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Abstract: The densities of dodecyltrimethylammonium bromidgire water and in methanol + water mixed solveadia
containing (0.10, 0.20, 0.30, and 0.40) volumetfoas of methanol were measured at (298.15, 30818.,15, and 323.15) K.
The concentrations are varied from (840™ to 1.2x10") mol kg". The results showed almost increase on the dessitith
increasing surfactant concentration. Also, the tiessare found to decrease with increasing temperaover the entire
concentration range investigated in a given mixeldent medium and these values are found to deered increasing
methanol content in the solvent composition. THect$ of concentration, solvent composition andperature on the partial
molar volumes are discussed.
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. in units of partial molar volume (¢h/ mol). If there is
1. Introduction concentration dependence, the partial molar volunae® to
be extrapolated to concentration zero using onethef
following two equations which calculate the appareiume
at the finite concentrations, C (10, 11)

Various thermodynamic parameters have been studied
aqueous organic mixed solvent media and the effdct
organic solvents have been discussed in litera(ire?, 3, 4).

One of the research articles in aqueous organiedrsolvent 1 1,p

media from our group on partial molar volumes oioaic v :;‘E(;‘l) (2)
surfactant sodium lauryl sulphate has been pudis(5). 0 0

The experimental procedures have been used tola@dhe With C in g cn® or

partial molar volume for ionic and non-ionic organi

compounds in aqueous solutions (6, 7). However, the V. = M _103 0 1

evaluation of these procedures for surfactannigtdid by the B 'FO T(Fo ) ®3)

lack of availability of reliable experimental daté a broad

variety of chemical structures and macromoleculajvhere, M is the molecular weight of the
characteristics. We have found the explanatiothefpartial
molar volume in a number of papers in details (8,19).
Hence, 0n|y basic relation will be used on our @yst[o the soIvent,,O is the density of the solution and C is
calculate the partial molar volume. The partial anslolume,  equivalent concentration in mol kg

Vs , is defined by the following equation; In order to calculate partial molar volumes, théuson
_ densities are thoroughly measured for
Ve =@V /n); (1) dodecyltrimethylammonium bromide at the temperature
(9298.15, 308.15, 318.15, and 323.15) K in pure watel in
methanol + water mixed solvent media containing@p0.20,

dodecyltrimethylammonium bromidgg, is the density of

Where, dV represent change in total volume and n as th
number of moles. The partial molar volume is ofteovided
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0.30, and 0.40) volume fractions of methanol.

2. Experimental Investigations
2.1. Chemicalsand Materials

The densities of solutions were determined by the of
Ostwald-Sprengel type pycnometer of about 28 capacity.
The sample solution was transfused into the pychemtsy
using a medical syringe. The pycnometer was thgintlyi
fixed in a thermostat at the experimental tempeestwithin
+ 0.005 K. After thermal equilibrium was attaindde mass

Dodecyltrimethylammonium bromide was purchased fronof the pycnometer was measured with electronicrizaland

Loba Chemie Private Limited, Mumbai,
methanol was purchased from Merck, India and vistsled

with phosphorous pentoxide and then redistilled @adcium
hydride. The purified solvent had a density of GZ3 g cnt

and a co-efficient of viscosity of 0.47424 mPa 8@8.15 K;
these values are in good agreement with the literatalues
(12). Triply distilled water with a specific conductantass

India whereaghe density was calculated. Density measuremeatpracise

within +0.00005 g cri, which is satisfactory for our purpose.
In order to avoid moisture pickup, all solutionsrev@repared
in a dehumidified room with utmost care. In all esisthe
experiments were performed in three replicates. jéaial
molar volumes at different molalities of the sabuis are
given in table 2 along with the standard error &t %

than 10° S cm" at 308.15 K was used for the preparation otonfidence interval.

the mixed solvents. The physical properties of meth +
water mixed solvents used in this study are showhable 1
and those values are matched with the publishe#dsn@r; 13,
14).

Table 1. Properties of methanol +water mixtures containing (0.10, 0.20, 0.30,
and 0.40) volume fraction of methanol at T= (298.15, 308.15, 318.15, and
323.15) K

TIK P, /(@ em?) 7,/ (mPas) D

$,=0.10

298.15 0.98297 1.0844 75.09

308.15 0.97973 0.8665 71.57

318.15 0.97604 0.7017 68.18

323.15 0.97438 0.6375 66.45
$,=0.20

298.15 0.96963 1.3106 71.61

308.15 0.96632 1.0217 68.14

318.15 0.96162 0.8075 64.80

323.15 0.95875 0.7300 63.15
$,=0.30

298.15 0.95620 1.4712 67.65

308.15 0.95160 1.1418 64.25

318.15 0.94626 0.8957 60.99

323.15 0.94331 0.8052 59.41
$,=0.40

298.15 0.93957 1.4475 63.53

308.15 0.93364 1.2034 60.34

318.15 0.93140 0.9309 57.18

323.15 0.92800 0.8288 55.62

2.2. Density Measurements

To calculate the partial molar volume of dodecwigthyl-
ammonium bromide in pure water, the density ofpuater
was used from the literatures (15, 16). The
permittivity of methanol + water mixtures at thgpeximental

temperatures were obtained by regressing the velati

permittivity data as function of solvent compogitisom the
literature (17).

The pycnometric method was used for measuring t

density. The stock solutions were freshly prepdmdeach

concentration series to avoid problems of aging anﬁ
microorganism contamination, which was found to uscc

with diluted surfactant solutions (18).

redativ

hle

3. Results and Discussions

Mixing methanol and water is exothermic as welltfzesy
occupy less volume than the sum of their volume®rbe
mixing. The mixture was thoroughly shaken, and k2t
hours for the released air bubbles to escape baftempting
to make the solution of dodecyltrimethyl-ammonium
bromide. Methanol + water is a popular mixed sofvamnd
has been extensively studied (Mhen methanol and water
are mixed, the density is decreased with the irsereaf
methanol content for the methanol + water mixedsesa
system (Table 1).

The densities for the dodecyltrimethylammonium hicem
in pure water and in four different methanol-wateixtures
(containing 0.1, 0.2, 0.3, and 0.4 volume fractiohmethanol)
at 298.15, 308.15, 318.15, and 323.15 K are depiate
Figures 1- 4 which show the variation of densitasthe
investigated solutions as a function of the susfiaist
concentration. From these Figures, it is eviderdt tthe
densities exhibits almost increase with increasing
concentration within the concentration range ingestd here.

However, the density of the system increases with t
addition of surfactant (Table 2). This behaviouss Heeen
found to be similar in the literatures (5, 20, 22).It was
also seen for density values for surfactants deeresith
increasing temperature on Chauhan et al. work (2Bo,
our density data for pure water of
dodecyltrimethylammonium bromide match with R. DisiL
et al. Work (16).

Obviously, the concentration dependence of density

follows the same pattern at all the temperaturebs savent
composition investigated. In fact, the variatiorfsdensity
with DTAB concentrations are always found to bedin We,
therefore, determined the density of the solveny, b
extrapolating the density values to zero DTAB caricion.
t is very interesting to see our results of dgnsif the
solvent from Table 2 and calculated from the grafable 3
hich is almost matching with each other. This shdhat
e density data of dodecyltrimethylammonium braenid
pure water and methanol -water mixed solvent mémb&s
correct.
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The slopes of density versus DTAB concentratiorplgra solvent media become richer in methanol, irrespectf
are always found to be positive in methanol-watixtures, temperature indicating greater counterion bindingthw
indicating strong ion-ion interactions in these med increasing amount of methanol in the solvent migur
Moreover, the slopes are found to increase in tlieedn
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Figure 1. Concentration dependence of density for dodecyltrimethylammonium bromide at 298.15 K, in pure water (open circles) and different methanol (1) +
water (2) mixtures (open squares, 0.10 methanol; closed circles, 0.20 methanol; closed squares, 0.30 methanol; triangles, 0.40 methanol ).
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Figure 2. Concentration dependence of density for dodecylitrimethylammonium bromide at 308.15 K, in pure water (open circles) and different methanol (1) +
water (2) mixtures (open squares, 0.10 methanol; closed circles, 0.20 methanol; closed squares, 0.30 methanol; triangles, 0.40 methanol ).
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Figure 3. Concentration dependence of density for dodecyltrimethylammonium bromide at 318.15 K, in pure water (open circles) and different methanol (1) +
water (2) mixtures (open squares, 0.10 methanol; closed circles, 0.20 methanol; closed squares, 0.30 methanol; triangles, 0.40 methanol ).
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Figure 4. Concentration dependence of density for dodecylitrimethylammonium bromide at 298.15 K, in pure water (open circles) and different methanol (1) +

water (2) mixtures (open squares, 0.10 methanol; closed circles, 0.20 methanol; closed squares, 0.30 methanal; triangles, 0.40 methanol ).
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Table 2. Concentration,
dodecyitrimethylammonium bromide in pure water and methanol + water

density and partial

molar volume of

mixed solvent mediaat T = (298.15, 308.15, 318.15, and 323.15) K

Sujit Kumar Shakt al.: Densities and Partial Molar Volumes of Dodedglethylammonium Bromide in Binary
Systems (Methanol+Water) at T=(298.15 to 323.15) K

C /(mol kg'*) pl(gem?) Ve /(cm®mol )
T =298.15 K
$1=0.00
0.12000 0.99884 294.45 +0.21
0.10926 0.99870 294.32 +0.12
0.09530 0.99851 294.09 +0.26
0.08725 0.99840 293.94 +0.29
0.07569 0.99821 294.12 +0.34
0.06508 0.99806 293.97 +0.40
0.05384 0.99792 293.41 +0.46
0.04311 0.99775 293.41 +0.58
$1=0.10
0.11921 0.98552 291.91 +0.22
0.11028 0.98535 291.73 +0.23
0.09775 0.98509 291.62 +0.25
0.08763 0.98486 291.74 +0.29
0.07620 0.98462 291.67 +0.34
0.06530 0.98441 291.26 +0.35
0.05324 0.98412 291.71 +0.40
0.04326 0.98392 291.37 +0.60
$1=0.20
0.11900 0.97280 290.54 +0.22
0.11154 0.97258 290.71 +0.24
0.10256 0.97242 289.93 +0.25
0.09260 0.97212 290.27 +0.28
0.08156 0.97181 290.45 +0.32
0.06898 0.97150 290.02 +0.37
0.05566 0.97113 290.22 +0.46
0.04569 0.97086 290.24 +0.56
$1=0.30
0.11990 0.96006 288.78 + 0.22
0.11417 0.95988 288.76 +0.23
0.09960 0.95942 288.66 +0.26
0.09072 0.95916 288.34 +0.29
0.07746 0.95872 288.44 +0.34
0.06760 0.95840 288.42 +0.40
0.05473 0.95798 288.45 + 0.47
0.04478 0.95766 288.38 +0.58
$1=0.40
0.11980 0.94423 286.78 +0.22
0.11253 0.94395 286.75 +0.24
0.10032 0.94349 286.57 +0.27
0.08945 0.94306 286.66 +0.30
0.07782 0.94263 286.32 +0.34
0.06666 0.94217 286.65 + 0.40
0.05562 0.94176 286.28 +0.48
0.04416 0.94130 286.46 + 0.60
T=1308.15K
$1=0.00
0.12000 0.99563 297.19 +0.21
0.10238 0.99540 297.21 +0.25
0.09363 0.99533 296.73 £ 0.27
0.08140 0.99521 296.21 +0.31
0.07237 0.99506 296.57 +0.35
0.06068 0.99491 296.41 + 0.42
0.05138 0.99478 296.45 +0.50
0.04021 0.99460 297.13 £ 0.65

C/(mol kg?) pl(gcm?) Vg /(cm®mol ™)
$1=0.10
0.11921 0.98204 294.97 £ 0.29
0.11028 0.98189 294.73 £0.23
0.09775 0.98166 294.58 + 0.27
0.08763 0.98144 294.79 £ 0.30
0.07620 0.98123 294.65 + 0.35
0.06530 0.98104 294.26 £ 0.39
0.05324 0.98077 294.76 £ 0.48
0.04326 0.98059 294.43 + 0.58
$1=0.20
0.11900 0.96925 293.60 +0.22
0.11154 0.96906 293.67 £0.23
0.10256 0.96891 292.94 +0.26
0.09260 0.96863 293.28 +0.28
0.08156 0.96834 293.46 +0.32
0.06898 0.96806 292.98 +0.37
0.05566 0.96771 293.24 + 0.46
0.04569 0.96746 293.27 £ 0.56
$1=0.30
0.11990 0.95528 291.77 £0.22
0.11417 0.95510 291.80 +0.23
0.09960 0.95467 291.65 +0.27
0.09072 0.95442 291.36 £ 0.35
0.07746 0.95400 291.46 £ 0.34
0.06760 0.95370 291.39 £0.39
0.05473 0.95330 291.41 +0.50
0.04478 0.95299 291.33 £0.90
$1= 0.40
0.11980 0.93817 289.77 £ 0.23
0.11253 0.93789 289.79 £ 0.24
0.10032 0.93745 289.57 +0.27
0.08945 0.93703 289.67 +0.30
0.07782 0.93662 289.26 + 0.36
0.06666 0.93617 289.62 + 0.40
0.05562 0.93577 289.27 £ 0.49
0.04416 0.93532 289.48 + 0.61
T=318.15K
$1=0.00
0.12000 0.99154 300.45 + 0.22
0.10799 0.99140 300.53 £ 0.23
0.09619 0.99132 300.04 + 0.27
0.08582 0.99120 299.99 +0.30
0.07396 0.99110 299.62 +0.35
0.06396 0.99098 299.70 £ 0.40
0.05369 0.99087 299.52 +0.47
0.04237 0.99073 299.67 +0.62
$:=0.10
0.11921 0.97810 298.20 £ 0.22
0.10839 0.97791 298.24 £+ 0.24
0.09539 0.97773 297.78 £ 0.27
0.08850 0.97762 297.62 £ 0.29
0.07590 0.97738 297.82 +£0.34
0.06373 0.97717 297.75 £ 0.40
0.05256 0.97697 297.76 £ 0.49
0.04326 0.97681 297.71 £ 0.61
$1=0.20
0.11900 0.96437 296.60 + 0.22
0.11154 0.96419 296.69 + 0.23
0.10256 0.96406 295.91 £ 0.25
0.09260 0.96379 296.28 + 0.28
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C /(mol kg*) pl(gem?) Vg /(cm®mol™?) C /(mol kg?) pI(gem?) Vg /(cm®mol™)
0.08156 0.96352 296.44 +0.33 0.11253 0.93192 294.72 +0.24
0.06898 0.96326 295.94 +0.38 0.10032 0.93151 294.56 + 0.27
0.05566 0.96293 296.19 + 0.47 0.08945 0.93112 294.68 + 0.30
0.04569 0.96269 296.28 + 0.57 0.07782 0.93074 294.32 +0.35

¢:1=0.30 0.06666 0.93033 294.61 +0.40
0.11990 0.94979 294.75 +0.23 0.05562 0.92996 294.30 + 0.48
0.11417 0.94962 294.76 + 0.23 0.04416 0.92955 294.44 +0.61
0.09960 0.94920 294.67 +0.27
0.09072 0.94896 294.39 + 0.30 Table 3. Density of the solvent ( p, ), experimental sopes and the
0.07746 0.94856 294.46 +0.34 correlation coefficients of fits (as r2) of dodecyltrimethylammonium bromide
0.06760 0.94827 294.42 +0.39 from Figures 1 to 4 in pure water and methanol-water mixtures at 298.15,
0.05473 0.94789 294.41 £ 0.50 308.15, 318.15 and 323.15K.
0.04478 0.94759 294.45 + 0.59 ] dope 2 =
¢1=0.40
0.11980 0.93567 292.79 +0.22 T=298.15K
0.11253 0.93542 292.70 +0.24 0 0.014 0.99714 0.9992
0.10032 0.93500 292.53 +0.27 01 0.021 0.98301 0.9996
0.08945 0.93460 292.69 +0.16 0.2 0.026 0.96966 0.9989
0.07782 0.93421 292.29 +0.35 03 0.032 0.95624 0.9998
0.06666 0.93379 292.58 +£0.42 0.4 0.039 0.93960 0.9999
0.05562 0.93341 292.27 +0.49 T=308.15K
0.04416 0.93299 292.41 +0.61 0 0.013 0.99413 0.9933
T=323.15K 0.1 0.019 0.97976 0.9993
$1=0.00 0.2 0.024 0.96635 0.9987
0.12000 0.98910 302.97 +0.21 0.3 0.030 0.95164 0.9998
0.10567 0.98898 302.88 + 0.24 0.4 0.037 0.93367 0.9998
0.09069 0.98890 302.25 +0.28 T=318.15K
0.08325 0.98883 302.22 +0.31 0 0.010 0.99032 0.9961
0.07216 0.98873 302.12 £ 0.35 0.1 0.017 0.97608 0.9986
0.06068 0.98862 302.09 + 0.42 0.2 0.023 0.96166 0.9998
0.05138 0.98853 302.03 £ 0.49 0.3 0.029 0.94629 0.9998
0.04021 0.98841 302.25 +0.63 0.4 0.036 0.93143 0.9999
¢1=0.10 T=323.15
0.11921 0.97627 300.18 +0.21 0 0.009 0.98809 0.9911
0.10839 0.97609 300.26 + 0.24 0.1 0.015 0.97443 0.9985
0.09539 0.97593 299.79 +0.27 0.2 0022 0.95877 0.9983
0.08850 0.97583 299.64 +0.29 03 0028 0.94335 0.9998
0.07590 0.97561 299.82 +0.34 04 0.035 0.92803 0.9999
0.06373 0.97542 299.73 +0.42
0.05256 0.97524 299.68 £0.49 The effects of temperature and relative permiiticin the
el el AR SO densities values are directly evident from Figutes 4. At
$:=0.20 each temperature, the densities values are foumkdcease
0.11900 0.96138 298.57 +0.23 i ) . AR )
iR ORI B with decreagmg relative permittivity in going frc_nﬁ.l
010256 0.96108 297 91 + 025 volume fractions of methanol to Q.4 vqume_ . fractionof
0.09260 0.96082 298.29 + 0.28 methanol over the entire concentration range inyatsd. An
0.08156 0.96056 208.47 + 0.32 increase in temperature, on the other hand, is dfotm
0.06898 0.96031 298.01 +0.37 decrease the density in a given solvent mediumaxsfested
0.05566 0.95999 298.33 + 0.49 in these Figures. Evaluation of the solvent denkigd to
0.04569 0.95977 298.23 £0.85 important insight as to the solution behavior of
¢1=0.30 dodecyltrimethylammonium bromide. The solvent dgnsi
0.11990 0.94671 296.80 +0.22 values thus obtained along with the slopes anddhelation
0.11417 0.94655 296.78 +0.23 coefficients of fits, (as’) are listed in Table 3.
g'gggsg g'gjgég ;ggg? f 8;; Furthermore, at a given temperature, slopes aredfda
' ' Dby increase whereas the solvent density values aredfda
0.07746 0.94553 296.47 +0.35 . d .
0.06760 0.94525 296.44 £ 0.39 Qecrease as th(_—:- solvent medium gets _ncher in melth&lso,
0.05473 0.94488 206.47 + 0.48 in all compositions; .the solvent density, on thheothand,
0.04478 0.94460 206.37 + 0.62 found to decrease with temperature (Table 3)
$1= 0.40 The partial molar volumes for the
0.11980 0.93217 294.77 £0.23 dodecyltrimethylammonium bromide in pure water émar
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other different methanol + water mixtures contagn(0.10, investigated solution as a function of the surfacta
0.20, 0.30, and 0.40) volume fraction of methandP88.15, concentration. From these Figures, the partial madtumes
308.15, 318.15, and 323.15) K are shown in Tableigures exhibit almost independent with increasing congditn
5 to 8 show the variation of partial molar volunafsthe  within the examined concentration ranges in thislygt
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Figure 5. Concentration independence of partial molar volume for dodecyltrimethylammonium bromide at 298.15 K, in pure water (triangles) and different
methanol (1) + water (2) mixtures (squares, 0.10 methanoal; circles, 0.20 methanol; closed circles, 0.30 methanol; crosses, 0.40 methanol ).
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Figure 6. Concentration independence of partial molar volume for dodecyltrimethylammonium bromide at 308.15 K, in pure water (triangles) and different
methanol (1) + water (2) mixtures (squares, 0.10 methanoal; circles, 0.20 methanol; closed circles, 0.30 methanol; crosses, 0.40 methanol ).
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Figure 7. Concentration independence of partial molar volume for dodecyltrimethylammonium bromide at 318.15 K, in pure water (triangles) and different
methanol (1) + water (2) mixtures (squares, 0.10 methanol; circles, 0.20 methanol; closed circles, 0.30 methanol; crosses, 0.40 methanol ).
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Figure 8. Concentration independence of partial molar volume for dodecyltrimethylammonium bromide at 323.15 K, in pure water (triangles) and different
methanal (1) + water (2) mixtures (squares, 0.10 methanol; circles, 0.20 methanol; closed circles, 0.30 methanoal; crosses, 0.40 methanol ).
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Our partial molar volume data for pure water of

dodecyltrimethylammonium bromide match with the
previously published papers(16, 23). Obviously,
concentration independence of partial molar volufo#ews
the same pattern at all the temperatures and golvepl
compositions investigated.

The effects of temperature and relative permittigh the
partial molar volume values have been shown indablAt
each temperature, the partial molar volume valuesdaund
to decrease with decreasing relative permittivity b
increasing the methanol content in the system. l@nother
hand, the partial molar volume is increased in g¢finen
system with increasing temperature. This is madtig to the [3]
weakening of surfactant-solvent binding energy with
increasing temperature. The same pattern has bken a
reported in the work (24).

(2]

The relative permittivity of the medium is decrehseth [4]
increasing in the methanol content at a given teatpee and
similar findings were reported in the previous woekso (5,

13, 25, 26).
5]

4. Conclusions

Experimental results for the density of salt-freugon of
a cationic surfactant dodecyltrimethylammonium biderin 6
pure water and methanol-water mixed solvent mediaeh [6]
been presented as a function of surfactant coratemirand
temperature. The densities are found to decreash wi

increasing temperature over the entire concentratamnge [7]
investigated in a given mixed solvent medium wherbese
values are also found to decrease as the relagirmitivity

of the medium decreases. Estimation of the sl@pesthe [8]
calculated solvent density provide important insigh

regarding the solution behavior of cationic sudattin [g]
methanol-water mixtures. With the help of density
measurement, the calculated partial molar volumés o
dodecyltrimethylammonium bromide have been presease [10]
a function of surfactant concentration and tempeeatThe
partial molar volumes are found to increase wittréasing
temperature over the entire concentration rangesiiyated

in a given mixed solvent medium. Furthermore, at 1)
particular temperature, the partial molar volumes faund
almost same even at the different concentratiors thase
values are found to be decreased as the relatimitfieity

of the medium decreases. [12]
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