48 &
> EIR M PR ~ FI = 2R 5 RR I, 401 H SR GRS A A B0 N, 1458 T SWCNTs 54
BILAE A 0 4 A AR . U 1 € 338t B PR K T M s s Wy, U8 BH 47 v XU B 38, il 4 7 5
SWCNTs A w-m MEHIHGSR TR T SWCNTs 5B HUALS WA EAER 1. 48N 65 8
PRF- T DU S0k g 156 HH 437w SN B0 BN, 375 SWCNTs R I 9 n-m {EHIGSR , Nk 74
UL A Y5 SWCNTSs (1/AH L AE . MEWY Y (6 3% P B4 DR S I AR 25 558, A ER 10 S AN B X443
5 SWCNTs (A B AT 22 915 /N. 25 1, SWCNTs 5 18 FiA HLAL 4 W i AH BAE Y /N 32 U 4
(AR SRS A% I A B30 1 52 ).

F1 HHLEDN g BRI B SH5UE

Table 1 gk’ values of organic compounds and their solvation parameters

1k’
finfesssn SO LSER BUWmME > A # ’

S -0.987 -0.958 0.610 0.520 0.000 0. 140 0.716
GiB S -0.733 -0.776 0. 601 0.520 0.000 0.140 0.857
Jia] -0.765 -0.549 0.623 0.520 0.000 0. 160 0.998
LA -0.835 -0.564 0.613 0.510 0.000 0.150 0.998
ez -0.467 -0.314 0.955 0.960 0.260 0.500 0.816
P -0.602 -0.591 0. 805 0.890 0. 600 0.300 0.775
E &S -0.704 -0.630 0.718 0. 650 0.000 0.070 0.839
e -0.403 -0.235 0.872 0.780 0.000 0.040 0.961
Jia] 5K -0.361 -0.269 0. 850 0.730 0.000 0.020 0.960
1,2,4- =5 0.544 0.166 1.030 0. 860 0.000 0.000 1.084
TRAR -0.542 -0.317 0.882 0.730 0.000 0.090 0.891
RSN -0.065 -0.334 0.871 1.110 0.000 0.280 0. 891
EZ A ] -1.128 -1.061 0.403 0. 860 0.000 0. 560 0. 861
TN -1.191 -1.419 0.329 0.750 0.000 0. 640 0.681
I e -1.262 -1.558 0.289 0.520 0.000 0. 480 0.622
AL -1.193 -1.146 0.613 0.730 0.410 0.290 0.577
WEI} -0.974 -0.949 0.687 0. 560 0.000 0.150 0.641
i * -0.981 -0.984 0. 631 0. 840 0.000 0.470 0.675

# FORBIEEAEY)

2.2 BT LSER AT QA PSS SWCNTs A EAEH

R FR S 6 I R 11 18 R AL A G i R B8 PR T, 57 7 LSER A8 AR ek =0T .

lgh' = —2.842 + 1.466E + 1.382V (7)
n=13,R* =0.844 RMSE =0.191,F =27. 187 ,P < 0.001

WE 1 FER gk (52 A A0 P00 HA AR 1 — 2ot | R WAL LA B A BE 7. 1% LSER #
RUG E RV A S0 VIF < 10, 3600 S 506 A 7778 838 1 IR Pk, 26— 1288 RS R (0 =
0.768) , = BIBRIFA VST 02 ] 0. 671, BLHA ST 1 LSER HE Y EHLAT #4f-1 F) i

LSER #HI 0 | Z 5 A LS WTE SWCNTs FIIEEE S5 E MV ASZS806 X%, E it BER
Yrih iz w6 T RAEE TR A m-/n-f FXHEH , RIS FGE i m-/n-8 7 X6 15 [ 8 AR BA/E B RE . v
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N McGowan FFAEARFR , F7- % 7 B EE R AR, AT S e e o 4 o'/ /) WO/ P -5 T AR AR A Y
e B B R BONIE 3R -/ n- TR ROV 41T LA 15 SWCNTs R Y 7 HL7>
A SR B v A EAERTAN n-ar AHEAE R TS BCRGR 0 R B RE ). SRR VY R BO IE R W28 7/ 1R L
YEHSRII S5 5 SWCNTs K i = A A HARH], WA HULL S P r R B BE ).

0.6 |- ol sk
R*=0.844
- RMSE=0.191
oL QP00 =0.768 o
@ r OO'Q?-"' e}
= .
B -06 - Sy
< 0
= -
0 ® * BiESE
-12 e 0200=0.675
' L[]
- o
-1.8 S | 1 | 1 | 1 11|
-18 -12 06 0 0.6
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1 gk’ (SZIE R TSER FERIFNAE A&
Fig.1 Relationship between the values predicted by LSER model and the experimental values of lgk’

LSER #LH (4 2250 e A1 o 0] LU THERA VLAY -/ n-B8 F X FANZS SR RT3 5 5
IR EAE R B TTER ARG e Ao ST ar-/n-HL T B AN ZS S/ SR EUVE W T SWONTs S5 PS8
AHEAEF B AR BTER , 45 R K 2 BoR. XF T R 285 AL &9, -/ n-HL X E AT 25 7O/ R iR
FHBITTERART. X T 2RO S 38 DU SR , 25 70/ O OV E F ST mk A it 65% . 27 LTk, AL &
YR -/ n-HLFXHE RN 25 7 R o AP i 2B TP A ML A 905 SWCNTs AR LR .

i [ vae
100 — — —r—r—r—r—r—r——r—r——r———— —
80 -
s
%oo-
@@777777777 7279 | |1
Z 21
- AN
20
0 ]
B R HE R B HRRREREERERRER EE
B EE R R ¥ ETEBEN®B S o K 2 K
m g o1l o1l 11 K W N
4 B ¥ = 11 =

2 m-/n-HLF X RS SO SRBVE ST SWCNTs 548 MLk & 18140 27 FH R AR X BTk
Fig.2 Relative contributions of -/n-electrons interaction and cavity/dispersion interactions

to the total interactions between organic compounds and SWCNTs

3 45t

AWFGEME T CHERET 18 P AL & 7E SWCNTs (it b i (g L 87 B 7 M4l (i O B8 1R 1
WHFE CIEAR SWCNTs S UL S WIIRI R A EAE . S5 R3], SWCNTs 5 B AR ELAE T Ay ik B2 A2 B
ARIEFPE AN . 2L > 23k > PPV CIE > 83k > VIR > 8 > 3% [F]If SWCNTs SAYLL G
AAEAE HIBE F i | SaUBO AN U i S B0 B P i 1 5. SR P B0 [ H 07 42, 7. 1 A B I i
LSER A57Y  MR (18 PN A1 0 MR 45 SR 3 A B BAT ey AR PR AT BE 77 . 26T LSER 48, g i
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fIE SWCNTs S5 G MALE WA EAEA, R BA WAL EWH m-/n-H T XHE A28 70/ 3R BE 2 2 A
BT SWCNTs FHEAEFHAY FE N XK.
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Interactions between single-walled carbon nanotubes and
common organic compounds in acetoaitrile

CHU Yingqgian LI Xuehua ™ YANG Xianhai ZHANG Xiaolin CHEN Jingwen
(Key Laboratory of Industrial Ecology and Environmental Engineering School of Environmental Science and Technology,

Dalian University of Technology, Dalian, 116024, China)

ABSTRACT

Single-walled carbon nanotubes (SWCNTs) , used as the stationary phase materials, were packed into the
HPLC column by the downward slurry method. Retention factors of 18 common organic compounds in
acetonitrile phase on SWCNTs column were measured and used to investigate the interaction between SWCNTs
and organic compounds. The results show that the interactions between SWCNTs and organic compounds in
acetonitrile phase are related to the number and types of functional groups and the number of hetero-atoms.
The interactions between SWCNTs and organic compounds were characterized quantitatively using the linear
solvation energy relationships (LSER). The obtained LSER model has a goodness of fit (R* =0.844) and
robustness (Q?,, =0.768). The results demonstrate that the interaction with -/n- electrons and cavity/
dispersion interactions are the main factors that influence the interactions between SWCNTs and organic
compounds.

Keywords: carbon nanotubes, organic compounds, retention factor, linear solvation energy relationships

(LSER).



