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In-situ infrared spectroscopic method for measuring solubility of heteroatom—
containing compounds and hydrocarbons in ionic liquids
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Abstract: lonic liquids show great promise for the extraction and separation of heteroatom—containing compounds
and hydrocarbons owing to their negligible vapor pressure, tunable structures, and excellent solvation capability.
However, the complexity of ionic liquid systems makes the accurate evaluation of solute dissolution performance
challenging. In this work, a method for evaluating the dissolution performance of solutes in ionic liquid systems was
established using online infrared spectroscopy coupled with partial least squares regression and the iC—Quant
quantitative analysis method. A succinic acid-water system was used as a model system, and its solubility was
measured and compared with literature data to verify the reliability and accuracy of the method. The developed
method was further applied to evaluate the dissolution performance of representative heteroatom—containing
compounds and hydrocarbons in ionic liquids, and real-time monitoring and quantitative analysis of each solute in
multicomponent systems were achieved. This study provides a feasible new strategy for determining dissolution

performance in ionic liquid systems and offers methodological support for the efficient separation of heteroatom—
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containing compounds and hydrocarbons in oil.

Keywords: ionic liquids; in—situ infrared; heteroatom—containing compounds; solubility; test method; separation

i =

B i il T T A S 2R OAL TR AR 2R T AL
wP SR & E T ALY RS %
B L 1 A7 i A T R B TR G 40 ) i AT
JiTa] o I A WA WA i B, AR B )
i 23l SR IR T G 5 R KU PRI, O e
B E R FEAR BA R X

BT L 22 5 A AR O DR 2R P A L 3
PR M 52 22 R, 0 R TR ACE A LA A Al
B s TR A AR E b, E O R
T8 T B ZE GRS WM AT e R T
- AH LA DL 5 XA A T AE 1 S H AR
o3 RAEAE AR, IR, FExH a2 e B
AR I 73 B PR RESE DL T AR e R s

TEREMOy R b, F bR 1R 8 R P iy
V0 JEE R TR ) B RO S R R SC S R
U, VBRI E 2R T A ) B A B TR T Y
VAR FEE T B 231 ) A EL AR B e A 26 B A 25
HATE RS FAT, 3 B0 5 J7 i 2 251
PR G S P R AR A T I
PR AfF-105 5F: 0 B A 28 2 OR BRAT IR A 2, 15 Y
B H AR o 5 Bk i o Pl L R i 2
IR B A AR, W0 AR A iy, L5 2Rl
S0 SR R AR & PR AR . AL, H R 2
B BLN A=Al W e REE R BORAR tik |
SR T i R PR AR B 1 A 2 O S M O
5 ATAERE SR AL AT O K T PIWTHOZ 55 AN AL

X TR TR R R SR A S TR
AR RE— 2PN T R R E MRS . BT
R, DAL BOR BENE L T RAIE T RE AT Wl s L
LR, T AR LR LD AN AR I B A 50 75 S IR
IRE , AT A 2800 BR B 5 AR H AR 015 5 19 1
P, AT B v 52 2 P % P R AR 0 ) PO B A o It
Hb TERLLAMIRTO T BB 5 7y B i 72, e %
S R R AR AL, O B AR AR iR R R Y
JEAE ) Sh A AT S BERAE SR T AT B

BT, AT — A LR LD A6 I E
RO YR o LAT IR —/K IR FR O BB 25, 0
2T R TS AT REVEREA T A . 7R EERG |

K207 W B T8 AR & e UL L 2 1Ak
EYBIETAE NI TENS G, R G S HAE KRR A
2 FH T B TR v B A B R i e ik — P
BEXTZ IR R X285 20 3 v e A R AT I R
BR 5 E AT

R I R LI

1.1 SEIHE

B2 B (99%) . T R (99.5%) . % 2
(99.5%) A4 W2 (99.5%) IA] 4 % (99%) .
X R (99%) | VU & BE W} (99% ) |, — 2 I E Wy
(98%) | [a] K — % (99%) . — 1E N i (99%) . H 2
(99.8%) .2— HI L BEWY (98% ) \FE M (99.5% ) \1-2. 3%
—3— P BL WK A7 R P R ([Emim[[MeSO,],99%) , I i
B T A AR A A BR A 7
1.2 XWAHZE
12,1 fEZLrsP Bl &5 A SCRITHR - A
% ReactIR™45 7E L L1 A0 53 BT S0 28 V5 o 4 F 18 B
TR B RAT R, SCIR AR R R SR N AT .
AR HE T B AR e P 2T OGS R I
414000 ~ 650 em™ ., FIFHiC-IR 4.1 B AF 4T 598 %
£ ST iC—Quant 1E LAY S5 B 20 Y {E
A 355 IR DX ek R B A TRAR RS  Hh R IR
He/N 3k (PLS) H 258 i B HE 57 5 101 5 R AR
b o AR A - Rk A, Y IEE IR WOt R BRI R
K GEAE T WO RE B A AL R S R IE A 6. TR
LI A3 BT ASCRT LA 7E 42 W I 44 28 SRR AIF I R ' B 11 A
A, ST AT AR A I R I R
122 iC-Quant A # 5 R H iC-Quant £ 2% i
SE AL 554 PLS XS 00 40 T RRAE W M e 0 4 7
T SEG R Pk B R ) 4 A WA T
TG 3B DX T] 8 2 S R AE G T ZE 1Bl o A S LAl
Ny LR AR 2 B ARSI B TR
VA A P, S 2 3R Y P YR K U TR T e R TR R
R
123 mMEFHE R IC-Quant £ A 1151 A
TR F 7 I B4 B B (o), PR LR R L 100 ¢
VTN L R IR M (S) o JTHR 20 ORI it 2 110 B
AR (D)-3) FiR:



5 XX

www.hgxb.com.cn <3

m

w = * % 100% (1)
m,+ m,
s =" x 100 )
mg,,
5 100w )
1 -w

o m A R TR AR s T, me,, R B
i, S A R g/100 g A . AR 22 (8) BT R A
K= (4) iR

5 - 1S = Sl

x 100% (4)

lit

Horr, S, AR SCHHEAS BB 2, S, by SCHiK
WA

2 EBERER

2.1 FEFEMERIE

PEWUT AR i, KB ARAE MR, R
FHAE L AL A TG 0 o FL i, O 55 SCBRES 8 XoF
FLRUE T PE TSk . T RRIELL A b B
HH J08 R AR R IR S 0, 2R TR T C=0 1 C-0 A i 45
PR3N, 3K PO RR AR I B v, HL 5K B R e g
WS X 51 o 25 AN TRV RE AR W X B 45 SR 1 52
M), DT 5 326 55 I AR 7 28, X 1750-1680 em™ (C=
0) F11194-1157 em™ (C-0) PI N ERAE I SEAT T W
5453975
211 BAFE I Gk iC-Quant f AL T PLS 7
7, 8 R v RIS B B B IR AE S ]
A AR o 5 R AR g 2 R PE R OC R . %
J7 ¥ BB A A 880 v R A% B fie /> — e 1 v 1) 22 i R AR
PRI R, 35 FH A48 G 50K 22 AR AR AT FR 1 7R 4R
SUN e Y T

DIAA R 35 B i -4 J 0 e Y ik 2 i 1 R
FEAR SR FHR [R) R AIE 06 DX (8] 1) ' 1 500008 1 hy il A7
(X)), LA 5T 0% 5t o 53 B0VE Ay oo 10 728 o (Y ) S ST A
A, BEHC=0 Fil C—O FRAE WA by i 13 06, Ff-51 X 43
T o 7 W 3 0 52 4 AN [) A A O3 IXCTRT 49 )
h 4 N3 X ] (1750-1157 em™) . C=0 FRAE 1 X [H]
(1750-1680 cm™) . C-O 4f fiF: U X [A] (1194-1157
em™) FDBURFIE G2 45 X (] (1750-1680 cm™ 1 1194
1157 em™) . % T 8 FhiC—Quant BRL, Fl T %52
[Fi] i i 0 % i A\ DX ) o) A5 75 3000 4 8 R 5 i B2 11
GRS, JT i R R A R . SIS
WE MR R, PR AR RS 5 @B k7
RWERE SO B, AR B R I BE i X

iy A PR S R R
®1 TIERR-KMERHEBET AR

Table 1 Model construction schemes for the succinic acid—

water system
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Table 2 Measurement results for succinic acid in water

obtained by different models
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Table 3 Statistical parameters of iC—Quant models for

the succinic acid—water system
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Fig. 1

(a) Infrared absorption spectrum of [Emim][MeSO,]; (b) Infrared absorption spectrum of cyclohexanone, [Emim][MeSO,], and

their mixture
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Table 4 Selection of characteristic peaks and their

vibrational groups
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Fig. 2

(a) In—situ infrared spectra of cyclohexanone during dissolution in [Emim][MeSO,]J; (b) Characteristic peak absorbance as a

function of time; (¢) Three—dimensional spectrum from the cyclohexanone solubility test; (d) Functional model diagram of the

relationship between characteristic peak absorbance and cyclohexanone solubility
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Fig. 4 (a) In—situ infrared monitoring of different characteristic peaks; (b) PLS fitting of the benzoic acid dissolution process
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Table 5 Solubility of solutes at different temperatures
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