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Abstract

Phosphateionic liquid 1-(0,0-diethylphosphonyl-n-propyl)-3-octylimidazolium hexafluorophosphate
([DPPOIM][PF¢]) is a novel lubricant. The structure, phase transition, and viscosity of [DPPOIM][PF¢]
under high pressure were studied by Raman spectroscopy and a homemade high-pressure viscos-
ity device. By analyzing the peak positions of Raman spectra and ruby fluorescence peaks, it could
be inferred that [DPPOIM][PFs] underwent a glass transition near 2.9 GPa, from a liquid state to a
glassy state. The viscosity data of [DPPOIM][PFs] under high pressure were measured using a ho-
memade viscosity device, and the relationship between viscosity and pressure was linearly fitted
to obtain the glass transition pressure of 2.6 GPa, which was basically consistent with the glass
transition pressure obtained by analyzing Raman spectra and ruby fluorescence peaks for
[DPPOIM][PF¢]. The study of the Raman spectra and viscosity of phosphate ionic liquid under high
pressure is of great practical significance for expanding their applications under extreme condi-
tions such as high pressure.
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Figure 1. Molecular structure of [DPPOIM][PF]
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Figure 2. (a) Schematic diagram of high-pressure viscosity measurement device under high pressure and (b) Photo of metal
the microsphere in the pressure chamber
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Figure 3. Raman spectra of [DPPOIM][PF¢] under high pressure (298 K)
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Figure 4. Relationship between the pressure and Raman peak positions of [DPPOIM][PF¢] under high pressure
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Figure 5. (a) The difference between the FWHM of the ruby R line under different pressures and that at ambient pressure in
[DPPOIM][PF6], and (b) Peak position difference of ruby R; and R, line in [DPPOIM][PF6] under different pressures
5. (a) ZEABESIT[DPPOIM][PF(FLAER R ¥ ERMEETHEEREME, (b) EAEESIT[DPPOIM][PF]
RLAEAR R EE

75 [ T [DPPOIM][PFo R FEII &R H A i ARG FE I 26 B, R A9 BR A F AR /2 25.43 pm, F 52 19.35
g/em’, 298 K F[DPPOIM]|[PF|MI% & 1.2277 glem’s FIFH CCD MINLIAEAS R FI5S /S, B ERES)
MBI B ARG H N B E v, 22 1 A ORI 2 (D) THRSRAGEAN R 3 [DPPOIM][PFe] A 2 4
o FIFIRE LT D75 [DPPOIM][PFG]{E 298 K NIHEE DY 981 mPa-s, FRIFAZIEA Ty 4 0.7589, ks
Z|[DPPOIM][PF4|fEAN R = 77 BHG BEAE

57 1 FPASHEIE /) F[DPPOIM][PF A E{E, 298 K F[DPPOIM][PF ki 5 15 /1 2 1A 9% R 1K
el 6 Fos. MW, RGBS ECS D EAAEIE Ve R R, RN T aRIAL S HE, HAUE S
R
2

Piermarini Z5[ 17148, 4 HORGEAEAMER 10" mPa-s I 1S B AE N BRI 28 17, ARHE
AR R(AR(2), PI13[DPPOIM][PF ISR K J1 58 2.6 GPa, X578 40 M40 540 9 g 3R
#3[DPPOIM][PF¢] & A= B FE A0 1 A5 1) s 73 s b

7 =2.8868+4.8601x P(R* =99.53%)

DOI: 10.12677/japc.2024.131009

70 YrE AL st it


https://doi.org/10.12677/japc.2024.131009

M %

Table 1. Viscosity values of [DPPOIM][PF,] under different pressures at 298 K

5% 1. 298 K N[E/E 1 N [DPPOIM][PF | A% E (&

P/GPa n4/mPa-s n/mPa-s
0 1293 981
0.054 2262 1717
0.076 2384 1810
0.142 3619 2747
0.222 12,253 9299
0.349 35,864 27,217
0.462 178,231 1,352,597
0.705 3,528,982 2,678,130
0.768 5,293,473 4,017,195
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Figure 6. Linear fitting of viscosity of [DPPOIM][PF] under different pressures
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