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Excess Properties of Binary Mixtures of 

N- Methylacetamide + 2-Methoxyethanol, 

and N- Methylacetamide and Water at 308.15, 313.15 and 318.15 K 

In recent years, there has been a considerable upsurge in the theoretical and 

experimental investigations of the excess thermodynamic properties of binary liquid 

mixtures.1
"
3 The main reason for this is the facfthat the composition dependence of 

thermodynamic properties of binary liquid miXtures has proved to be a useful indicator of 

the existence of significant effects resulting from intermolecular interactions 15etween the 

various species present in the liquid mixture. Besides this, dependence of these properties 

on temperature and pressure is of great importance to a chemical engineer in the design 

of ind~strial separation processes especially in petrochemical industries, on-line quality 

control, and underwater research, 4 and to a chemist for arriving at theories of liquid 

mixtures. The intera:ction between the molecules can be establis4ed from a study of the 

characteristic departure. from ideal behaviour of some physical properties like molar 

volume, compressibility, viscosity, etc. 

The importance of N- methylacetamide (NMA) as a strongly hydrogen-bonded, 

highly structured, protic and basic solvent inspired us to investigate its excess properties 

,by combining it with the familiar solvents 2-methoxyethanol and water. The amide group 

in NMA is a good model of a peptide bond. We believe that a systematic study of the 

structural and energetic consequences of the interaction between NMA and water will 

enable us to understand how water exercises thermodynamic and kinetic control over the 

;: 
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chemical activities of polypeptides in aqueous media. It will also serve us to compare 

these properties with the results obtairied with the binary mixtures of N,N-

dimethylacetamide + 2-methoxyethanol and N,N-dimethylacetamide + water given in the 

next chapter. Although some work has been done in amides +water mixtures,5
-
7relatively 

·fewer studies have been made in the binary mixtures of ami des and organic solvents. 

· Viscosities of liquid mixtures off~r knowledge that is indispensable in solving 

many practical problems concerning heat transport, mass transport, and fluid flow. For 

liquid mixtures, viscosity data have yielded valuable information regarding the nature of 

interaction forces operating within and between the molecules and the existence of 

complex if any. Attempts have been· made to interpret viscosity data theoretically and 

empirically. 8 

Ultrasonic sound velocity measurements . of solutions have. been mostly attempted 

in water- and binary ·mixtures. containing water as a component.9 Such studies. in ?rganic 
.. 

solvents and in miXed organic solvents· are rather few in· literature. 10
•
11 However, 

· ultrasonic velocity measurell_lents coupled with density and viscosity measurements offer 

very fruitful information regarding the solvation behaviour· of electrolytes in . pure and 

mixed solvents. Using the ultrasonic velocity (u) data, isentropic compressibility (Ks) can 

be_easily calculated using the relation Ks = ll(u2p). In a binary miXture, these parameters 

provide significant information on the behaviour of the component solvents and the 

solvent -· solvent interactions. 12 

.,· 
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We have measured densities, viscosities and ultrasonic velocities for the liquid 

mixtures ofNMA + ME and NMA + water over the entire range of their compositions at 

. 308.15, 313.15, and 318.15 K. The excess molar volumes (VE), viscosity deviations (At')) 

and isentropic compressibility changes (AKs) of these systems have been calculated at 

these temperatures. 

Very recently, Gill and co-workers13 have_ sho:wn that another parameter called 

shear relaxation time ('t) can be derived from viscosity and isentropic compressibility (Ks) 

d~ta. Starting from the equations of Kinsler and Frey/4 Gill and his colleagues derived a 

simple relation, 

't = 4. t')Ks /3 (1) 

(the symbols have the usual meanings) which is very useful for predicting the solvent 

structural effect in binary solvent mixtures. A rigorous examination of the validity of this 

equation has bee~ done by them. 13 If ion-solvent or solvent-solvent interaCtions are 

present in solutions or mixtures, the 't values should increase with the increase of salt 

concentration or with the change, of solvent composition or with the change of 

temperature. We have calculated the Ks and 't values for NMA + ME and NMA + water 

.. mixtures at the three temperatures mentioned above. 
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8.1 EXPERIMENTAL SECTION 

·.~ 

The purification of the chemicals used and the experimental procedure for the 

measurement of the above properties have been described in Chapter 3. The 

measurements of densities, viscosities and ultrasonic velocities have also been described 

in Chapter 3. In all cases, the experiments were p_erformed at least in five replicates for 

each composition and the results were averaged. 

8.2 RESULTS 

8.2 .. 1 Solvent Parameters of the Mixtures 

The densities, viscosities and ultrasonic velocities of NMA + ME mixture, and 

NMA +water mixture as a function of mole fractions ofNMA, at 308.15, 313.15 and 

318.15· K, have· been ·presented in Tables 1-2. The corresponding values have been 

represented in Figures 1-3. 

Two derived parameters, namely 1Cs and 't , have heen evaluated and these have 

been reported in Table 3-4. The variations ofKs and 't values with the composition of the 
: .. ; .. 

mixtures (mole fraction ofNMA) have been shown in Figures 4 and 5. 
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8.2.2 Excess Properties of the Mixtures 

The excess functions have been evaluated using the following equations~ 

vE = v- ( V1x1 + V2x2) 

Llfl = 11- (1'\tXt +f\2X2) 

AKs = Ks- (Ks 1X1 +Ks2X2} 
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(2) 

(3) 

(4) 

where x1 and x2 are the mole fractions of NMA and ME I water respectively. V, 11 and Ks 

are the respective solution properties, V 1 and V 2 , 111 and 112 and Ks 1 and Ks 2 are the molar 

volumes, the coefficients of viscosities and, the isentropic compressibilities of NMA 

and ME I water in the mixture respectively. 

The molar volume Vis defined by the relation, V = (M1x1 + M2x2)lp, where, M1 

and M2 are the molecular masses of pure substances and p is the density of the mixture . 

. ·i 

The excess functions at 308.15, 313.15 and 318.15 K have been presented in 

Tables 5-6. 

Graphical representations of VE, AT] and AKs as functions of mole fractions of 

':NMA are given in Figures 6-8 . 
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The excess pr~perties yE were.fi.tted to the Redlich- Kister15 equation: 

E . . 
Y =XI (1- XI) :E A.i (1- 2xiY, (5) 

. E -
are adjustable parameters. These parameters were evaluated by fitting Y I XI (1- XI ) to 

equation ( 5) by the method of least squares. The values of these parameters along with 

the standard deviation 0" (YE) ofYE as defined by the equation, 

(6) 

are recorded in Tables 7-8; for NMA +ME and NMA +water systems respectively. In 

equation ( 6), N is the total number of experimental points and M is the number of 

parameters. 

8.3- DISCUSSION 
.# •• : ·i 

8.3.1 Solvent Properties ofNMA +ME and NMA +Water Systems 

The plots of densities, viscosities, and ultrasonic velocities of NMA + ME and 

NMA + water mixtures at various compositions and at different temperatures offer some 

,_ i~ormation about the nature of these systems. For both the systems, the variation of 

density, viscosity, and ultrasonic velocity as a function of mole fraction of NMA is non-

linear (Figures 1-3) at all three temperatures investigated. However, in the case ofNMA 

+ME, only the density curves show broad J;Ilaxima (around mole fraction 0.40 in NMA) 

at the given temperatures. The viscositY· values gradually increase with the concentration 
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ofNMA up to a mole fraction of 0.30 in NMA and increase more steeply thereafter. The · 

ultrasonic velocity curves show a gradual rise. in ultrasonic velocity as the mole fraction 

· of NMA increases up to 0. 60 but after that the curves flatten off and run almost parallel to 

the concentration axis. With further addition of NMA, there is only a slight increase in 

ultrasonic velocity values. In terms of temperatures, all the three parameters (p, t'} and 'u) 

decrease with increase in temperature for the NMA + ME system. 

For the NMA + water system, however, the non.:..linear behaviour of all these 

parameters is very well pronounced. The curves obtained are distinct and characteristic of 

each parameter. All three curves (p, f1 and 'u') show clear maxima (Figures 1-3). The 

variations of density and ultrasonic velocity with concentration ofNMA are very similar. 

Both show slight increase iniiially but after the maxima (around mole fraction 0.15 in 

NMA), the values fall .off uniformly~ The viscosity curves show broad maxima around · 

mole fraction 0.55 in NMA at all three temperatures and thereafter they decline slightly. 

All these three parameters decrease with rise in temperature. 

The plots of the two derived parameters, 1Cs and 't, for NMA + ME also exhibit 

non-linear character (Figures 4-5). Ks, like ultrasonic velocity, is very much affected by 

the addition ofNMA up to its mole fraction about 0.60 but remains almost unaffected by 

•it after that composition. No maxima or minima are observed here. 

For the NMA +water system, the plot ofKs versus mole fraction ofNMAgives a 

distinct minimum at around mole fraction 0.15 in NMA ai each temperature studied. The 
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initial decrease inKs values up to the minimum (around mole fraction 0.15 in. NMA) may 

be due to water whose ultrasonic velocity value increases with temperature leading to a 

decrease in 1Cs up to the minimum. Thereafter, the decrease in Pmixlure more than 

compensates for the increase in 'u' giving rise to a steep hike in 1Cs values. 

The variation of shear relaxation time (t) with the concentration of NMA is 

similar in .both the systems, the only difference··· being the steeper slopes obtained for 

NMA + water. The t values decrease with temperature for both the systems. 

The non-linear variation · of any of the solvent parameters with solvent 

composition is due to solvent structunil effects. The solvent structural effects become 

very strong when a solvent parameter passes through a maximum or minimum.16 From 

these considerations it appears that there is a well-pronounced and strong solvent 

structural effect in the binary mixtures of NMA + water but a weak solvent structural 

effect in NMA + ME mixtures. 

8.3.2 Exces~ Properties ofNMA +ME and NMA +Water Systems 

8.3.2.1 Excess Molar Volume: 

NMA +ME System 

It is well known that the sign and magnitude of VE give a good es~te of the 

strength of the unlike interactions in the binary mixtures. 17 Large positive VE values are · . 

taken as indicative of weak intermolecular interactions whereas large negative values of 
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yE are usually found when these interacti~nS are strong and intermolecular association 

"complexes" are believed to be present. 

The systems NMA + ME and NMA + water show negative yE values over the 

entire range of mole fraction and over the entire range of temperatures studied (Figures 

6-9). Both the systems show clear minima at a mole_ fraction of about 0.40 ofNMA. 

In general, yE may be due to several effects, which may be conveniently divided 

into (1) physical, (2) chemical and (3) geometrical contributionS. The physical 

interactions involve- mainly dispersive forces making yE positive. The chemical effects 

may arise from specific interactions accompanied by a decrease in volume and make yE 

negative~ They also may be due to the disruption of: (i) hydrogen bonds present in one of 

the_ components, and (ii) the intermolecular dipoiar interactions. Finally, a negative yE 

may arise due to the existence of hydrogen-bond in~eractions between unlike molecules. 

The geometrical effect is due to the fitting of one component into the other, due to the 
·i 

difference in molecular sizes between the two components and the availabilitY of free 

volume, leading to a negative contribution to yE_ 

NMA is a dipolar protic solvent with a very high-dielectric constant(~= 191.3 at 

.: 305.15 K), which is attributed to the liquid being highly structured with polymeric chains 

. linked by hydrogen bonding. 18 
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NMA may exist in two forms as. shown below: 

CH3- C- NH- CH3 ~ CH3 - C = N- CH3 (7) 

II I 
o· OH 

(amidic form) (imino! form) 

The imino! form, with. its phenolic - OH group_ and the availability of a lone pair of 

electrons from the nitrogen atom, is capable of making extensive bonds - both 

intramolecular as well as intermolecular. 

On the other hand, the molecules of n-alk:oxyethanols, in general, are self-

associated and form intermolecular as well as intramolecular hydrogen bonds. IR studies 

on ME indicate that intermolecular hydrogen bonding exists in ME molecules in the 

liquid state. 19 Moreover, the values of the Kirkwood correlation factors, gk, for pure ME 

in the temperature range studied are not much greater than unity ( the g k values of ME 

are·: 1.'483," 1.478~ .,-and ·1.463 at 298.15, 308.15 and 318.15 K respectively). This 

indicates that 2-methoxyethanol is a relatively unstructured liquid and that there are 

strong but not· specific dipole-dipole forces. It is also a quasi-aprotic solvent. 

Thus, the interaction between a highly structured NMA, with many hydrogen 

bonding sites, and a relatively unstructured ME, results in a negative VE. This may be due 

to the disruption of (i) intermolecular hydrogen bonds in the ~ molecul~s, and (ii) 

intermolecular dipolar interactions in NMA. Secondly, the existence of hydrogen bonds 

between the unlike molecules is likely to offer a negative contribution to VE. 
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Considering the molar volumes of NMA and ME (77.25 and 80.3~ cm3 mor1 

respectively, at 308.15 K), the interstitial accommodation of one component into the 

other may be ruled out. 

NMA +Water System 

In the NMA + water mixture the excess molar volumes at the three temperatures 

investigated are negative over the whole range of compositions (Figure 6). However, the 

VE val~es are three times bigger than those of NMA + ME mixture. Again the minima in 

tpe curve have yE values in the range of -1.10 to -1.13 cm3 mor1 (around mole fraction 

0.40 in NMA), which is~ conformity With an earlier work ofBoje and Hvidt20 done at 

298.15 K, whereas-in NMA + ME, the minima have VE values in the range -of -0.35 to 

-0.39 cm3 mol"1 
. .The mixing ofNMA with water is a slightly exothermic process. Thus 

the magnitude of VE decreases with temperature to a very, very minute extent so that 

there is hardly any change in yE even when the temperature is hiked by ten degrees. 

One of the possible effects that may contribute to ~his negative VE is the 

disruption of· (i) the hydrogen bonding present in self-associated water molecules, and 

(ii) the intramolecular hydrogen bonding and intermolecular dipolar interactions in NMA. 

Secondly, the difference in the molecular sizes between the two components of the 

·· · iliiXture may play a vital role in reducing the excess molar volume. The· molar volumes of 

NMA and water at 308.15 K are 77.25 and 18.13 cm3 mor1 respectively. Due to,the 

extensive polymeric chains linked by hydrogen bonding, NMA is likely to have a much 

bigger effective molar volume than what is given above from strictly theoretical 
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considerations. On the qther hand, the negative vE values may also indicate strong 

solvation by hydrogen bonding accompanied by a minor destruction of water structure, 

besides interstitial accommodation of NMA molecules inside the water cavities. Hence, 

the molar volume of the mixture is reduced to a large extent. This also accounts for the 

fact that the excess molar volume is practically unaffected by small changes in 

temperature even to the extent of ten degrees. 

The negative vE values at the three temperatures studied for this mixture and the 

clear minima in the curves indicate strong association through multiple hydrogen bonding 

between the polar group ~fNMA and water, although the pure liquids are presumed to be 

highly structured. The observation that the yE values here are three times bigger than that 

for the NMA + ME system is a sign of strong solvation by hydrogen bonding probably 

accompanied by a minor disruption of the water and/or NMA structure, besides the 

interstitial· accommodation of NMA molecules inside the water cavities. Although both 

are protic, · NMA .. is less protic than water. Hence, there is interaction among them 
: ~ .... • • J • 

' 

reducing the niolar volume of the mixture considerably. 

All this suggests that the hydrogen bonding between water and NMA is stronger 

and more compact than that between water molecules themselves. 

The actual VE would depend upon the balance between the two opposing 

contributions. The experimental data indicate that the negative contributions predominate 

in these binaries. 
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8.3.2.2 Viscosity Deviations 

NMA +ME System 

The NMA +ME system displays a sharp negative deviation of A11 from ideality 

over the entire mole fraction range and over the whole range of studied temperatures. The 

minima correspond to the mole fraction of about 0.60 in NMA (Figure 7} As the 

temperature increases the A11 values become less and less negative and tend to approach 

ideality . 

. This unique behaviour of negative deviation can be explained in the light of the 

behaviour of water when mixed with certain non-aqueous solvents. When small amounts 

of certain non-aqueous solvents are added to water, the water structure is reinforced; the 

viscosity, Walden's products and heats of solution give maxima. But additional quantities 

of the, _organic co~POl:lnds cause progressive disruption of water structure until a 

minimum is reached around the equimolar region of the two components. Presumably 

this corresponc;ls to a maximum breakdown or depolymerizatio~ of the water structure by 
,· 

the non-aqueous co:mponent.21 A similar structure-breaking ~ffect is observed when N,N-

dimethylformamide (DMF) is added to the hydrogen bonded NMA. Such effects are not 

'observed when none of the components is highly associated in the pure state. 21 

The highly associated NMA seems to undergo a structure-breaking effect when 

mixed with ME, similar to NMA's behaviour with DMF. The change in the variation of 

;; 
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density, viscosity ~d ultrasoni~ velocity between mole fraction of 0.3 and 0.6 in NMA 

supports this. Earlier studies indicate that in NMA, tetraalkylammonium ions exert a 

structure-breaking effect. 22 ·Apart from this, dispersion and dipolar forces between these 

two weakly protic and unlike solvents may also give rise to negative All values. Such 

negative deviation from ideality are also observed in propylene carbonate (PC) + ME, PC 

+ DME, PC + methanol and PC + tetrahydrofuran mixtures?3 AS the temperature 

increases the~e forces decrease and the system approaches ideality. 

NMA +Water System 

On the other hand, NMA + water system exhibits a sharp positive deviation of All 

over the entire mole fraction range and over the three temperatures investigated (Fig 7). 

Very symmetric curves with clear maxima corresponding to a mole· fraction of about 0. 40 

in NMA are obtained for the three temperatures. As the temperature increases the All 

values b_ecome ~ess .·and. less positive. These positive All values clearly indicate very 

strong and specific hydrogen bond interactions between NMA and water With the 

possibility of the formation of a 'complex' species, probably between the peptido group 

in NMA and water. This is also supported by the excess mol~ volume studies as reported 

above. With the rise in temperature, these interactions decrease and the system 

approaches ideal behaviour. 

/ 
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8.3.2.3 Isentropic Compressibility Changes: 

The results of deviations in isentropic compressibility versus mole fraction of 

NMA are given in Figures (8) for NMA + ME and NMA + water systems respectively. 

For both the systems, the values of AKs are negative over the entire composition range 

and at all the_ three temperatures studied. In NMA + ME, V -shaped curves are obtained 

With minima around a mole fraction of about 0.40 in NMA at all the three temperatures . 

. These AKs ·values are less than the values recorded for the NMA + water system. As the 

temperature increases the AKs values become more and more negative. For the NMA + 

wa~er system, the minima occur at a mole fraction of about 0.25 in NMA at all the three 

temperatures. The AKs values here are five times more than those obtained for the NMA + 

ME systein. However, the AKs values decrease with the increase of temperature. 

l'f~gative _Ales.; values for both the systems indicate that the mixtures are more 

compressible than the corresponding ideal mixture suggesting the predominance of 

interactions between NMA and ME, and NMA and water. Due to these interactions, the 

ultrasoruc velocity increases and the compressibility of these solutions decreases until the 

minima are reached and then these parameters follow the reverse trend. 

In the case of NMA + ME, the negative AKs values and these values becoming 

more negative as temperature increases point to the maximum deviation from ideality 

around the mole fraction of0.40 in NMA. Similarly, VE too becomes more negative with 
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the rise in temperature of this system. Along with the negative Art values, this behaviour 

of the NMA + ME system indicates a possible structural effect in this system. 

The observation that AKs values in the NMA + water system are five times more 
-' 

than those obtained for the NMA + ME system can be explained as follows. The decrease 

in Ks values up to. the minima is due . to the interstitial accommodation ·of the two 

components into one another. This. process may· be followed by the formation of the 

hydrophobic NMA aggregates and a possible rupture of water structure. Thus it is 

apparent that the interstitial accommodation effect is more effective and the positive 

contribution from the breaking of hydrogen bonds becomes less predominant, giving 

negative AKs values over the entire mole fraction range for this mixture. The increase of 

temperature slows down this process and hence AKs values are less at higher 

temperatures. 

However, for a quantitative description of such effects more work should be done 

in future based on the extended real assoCiated solution (ERAS) model. 24 
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TABLE 1. Density (p), Viscosity (11) and Ultrasonic Velocity (u) of N-Methylacetamide + 
2-Methoxyethanol mixtures at different mole fractions (x) of NMA, at 308.15, 313.15 and 
318.15 K. 

11 (mPa s) 

X (NMA} 308.15 313.15 318.15 308.15 313.15 318.15 308.15 313.15 318.15 (K) 

0.0000 0.946802 0.942336 0.937624 1.3152 1.2004 1. 0982 1309.67 1294.26 1276.94 

0.0301 0.947281 0.942959 0.938379 1.3621 1.2422 1.1355 1314.35 1298.93 1281.53 

r 0.0501 0.947608 0.943373 0.938880 1.39~8 1.2698 1.1601 1316.87 1301.33 1283.92 

0.0752 0.948004 0.943876 0.939491 1.4312 1.3038 1.1909 1319.66 1304.17 1286.93 

0.1036 0.948494 0.944363 0.940126 1.4761 .1.3433 1.2266 1322.33 1307.00 1289.90 

0.1301 0.948900 0.944852 0.940668 1.5150 1.3783 1.2587 1324.68 1309.35 1292.39 

0.1700 0.949475 0.945419 . 0.941248 1.5744 1.4324 1.3069 1327.85 1312.65 1296.00 

0.2032 0.949834 0.945773 0.941611 - 1.6243 1.4771 1.3476 1330.39 1315.22 1298.92 

0.2501 0.950242 0.946202 0.942051 1.6955 1.5414 1.4042 1333.86 1318.55 1302.77 

0.3020 0.950573 0.946534 0.942354 1.7760 1.6130 1.4677 1337.09 1322.03 1306.24 

0.4032 0.950827 0.946793 0.942628 1.9403 1. 7576 1.5959 1342.25 1327.13 1311.81 

0.5037 0.950725 0.946687 0.942653 2.1140 1.9096 1.7299 1346.32 1331.45 1316.26 

0.6033 0.950254 0.946231 0.942333 2.3081 2.0742 1.8759 1349.49 1334.34 1319.46 
.--

0.6500- 0.949900 0.945901 0.942073 2.4085 2.1597 1.9495 1350.66 1335.46 1320.39 

0.7021 0.949465 0.945472 0.941700 2.5258 2.2588 2.0381 1351.61 1336.55 1321.41 

0.7503 0.949063 0.945071 0.941326 2.6410 2.3573 2.1239 1352.27 1337.41 1322.31 

0.8032 0.948566 0.944581 0.940890 2.7746 2.4772 2.2273 1352.78 1338.15 1323.11 

0.8524 0.948007 0.944050 0.940411 2.9077 2.5941 2.3283 1353.36 1338.77 1323.70 

0.9035 0.947430 0.943442 0.939850 3.0613 2.7235 2.4390 1353.94 1339.41 - 1324.31 

0.930"1 0.947094 0.943107 0.939544 3.1451 2.7953 2.5003 1354.06 1339.43 1324.46 

0.9702 0.946604 0.942617 0.939079 3.2771 2.9130 2.5969 1354.35 1339.51 1324.75 

1.0000 0.946244 0.942235 0.938715 3.3796 3.0038 2.6734 1354.28 1339.48 1324.80 
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TABLE 2. Density (p), Viscosity (11) and ffitrasonic Velocity (u) of N-Methylacetamide + 
Water mixtures at dif(erent mole fractions (x) ofNMA, at 308.15, 313.15 and 318.15 K. 

11 (mPa s) 

X (NMA} 308.15 313.15 318.15 308.15 313.15 318.15 308.15 313.15 318.15(K) 

0.0000 0. 994108 0.992206 0.990268 0.7211 0.6562 0.6001 1519.36 1528.58 1535.48 

0.0301 0.995317 0.992952 0.990740 0.9967 0.8931 0.8115 1575.71 1563.16 1564.53 

0.0600 0.996618 0.993851 0.991131 1.2926 1.1367 1.0256 1609.87 1602.90 1598.87 

0.1002 0.997153 0.994028 0.991302 1.6931 . 1.4647 1.3008 1645.22 1639.95 1633.16 

0.1500 0.997620 0.994361 0.991086 2.2399 1.9016 1.6510 1658.71 1652.29 1645.58 

\ 0.1999 0.997540 0.993698 0.989917 2.7656 2.3255 2.0013 1654.34 1645.42 1636.10 __..... 

0.2450 0.995953 0.992088 0.988304 3.1081 2.6261 2.2571 1644.46 1632.75 1621.49 

0.3006 0.992735 0.988956 0.985087 3.4015 2.8819 2.4833 1626.26 1611.60 1599.04 

0.3502 0.989098 0.985176 0.981625 3.5974 3.0633 2.6462 1604.04 1588.82 1575.75 

0.4012 0.985263 0.981583 0.977803 3.7477 3.1981 2.7685 1576.24 1561.27 1548.32 

0.4501 0.981501 0.977790 0.974075 3.8520 3.2996 2.8589 1548.65 1533.78 1520.12 

0.5000 0.977749 0.974076 0.970337 3.9214 3.3699 2.9142 1521.75 1506.54 1492.51 

0.5502 0.974070 0.970296 0.966666 3.9421 3.3983 2.9375 1497.54 1481.64 1467.37 

0.6018 0.970282 0,966394.0.962825 3.9056 3.3822 2.9278 1475.24 1459.56 1444.48 
----,. 0.6550 0.966477 0.962560 0.958945 3.8252 3.3269 2.8938 1454.41 1438.53 1423.55 

0.7019 0.963345 0.959398 0.955777 3.7651 3.2806 2.8686 1436.93 1421.58 1406.30 

0.7551 0.959874 0.955861 0.952282 3.6881 3.2262 2.8321 1419.04 1403.08 1388.62 

0.8070 0.956692 0.952666 0.949110 3.6064 3.1673 2.7966 1403.33 1387.46 1372.97 

0.8450 0.954387 q.950402 0.946767 3.5541 3.1299 2.7680 1392.64 1376.62 1362.60 

0.9015 0.951169 0.947179 0.943609 3.4953 3.0772 2.7325 1378.36 1362.50 1348.20 

0.9500 0.948615 0.944616 0.941069 3.4399 3.0437 2.7030 1366.24 1350.74 1336.34 

1.0000 0.946244 0.942235 0.938715 3.3796 3.0038 2.6734 1354.28 1339.48 1324.80 

.~ 

.,,· 
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TABLE 3. Isentropic Compressibility (Ks) and Shear Relaxation Time ('t') of the mixtures of 
N-Methylacetamide + 2-Methoxyethanol, at different mole fractions, at three temperatures. 

-~ 
Ks x 105 (bar-1

) 't x 1013 (s) 

x(NMA) 308.15K 313.15K 318.15 K 308.15K 313.15 K 318.15 K 

0.0000 6.1577 6.3351 6.5408 10.80 10.14 9.58 

0.0301 6.1108 6.2854 6.4888 11.10 10.41 9.82 

0.0501 6.0854 6.2595 6.4612 11.30 10.60 9.99 

0.0752 6.0571 6.2290 6.4269 11.56 10.83 10.21 

0.1036 6.0296 6.1989 6.3930 11.87 11.10 10.46 

-----+· 
·0.1301 6.0056 6.1734 6.3647 12.13 11.35 10.68 

0.1700 5.9733 6.1387 6.3254 12.54 11.72 11.02 

0.2032 5.9483 6:1124 6.2946 12.88· 12.04 11.31 

0.2501 5.9148 6.0789 6.2545 13.37 12.49 11.71 

0.3020 5.8843 6.0448 6.2193 13.93 13.00 12.17 

0.4032 5.8376 5.9968 6.1647 15.10 14.05 ·- 13.12 

0.5037 5.8029 5.9586 6.1230 16.36 15.17 14.12 

0.6033 5.7786 5.9357 6.0954 17.78 16.42 15.25 

'0.6500 ~.7707 5.9277 6.0885 18.53 17.07 15.83 
·i 

0.7021 5.7652 5.9208 6.0815 19.42 17.83 . 16.53 

0.7503 5.7621 5.9157 6.0756 20.29 18.59 17.21 

0.8032 5.7607 5.9122 6.0711 21.31 19.53 18.03 

0.8524 5.7592 5.9101 6.0688 22.33 20.44 18.84 

0.9035 5.7578 5.9082 6.0668 23.50 21.45 19.73 

0.9301 5.7588 5.9102 6.0674 24.15 22.03 20.23 
........ 

0.9702 5.7593 5.9125 6.0678 25.16 22.96 21.01 

1.0000 5.7621 5.9152 6.0697 25.96 23.69 21.64. 
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TABLE 4. Isentropic Compressibility (Ks) and Shear Relaxation Time (-r) of the mixtures 
of N-Methylacetamide +Water, at different mole fractions, at three temperatures. 

~~ 

Ks x 105 (bar-1
) -r x 1013 (s) 

x(NMA) 308.15K 313.15 K 318.15 K 308.15K 313.15 K 318.15 K 

0.0000 4.3576 4.3134 4.2831 4.19 3.77 3.43 

0.0301 4.0466 4.1216 4.1236 5.38 4.91 4.46 

0.0600 3.8716 3.9162 3.9468. 6.67 5.94 5.40 

0.1002 3.7050 3.7406 3.7821 8.36 7.31 6.56 

0.1500 3.6433 3.6837 3.7261 10.88 9.34 8.20 

-~ 0.1999 3.6629 3.7170 3.7738 13.51 1L53 10.07 

0.2450 3.7129 3.7810 3.8484 15.39 13.24 11.58 

0.3006 3.8088 3.8932 3.9702 17.27 14.96 13.15 

0.3502 3.9295 4.0211 4.1028 18.85 16.42 14.48 

0.4012 4.0851 4.1794 4.2661 20.41 17.82 - 15.75 

0.4501 4.2482 4.3474 4.4427 21.82 19.13 16.94 

0.5000 4.4166 4.5232 4.6264 23.09 20.32 17.98 

0.5502 4.5778 4.6947 4.8045 24.06 21:27 18.82 

0.6018 4~73.56 -; 4.8574 4.9777 24.66 21.90 19.43 
7.1- 0.6550 4.8914 5.0204 5.1459 24.95 22.27 19.86 

0.7019 5.0274 5.1577 5.2904 25.24 22.56 20.24 

0.7551 5.1736 5.3142 5.4459 25.44 22.86 20.56 

0.8070 5.3077 5.4528 5.5894 25.52 23.03 20.84 

0.8450 5.4025 5.5522 5.6888 25.60. 23.17 21.00 

0.9.01~ 5.5338 5.6871 5.8304 25.79 23.33 21.24 

0.9500 5.6475 5.8023 5.9504 25.90 23.55 21.45 

1.0000 5.7621 5.9152 6.0697 25.96 23.69 21.64 

.,· 
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TABLE 5. Excess Molar. Volumes (VE), Viscosity Deviations (ATJ) and Isentropic , 
Compressibility Changes (AKs) for the N.:.Methylacetamide + 2-Methoxyethanol mixtures at 

~ 
different mole fractions, at three temperatures. · · 

yE (cm3 mor1
) A11 (mPa s) AKs x 105 (bar-1

) 

x(NMA)" 308.15 313.15 318.15 308.15 313.15 318.15 308.15 313.15 318.15 (K) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0301 -0.0420 -0.0535 -0.0625 -0.0154 -0.0125 -0.0101 -0.0350 -0.0370 -0.0378 

0.0501 -0.0705 -0.0890 -0.1038 -0.0258 -0.0210 -0.0170 -0.0525 -0.0545 -0.0560 

0.0752 -0.1050 -0.1320 -0.1540 -0.0394 -0.0322 -0.0258 -0.0708 -0.0745 -0.0785 

0.1036 -0.1475 -0.1735 -0.2057 -0.0530 -0.0439 -0.0348 -0.0871 -0.0927 -0.0990 

0.130,1 -0.1830 -0.2150 .:o.2495 -0.0690 -0.0567 -0.0444 -0.1006 -0.1070 -0.1148 
~ 

0.1700 -0.2325 -0.2630 -0.2950 -0.0919 -0.0746 -0.0591 -0.1171 -0.1250 -0.1353 

0.2032 . -0.2638 -0.2928 -0.3225 -0.1104 -0.0898 -0.0707 -0.1290 -0.1373 -0.1505 

0.2501 -0.2995 -0.3288 -0.3550 -0.1360 -0.1100 -0.0880 -0.1439 -0.1512 -0.1685 

0.3020 -0.3288 -0.3564 -0.3752 -0.1626 -0.1320 -0.1062 -0.1539 -0.1635 -0.1792 

0.4032 -0.3532 -0.3775 -0.3875 -0.2073 -0.1699 -0.1374 -0.1606 -:0.1690 -0.1861 

0.5037 -0:3480 ~0.3680 -0.3788 -0.2410 -0.1992 -0.1617 -0.1555 -0.1650 -0.1805 

0.6033 -0.3125 -0.3295 -0.3413 -0.2526 -0.2142 -0.1726 -0.1404 -0.1461 -0.1612 

0.6500 -0.2850 -0.3020 -0.3146 -0.2486 -0.2129 -0.1726 -0.1298 -0.1344 -0.1461 
__. 

"?f 0.7021 -0.2512 -0.2663 -0.2780 -0.2388 -0.2078 -0.1660 -0.1147 -O.l195 -0.1285 

0.7503 -0.2200 -0.2330 -0.2418 -0.2231 -0.1962 -0.1562 -0.0988 -0.1043 -0.1117 

0.8032 -0.18 n -0.1925 -0.2000 -0.1987 -0.1717 -0.1361 -0.0792 -0.0856 -0.0913 

0.8524 -0.1375 -0.1488 -0.1552 -0.1672 -0.1435 -0.1126 -0.0613 -0.0671 -0.0704 

0.9035 -0.0925 -0.0988 -0.1035 -0.1191 -0.1063 -0.0824 -0.0425 -0.0475 -0.0483 

0.9301 -0.0662 -0.0713 -0.0755 -0.0902 -0.0824 -0~0630 -0.0310 -0.0344 -0.0352 
....... 

0.9702 -0.0280 -0.0312 -0.0330 -0.0410 -0.0371 -0.0296 -0.0146 -0.0152 -0.0159 

1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

_;: 



166 

TABLE 6. Excess Molar Volumes (VE),. Viscosity Deviations (ATJ) and Isentropic 
Compressibility Changes (AKs) for the N-Methylacetamide + Water mixtures at different mole 

.~~ fractions, at three temperatures. 

yE (cm3 mo1"1) Art (mPa s) AKs X 105 (baf1
) 

x(NMA)" 308.15 313.15 318.15 308.15 313.15 318.15 308.15 313.15 318.15(K) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.oooo· 0.0000 

0.0301 -0.1360 -0.1325. -0.1315 0.1956 0.1662 0.1490 -0.3533 -0.2400 -0.2133 
'•· 

0.0600 -0.2772 -0.2700 -0.2620 0.4120 0.3396 0.3011 -0.5703 -0.4933 -0.4435 

0.1002 -0.4450 -0.4350 -0.4310 0.7056 0.5733 0.4930 -0.7933 -0.7333 -0.6800 

0.1500 -0.6510 -0.6435 -0.6300 1.1200 0;8933 0.7399 -0.9250 -0.8700 -0.8250 
' -+ 0.1999 -0.8440 -0.8250 -0.8000 1.5131 1.2000 0.9867 -0.9755 -0.9166 -0.8664 

0.2450· -0.9700 -0.9535 -0.9300. . 1.7357 1.3947 . 1.1490 -0.9888 -0.9248 -0.8724 

0.3006 -1.0700 -1.0600 -1.0350 1.8813 1.5200 1.2600 -0.9710 -0.9017 -0.8500 

0.3502 -1.1125 -1.1000 -1.0880 1.9453 1.5850 1.3200 -0.9200 -0.8533 -0.8060 

0.4012 -1.1300 -1.1300 -1.1100 1.9600 1.6000 1.3366 -0.8360 -0.7766 -0.7338 

0.4501 -1.1210 -1.1225 -1.1060 1.9343 1.5867 1.3256 -0.7416 -0.6870 -0.6445 

0.5000 -1.0930 -1.0990 -1.0820 1.8710 1.5399 1.2774 :..o.6433 ::o.5911 -0.5500 

0.5502 -1.0465 -1.0500 -1.0390 1.7583 1A505 1.1967 -0.5526 -0.5000 -0.4616 

0.6018 -0:9745 -0.9740 -0.9670 1.5846 1.3132 1.0800 -0.4672 -0.4200 -0.3806 
' 

~ 0.6550 -0.8805 -0.8800 -0.8710 1.3628 1.1330 0.9357 -0.3861 -0.3422 -0.3074 

0.7019 -0.7900 ·-0.7890 -0.7800 ·1.1780 0.9766 0.8133 -0.3160 -0.2800 -0.2467. 

. 0.7551 -0.6700 -0.6660 -0.6600 0.9596 0.7973 0.6665 -0.2445 -0.2087 -0.1863 

0.8070 -0.5440 -0.5400 -0.5360 0.7399 0.6166 0.5233 -0.1833 -0.1533 -0.1355 

0.8450 -0.4400 -0.4395 -0.4300 0.5866 0.4900 0.4160 . -0.1419 -0.1147 -0.1040 

0.9015. -0.2800 -0.2800 -0.2755 0.3776 0.3046 0.2633 -0.0900 -0.0703 -0.0633 

0.9500 -0.1400 -0.1400 -0.1375 0.1932 0.1573 0.1333 -0.0444 -0.0328 -0.0300 

1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

.,· 



TABLE 7. Coefficients of Least -Square Fit by equation (5) for Excess Molar 
V{)lumes, Viscosity Deviations and Isentropic Compressibility Changes of 
N-Methylacetmide + 2-Methoxyethanol mixtures at 308.15, 313.15 and 318.15 K. 

-~~ 

Property Temp. Ao At A2 A3 At u (YE) 
(K) 

yE 308.15 -1.3817 0.5037 -0.1594 -0.2859 0.4126 0.002 
313.15 -1.4621 0.5591 -0.2733 -0.155-2 . 0.3H2 . 0.002 
318.15 -1.4928 0.6443 -0.6279 -0.0717 0.5042 0.006 

LlT) 308.15 -0:9521 -0.4792 -0.0435 -0.0037 0.0211 0.001 
313.15 -0.7940 -0.4502 -0.0791 -0.0123 0.0031 0.001 
318.15 -0.6482 -0.3582 0.0294 0.0048 -0.0773 0.001 

~' 
AKs 308.15 -0.6378 0.1729 0.1128 0.2058 -0.3862 0.002 

313.15 -0.6631 0.1852 0.0324 0.2014 -0.3215 0.002 
318.15 -0.7296 0.2455 0.0440 0.1434 -0.2766 0.002 

TABLE 8. C~efficients of Least -Square Fit by equation (5) for Excess Molar V-olumes, 
Viscosity Deviations and Isentropic Compressibility Changes of N-Methylacetamide + 
Water mixtures at 308.15, 313.15 and 318.15 K. 

Property Temp. Ao At A2 A3 At u (YE) 
(K) 

yE 308.15 ~.3872 1.7434 -0.3593 -0.8871 1.2388 . 0.007 
313.15 -4.3929 1.6890 -0.1248 -0.9063 1.0421 0.006 

;Jt: 318.15 -4.3396 1.5804 0.0160 -0.7844 0.8828 0.004 

AT) 308.15 7.4524 -4.9177 -0.4478 3.9205 -2.3466 0.032 
313.15 6.1492 . -3.6705 -0.9434 2.7013 -1.2185 0.022 
318.15 5.1063 -2.9198 -0.9254 1.9479- -0.5084 0.012 

AKs 308.15 -2.6676 3.2055 -1.5566 2.7700 -3.1008 0.022 
313.15 -2.2988 3.7868 -3.8487 0.7347 1.3313 0.024 
318.15 -2.1215 3.7966 -3.9381 0.1937 1.8652 0.027 
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Fi~ure-5. -(.a) .Shear Relaxation Time-(x) versus mole fraction of NMA .in NMA + 
ME mixture at three temperatures. 

-(b} ..8hear Relaxation Time (:r)-versus mole fraction .of NMA in NMA: + 
Water mixture at three temperatures. 
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Figure 6. (a) Excess Molar Volume (VE) versus mole fraction ofNMA in NJ'dA + 
' ·-ME -mkt-ures -a.t thJ:"ee temperatures. 

(b) Excess Motar Volume (-r) versus mole fraction of NMA in NMA + -
~ Water mixtures at three temperatures. 
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Figure 7_ .(a)-Viscosity.Deviations.(A:q) versus mole.fr.action of.NMA in NMA + 
ME mixture at three temperatures. 

(b)· Viscosity D.eviations -(Art) versus mole fraction of NMA in NMA + · 
Water mixture at three temperatures. 
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Figur.e 8. -(.a) Isentropic Compr-essibility Changes .(Ales-) .versus mole fraction 
of NMA in NMA + ME mixture at three temperatures. 

(b) Isentropic Compr.essibility Changes .(Ales) versus .mole fr.action 
ofNMA in NMA +Water mixture at three temperatures. 




