1352 J. Chem. Eng. Dat2006,51, 1352-1355

Electrical Conductances of Tetrabutylammonium Bromide, Sodium
Tetraphenylborate, and Sodium Bromide in Methanol (1)+ Water (2) Mixtures
at (298.15, 308.15, and 318.15) K

Amritendu Chatterjee and Bijan Das*

Department of Chemistry, North Bengal University, Darjeeling 734 013, India

The electrical conductances of the solutions of tetrabutylammonium bromidsBB) sodium tetraphenylborate
(NaBPhy), and sodium bromide (NaBr) in methanol (t)water (2) mixed solvent media containing 0.10, 0.20,

and 0.30 volume fractions of methanol have been reported at (298.15, 308.15, and 318.15) K. The conductance
data have been analyzed by the 1978 Fuoss conductanoeentration equation in terms of the limiting molar
conductance/A?), the association constark), and the association diamet&)( The ionic contributions to the
limiting molar conductance have been estimated using tetrabutylammonium tetraphenylboss@RB)as the
“reference electrolyte”. All of these three electrolytes are found to exist as free ions in the present solvent mixtures
within the temperature range (298.15 to 318.15) K. Besides the relative permittivity and the viscosity of the
media, specific interactions of the ions with the solvent media have been found to play a profound influence on
their mobilities. Although the association constants of the electrolytes do not vary significantly as a function of
temperature, the limiting molar conductances of the electrolytes as well as the single-ion conductivity values
increase appreciably with temperature.

Introduction Table 1. Properties of Methanol (1)+ Water (2) Mixtures
Containing 0.10, 0.20, and 0.30 Volume Fractions of Methanol at

Studies on the transport properties of electrolytes in different (298.15, 308.15, and 318.15) K

solvent medi_a are of great _im_portance to obta_lin inf_ormatic_)n as po/g-on? no/mPas
to the solvation and association behavior of ions in solutions. - - - -

. . . . . T/IK this work lit.a this work lita €
Earlier, we have investigatéd these properties for a wide

; i i : i $1=0.01
valrletytof electrt(_)lytes |nhd|fferetlrlt sol_vents_tm gredatt(:]etall.lTPe 298,15 0.98297 0.98292 10844 1,080 25 09
solvent properties such as the viscosity an e relative 35515 (97973 0.8665 7157
permittivity have also been taken into account in determining 318.15 0.97604 0.7020 68.18
the extent of ionic association and the sotuselvent interac- $1=0.20
tions that enabled many to interpret the unique structure of the 29815 0.96963 0.96996  1.3106 1.318 71.61
solvent. The present paper reports the molar conductivities of 308.15  0.96632 1.0217 68.14
tetrabutylammonium bromide (BMBr), sodium tetraphenyl- 318.15  0.96162 0.8075 64.80
borate (NaBPJ), and sodium bromide (NaBr) in methanol (1) ¢1=0.30
+ water (2) mixtures at (298.15, 308.15, and 318.15) K in order ggg-g 8-32%8 0.95689 1-{‘71}&8 larz 6763525
to obtain precise temperatur.e-dependeny S|nglg-|on ponductlvmes 31815 094626 0.8957 60.99
since such data are practically nonexistent in mixed solvent 1= 1,00

78,9 1= 1.
media: 29815 078659  0.78686 05446 05422 32.66
. . 308.15  0.77728  0.77720  0.4747 0.4742  30.74

Experimental Section 318.15  0.76774  0.76770 0.4185 04172  28.92

Methanol (Sisco, India, 99 % pure) was dried over molecular

afFrom ref 11.° From ref 10.° From ref 12.

sieves and distilled fractionally. The middle fraction was
collected and redistilled. The physical properties of the purified regressing the relative permittivity data as a function of solvent
solvent were found to be in good agreement with the literature composition from the literatuté and are included in Table 1.
valuest® Table 1 shows the comparison of the experimental  All of these salts were of Fluka purum or puriss grade.
values of density and viscosity of methanol with literature data.  Tetrabutylammonium bromide (BNBr) was purified by re-
Triply distilled water with a specific conductance of less than crystallization from acetone, and the recrystallized salt was dried
106 S:cm™! at 298.15 K was used for the preparation of the in vacuo at 333.15 K for 48 h. Sodium tetraphenylborate
mixed solvents. The densities and viscosities of methanol (1) (NaBPh) was recrystallized three times from acetone and then
+ water (2) mixed solvents used in this study at (298.15, 308.15, dried under vacuum at 353.15 K for 72 h. Sodium bromide
and 318.15) K are reported in Table 1 along with those (at (NaBr) was dried in vacuo for 72 h immediately prior to use
298.15 K) obtained from the literatuté The relative permit- and was used without further purification.
tivities of methanol (11 water (2) mixtures were obtained by Conductance measurements were carried out on a Pye-
Unicam PW 9509 conductivity meter at a frequency of 2000

* Corresponding author. E-mail: bijan_dasus@yahoo.com. Hz using a dip-type cell of cell constant 1.15 cthand having
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Table 2. Equivalent Conductances and Corresponding Molarities of Electrolytes in Methanol (1)} Water (2) Mixtures Containing 0.10, 0.20,
and 0.30 Volume Fractions of Methanol at (298.15, 308.15, and 318.15) K

T=298.15K T=308.15K T=318.15K T=298.15K T=308.15K T=318.15K
c A [« A c A [« A c A c A
mol-dm® S-cm?mol~!  mol-dm®  S-cm?mol~! moldm® S-cn?mol~! mol-dm® S.cm?mol~! mol-dm® S:cm?mol~! mol-dm® S-cm?mol~t
¢1 =0.10

BusNBr
0.00896 74.88 0.00893 87.61 0.00508 92.09 0.01793 72.69 0.01767 84.47 0.01271 102.78
0.01024 74.70 0.01021 87.03 0.03819 94.80 0.02560 71.13 0.02552 82.50 0.01144 103.37
0.01152 74.32 0.01149 86.54 0.02542 98.18 0.03842 69.07 0.03830 79.88 0.01017 103.99
0.01280 73.96 0.01276 86.08 0.01780 100.72 0.05121 67.41 0.05105 77.77 0.00890 105.44

NaPhB
0.00798 60.64 0.00796 68.03 0.00792 82.29 0.00976 59.98 0.00972 67.28 0.00969 81.29
0.00843 60.46 0.00840 67.85 0.00836 82.03 0.01020 59.83 0.01017 67.10 0.01013 81.06
0.00887 60.30 0.00884 67.65 0.00881 81.77 0.01064 59.68 0.01061 66.93 0.01057 80.82
0.00931 60.14 0.00928 67.47 0.00925 81.53 0.01116 59.50 0.01105 66.76 0.01101 80.60

NaBr

0.00909 107.42 0.00906 125.94 0.00903 152.38 0.04049 100.75 0.04027 118.02 0.04012 142.61
0.01010 106.90 0.01007 125.65 0.01003 152.05 0.05051 99.43 0.05034 116.37 0.05015 140.56
0.02019 104.25 0.02014 122.36 0.02006 147.98 0.06061 98.26 0.06041 114.91 0.06017 138.77
0.03031 102.32 0.03020 119.96 0.03009 145.01 0.07577 96.73 0.07551 113.01 0.07521 136.41

¢1=0.20

BusNBr
0.00905 60.42 0.00899 73.62 0.00897 92.29 0.02264 57.73 0.02251 70.51 0.02244 88.26
0.01127 59.93 0.01120 73.05 0.01118 91.46 0.03389 56.15 0.03372 68.71 0.03360 85.99
0.01285 59.56 0.01350 72.44 0.01347 90.69 0.04514 54.87 0.04493 67.26 0.04474 84.18
0.01580 58.94 0.01570 71.91 0.01566 90.02 0.05640 53.78 0.05616 66.05 0.05590 82.65

NaPhB
0.00720 48.27 0.00717 61.28 0.00714 77.10 0.00879 47.78 0.00876 60.78 0.00872 76.27
0.00760 48.14 0.00756 61.17 0.07533 76.89 0.00919 47.66 0.00916 60.63 0.00911 76.08
0.00800 48.02 0.00796 61.06 0.00793 76.67 0.00959 47.54 0.00956 60.46 0.00951 75.89
0.00840 47.90 0.00836 60.93 0.00832 76.47 0.00999 47.43 0.00999 60.28 0.00990 75.71

NaBr

0.00930 87.68 0.00924 110.00 0.00923 141.36 0.04133 82.41 0.04108 102.61 0.04102 128.59
0.01033 87.51 0.01027 109.71 0.01025 140.37 0.05172 81.30 0.05135 101.05 0.0513 125.92
0.02067 85.30 0.02054 106.67 0.0205 135.42 0.06197 80.35 0.06163 99.55 0.0615 123.37
0.03101 83.70 0.03081 104.43 0.03075 131.68 0.07231 79.49 0.07189 98.58 0.0717 121.47

¢1=0.30

BusNBr
0.01104 52.63 0.01099 61.72 0.01092 80.69 0.02650 48.33 0.02638 56.35 0.02622 73.59
0.01547 51.16 0.01540 59.89 0.01531 78.29 0.03313 46.96 0.03297 54.65 0.03278 71.33
0.01987 49.92 0.01978 58.34 0.01966 76.24 0.05521 43.41 0.05495 50.27 0.05462 65.53
0.02208 49.36 0.02198 57.63 0.02185 75.30

NaPhB
0.00726 39.86 0.00723 56.78 0.00719 70.31 0.00841 39.53 0.00912 56.01 0.00833 69.72
0.00745 39.81 0.00742 56.70 0.00738 70.20 0.00916 39.31 0.00913 56.01 0.00908 69.35
0.00764 39.75 0.00799 56.48 0.00757 70.10 0.00917 39.31 0.00952 55.86 0.00946 69.17
0.00802 39.64 0.008373 56.30 0.00794 69.90 0.00956 39.20

NaBr

0.01008 77.88 0.01003 98.80 0.00998 129.09 0.04036 73.75 0.04013 93.11 0.04001 116.72
0.01513 76.98 0.01505 97.59 0.01498 126.29 0.05045 72.86 0.05016 91.84 0.05003 113.92
0.02017 76.15 0.02006 96.44 0.01997 123.92 0.06057 72.08 0.06020 90.74 0.06009 111.44
0.03026 74.82 0.03010 94.59 0.02999 119.98 0.06940 71.47 0.06897 89.87 0.06889 109.48

an uncertainty of 0.01 %. The cell was calibrated by the method To avoid moisture pickup, all solutions were prepared in a
of Lind et al3 using aqueous potassium chloride solutions. The dehumidified room with utmost care. In all cases, the experi-
measurements were made in a water bath maintained within ments were performed at least in five replicates for each solution
0.005 K of the desired temperature. The details of the and at each temperature, and the results were averaged. The
experimental procedure have been described eatli€Solu- experimental uncertainties in density, viscosity, and conductivity
tions were prepared by mass for the conductance runs, thewere always within 0.01 %, 0.08 %, and 0.12 %, respectively.
molalities being converted to molarities by the use of densities ) .

measured with an OstwaidSprengel-type pycnometer of about €sults and Discussion

25 cn?® capacity. Several independent solutions were prepared, The measured molar conductances ©f electrolyte solu-

and runs were performed to ensure the reproducibility of the tions as functions of molar concentratias) {(n methanol (1)+
results. Due correction was made for the specific conductancewater (2) mixtures with volume fractions of 0.10, 0.20, and

of the solvent by subtracting the specific conductance of the 0.30 of methanol at (298.15, 308.15, and 318.15) K are given
relevant solvent medium from those of the salt solutions. The in Table 2.

kinematic viscosities were measured using a suspended level The conductance data have been analyzed by the 1978 Fuoss
Ubbelohde-type viscometer. conductanceconcentration equatiot¥:'” For a given set of
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conductivity values ¢, Aj; j = 1, ..., n), three adjustable Table 3. Derived Conductivity Parameters of Electrolytes in
parametersthe limiting molar conductivity 4°), the association {\/"elthanoé(l)tf Watfﬁﬂ(zt)hM'Xf”rfszggrlt?'”g'%% 2-510' Odz:?i gqg 0|-<30
constant K,), and the association diameteR){-are derived Olume Fractions of Methanol at (298.15, 308.15, and 318.15)

from the following set of equations: TIK A%S-cn?-mol™  Ka/dm®mol™ RA ol%?
o ¢1=0.10
A= p[A°1 + RX + EL] €) BUNBr
298.15 81.16+ 0.07 2.72+ 0.06 9.99 0.10
p=1—all—-y) 2 308.15 95.30+ 0.07 3.204+ 0.05 10.09 0.08
318.15 114.75: 0.28 3.81+0.18 10.18 0.27
y=1-K,cp’f? (3) NaPhB
298.15 66.87+ 0.02 4.88+ 0.04 9.50 0.01
308.15 75.45+ 0.02 4.83+ 0.05 9.59 0.01
—In f= 2_% (4) 318.15 91.86t 0.02 5.79+ 0.03 9.68 0.01
(l+ R) NaBr
5 298.15 114.46t .04 1.41+ 0.01 5.95 0.05
= € (5) 308.15 134.88 0.05 1.50+ 0.02 5.95 0.05
- ekgT 318.15 163.5@ 0.07 1.61+0.02 5.96 0.05
Ka = Kg(1+ Ky (6) BuNBr
298.15 65.56t 0.05 2.74+ 0.05 10.09 0.08
where RX is the relaxation field effect, EL is the electrophoretic ~ 308.15 79.8%% 0.06 2.3440.05 10.09 0.09
countercurrenty is the fraction of unpaired ions, andis the 318.15 100.13-0.09 2.40+0.06 10.10 0.10
fraction of contact pairsk, is the overall pairing constant NaPhB
evaluated from the association constants of contact péys, 298.15 53.14: 0.02 4.87+0.06 9.59 0.01
- . > o 308.15 67.33: 0.19 4.16+ 0.06 9.59 0.07
of solvent-sep_arated pairkg. €ls the relat_lve permittivity of 318.15 85.18¢ 0.02 5.30+ 0.03 0.68 001
the solvent,e is the electronic chargeg is the Boltzmann NaBr
COhS'[anthl. is the radius Of the ion atmOSphe(ﬂS the mOlarity 208.15 93.85+ 0.04 1.414+ 0.02 6.04 0.05
of the solution, f is the activity coefficientT is the temperature 308.15 118.26F 0.08 1.824 0.03 6.04 0.08
in absolute scale, and is twice the Bjerrum distance. The 318.15 153.22:0.12 3.38+ 0.04 6.05 0.08
computations were performed on a computer using the program ¢$1=0.30
as suggested by Fuoss. The initig? values for the iteration BusNBr
procedure were obtained from Shedlovsky extrapolation 298.15 59.94+ 0.04 8.05+ 0.06 10.18 0.05
the data. Input for the program is the sgt §\j; ] = 1, ...,n), 308.15 71.05: 0.04 8.95+ 0.05 10.18 0.04
n, €, 7, T, initial value of A®, and an instruction to cover a 31815 93.08+ 0.04 9.41+0.04 1019 003
preselected range & values. NaPhB
In practice, calculations are made by finding the values of ~298:15 44.46- 0.02 6.25+ 0.09 968 001
A% anda, which minimize the standard deviatiom; 308.15 63.080.05 6.44+0.13 5.68 0.01
) -' 318.15 78.17 0.03 6.28+ 0.06 9.69 0.01
_ _ _ 1/2 NaBr
o =[ [Aj(caled)— Aj(obsd)f/(n — 2)] @) 208.15 83.62: 0.05 1.22+0.03 613  0.07
_ _ 308.15 106.55: 0.08 1.55+ 0.04 6.13 0.08
for a sequence OR values and then plotting againstR; the 318.15 142.04£ 0.10 4.60+ 0.04 6.14 0.07

best-fit R corresponds to the minimum im versusR curve.
However, for the salts investigated here, since a preliminary
scan using incrementd values from 4 to 20 produced no
significant minima in thes versusR curves, theR value was
assumed to b& = a + d, wherea is the sum of the ionic
crystallographic radii and is given by

a0/% = 1000/A°.

Fuoss-Onsager equation. Consequently, a direct comparison
is not possible.

The limiting molar conductivity A% of the “reference
electrolyte” BuNBPhy was obtained by considering the Kohl-
d= 1_183(\/”'00)1/3 8) ra_lusch rule that allows the calcu!ation of tlf_\é v_alue for a

given electrolyte by the appropriate combination of others.
The A° values of BUuNBr, NaBPh, and NaBr obtained in the
present solvent media have been used to obtaithealue of
BusNBPh, through the following equation:

whereM is the molecular weight of the solvent apgd is its
density. The values ak? K, andR obtained by this procedure
are reported in Table 3.

To investigate the specific behavior of the individual ions
comprising these electrolytes, it is necessary to split the limiting  A°(BuNBPh,) = A°%BU,NBr) + A°%(NaPhB) — A%NaBr)
molar electrolyte conductances into their ionic components. The (10)
limiting ionic conductivities have been evaluated from the
division of the A° values of BYNBPh, using the following The limiting ionic conductances calculated from the above

relationship: equations are recorded in Table 4.
The association constantsy) listed in Table 3 for all these
2°(Bu,N") = 0.517A°(Bu,NPh,B) (9) systems are practically negligible (i.&ka < 10). So, the
numerical values oKa should not be taken seriousty One
as described in the literatutg20 can only conclude that all of these three electrolytes exist as

The limiting molar conductances of NaBr in some selected free ions in the present metharelater solvent mixtures within
methanol (1)+ water (2) mixtures at 298.15 K have also been the temperature range of (298.15 to 318.15) K. This is expected
reported by Zhang et &k They analyzed their data with the because the relative permittivities of the solvent mixtures are
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Table 4. Limiting lonic Conductances in Methanol (1) + Water (2) and nitrates in 2-methoxyethanol studied by conductometry and FTIR
Mixtures Containing 0.10, 0.20, and 0.30 Volume Fractions of spectroscopyd. Phys. Chem. B003 107, 12814-12819.
Methanol at (298.15, 308.15, and 318.15) K (5) Chakraborty, J. M.; Das, B. Electrical conductances and viscosities

0 - of tetrabutylammonium thiocyanate in acetonitrile in the temperature
2+S-cmP-mol range 25-45 °C. Z. Phys. Chem2004 218 219-230.

TIK Na* BuN* Br- Ph,B~ (6) Haldar, P.; Das, B. Electrical conductances of tetrabutylammonium
bromide, sodium tetraphenylborate and sodium bromide in 2-ethoxy-
¢1=0.10 ethanol in the temperature range-3® °C. Z. Phys. Chem2004
298.15 50.66 17.36 63.80 16.21 218 599-609.
308.15 58.12 18.54 76.76 17.33 (7) Haldar, P.; Das, B. Electrical conductances of tetraethyleammonium
318.15 71.04 22.29 92.46 20.82 bromide, tetrapropylammonium bromide in 2-ethoxethanot{ Water
$1=0.20 (DZ) mizx(t)%rses58t 9%88_1157%815 318.15 and 323.15).kKChem. Eng.
) ata , .
298.15 41.14 12.85 52.71 12.00 (8) Covington, A. K.; Dickinson, TPhysical Chemistry of Organic Saint
308.15 53.32 14.99 64.88 14.01 SystemsPlenum Press: New York, 1973.
318.15 69.65 16.62 83.57 15.53 (9) Popovych, O.; Tonkins, R. P. Non Aqueous Solution Chemistry
¢1=0.30 Wiley-Interscience: New York, 1981.
208.15 34.45 10.72 49.22 10.01 (10) Doe, H.; Kitagawa, T.; Sasabe, K. Conductometric study of some
308.15 49.76 14.26 56.79 13.32 metal(ll) perchlorates in methandl. Phys. Chem1984 88, 3341
318.15 64.06 15.10 77.98 14.11 3345.

(11) zhang, S.; Li, H.; Dai, S.; Wang, T.; Han, S. Molar conductances of
sodium bromide and sodium iodide in metharolater at 298.15

fairly high (66.75< ¢ < 76.78), thus promoting dissociation K. J. Chem. Eng. Datd997, 42, 651—654.
of electrolytes. (12) Albright, P. S.; Gasting, L. J. Dielectric constants of methamalter
: : T ; system from 5 to 55C. J. Am. Chem. Sod 946 68, 1061-1063.

In all the mixed Solven_t media, the. (l)lmltmg (I)OHIC equ:)valent (13) Lind, J. E., Jr.; Zwolenik, J. J.; Fuoss, R. M. Calibration of conductance
conductances decrease in the ordas > Ana™® > Agun'™® > cells at 25°C with aqueous solutions of potassium chloride Am.
Jpng? at each temperature, indicating that the sizes of these Chem. Soc1959 81, 1557-1559.
ions as they exist in solutions follow the order: B Nat < (14) Das, B, Hazra, D. K. Studies on the viscosities, conductances, and
BWN* < PhB- _ It is al b d that the limiti - adiabatic compressibilities of some tetraalkylammonium perchlorates

Ugl hB™ . It is also observed that the limiting ionic in 2-methoxyethanolBull. Chem. Soc. Jpril992 65, 3470-3476.
equivalent conductances of all the ions decrease in going from (15) Das, B.; Hazra, D. K. Conductometric, viscometric, and spectroscopic
0.10 volume fraction of methanol to 0.30 volume fraction of investigations on the solvation phenomena of alkali-metal ions and

; ; ; : ion pairs in 2-methoxyethanol. Phys. Chem1995 99, 269-273.
methanol in the mixture at all temperatures investigated. (16) Fuoss, R. M. Paired ions: dipolar pairs as subset of diffusion pairs.

The limiting equivalent conductances of the electrolytes as Proc. Natl. Acad. Sci. U.S.A978 75, 16—20.
well as the single-ion conductivity values increase appreciably (17) Fuoss, R. M. Conductaneeoncentration function for the paired ion

with temperature. The effect of temperature/pg:® and s, * (18) ?SSSQ.JI.?PFA}/'S.S%ESE)]\I/EF t_3|_2, é)i?g—glgﬁco)h of conductance data for
ions is more pronounced as compared to thateg® and weak electrolytes]. Am. Chem. S00049 71, 14961498,
ApngC in the present mixed solvent media. (19) Das, B.; Hazra, D. K. Conductance of selected alkali metal salts in
aqueous binary mixtures of 2-methoxyethanol at°@5J. Solution
(20) Muhuri, P. K.; Hazra, D. K. Effect of solvent composition on ionic
(1) Das, B.; Saha, N.; Hazra, D. K. lonic association and conductances mobilities of some tetraalkylammonium and common ions in propylene
of some symmetrical tetralkylammonium salts in methanol, acetonitrile, carbonate+ methanol media at 25C. Z. Phys. Chem1995 190,
and methanol (1)t acetonitrile (2) mixtures at 298.15 K. Chem. 111-122.
Eng. Data200Q 45, 353-357. (21) Bahadur, L.; Ramanamurti, M. V. Conductance studies in amide
(2) Das, D.; Das, B.; Hazra, D. K. Conductance of some 1:1 electrolytes water mixtures. VI. Nitrates of sodium, potassium, and ammonium in
in N,N-dimethylacetamide at 28. J. Solution ChenR002 31, 425~ N,N-dimethylformamide-water mixtures at 25C. Can. J. Chem.
431. 1984 62, 1051-1055.
(3) Victor, P. J.; Das, B.; Hazra, D. K. A study on the solvation phenomena

of some sodium salts in 1,2-dimethoxyethane from conductance,

viscosity, ultrasonic velocity, and FT-Raman spectral measurements Recejved for review February 22, 2006. Accepted April 6, 2006. The
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