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Densities and volumetric properties of [ bmim ][ BF, | and
[ bmim ][ PF; ] ionic liquids and their binary systems with
DMF at 293.15 ~ 353.15 K

GUO Bin, GAO Liang, DUAN Er-hong, REN Arling

(College of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang Hebei 050018,
China)

Abstract;In order to obtain the data of the physical properties of ionic liquids and organic, the densities of two
imidazolium-based ionic liquids, 1-butyl-3-methylimidazole tetrafluoroborate ([bmim][BF,]) and 1-butyl-3-methylimidazolium
hexafluorophosphate ([ bmim |[ PF; ]), and their binaries with N, N-dimethylformamide (DMF) at the temperature range from
293.15 K to 353. 15 K in atmospheric pressure were determined, respectively. Excess molar volumes(V*) of solution have been
obtained from these experimental data and they are negative. It has been interpreted in terms of ion-dipole interactions and
structural factors of the ionic liquid and DMF. The temperature and the concentration of DMF dependency were correlated with

the density value by using a linear equation and fifth-order polynomial. The correlations give satisfactory results.
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Tab. 2 Excess molar volume of of DMF (1) +[bmim [ BF, ] (2) binary systems
VE/(em? « mol ™ 1)
T/K
x1=0 x1=0.1 x1=0.3 x1=0.5 x1=0.7 x1=0.9 x1=1.0
293.15 0 —0.6355 —0.877 2 —0.978 7 —1.104 3 —0.772 2 0
298. 15 0 —0.7650 —1.078 1 —1.118 6 —1.195 4 —0.816 5 0
303. 15 0 —0.810 2 —1.141 0 —1.2385 —1.583 9 —0.836 6 0
308. 15 0 —0.854 1 —1.3254 —1.414 7 —1.671 2 —0.923 6 0
313.15 0 —0.919 2 —1.368 4 —1.530 9 —1.703 7 —0.960 5 0
318.15 0 —1.095 3 —1.445 4 —1.6535 —1.7725 —0.979 9 0
323.15 0 —1.128 2 —1.501 1 —1.706 6 —1.890 8 —1.144 3 0
328. 15 0 —1.208 0 —1.449 2 —1.741 3 —1.997 8 —1.2150 0
333.15 0 —1.3351 —1.649 5 —1.980 1 —2.050 6 —1.297 1 0
338.15 0 —1.402 7 —1.784 7 —2.086 5 —2.118 9 —1.3395 0
343. 15 0 —1.509 0 —2.036 7 —2.247 5 —2.309 6 —1.481 8 0
348. 15 0 —1.6113 —2.327 4 —2.5957 —2.622 5 —1.556 3 0
353. 15 0 —1.629 9 —2.497 8 —2.667 1 —2.696 8 —1.617 0 0
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4 (4)  DMF (1) -+[bmim][BF,] 5 (4)  DMEF (1) +[bmim][PF; ]
(2) (2)
Tab.4 Correlation parameters and correlation coefficients Tab.5 Correlation parameters and correlation coefficients
and average relative deviations of equation (4) for and average relative deviations of equation (4) for
density values of DMF (1) -+ [bmim ][ BF, ] (2) density values of DMF (1) -+ [bmim ][ PF; | (2)
binary systems binary systems
X1 a/(geem ?) b/(gecm P« K1) r /(g cm ) X1 a/(gescem 3) b/(gecm 3« K1) r /(g e cm %)
0 1.456 5 —0.000 9 0.995 3 0.006 1 0 1.589 2 —0.000 8 0.998 1 0.013 0
0.1 1.418 6 —0.000 8 0.994 4 0.008 2 0.1 1.529 2 —0.000 6 0.994 4 0.001 2
0.3 1.373 4 —0.000 7 0.991 9 0.002 0 0.3 1. 496 6 —0.000 6 0.999 7 0.005 4
0.5 1.319 1 —0.000 6 0.994 9 0.011 0 0.5 1.426 7 —0.000 6 0.994 4 0.012 0
0.7 1.263 1 —0.000 6 0.996 8 0.001 0 0.7 1.346 1 —0.000 5 0.998 2 0.014 7
0.9 1.187 3 —0.000 6 0.997 3 0.003 5 0.9 1.216 8 —0.000 6 0.997 2 0.004 8
1.0 1.157 5 —0. 000 7 0.998 2 0.006 5 1.0 1.157 5 —0.000 7 0.998 2 0. 006 5
) (6) , 7,
6 (6) DMEF (1)+[bmim][BF,] (2)

Tab. 6 Correlation parameters and correlation coefficients and average relative deviations of equation (6) for

density values of DMF (1) +[bmim][BF,] (2) binary systems

T/K a/(gescm %) b/(geem P« K1) ¢/(geem 3« K ?2) r o/(g+cm ?)
298. 15 1.191 4 0.012 0 —0.2538 0.998 2 0.006 1
308. 15 1.179 1 0.026 1 —0.2613 0.997 3 0.006 5
318. 15 1.169 2 0.0315 —0.262 6 0.997 2 0. 006 4
328. 15 1.163 5 0.0337 —0.266 1 0.996 6 0.007 2
338. 15 1.155 5 0.042 1 —0.273 1 0.996 8 0.007 0
348. 15 1.146 5 0.059 0 —0.290 4 0.996 7 0.007 2

7 (6) DMF (1)+[bmim][PF,] (2)

Tab. 7 Correlation parameters and correlation coefficients and oaverage relative deviations of equation (6) for

density values of DMF (1) +[bmim ][ PF; ] (2) binary systems

T/K a/(ge+cm™ %) b/(gecm P+ K1) ¢/(geem ®«K?) r /(g cm )
298. 15 1.354 9 0.037 1 —0.436 9 0.997 4 0.010 7
308. 15 1.345 4 0.048 3 —0.446 2 0.997 4 0.010 8
318. 15 1.338 2 0.0515 —0.447 8 0.997 5 0.009 3
328. 15 1.3318 0.054 6 —0.451 4 0.997 2 0.011 2
338. 15 1.325 8 0.061 2 —0.458 7 0.997 2 0.011 3
348. 15 1.318 2 0.074 1 —0.472 9 0.996 9 0.011 9

6 7 ., (6) 0.99, , 2

0.007 2 g/cm’

0.011 9 g/em?,



2 [ bmim][ BF, ][ bmim ][ PF ] DMF 293,15~ 353.15 K 141

D) »  [bmim][BF,] [bmim][PF;] .DMF ,
DMF . 3 DMF <[ bmim ][ BF, ]<C
[bmim][ PF; ],
2)DMF-[ bmim][BF,] DMF-[bmim][PF;]2 DMF
) 293.15~353.15 K,DMF 0.1~0.9 , 0.972 9~1.194 3 g/
cm? 1.011 0~1.354 9 g/cm’,
3) , o
4)  293.15~353.15 K , DMF
[1] . . .o BMIMPF; Ll (Journal of Sanming

University), 2008,25(4) . 406-412.

[2] IGLESIAS-OTERO M A, TRONCOSO J, CARBALLO E, et al. Density and refractive index in mixtures of ionic liquids and organic
solvents; Correlations and predictions[ J]. The Journal of Chemical Thermodynamics, 2008,40(6): 949-946.

[3] LIUW, CHENG L, ZHANG Y, et al. The physical properties of aqueous solution of room-temperature ionic liquids based on
imidazolium: Database and evaluation[]J]. Journal of Molecular Liquids, 2008,140(1-3); 68-72.

[4] ZHONG Y. WANG H, DIAO K. Densities and excess volumes of binary mixtures of the ionic liquid 1-butyl-3-methylimidazolium
hexafluorophosphate with aromatic compound at T = (298. 15 to 313.15) K[J]. The Journal of Chemical Thermodynamics., 2007,
39(2): 291-296.

[5] PAL A, KUMAR B. Volumetric, acoustic and spectroscopic studies for binary mixtures of ionic liquid (1-butyl-3-methylimidazolium
hexafluorophosphate) with alkoxyalkanols at T = (288. 15 to 318.15) K[]J]. Journal of Molecular Liquids, 2011,163(1-3); 128-134.

[6] HUO Y., XIA S, MA P. Densities of ionic liquids, 1-Butyl-3-methylimidazolium hexafluorophosphate and 1-Butyl-3-methylimidazolium
tetrafluoroborate, with benzene, acetonitrile, and 1-Propanol at T = (293. 15 to 343.15) K[J]. Chemical and Engineering Data, 2007,
52(5): 2 077-2 082.

[7] , , . [1]. (Analytical Instrumentation) , 2008(1); 41-43.

[8] s s . N.N- - - [J]. (Journal of
Chemical Engineering of Chinese Universities), 2009,23(2); 183-186.

[9] MALHAMI B, TURMINE M. Viscosities and refractive indices of binary mixtures of 1-butyl-3-methylimidazolium tetrafluoroborate and
1-butyl-2, 3-dimethylimidazolium tetrafluoroborate with water at 298 K[J]. The Journal of Chemical Thermodynamics, 2008,40(4)
718-723.

[10] WANG J, TIAN Y, ZHAO Y. et al. A volumetric and viscosity study for the mixtures of l-n-butyl-3-methylimidazolium

tetrafluoroborate ionic liquid with acetonitrile, dichloromethane, 2-butanone and N, N-dimethylformamide[ J]. Green Chemistry, 2003,
5(5): 618-622.

[11] TARIQ M, FORTEP A S, GOMES M F C, et al. Densities and refractive indices of imidazolium-and phosphonium-based ionic liquids:
Effect of temperature, alkyl chain length, and anion[J]. The Journal of Chemical Thermodynamics, 2009,41(6): 790-798.

[12] GENG Y, WANG T, YU D, et al. Densities and viscosities of the ionic liquid [Cymim]J[PFs] + N, N-dimethylformamide binary
mixtures at 293. 15 K to 318. 15 K[J]. Chinese Journal of Chemical Engineering, 2008,16(2): 256-262.

[13] ALP A. GABA R, SINGH T, et al. Excess thermodynamic properties of binary mixtures of ionic liquid (1-butyl-3-methylimidazolium
hexafluorophosphate) with alkoxyalkanols at several temperatures[]J]. Journal of Molecular Liquids, 2010,154(1): 41-46.

[14] GENG Y., CHEN S, WANG T, et al. Density, viscosity and electrical conductivity of 1-butyl-3-methylimidazolium
hexafluorophosphate + monoethanolamine and 4+ N, N-dimethylethanolamine[J]. Journal of Molecular Liquids, 2008,143(2-3):
100-108.

[15] SEKI S, KOBAYASHI T, KOBAYASHI Y. et al. Effects of cation and anion on physical properties of room-temperature ionic
liquids[J]. Journal of Molecular Liquids, 2010,152(1-3); 9-13.

[16] GAO H, QI F, WANG H. Densities and volumetric properties of binary mixtures of the ionic liquid 1-butyl-3-methylimidazolium
tetrafluoroborate with benzaldehyde at T = (298.15 to 313.15) K[J]. The Journal of Chemical Thermodynamics, 2009,41(7)
888-892.

[17] GAO H, YU Z, WANG H. Densities and volumetric properties of binary mixtures of amino acid ionic liquid [ bmim][ Glu] or [ bmim |

( 178 )



178 2012

i
20 20 I
R PV P AT S
€ w9 S
(&-(» ) (sﬂ' ) <€<’<' ) &
—1<a<0, , . =
-
O 0 1.0 s,

I _ ele,
Ty o

€

e 2 Fig. 4 Curve of stress-strain model
(7/,0:0’€m:09 . y:*<:*1) +1,
(7] ; BFRP -
O p0 o 1
_Je e 1\ _ & &« (O
€0 < € < g, yyfiz(* 1) +1; € < €< €a »yfl—ﬁ—i(.f*l)o
€0 7\ \E« € & \ S
(1)
5
b
D H
2)BFRP ) - ;
3) ;
4) BFRP - o
b 2 b ’
[1] s . LIl (Industrial Construction),2007,37(6) :1-4.
[2] s s . [Jl. (Industrial Construction) ,2004,34(S1) :21-26.

[3] LAM L, TENG Jin-guang. Compressive strength of FRP confined in rectangular columns[ AJ. Proceeding of the International Conference
on FRP Composite in Civil Engineering[ C]. Hong Kong:[s. n. ],2001. 335-344.

[4] s . - [J7. (Journal of Building Structure) ,2004,
25(3):99-106.

[5] s . (CFRP) - [1l. (Sichuan Building
Science) ,2006,32(5) :45-49.

[6] s . FRP - Jl. (China Civil Engineering Journal) ,
2005, 38(12).32-37.

[7] s s ST, .FRP M. : ,2004.

( 141 )
[Gly] with benzylalcohol at T = (298. 15 to 313.15) K[J]. The Journal of Chemical Thermodynamics, 2010,42(5): 640-645.

[18] ATTRI P, REDDY P M, VENKATESU P. Density and ultrasonic sound speed measurements for N, N-dimethylformamide with ionic
liquids[J]. Indian Journal of Chemistry, 2010,49A(5-6) : 736-742.

[19] WUTY, SUS G, LIN Y C, et al. Electrochemical and physicochemical properties of cyclic amine-based Bronsted acidic ionic
liquids[J]. Electrochimica Acta, 2010,56(2): 853-862.

[20] MOKHTARANI B, SHARIFI A, MORTAHEB H R. et al. Density and viscosity of pyridinium-based ionic liquids and their binary

mixtures with water at several temperatures[ J]. The Journal of Chemical Thermodynamics, 2009, 41(3); 323-329.



