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Abstract 
In the present paper, we reported the accurately measured densities (q), speed of sound (u) and refractive index (nD) for the 
binary mixture of 1-butyl-3-methylimidazolium hexafluorophosphate [Bmim] [PF6] with N-vinyl-2-pyrrolidinone (NVP) 
as a function of concentration at six temperatures from 298.15 to 323.15 K at atmospheric pressure. From the measured 
density, speed of sound and refractive index, the excess molar volumes, V E, excess isentropic compressibilities, jE, excess 

m s 

speeds of sound, uE, excess molar isentropic compressibility, KE , deviation in refractive index, D/nD and deviation in 
molar refraction, DRM have been calculated and satisfactorily fitted using the Redlich–Kister polynomial equation. Partial 
molar volumes and molar isentropic compressibilities were calculated. Infinite dilution values of these derived thermo- 
dynamic properties have also been calculated. Evaluation of refractive index has been carried out by nine mixing rules, to 
investigate their validity for these mixtures over the entire mole fraction of [Bmim][PF6] at all investigated temperatures. 
Comparison of these approaches has been presented in terms of APD. Furthermore, the FTIR measurements of these 
mixtures are carried out at 298.15 K to study the complex formation between [Bmim][PF6] and NVP. Changes in the 
measured and calculated values of the physicochemical parameters as a function of temperature and composition of the 
mixture were analysed in terms of interactions. The results were used to quantitatively analyse the effects of organic 
solvent NVP with [Bmim] [PF6] and compared with other anions of [Bmim]. 

 
Keywords 1-Butyl-3-methylimidazolium hexafluorophosphate [Bmim] [PF6] · N-Vinyl-2-pyrrolidinone (NVP) · 
Excess properties · FTIR spectroscopy 

 
Introduction 

 
New methods of laboratory work as well as new tech- 
nologies increasingly require the use of solvents with 
desired properties. The solution may be the use of multi- 

         component   liquid   mixtures   instead   of   pure   solvents. 
Electronic supplementary material The online version of this 
article (https://doi.org/10.1007/s10973-018-7427-0) contains 
supplementary material, which is available to authorized 
users. 
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their thorough studies provide information not only about 
the interactions occurring in such systems, but also allow 
wider application of the investigated mixtures in practice 
[1]. The authors also show how one can get a lot of ther- 
modynamic data only from the density measurements 
without the use of complicated and labour-intensive 
calorimetric methods. 

The information of thermo- and physicochemical 
behaviour of ILs is especially important to plan new 
inventories including ILs and industrial processes [2]. The 
ILs are occupying the place of volatile organic compounds 
because of their negligible vapour pressures. The ILs as 
recyclable solvents have prompt diminishment in VOC 
emanations and furthermore to a practical utilization of 
beginning materials in industry [3]. 

ILs are specially known as architect solvents in the light 
of the fact that their properties can be changed to specific 
applications with interesting mixtures of cations and anions 
[4]. Apart from changing the cations and anions, an addi- 
tion of co-solvent to improve the physicochemical prop- 
erties of these designer solvents is also gaining scientific 
attention to scientific researchers to discover their novel 
applications [5–7]. 

From past 10–15 years, scientists as well as chemists 
initiated action to address environmental issues in a safe 
and gainful manner under the name ‘‘green chemistry’’ to 
highlight the judicious use of chemistry for prevention of 
pollution through environmentally conscious designing of 
chemical processes. So, solvents play a wider role in ana- 
lytical chemistry, product purification, extraction and sep- 
aration technologies. Therefore, to make chemistry more 
sustainable in these fields, knowledge of alternative, 
greener solvents or their mixtures were important in order 
to replace traditional organic solvents. 

There are some critical evaluation criteria for selecting 
novel working pairs such as to ensure high efficiency of 
absorption hydrodesulfurization (HDS) to be noncorrosive, 
to be nontoxic and to ensure secure operation and so on. 
The determination of the fitting ionic fluid and its capacity 
to extricate aromatic sulphur compounds is troublesome in 
these sorts of process. N-vinyl-2-pyrrolidinone is one of the 
particular advantages in decolorizing crude oil free from 
asphaltic constituents and as an adsorbent for sour gases 
from crude natural gas [8]. So, the combination mixture 
makes more advantage in petro-product extraction. 

This work is a continuation of our comprehensive study 
[9, 10] related to the study of acoustic, volumetric and 
refractive index properties of binary mixtures of ionic 
liquids with volatile organic compound of N-vinyl-2- 
pyrrolidinone (NVP) with the enhancement of temperature 
at ambient pressure (0.1 MPa). In spite of importance of 
properties of ILs with NVP, there is limited information 
available on the thermodynamic properties of IL mixtures 

with other fluids, and these properties are still lacking. The 
present study is therefore undertaken to evaluate the 
influence of particular specific interactions on the excess 
properties with the enhancement of temperature, and the 
presence of anion in the IL and the NVP. 

In the present study, we report the densities, q, speeds of 
sound, u and refractive indices, nD of binary mixtures of 
[Bmim][PF6] and NVP, over the entire composition range 
at temperatures (298.15–323.15) K and at atmospheric 
pressure. Pure liquids data were taken from our previous 
papers [9, 11]. Using the experimental data, the excess and 
excess partial molar volumes of the components at infinite 
dilution have also been calculated. The variations of these 
parameters with composition and temperature have been 
discussed in terms of intermolecular interactions prevailing 
in these mixtures. 

 
 

Experimental 
 

Materials 
 

The names, provenances and purities of the solutes used in 
this work are given in Table 1. The 1-butyl-3-methylimi- 
dazolium hexafluorophosphate [Bmim][PF6] was procured 
from Iolitec (Germany); the mass fraction purity of the 
ionic liquids (as stated by the manufacturer) is [ 0.99 with 
less than 100 ppm water content and less than 100 ppm 
halide ion concentration. In order to reduce the water 
content to negligible values, vacuum (0.1 Pa) and moderate 
temperature (60 °C) were applied to [Bmim][PF6] for 
several days, prior to use. After drying under vacuum and 
60 °C temperature, the water content was found to be 
within limits specified by the manufacturer (890 KF 
Titrando, Metrohm, USA) [12]. 

[BMIM][PF6] purity was checked through 1H-NMR on 
an advance DPX400 Bruker initial and after drying is 
shown in Figures 1S and 2S (supplementary material). 
NMR spectra are well matched with report conducted by 
Dupont et al. [13, 14] and utilized without further 
purification. 

1H NMR (CDCl3): d = 0.96 ppm (t, 3H, J = 7.21), 
d = 1.29 ppm (m, 2H), d = 1.78 ppm (m, 2H), 
d = 3.83 ppm (s, 3H), d = 4.09 ppm (t, 2H, J = 7.40), 
d = 7.25 ppm (d, 1H, J = 3.51), d = 7.30 ppm (d, 1H, 
J = 5.35), d = 8.35 ppm (s, 1H). 

In FTIR, three vibrational modes of water were 
detectable and did not increase much after exposure during 
a few hours to air. Water molecules were not hydrogen 
bonded to each other, as in this IL no band was 
detectable  in  the  range  of  3550–3250 cm-1.  All  these 
findings are comparable to the existing literature [15]. The 
intensities of the IL bands did not decrease by more than 1 
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Table 1 Specification of chemical samples 

Chemical name (CAS 
number) 

Source Initial mass 
fraction purity 

Purification 
method 

Final mass 
fraction purity 

Analysis 
method 

Water mass 
fraction (ppm) 

Water 
analysis 
method 

[Bmim][PF6] 
(174501-64-5) 

Iolitech, 
Germany 

> 0.995 Degassed 
under 

> 0.995 NA \ 40 Karl Fischer 

   vacuum     

N-Vinyl-2- Sigma- > 0.97 Fractional > 0.98 GCa \ 150 Karl Fischer 
pyrrolidinone (88- 
12-0) 

aGas chromatography 

Aldrich, 
India 

distillation 

 

or 2%. Therefore, it was not possible to quantify the 
probable small swelling of [Bmim][PF6] caused by the 
diffusion of water into the IL and found a good agreement 
with the literature [16]. 

NVP was procured from Sigma-Aldrich, USA, with 
mass fraction purity of 0.97 and was purified by the frac- 
tional distillation method under reduced pressure [17]. 
Purity was checked by gas chromatograph (GC), and water 
content of NVP was found less than 150 ppm [10]. The 
sample preparation was done as described in our previous 
publication [18]. The solutions were prepared by weighing 
with CPA-225D (Japan)   electronic   balance,   sensitive 
to ± 0.01 mg. The uncertainty in the mole fraction was 
estimated  to  be  within ± 1·10-4.  In  order  to  avoid  water 
absorption, the ionic liquid was used inside a glove box 
under argon. The scattered speed of sound values was 
graphically compared with George et al. [19], with our 
results in supplementary material, Figure 3S. In our opin- 
ion, the differences may be due to the measurement pro- 
cedure such as ultrasonic interferometer (Mittal 
Enterprises, New Delhi, India) operated at a fixed fre- 
quency of 2 MHz and some of issues such as purity of the 
NVP (97%). The density of [Bmim][PF6] was graphically 
compared       with       average       absolute       deviation 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 

–0.05 

–0.10 

–0.15 
295 300 305 310 315 320 325 

T/K 

 
Fig. 1 Graphical comparison density of [Bmim][PF6] with various 
researchers [20–27] 

 
(q = 997.075 kg m-3 at 298.15 K) supplied by Anton-Paar 
as described elsewhere. The standard uncertainties associ- 
ated with the measurements for temperature, density and 
speed     of     sound      were      estimated      to      be 
within ± 0.01 K, ± 0.8 kg m-3   and ± 1 m s-1,   respec- 
tively [28]. A third-order polynomial was used to fit the 
speed of sound as a function of concentration (bi), for pure 
substances and its binary mixture of [Bmim][PF6] with 
NVP are  listed in Table 1S and Fig 4S (Supplementary 

 
AAD ¼ ð100=nÞ 

Pn
 .qlit =qexp t — 1.   in Fig. 1 with the material). 

literature [20–27] at T = 298.15–323.15 K which agrees 
with literature values with a maximum absolute deviation 
less than 0.25%. 

 
Apparatus and procedure 

 
Densities and speed of sound were measured by an Anton 
Paar DSA 5000 M, high-precision vibrating tube digital 
densimeter and speed of sound measuring device, with 
automatic viscosity corrections. The instrument has a built- 
in thermostat to maintain the temperature between 0 and 
70 °C with a precision of ± 0.001 °C. Its piezo frequency 
is around 3 MHz. The densimeter was calibrated randomly 
with dry air at atmospheric pressure and triply distilled, 
freshly degassed and deionized water 

The refractive indices of pure components and binary 
mixtures were measured with an automatic digital preci- 
sion refractometer by Dr. Krenchen Abbemat HP (RXA170 
Heavy duty, Anton Paar, Austria) as described elsewhere 
[29]. The uncertainties in the temperature and refractive 
index measurements were estimated to be within ± 0.02 K 
and ± 0.0005, respectively. 

FTIR measurements of pure [Bmim][PF6], NVP and 
0.1–0.9 mol fractions of [Bmim][PF6] ? NVP mixtures 
were carried out with FTIR Spectrometer (Alpha FTIR, 
Bruker, Germany) with accessory Alpha E by using ATR 
technique  (400–4000) cm-1  with  4.0 cm-1  resolution  to 
investigate the strength of molecular associations in these 
mixtures. All spectrums were recorded at room tempera- 
ture. The IR data were analysed using OPUS 6.5 software. 

 
 

Ref [20]     Ref [21]     Ref [22]     Ref [23] 

Ref [24]     Ref [25]     Ref [26]     Ref [27] 
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Theory 
 

Excess properties 

 
The deviation in refractive index, D/nD, has been cal- 

culated on the basis of volume fraction [35] as 

 

To understand the molecular interactions of [Bmim][PF6] 
D/nD ¼ nD — 

h
/1ðn 

 

D;1 Þ þ /2ðn 
 

D;2 Þ
2
i1=2 

ð8Þ 

? NVP the thermophysical properties such as density, q, 
speed of sound, u, and refractive index, nD, were deter- 
mined over the mole fraction range at temperature range 

Molar refraction, RM, was obtained from experimental 
refractive index data by using the following expression 

 
n2 — 1

 
 

 
 

 
 

from T/K = 298.15–323.15, at atmospheric pressure and given in Table 2. Excess molar volume (VE), excess RM ¼ D Vm
 

n2 þ 2 
isentropic compressibility (jE), excess molar isentropic The deviation in molar refraction, DRM, has been calcu- 
compressibility (KE ), excess speed of sound (uE) and lated by using the following expression [35] 

deviation refractive index (DnD) were calculated from the 
experimental density, speed of sound and refractive index 
measurement by the relationships [30–32]: 

DRM ¼ R — ðx1RM;1 þ x2RM;2Þ ð9Þ 

The values of V E, jE KE , uE, DRm as functions of mole 

VE ¼ Vm — Vm ð1Þ 
fraction, x1 of [Bmim][PF6] and temperature for both the 
systems are presented in Table 3. 

jE ¼ js — jid ð2Þ The excess values of the above parameters for the 
s 

E 
S;M 

s 

¼ KS;M — KS;M ð3Þ 
mixtures have been fitted to the Redlich–Kister [36] 
polynomial equation 

uE ¼ u — uid ð4Þ 

The thermodynamic properties of molar volume Vm, the 
YE ¼ x1x2 

n 
 

i¼1 

Aið2x1 — 1Þ ð10Þ 

coefficient of thermal expansion, ap, and the isentropic where YE is VE, jE, KE   and uE, D/nD, DRm and aE. The 
m s s;m p 

compressibility, jS values are derived directly from the 
experimental measurements with density q, and speed of 
sound, u. 

equation coefficients, Ai, obtained by the method of least 
squares with equal weights assigned to each point were 
calculated along with the standard deviation r (YE). The 

a 
1

 
Dq
 

 
 

 

ð5Þ coefficients were adjustable parameters for a better fit of 

p ¼ — 
q
 DT   p the excess functions. 

The standard deviation r(YE) is calculated using, 
In this work, ap values are obtained from a linear depen- 0P 211=2 

  
 

 

dence of q with T. The Cp values of the pure liquids at investigated temperatures have been taken from our pre- rðYEÞ¼ 
B
@ E 

exp t 

— Ycal A ð11Þ 

vious papers [9, 20]. 
 

Excess isobaric thermal expansivity 
 

To extend an understanding of the molecular interaction of 
the solution during mixing, excess isobaric thermal 
expansivity was calculated for the investigated composi- 
tion [33], and to know more the difference between 
numerical (Eq. 5) and analytical methods (Eq. 6) [34] is of 
isobaric thermal expansion. For more clarity, authors cal- 

ðm — nÞ 

where m is equal to the number of experimental points, n is 
the number of Ai coefficients considered (n ? 1 in the 
present study). The optimal number of Ai coefficients has 
been determined statistically by performing F-test. If the p 
value is small, we can accept the null hypothesis. Then 
only we can consider the F-value. In other words, p value 
and F-value should both be statistically significant in order 
to correctly interpret the results. The coefficients, Ai and 

E corresponding standard deviations, r fit of V E, jE KE , uE, 
culated the excess thermal expansivity (ap ). 

By analytically, ap can be calculated as 
 

oq
  

 
 

  

m s s;m 

D/nD, DRm, aE, standard error, F-values and p values are 

given in Table 4. The variations of VE, jE, KE , uE, D/nD 

   
 

2 
aE=ðK—1Þ¼ ap — aid ¼ ðoVm=oTÞ =Vm — 

 
/ia

ω 
 

ð7Þ 

smoothed values from Eq. (10) at studied temperatures are 
shown graphically in Figs. 2, 4–7, 5S and 6S, respectively. 

p p p 
i¼1 

p;i 

with mole fraction, x1, along with and DRm and aE ð6Þ 
p oT 

E Y 

D 

K 

i 

C 



Volumetric, acoustic and spectroscopic approaches to understand the molecular 
interactions… 

1 3 

 

 

m;1 Ym;2 ¼ Ys   þ Ym;2 — x1 
s 

 

Table 2 Densities, q, speeds of sound, u, refractive index, nD as a function of mole fraction, x1 of [Bmim][PF6] for [Bmim][PF6] ? NVP binary 
mixtures at the temperatures, T = (298.15–323.15) K and at pressure p = 0.1 MPa 

 

x1 T/K  

 298.15 303.15 308.15 313.15 318.15 323.15 

q/(kg m-3)       

0.0000 [8] 1039.4 1035.0 1030.6 1026.1 1021.7 1017.3 

0.1011 1102.5 1098.2 1094.0 1089.7 1085.4 1081.1 

0.2059 1156.1 1151.9 1147.7 1143.5 1139.2 1135.1 

0.3019 1197.0 1192.8 1188.7 1184.5 1180.3 1176.2 

0.3937 1230.3 1226.2 1222.0 1217.9 1213.7 1209.6 

0.5023 1264.0 1259.9 1255.7 1251.6 1247.4 1243.3 

0.5840 1286.0 1281.8 1277.6 1273.5 1269.3 1265.2 

0.6946 1311.9 1307.8 1303.6 1299.4 1295.2 1291.0 

0.7788 1329.3 1325.1 1320.9 1316.7 1312.5 1308.3 

0.8707 1346.3 1342.1 1337.9 1333.6 1329.4 1325.2 

1.0000 [10] 

u/(m s-1) 

1367.2 1363.0 1358.7 1354.5 1350.2 1346.0 

0.0000 [8] 1521.5 1502.5 1483.7 1465.0 1446.5 1428.1 

0.1011 1515.9 1498.9 1481.8 1464.7 1447.8 1431.1 

0.2059 1506.0 1490.1 1474.2 1458.3 1442.6 1427.0 

0.3019 1496.4 1481.4 1466.3 1451.4 1436.6 1422.0 

0.3937 1487.8 1473.5 1459.2 1444.9 1430.9 1416.9 

0.5023 1477.6 1463.9 1450.2 1436.7 1423.4 1410.2 

0.5840 1470.5 1457.4 1444.3 1431.2 1418.4 1405.7 

0.6946 1461.5 1449.1 1436.4 1423.9 1411.6 1399.4 

0.7788 1455.7 1443.4 1431.1 1419.0 1407.0 1395.1 

0.8707 1449.9 1437.9 1425.8 1414.0 1402.3 1390.8 

1.0000 [10] 1443.8 1431.7 1419.8 1408.2 1396.8 1385.6 

nD       

0.0000 [8] 1.5104 1.5081 1.5058 1.5035 1.5012 1.4989 

0.1011 1.4953 1.4932 1.4910 1.4889 1.4868 1.4847 

0.2059 1.4808 1.4788 1.4769 1.4749 1.4729 1.4710 

0.3019 1.4686 1.4667 1.4649 1.4631 1.4612 1.4594 

0.3937 1.4578 1.4561 1.4544 1.4526 1.4509 1.4492 

0.5023 1.4463 1.4447 1.4430 1.4414 1.4398 1.4382 

0.5840 1.4384 1.4369 1.4353 1.4338 1.4323 1.4307 

0.6946 1.4290 1.4275 1.4260 1.4246 1.4231 1.4216 

0.7788 1.4227 1.4213 1.4198 1.4184 1.4170 1.4155 

0.8707 1.4166 1.4153 1.4139 1.4125 1.4111 1.4097 

1.0000 [10] 1.4097 1.4084 1.4071 1.4057 1.4043 1.4029 

Standard  uncertainties  s  are  s(T) = ± 0.01 K,  s(x) = ± 1.0 9 10-4,  s(q) = ± 0.8 kg m-3,  s(u) = ± 1 m s-1,  s(nD)  = ± 0.0005,  s(T)  for  nD- 
= ± 0.02 K, and s(p) = ± 1.0 kPa 

 
Partial molar properties 

E ω oYE  
 

 

 
 

In addition to other volumetric properties (partial molar 
Ym;1 ¼ Ys  þ Ym;1 þ x2 s 

ox1 T;p 
ð12Þ 

 
  

volumes and partial molar compressibility) Y and Y 
 

E ω oYE  
 

  
investigated system have been determined using the fol- 
lowing equations where  Y  is  V  or  Ks  where  Ym

ω 
;1   and  Ym

ω 
;2   are  the  molar 

components of pure components IL and NVP, respectively. 

T;p ox1 of IL and NVP over the entire concentration range in 
m;2 ð13Þ 
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X◦ 

m;i 

m;1 m;2 

m 

m;1 m;2 

K◦ 

m 

s 

s;m 

m;1 m;1 m;1 

m;2 m;2 m;2 

þ x2 
X 

Aið1 — 2x1Þ
i 
— 2x1x2 

X 
Aið1 — 2x1Þ

i—1
 

1 1 

Ym;i ¼ Ym þ ð1 — x1Þ m oxi 

 
0.00 in  [Bmim][PF6].  Therefore,  Y◦

m;1   is  obtained  by  setting 
x1 = 0 which leads to 

 
–0.20 Y

◦

m;1  ¼ Ym
ω 

;1  þ 

n 
 

i¼0 

Aið—1Þ ð17Þ 

 

–0.40 

 
 

–0.60 

 
 

–0.80 

 
 

–1.00 

Similarly, setting x2 = 0 leads to 

n 

Ym;2  ¼ Ym
ω 

;2  þ Ai ð18Þ 
i¼0 

here Y◦
m;1  and Y◦

m;2  represent the partial molar properties of 
[Bmim][PF6] at infinite dilution in NVP and the partial 
molar properties of NVP at infinite dilution in 
[Bmim][PF6], respectively. 

Excess partial molar properties at infinite dilution Y
◦;E 

for each component in binary liquid mixtures are evaluated 
through relations 

Y◦;E  
¼ Y◦ 

— Yω ð19Þ 
 

–1.20 Y◦;E  
¼ Y◦ 

— Yω ð20Þ 

x1 The variations of VE
 and V 

E
 

E 
s;m;1 

E 
s;m;2 with 

Fig. 2 Plots of excess molar volume, VE versus mole fraction, x1 of 
[Bmim][PF6] for [Bmim][PF6] ? NVP binary mixtures at tempera- 
tures,  T/K = 298.15,  r;  At  T/K = 303.15,  ■;  T/K = 308.15,  m;  T/ 
K = 313.15, 9; T/K = 318.15, h; T/K = 323.15, D. The points 
represent experimental values, and lines represent values calculated 
from Eq. (10) using the coefficients given in Table 4 

composition and temperature are listed in Tables 3S–4S as 
given in supplementary material and are presented graph- 
ically in Figs. 8 and 9, respectively. 

The values of partial molar properties, Y◦
m;1  and Y◦

m;2, of 
[Bmim][PF6] and NVP at infinite dilution are calculated by 
using Eqs. (17)–(18), and the excess partial molar proper- 

The derivative ðoYE=ox Þ 
 

in Eqs. (12) and (13) was ties, Y◦E    and Y◦E    at infinite dilution are calculated using 
 

   

s 1 T;p Eqs. (19) and (20). The values of V 
◦
 , V ω , V 

◦E , V 
◦   , 

obtained by differentiation, which lead to the following 
 

  

Vω and V◦E  ; and K◦
 , Kω 

m;1 

, K◦E 
m;1 

, K◦
 

m;1 
, Kω 

m;2 
and 

equations for Ym;1 and Ym;2. m;2 m;2 s;m;1 s;m;1 s;m;1 s;m;2 s;m;2 

Ym;1  ¼ Y
ω
m;1 

E 
s;m;2 for the binary mixtures at each investigated tem- 

j j perature are listed in Tables 5 and 6, respectively. 
 

2 
 
 

 

Ym;2  ¼ Y
ω
m;2 

 
i¼0 

 
 

j 

 

2 
i¼0 

 
 

j 

 
ð14Þ 

 
Results and discussion 

 
Excess properties 

þ x2 
X 

Aið1 — 2x1Þ
i 
þ 2x2x2 

X 
Aið1 — 2x1Þ

i—1
 

i¼0 i¼0 (u), refractive index (nD ) were used to calculate excess 
ð15Þ 

Ym
ω 

;1  and Ym
ω 

;2  are the molar properties of pure components, 
properties such as excess molar volume (VE), isentropic 
compressibility (jE), excess molar isentropic compress- 

and the excess partial molar properties are calculated by ibility (KE ), excess speed of sound (uE), deviation in 
the following relations [37, 38], 

E E 
 

oYE, 

refractive index D/nD, and deviations in molar refractive 
index (DRm) of the binary mixtures over the entire com- 

 

 

We are interested to evaluate the partial molar properties of 
[Bmim][PF6] at infinite dilution (x1 = 0) in NVP, and the 
partial molar properties of NVP at infinite dilution (x2 = 0) 

listed in Table 2. The variation of pure values of q, u and 
nD with temperature is found to be linear, whereas variation 
of q, u and nD with mole fraction is found to be nonlinear. 

position range and at 298.15–323.15 K temperatures are 
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Table 3 Excess molar volume (V E), excess isentropic compressibil- refraction (DRM) and excess isobaric expansivity (aE) as a function of 
ity (jE), excess molar isentropic compressibility (KE ), excess speed mole fraction, x of [Bmim][PF ] for [Bmim][PF ] ? NVP at the 

s s;m 1 6 6 

of sound (uE), deviation in refractive index (D/nD), deviation in molar temperatures T = (298.15–323.15) K at pressure p = 0.1 MPa 

x1 V E  106/m3 mol-1 jE  1010/m2 N-1 KE 1014/m5 N-1 mol-1 uE  10-2/m s-1 106.DRM/m3  mol-1 102
·D/nD aE/kK-1 

 

298.15 K  

0.1011 - 0.461 - 0.109 - 0.141 0.174 0.071 - 0.117 - 2.137 

0.2059 - 0.759 - 0.159 - 0.224 0.259 0.104 - 0.442 - 3.886 

0.3019 - 0.906 - 0.170 - 0.260 0.282 0.102 - 0.639 - 5.045 

0.3937 - 0.959 - 0.163 - 0.266 0.272 0.076 - 0.540 - 5.745 

0.5023 - 0.930 - 0.139 - 0.246 0.233 0.025 - 0.708 - 6.047 

0.5840 - 0.857 - 0.116 - 0.217 0.194 - 0.019 - 0.440 - 5.893 

0.6946 - 0.698 - 0.081 - 0.163 0.134 - 0.070 - 0.596 - 5.162 

0.7788 - 0.540 - 0.054 - 0.116 0.089 - 0.092 - 0.492 - 4.200 

0.8707 - 0.335 - 0.028 - 0.065 0.045 - 0.086 - 0.196 - 2.750 

303.15 K        

0.1011 - 0.481 - 0.115 - 0.150 0.178 0.064 - 0.115 - 2.204 

0.2059 - 0.790 - 0.169 - 0.240 0.266 0.095 - 0.434 - 4.012 

0.3019 - 0.942 - 0.182 - 0.278 0.291 0.092 - 0.629 - 5.216 

0.3937 - 0.997 - 0.174 - 0.286 0.282 0.066 - 0.530 - 5.945 

0.5023 - 0.967 - 0.150 - 0.265 0.244 0.016 - 0.696 - 6.263 

0.5840 - 0.891 - 0.125 - 0.234 0.203 - 0.026 - 0.431 - 6.108 

0.6946 - 0.724 - 0.088 - 0.177 0.142 - 0.074 - 0.586 - 5.354 

0.7788 - 0.559 - 0.060 - 0.127 0.096 - 0.094 - 0.484 - 4.359 

0.8707 - 0.347 - 0.031 - 0.072 0.049 - 0.087 - 0.192 - 2.855 

308.15 K        

0.1011 - 0.500 - 0.122 - 0.160 0.182 0.059 - 0.110 - 2.273 

0.2059 - 0.821 - 0.179 - 0.256 0.273 0.087 - 0.424 - 4.143 

0.3019 - 0.981 - 0.194 - 0.297 0.299 0.083 - 0.616 - 5.392 

0.3937 - 1.037 - 0.186 - 0.305 0.290 0.058 - 0.516 - 6.151 

0.5023 - 1.004 - 0.160 - 0.284 0.252 0.011 - 0.681 - 6.485 

0.5840 - 0.924 - 0.134 - 0.251 0.211 - 0.029 - 0.419 - 6.328 

0.6946 - 0.751 - 0.094 - 0.191 0.149 - 0.076 - 0.573 - 5.550 

0.7788 - 0.580 - 0.064 - 0.137 0.100 - 0.094 - 0.473 - 4.520 

0.8707 - 0.360 - 0.034 - 0.077 0.052 - 0.086 - 0.186 - 2.961 

313.15 K        

0.1011 - 0.521 - 0.129 - 0.170 0.184 0.054 - 0.105 - 2.345 

0.2059 - 0.856 - 0.190 - 0.271 0.277 0.081 - 0.413 - 4.281 

0.3019 - 1.021 - 0.205 - 0.316 0.305 0.077 - 0.600 - 5.577 

0.3937 - 1.078 - 0.197 - 0.324 0.297 0.054 - 0.500 - 6.366 

0.5023 - 1.044 - 0.170 - 0.302 0.259 0.008 - 0.662 - 6.718 

0.5840 - 0.960 - 0.142 - 0.267 0.218 - 0.030 - 0.403 - 6.558 

0.6946 - 0.780 - 0.100 - 0.203 0.154 - 0.075 - 0.557 - 5.756 

0.7788 - 0.602 - 0.068 - 0.147 0.104 - 0.092 - 0.460 - 4.689 

0.8707 - 0.373 - 0.036 - 0.083 0.054 - 0.084 - 0.178 - 3.074 

318.15 K        

0.1011 - 0.541 - 0.137 - 0.181 0.188 0.049 - 0.101 - 2.404 

0.2059 - 0.886 - 0.201 - 0.289 0.284 0.073 - 0.403 - 4.396 

0.3019 - 1.056 - 0.217 - 0.336 0.313 0.070 - 0.587 - 5.733 

0.3937 - 1.114 - 0.209 - 0.346 0.306 0.047 - 0.487 - 6.551 

0.5023 - 1.078 - 0.180 - 0.322 0.267 0.004 - 0.647 - 6.920 

0.5840 - 0.990 - 0.151 - 0.285 0.225 - 0.033 - 0.390 - 6.760 
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Table 3 (continued) 

 
m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Standard   uncertainty   s(T) = ± 0.01 K,   s(x) = ± 1.0 9 10-4,   s(q) = ± 0.8 kg m-3,   s(u) = ± 1 m s-1,   s(nD) = ± 0.0005,   s(T)   for   nD- 
= ± 0.02 K, s(p) = ± 1.0 kPa 

 

The deviation of V E, jE, KE , uE and DRm with mole volume:  NVP = 106.93 cm3 mol-1  at  T = 298.15 K)  into 
m s s;m 

fraction of [Bmim][PF6] and temperature for the studied 
binary mixtures along with smoothed R–K equation values 
(Table 4) are graphically depicted in Figs. 2, 4–7 at T/ 
K = 298.15–323.15, respectively. 

It has been stated [37–40] that VE and jE values of the 

the voids present in bigger [Bmim][PF6] molecules (molar 
volumes = 207.85 cm3 mol-1   at   T = 298.15 K).   Contri- 
butions emerging from the geometrical fitting of smaller 
molecules into the voids accessible in the structure of 
bigger molecules were likewise considered by others 

m s [40, 41] for translating negative VE values for binary 
binary mixtures result from the contributions due to the 
physical, chemical and structural characteristics of the 
component liquids. The physical contributions comprise 
dispersion forces and non-specific physical (weak) inter- 
actions, which lead to positive V E and jE values. The 
chemical contributions involve breaking up the associates 
present in the pure liquids, resulting in positive VE and 
values. These contributions also involve specific interac- 
tions such as formation of H-bonding, charge transfer 
(donor–acceptor) complexes, and ion–dipole interactions 
between the component molecules of the mixture, resulting 

m 

mixtures that contains molecules of different molecular 
sizes. Therefore, the geometrical impact due to interstitial 
fitting of NVP molecules in the interstices of ionic liquids, 
and the ion–dipole interactions between highly polar NVP 
molecules and imidazolium ring of the ionic liquids con- 
tributes to the negative values of V E [42, 43]. 

There is a systematic decrease in V E for all the systems 
with the rise in temperature. A comparison of the data at 
different temperatures reveals that the temperature coeffi- 
cient 

in negative VE  and jE values. The structural contributions E, 
are due to the geometrical fitting (favourable/unfavourable) 
of the molecules of very different molecular sizes into each 
other’s structures resulting in negative or positive V E and 
jE values. 

Instead of our craving, the negative VE values suggest 
the formation of strong ion–dipole interactions between 
ions formed by ionic liquid [Bmim?] and [PF—] and 
dipoles of NVP molecules. In this present binary system, 
the structural contributions are predominant. The compo- 
sition and temperature dependence of V E for the studied 
mixtures may be explained based on structural contribu- 
tions arising from interstitial accommodation and changes 
of free volume. Another source of negative contribution to 
V E may be from the fitting of small NVP molecules (molar 

p 
 

is negative, indicating that there is a formation of asso- 
ciated species between [Bmim][PF6] ? NVP mixture with 
a rise in temperature, which results in a contraction in 
volume of the mixture and hence negative VE values. 

We graphically compared our VE results with the mix- 
tures of 1-butyl-3-methylimidazolium with different anions 
BF4 [9], PF6 and NTf2 [10] in Fig. 3 at 298.15 K. The 
degree of their influence depends on the nature of anion 
and cation of the ionic liquids, and the nature of the organic 
compounds. This suggests that the strength of interactions 
in these  mixtures  follows  the  sequence  of 
[Bmim][PF6] [ [Bmim][BF4] [ [Bmim][NTf2]. 

x1 V E  106/m3 mol-1 jE  1010/m2 N-1 KE    1014/m5 N-1 mol-1 uE  10-2/m s-1 106.DRM/m3  mol-1 102·D/nD aE/kK-1 
s s;m p 

0.6946 - 0.805 - 0.107 - 0.217 0.160 - 0.076 - 0.545 - 5.937 

0.7788 - 0.621 - 0.073 - 0.157 0.109 - 0.092 - 0.450 - 4.840 

0.8707 - 0.384 - 0.039 - 0.089 0.057 - 0.083 - 0.173 - 3.174 

323.15 K 

0.1011 
 
- 0.564 

 
- 0.146 

 
- 0.193 

 
0.191 

 
0.043 

 
- 0.098 

 
- 2.477 

0.2059 - 0.923 - 0.214 - 0.308 0.290 0.064 - 0.395 - 4.538 

0.3019 - 1.099 - 0.231 - 0.358 0.321 0.059 - 0.576 - 5.926 

0.3937 - 1.158 - 0.222 - 0.369 0.314 0.037 - 0.476 - 6.779 

0.5023 - 1.121 - 0.192 - 0.343 0.275 - 0.004 - 0.635 - 7.168 

0.5840 - 1.028 - 0.161 - 0.304 0.232 - 0.039 - 0.380 - 7.007 

0.6946 - 0.835 - 0.114 - 0.232 0.165 - 0.079 - 0.534 - 6.159 

0.7788 - 0.644 - 0.078 - 0.168 0.113 - 0.094 - 0.441 - 5.023 

0.8707 - 0.398 - 0.041 - 0.095 0.059 - 0.084 - 0.168 - 3.295 
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Table 4 Coefficients Ai of 
 

 

T/K A1 A2 r SE F-value p value 
Eq. (10) along with standard    
deviations r of binary mixture 
properties 

VE  106 m3 mol-1 
 
 
 
 
 
 
 

jE  1010  m2  N-1 

 
 
 
 
 
 

 
s;m 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D 

 
 
 
 
 
 
 
 

An ultrasonic study is one of the best tools to understand 
 

perusal of Figs. 4 and 5 also shows that jE and KE 
 

values 
s s;m 

the   nature   of   interactions   between solute–solute   and 
solute–solvent or solvent–solvent in the mixture [44]. 

become more negative as the temperature is increased from 
298.15 to 323.15 K. With the increase in temperature, the 

Nonlinear  variation  of  jE and KE as a function of kinetic energy of the molecules increases, and a large 
[Bmim][PF6] of the liquid mixture is sufficient evidence for 
the existence of molecular interactions in solutions. A 

number of free NVP molecules would be available in the 
mixture due to breaking of hydrogen bonds and move 

m  

298.15 - 3.787 1.302 0.353 0.013 13,772.50 7.11 9 10-15 

303.15 - 3.935 1.367 0.367 0.014 13,769.49 7.11 9 10-15 

308.15 - 4.088 1.433 0.381 0.015 13,980.95 6.69 9 10-15 

313.15 - 4.250 1.502 0.396 0.015 13,410.77 7.91 9 10-15 

318.15 - 4.391 1.569 0.410 0.016 12,642.82 1.00 9 10-14 

323.15 - 4.563 1.649 0.426 0.017 12,349.60 1.10 9 10-14 
 

s       

298.15 - 0.591 0.563 0.064 0.008 1182.19 1.29 9 10-10 

303.15 - 0.635 0.592 0.068 0.008 1219.77 1.14 9 10-10 

308.15 - 0.677 0.624 0.073 0.008 1251.73 1.03 9 10-10 

313.15 - 0.718 0.657 0.077 0.009 1256.32 1.01 9 10-10 

318.15 - 0.764 0.694 0.082 0.009 1265.00 9.87 9 10-11 

323.15 - 0.812 0.735 0.087 0.010 1266.58 9.82 9 10-11 

KE   1014 m5 N-1  mol-1      

298.15 - 0.998 0.603 0.099 0.003 20,593.72 1.42 9 10-15 

303.15 - 1.076 0.630 0.106 0.003 20,283.25 1.51 9 10-15 

308.15 - 1.151 0.665 0.113 0.003 20,446.22 1.46 9 10-15 

313.15 - 1.225 0.702 0.120 0.004 19,676.84 1.71 9 10-15 

318.15 - 1.307 0.743 0.128 0.004 19,239.39 1.87 9 10-15 

323.15 - 1.394 0.791 0.137 0.004 18,695.73 2.09 9 10-15 

uE 102 m s-1       

298.15 0.979 - 0.924 0.107 0.010 1814.67 2.34 9 10-11 

303.15 1.020 - 0.928 0.110 0.010 2016.31 1.54 9 10-11 

308.15 1.054 - 0.936 0.113 0.010 2201.12 1.08 9 10-11 

313.15 1.080 - 0.942 0.115 0.010 2388.76 7.81 9 10-12 

318.15 1.113 - 0.953 0.118 0.009 2601.76 5.55 9 10-12 

323.15 1.144 - 0.967 0.121 0.009 2812.94 4.07 9 10-12 

DRm  106 m3 mol-1 

298.15 0.076 - 1.027 0.072 0.006 636.98 1.52 9 10-09 

303.15 0.041 - 0.991 0.070 0.007 553.63 2.65 9 10-09 

308.15 0.019 - 0.951 0.067 0.007 475.89 4.83 9 10-09 

313.15 0.007 - 0.905 0.064 0.007 401.49 9.47 9 10-09 

318.15 - 0.012 - 0.866 0.061 0.007 339.15 1.85 9 10-09 

323.15 - 0.046 - 0.825 0.058 0.008 293.19 3.28 9 10-09 

nE 102      

298.15 - 24.141 - 0.527 2.224 0.010 636.98 1.52 9 10-09 

303.15 - 24.999 - 0.652 2.304 0.012 553.63 2.65 9 10-09 

308.15 - 25.881 - 0.765 2.386 0.013 475.89 4.83 9 10-09 

313.15 - 26.803 - 0.888 2.471 0.015 401.49 9.47 9 10-09 

318.15 - 27.603 - 1.036 2.546 0.017 339.15 1.85 9 10-08 

323.15 - 28.585 - 1.203 2.638 0.019 293.19 3.28 9 10-08 
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Fig. 3 Comparative excess molar volume of NVP for [BMIM][NTf2] 
(■); [BMIM][BF4] (r); [BMIM][PF6] (m) at T/K = 298.15 

 
 
 

towards C2 atom of imidazolium ring due to completely 
dissociated ionic liquid at higher temperature. Therefore, at 
higher temperature the ion–dipole interactions between 
unlike molecules (ions from ionic liquid and dipoles of 
NVP) become more significant due to availability of 
greater number of amide dipoles, leading to the contraction 
in volume, thereby decreasing the volume and compress- 
ibility of the mixture. This may be explained as follows: 

The one kind of properties of imidazolium cations is 
established in the electrostatic attraction of the aromatic 
cations. The electrostatic fascination of these salts contains 
delocalized 3-centre-4-electron configuration across the 
N1–C2–N3 moiety, a twofold bond between C4 and C5 at 
the inverse side of the ring and a powerless delocalization 
in the central region [45]. The hydrogen radicals C2–H, C4– 
H, and C5–H convey nearly a similar charge, yet carbon C2 
is decidedly charged inferable from the electron deficiency 
in the C=N bond, whereas C4 and C5 are practically neu- 
tral. The subsequent causticity of the hydrogen atoms is the 
key tip to comprehend the properties of these ionic liquids. 
The hydrogen on the C2 carbon (C2–H) has been appeared 
to cling particularly with the solute molecules [46, 47]. It 
appears to be that the hydrogen atom at C2 (between 
nitrogen atoms) can be viewed as acidic to shape a strong 
hydrogen bond with oxygen atom of NVP. This presump- 
tion has been affirmed by Crosthwaite et al. [48]. 

–0.25 
0.0 0.2 0.4 0.6 0.8 1.0 

x1 
 

Fig. 4 Plots of excess molar compressibility, jE versus mole fraction, 
x1 of [Bmim][PF6] for [Bmim][PF6] ? NVP binary mixtures at 
temperatures, T/K = 298.15, r; At T/K = 303.15, ■; T/K = 308.15, 
m; T/K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, D. The points 
represent experimental values, and lines represent values calculated 
from Eq. (10) using the coefficients given in Table 4 

 
 
 

As expected, the uE exhibit positive values in the binary 
mixture at the investigated temperature range. In general, 
positive deviations in uE indicate the presence of signifi- 
cant interactions and negative deviations in uE indicate 
weak interactions between the unlike molecules in the 
mixtures [49, 50]. The positive uE values suggest the for- 
mation of significant ion–dipole interactions between the 
ions [Bmim?] and [PF—] formed by ionic liquid and 
dipoles of NVP molecules.  At  higher  mole  fractions 
(x1 [ 0.9), the interactions between like molecules IL–IL 
and NVP–NVP seem dominating in these binary mixtures. 
The observed positive values of uE for these binary mix- 
tures indicate strong interactions involving the formation of 
ion–dipole and hydrogen bonding between the component 
molecules of the mixture. Thus, the trends of uE versus x1 
(Fig. 6) strongly support the behaviour of VE and jE for 
these mixtures. 

The results presented in Fig. 5S indicate that D/nD 
values are negative for these mixtures over the entire mole 
fraction range at all investigated temperatures. In general, 
the positive deviations in Dn values (on volume fraction 
dependence basis) are considered due to the presence of 
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Fig. 5 Excess molar isentropic compressibilities KE 

 
versus mole 

Fig. 6 Excess speed of sound uE versus mole fraction, x1 of 
[Bmim][PF6] for [Bmim][PF6] ? NVP binary mixtures at tempera- 

fraction, x1 of [Bmim][PF6] for [Bmim][PF6] ? NVP binary mixtures 
at    temperatures,    T/K = 298.15,    r;    At    T/K = 303.15,    ■;    T/ 
K = 308.15, m; T/K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, 
D. The points represent experimental values, and lines represent 
values calculated from Eq. (10) using the coefficients given in 
Table 4 

 
 
 

significant interactions in the mixtures, whereas negative 
deviations in D/nD values indicate weak interactions 
between the components of the mixture [51]. The D/nD 
values decrease with the increase in temperature for each 
binary mixture, indicating that the ion–dipole interactions 
between unlike molecules decrease due to less availability 
of NVP dipoles. 

The outcomes introduced in Fig. 7 demonstrate that 
DRm values likewise show sigmoid pattern with positive 
DRm values at low mole parts (x1 \ 0.5) of [Bmim][PF6] 
and negative DRm values at higher mole parts (x1 [ 0.5) of 
[Bmim][PF6] in these binary mixtures at each examined 
temperature. Positive values of DRM indicate strong 
intermolecular interactions, while negative values indicate 
weak intermolecular interactions (dispersion forces/ion– 
dipole interactions). All in all, the positive deviations in 
DRm values (on volume part reliance premise) are con- 
sidered because of nearness of huge communications in the 

tures,  T/K = 298.15,  r;  At  T/K = 303.15,  ■;  T/K = 308.15,  m;  T/ 
K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, D. The points 
represent experimental values, and lines represent values calculated 
from Eq. (10) using the coefficients given in Table 4 

 

 
demonstrating that the ion–dipole interactions between 
dissimilar molecules increase because of accessibility of 
more NVP dipoles on softening of affiliations present in 
ideal NVP. 

A comparison of isobaric thermal expansivity (ap) data 
in Table 2S with reported values reveals a fairly consistent 
between the two, and the AAD between both was ± 0.4% 
for IL and NVP is ± 0.1% which can be considered quite 
acceptable. Thus, the density data were precise enough to 
allow the accurate determination of the temperature 
dependence of ap for liquids using the incremental method. 
Here in our case the density values are linearly decrement 
w.r.t temperature. Figure 6S shows the aE values obtained 
against composition; it is clearly observed that mixtures 
exhibit relatively small or negligible change in this excess 
quantity. 

 
Partial molar quantities 

 
A perusal of Figs. 8 and 9 (Supplementary material 

mixtures, though negative deviations in DRm values indi- Tables 3S & 4S) indicates that the values of V 
E

 and VE    ; 
cate frail collaborations between the segments of the 
mixture [30, 51]. The DRm values increase with the 

E 
s;m;1 

E 
s;m;2 are negative for both the binary mixtures 

increase in temperature for this binary mixture, over the whole composition range. This suggests that the 
molar volumes (or) molar isentropic compressibilities of 
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Fig. 7 Deviation in molar refraction DRM versus mole fraction, x1 of 
[Bmim][NTf2] for [Bmim][NTf2] ? NVP binary mixtures at temper- 
atures, T/K = 298.15, r; At T/K = 303.15, ■; T/K = 308.15, m; T/ 
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K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, D. The points 
represent experimental values, and lines represent values calculated 
from Eq. (10) using the coefficients given in Table 4 2 

each component in the mixture are less than their respec- 
3
 

tive molar volume (or) molar isentropic compressibilities 
in the pure state, i.e. there is a decrease in the volume (or) 
isentropic compressibilities on mixing [Bmim][PF6] with 4 

NVP. In general, the negative V 
E

 and V 
E

 
E 
s;m;1 and 

E 
s;m;2 values indicate the presence of significant solute– 5 

solvent interactions between unlike molecules, whereas the 

positive VE
 and VE

 
E 
s;m;1 

E 
s;m;2 values indicate the 6 

presence of weak interactions [52] in the mixture. The 

observed negative VE
 and V

E
 

E 
s;m;1 

E 
s;m;2 values 

–7 
indicate that [Bmim][PF6] - NVP interactions are stronger 
than interactions between like molecules which lead to 
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decrease in volume and compressibility. E E 
  

A look at Tables 5 and 6 indicates that the values of 
V 

◦E    and  V◦E  ;  K◦E and K
◦E are negative for these 

Fig. 8 Variation of excess partial molar volumes, Vm;1 and Vm;2 of 
a [Bmim][PF6] and b NVP, respectively, of against mole fraction, x1 

m;1 m;2 s;m;1 s;m;2 of   [Bmim][PF6]   for   the   binary   mixtures   at   temperatures,   T/ 
binary systems at each investigated temperature. This 
suggests that the Vm or Ks;m of each component in the 
mixture is less than their respective Vm or Ks;m in the pure 
state, i.e. there is a contraction in volume or decrease in the 

K = 298.15,    r;    At    T/K = 303.15,    ■;    T/K = 308.15,    m;    T/ 
K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, D 

NVP interactions are stronger than interactions between 
like molecules. 

Ks;m on mixing [Bmim][PF6] with NVP. The observed The values of V 
◦E

 and V 
◦E ; K

◦E
 and K

◦E
 can be 

negative V 
◦E

 and V 
◦E

 values indicate that [Bmim][PF ]– m;1 m;2 s;m;1 s;m;2 

m;1 m;2 6 analysed in terms of structural and geometrical compress- 
ibility as suggested by Hall and others [52–54]. The 
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K◦ and K
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(a)  
 

0.0 

simultaneous compression of the molecules (due to specific 
interactions between [Bmim][PF6] and NVP molecules) 
leading to contraction  in  volume and decrease in  com- 
pressibility. The observed values of V

◦E   and V 
◦E ; K

◦E
 

m;1 m;2 s;m;1 

–0.4 
E 

s;m;2 indicate that the geometrical compressibility 

factor dominates in these mixtures. Also, V 
◦E   and V

◦E ; 
E 

s;m;1 
E 

s;m;2 values decrease with the increase in 
–0.8 temperature (Tables 5 and 6) for each binary mixture 

which further supports the trends observed in V E and jE 
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values. 
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Prediction of refractive index using mixing 
rules 

 
Refractive index of liquid mixtures is an important prop- 
erty for structural characterization, engineering calcula- 
tions and assessing purity of substance. The refractive 
index is used in the continuum model of matter and 
parameterizes how matter interacts with electromagnetic 
polarizability (Kier and Hall) to estimate the boiling point 
with Meissner’s method or to estimate the other thermo- 
dynamic properties. Measurement of refractive index can 
be used for providing information about the forces between 
the molecules [55] or their behaviour when they are in 
solution [56]. The refractive indices of the binary mixtures 
have been theoretically calculated from the refractive index 
data of pure components of the mixtures using nine mixing 
rules [39]. There exist the definite expansion and/or con- 
traction of liquid when the mixing takes place and also 
densities become changed, and due to this density change, 
we observe a considerable variation in refractive index. 
This was firstly examined by Laplace and later by Glad- 
stone–Dale who gave a formula for the determination of 
refractive index of a liquid mixture by using the properties 
of their pure components and has been used for optical 
analysis (determination of composition), or to calculate the 
density of a liquid for use in fluid dynamics such as flow 
visualization. We have various empirical and semi-empir- 
ical relations that have been formulated in this connection, 

0.0 0.2 0.4 0.6 0.8 1.0 
x1 

 
Fig. 9 Variation of excess partial molar isentropic compressibilities, 

and it is found out that rules due to Lorentz–Lorentz and 
Weiner are extensively used. It is important to mention that 
there exists a drawback of these mixing rules in their 

E 
s;m;1 

E 
s;m;2 of (a) [Bmim][NTf2] and (b) NVP, respectively, of inability to account for changes in volume and refractivity 

against mole fraction, x1 of [Bmim][NTf2] for the binary mixtures at 
temperatures, T/K = 298.15, r; At T/K = 303.15, ■; T/K = 308.15, 
m; T/K = 313.15, 3; T/K = 318.15, h; T/K = 323.15, D 

 
structural compressibility results from the breakdown of 
associated structure (on mixing [Bmim][PF6] with NVP), 
whereas geometrical compressibility is due to the 

during mixing; this is because of volume additivity. In the 
light of above description, it is fully feasible to make dis- 
cussion for these mixing rules for the mixtures taken in this 
study. The values are seen to decrease with the increase in 
temperature for pure components as well as mixtures, but 
the AAPD values tend to increase with temperature which 
can be accounted by the changing density and nonlinear 
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Table 5  Values V̄◦
 ; V̄ω

 ; V̄◦E  ; V̄◦
 ; V̄ω

 ; V̄◦E of the components for [Bmim] [PF6] ? NVP at temperatures T = 298.15–323.15 K 
m;1 m;1 m;1  m;2 m;2 m;2 

 

m;1 m;1 m;1 m;2 m;2 

 
 
 
 
 
 
 
 

Table 6  Values K
◦

s;m;1 

 
, Ks

ω
;m;1 

K 

 

E 
s;m;1 , K

◦
s;m;2 

 
, Ks

ω
;m;2 

 

E 
s;m;2 

 
of the components for [Bmim] [PF6] ? NVP at temperatures T = 298.15–323.15 K 
 K 

  

s;m;1 s;m;1 10 ·Ks;m;1 s;m;2 s;m;2 

 
 
 
 
 
 
 
 
 
 
 

Table 7 Average percentage deviations (APDs) in theoretically 
calculated refractive indices by using Arago–Biot (A–B), Glad- 
stone–Dale (G–D), Newton (N), Eyring and John (E–J), Lorentz– 

T/K Average percentage deviations (APDs) 

 
 
 
 
 
 
 
 
 
 
 

Lorentz (L–L), Heller (H), Eykman (EK), Oster (OS), and Weiner 
(W) relations for [Bmim][Pf6] ? NVP binary mixtures at tempera- 
tures T/K = 298.15–323.15 

 

 A–B G–D N E–J L–L H EK OS W 

298.15 0.151 0.151 0.117 0.170 0.192 0.184 0.247 0.274 0.166 

303.15 0.151 0.151 0.117 0.170 0.192 0.183 0.246 0.272 0.166 

308.15 0.153 0.153 0.118 0.172 0.193 0.184 0.247 0.273 0.168 

313.15 0.156 0.156 0.121 0.175 0.197 0.187 0.249 0.275 0.171 

318.15 0.158 0.158 0.123 0.176 0.198 0.188 0.250 0.275 0.172 

323.15 0.158 0.158 0.123 0.177 0.198 0.189 0.250 0.274 0.173 

 

behaviour between molecules as reflected by refractive 
index evaluation [57]. Among all equations proposed to 
estimate the refractive index of the mixtures from the pure 
components, Newton relation was found best other than 
equations. APD of the mixture at all studied temperatures 
is summarized in Table 7 and follows the sequence 
Oster [ Eykman  [ Lorentz–Lorenz  [ Heller  [ Eyring 
and John [ Weiner [ Arago–Biot C Gladstone– 
Dale [ Newton. 

 

FTIR analysis 
 

The nature and degree of collaborations between the ILs 
and natural solvents are all around reported through ther- 
modynamic reviews and are not adequate to determine the 
correct way of solute-dissolvable communications between 

the connecting segments. To accomplish this objective, 
here we analysed the intermolecular interactions between 
the ionic liquid [Bmim][PF6] and NVP at atomic level over 
the entire creation extend utilizing FTIR spectroscopy. It is 
an important tool for recognizable of little change in dipole 
moments. 

The infrared spectra for pure [Bmim][PF6], NVP and 
their binary mixtures are shown in Fig. 7S (Supplementary 
material) and are summarized in Table 8. In 1-butyl-3- 
methylimidazolium cation, the CH stretching region 
between    2800    and    3200 cm-1    was    analysed.    For 
[Bmim][PF6], the signals in this region can be split into two 
parts: (1) the signals between 2800 and 3000 cm-1 result 
from aliphatic CH groups in the butyl and methyl moieties, 
(2) signals between 3000 and 3200 cm-1 can be assigned 
to CH modes predominantly originating from the aromatic 
imidazolium   ring,   from   C2–H   and   C4,5–H   stretching 

T/K 106V̄◦    m3 mol—1 106V̄ω
 106V̄◦E 106V̄◦

 106V̄ω
 106V̄◦E 

m;2 

298.15 304.24 306.73 - 2.48 101.84 106.93 - 5.09 

303.15 305.12 307.69 - 2.57 102.08 107.39 - 5.30 

308.15 305.99 308.65 - 2.66 102.32 107.85 - 5.52 

313.15 306.87 309.62 - 2.75 102.56 108.31 - 5.75 

318.15 307.77 310.60 - 2.82 102.82 108.78 - 5.96 

323.15 308.66 311.58 - 2.91 103.04 109.25 - 6.21 

 

         

T/K 1014· 

(m5 N 

◦ 1014·Kω 
-1  mol-1) 

14     ◦E 1014·  
◦ 1014·Kω 1014·K

◦E
 

s;m;2 

298.15 5.917  7.289 - 1.373 4.122  4.439 - 0.318 

303.15 5.990  7.458 - 1.468 4.223  4.590 - 0.367 

308.15 6.062  7.631 - 1.569 4.340  4.747 - 0.406 

313.15 6.131  7.805 - 1.674 4.466  4.910 - 0.444 

318.15 6.196  7.983 - 1.787 4.594  5.079 - 0.485 

323.15 6.296  8.163 - 1.867 4.734  5.256 - 0.522 
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Table 8 Infrared transmittance wave numbers between [Bmim][Pf6] 
in NVP at room temperature and atmospheric pressure P = 0.1 MPa 

 

IL NVP C–H C2–H C4,5– 
H 

C=O C=N P–F 

0.0000 1.0000 – 3109.6 – 1692.9 – – 

0.1011 0.8989 2961.6 3111.0 3156.3 1690.1 623.3 745.1 

0.2059 0.7941 2962.3 3112.4 3157.8 1688.7 623.3 748.0 

0.3019 0.6981 2962.3 3115.3 3162.0 1688.7 623.3 748.0 
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Fig. 11 IR spectra for [Bmim][PF6] ? NVP mixtures in the range of 
1550–1750 cm-1 

 

 
 
 
 
 
 
 
 
 
 
 
 

0.90 
 
 
 
 

0.85 

formation of hydrogen bond between [Bmim]? and NVP as 
C2–H and C4,5–H experience weak hydrogen bonding 
interactions than in pure [Bmim][PF6]. The blue shift is 
very predominant in C2–H frequencies when compared to 
C4,5–H stretching frequencies which indicates that more 
acidic C2–H plays a major role in the formation of 
hydrogen bond with carbonyl oxygen of NVP (Fig. 10). 
Simultaneously, as mole fraction of IL increases a clear red 
shift in C=O and C=C Sym stretch frequencies are 
observed in NVP. This clearly indicates the formation of 
intermolecular hydrogen bond between hydrogen of aro- 
matic imidazolium ring and carbonyl oxygen of NVP 
(Fig. 11). Ion–dipole interactions can also explain on the 

- 
3000 3050 3100 3150 3200 3250 basis of anion [PF6]   with NVP. A blue shift was observed 

cm–1 

 
Fig. 10 IR spectra for [Bmim][PF6] ? NVP mixtures in the range of 
3000–3250 cm-1 

 
frequencies.   The   C2–H   vibrational   frequency 
(3124.7 cm-1)  is  shifted  by  about  44.8 cm-1  to  lower 
frequencies  than  the  C4–H  and  C5–H  stretches 
(3169.5 cm-1)  due  to  its  stronger  acidic  character.  The 
pure liquid NVP has two very strong vibration bands in the 

-1 

in P-F of [PF6]–anion by the addition of NVP. 
 
 

Conclusions 
 

The present study reported the densities, q, speeds of 
sound, u and refractive indices, nD of the binary mixtures 
of [Bmim][PF6] with NVP over whole composition range 
at different temperatures. From the experimental data, 
various physicochemical parameters, viz. VE, jE, uE, KE 

IR spectrum at 1629 and 1692.9 cm corresponding to m s s;m 

C=C and C=O stretching frequencies, respectively. There and D/nD of the mixtures; V̄m;1  and V̄m;2, K̄s;m;1  and K̄s;m;2, 
is a possibility for conjugation of olefinic group with the ¯ E 

m;1 and V̄E ¯ E 
s;m;1 

¯ E 
s;m;2 over whole composition 

carbonyl group through electron pair of the nitrogen. Due range; V̄◦
 and V̄◦

 ¯  
s;m;1 

¯  
s;m;2 

¯  E 
m;1 and V̄◦E and 

to the resonance system involving five atoms, C=C and 
C=O stretching frequencies are inter dependable. 

¯  E 
s;m;1 

¯  E 
s;m;2 of the components infinite dilution have 

In the present mixture, observable changes were noticed 
between the frequencies of 3000–3200 cm-1 which belong 
to C2–H and C4,5–H stretching frequencies of imidazolium 
cation as well as C=O and C=C stretching frequencies of 
NVP. As mole fraction of NVP increases, a blue shift in 
C2–H and C4,5–H stretching frequencies indicates the 

been calculated. The results have been discussed in terms 
of intermolecular interactions in these mixtures. The results 
indicate the formation of strong ion–dipole interactions 
between ionic liquid [Bmim][PF6] and NVP molecules and 
the geometrical effect due to interstitial fitting of smaller 
NVP   molecules   into   the   interstices   of   ionic   liquid 
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0.3937 0.6063 2963.7 3118.1 3164.8 1690.1 621.9 748.7  

0.5023 0.4977 2963.7 3120.9 3166.3 1690.1 621.9 748.7 0.2 

0.5840 0.4160 2963.7 3122.3 3166.3 1691.5 621.9 748.7 0.1 

0.6946 0.3054 2965.1 3123.8 3167.7 1692.9 621.9 748.7 0.0 

0.7788 0.2212 2965.1 3124.2 3169.1 1692.9 621.9 748.7 155 

0.8707 0.1293 2965.1 3124.8 3170.5 1692.9 621.9 749.4  

 1.0000 0.0000 2966.5 3126.6 3170.5 – 621.9 749.4 
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molecules. The FTIR spectra of these mixtures have also 
been recorded at 298.15 K and analysed in terms of 
intermolecular interactions. FTIR spectra results further 
supported the above conclusions regarding interactions in 
these mixtures. The V E values for these mixtures are pre- 
dicted well by PFP theory. The refractive index data are 
well correlated by various mixing rules. All the equations 
used for predicting refractive index exhibit excellent 
agreement and generate AAPD values much below 1%. 
The strength of interactions of 1-butyl-3-methylimida- 
zolium with different anions follows the sequence of 
[Bmim][PF6] [ [Bmim][BF4] [ [Bmim][NTf2]. 
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Abstract 
 

Travel & Tourism creates jobs, drives exports, and generates prosperity across 
the world. Today tourism is the largest service industry in India, with a contribution of 
6.23 per cent to the national Gross Domestic Product and providing 8.78 per cent of the 
total employment. Foreign Tourist Arrivals (FTA) crossed the 10 million milestone in 
2017 and the growth trend is expected to continue over the coming years. The 
introduction of E-Visa has led to a strong surge in FTAs which extended to citizens 
from 166 countries for visit to India through 28 international airports. Key initiatives 
undertaken by Government of India, Ministry of Tourism, which includes launching of 
‘Incredible India 2.0 campaign’ with market specific content and advertising for tourism 
development in India. The major challenges faced by the Indian tourism industry are 
deficiencies in infrastructure like sanitation, living facilities, hotels, etc., and inadequate 
connectivity between cities and tourist locations and security issues etc. According to 
the World Travel and Tourism Council, India will be a tourism hotspot from 2009-2018, 
having the highest 10-year growth potential. Moreover, India has been ranked the "best 
country brand for value-for-money" in the Country Brand Index survey. 

 
Keywords: GDP, FTA, Incredible India 2.0 Campaign, E-Visa. 

 
1. Introduction 

 
Tourism is one of the powerful operators of employment and wealth globally. 

The activity of tourism in various countries is reflected the most significant than 
creation concerning to the financial characteristics as well as social impacts. For a 
growth of economy tourism is an exceptional facilitator that’s why it is a vital part in 
macroeconomic level. This business is imperative to force labour and is essential cause 
of government’s revenues. As one of the world’s largest economic sectors, Travel & 
Tourism creates jobs, drives exports, and generates prosperity across the world. The 
sector, comprised of a wide range of industries, aims to serve and support domestic, 
international, business and leisure visitors. Companies, large and small, in industries 
ranging from accommodation and transportation to food & beverage, retail and culture 
and sports & recreation, all strive to create products and services that bring people 
together, support communities and celebrate the wonders that our world can offer. 

 
In its annual analysis quantifying the global economic and employment impact 

of Travel & Tourism in 185 countries and 25 regions, the World Travel & Tourism 
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Council’s (WTTC) research reveals that the sector accounted for 10.4 per cent of global 
GDP and 319 million jobs, or 10 per cent of total employment in 2018. The division of 
overall spend is firmly weighted towards the leisure market, which represented 78.5 per 
cent of the total compared with 21.5 per cent for business spend, and the sector 
accounted for 6.5 per cent of total global exports and 27.2 per cent of total global 
service exports. Domestic tourism, which represented 71.2 per cent of all tourism 
spending in 2018 and had the strongest growth in developing nations, continues to 
support opportunities by spreading development and regional economic benefits and 
building national pride. 

 
2. Importance of tourism industry 

 
 Sources of foreign exchange earnings:Industry of tourism is the key effective type 

of business worldwide. 
 Employment Opportunities:This industry is also one of the significant segments. 

It creates opportunities related to employment. It offers services to inexperienced, 
pre-nominal and experienced manpower. Director, labour etc are the individual or 
efforts necessary in the industry of tourism. 

 Sources of public as well as private income:Industry of tourism is the main cause 
of earnings for public along with private sector government sales tax, service tax 
and charges tax etc. which is recognized as government proceeds is the revenue of 
community. Handicraft, arts etc are the stuffs that fascinate tourist and majority of 
them purchase them and the seller make some profit which is called private 
earnings. 

 Cultural Exchange:Business of tourism accommodates social interchange tourist 
bring over several ethnic perceptions of other states wherever they visit. Native 
individuals can pick up their linguistic, skill, talent, values etc and vice versa. 

 
3. Present scenario of Tourism in India 

 
Today tourism is the largest service industry in India, with a contribution of 

6.23 per cent to the national Gross Domestic Product (GDP) and providing 8.78 per cent 
of the total employment. India witnesses’ more than 5 million annual Foreign Tourist 
Arrivals and 562 million domestic tourism visits. The tourism industry in India 
generated about US$100 billion in 2008 and that is expected to increase to US$275.5 
billion by 2018 at a 9.4 per cent annual growth rate. The Ministry of Tourism is the 
nodal agency for the development and promotion of tourism in India and maintains 
the "Incredible India" campaign. 

 
According to World Travel and Tourism Council, India will be a tourism 

hotspot from 2009-2018, having the highest 10-year growth potential. As per the Travel 
and Tourism Competitiveness Report 2017 by the World Economic Forum, India is 
ranked 11th in the Asia Pacific region and 62nd overall, moving up three places on the 
list of the world's attractive destinations. It is ranked the 14th best tourist destination for 
its natural resources and 24th for its cultural resources, with many World Heritage Sites, 
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both natural and cultural, rich fauna, and strong creative industries in the country. India 
also bagged 37th rank for its air transport network. The India travel and tourism industry 
ranked 5th in the long-term (10-year) growth and is expected to be the second largest 
employer in the world by 2019. 

 
Moreover, India has been ranked the "best country brand for value-for-money" 

in the Country Brand Index (CBI) survey conducted by Future Brand, a leading global 
brand consultancy. India also claimed the second place in CBI's "best country brand for 
history", as well as appears among the top 5 in the best country brand for authenticity 
and art & culture, and the fourth best new country for business. India made it to the list 
of "rising stars" or the countries that are likely to become major tourist destinations in 
the next five years, led by the United Arab Emirates, China, and Vietnam. 

 
Foreign Tourist Arrivals crossed the 10 million milestone in 2017 and the 

growth trend is expected to continue over the coming years. However, consumption by 
domestic tourists remains the key strength of the sector in India, much stronger than the 
global average. The segment is expected to grow further with growing disposable 
income, increasing inclination towards travelling across age groups and emergence of 
new destinations as well as new themes of tourism. India also follows the global trend in 
terms of higher spending on leisure tourism as compared to business spending. The top 
10 source countries accounted for 65.80 per cent of the total inbound tourist flows in 
2017, which includes Bangladesh, United States, United Kingdom, Canada and 
Australia. Foreign tourist arrivals from most of the top source countries grew during the 
last few years. China, the largest market for outbound tourism, however witnessed a 
marginal dip. The introduction of E-Visa has led to a strong surge in Foreign Tourist 
Arrivals since its launch in September, 2014. This scheme has been extended to citizens 
from 166 countries for visit to India through 28 international airports and 5 sea ports. In 
2018, 2.37 million foreign tourists availed the E-Visa facility which represents 39.4 per 
cent increase over 2017. 

 
Diverse portfolio of tourism offerings including traditional and emerging 

themes of tourism, including Nature-based, Heritage & Cultural, Religious, Adventure, 
Medical & Wellness, MICE and Wedding, among others have been a key attraction for 
domestic and foreign tourists. Strong domestic demand and economic growth, price 
competitive offerings, infrastructure development, and emergence of new destinations 
and niche tourism products will continue to drive the growth of the industry in the near 
future. The Government has been actively working towards tapping plethora of 
opportunities available in the sector to actualize its true potential. Several initiatives 
such as rapid implementation of Swadesh Darshan and PRASHAD schemes, E-Visa and 
Adventure Tourism Guidelines, among others coupled with promotional activities such 
as Incredible India 2.0 campaign and India Tourism Mart 2018 have immensely 
benefited the sector. Going forward, there is a greater need for the Government and the 
private sector to collaborate for successful conceptualization and implementation of 
developmental initiatives for the sector. The industry has to collectively work with the 
Government towards thematic development of the destinations and skilling of local 
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communities. There is also a need for intervention in conservation and promotion of our 
natural resources, heritage and traditional arts & culture. Technology can be a key 
enabler and play a critical role in unprecedented growth of the sector. 

 
Tourism in India has traditionally been driven by domestic visitors. Major share of 
tourist footfall and tourism spending can be attributed to domestic travellers. The overall 
number of tourist is on the rise in India. In 2017, total number of domestic tourist visits 
(DTVs) to states and Union Territories stood at 1652.5 million, registering a growth of 
2.3 per cent over 2016. Foreign Tourist Arrivals (FTAs) crossed the 10 million 
milestone in 2017 with a total of 10.04 million tourists visiting India, registering a 
growth of 14 per cent over 2016. During Jan-Nov 2018, the FTA was 9.37 million, 
registering a growth of 5.6 per cent over the same period in 2017. However, India still 
has a considerably small share of FTAs in world’s International Tourists arrivals, 
accounting for nearly 0.76 per cent in 2017. The Government of India has set a target of 
increasing this share to 1 per cent by 2020 and 2 per cent by 2025. The introduction of 
E-Visa has led to a strong surge in FTAs. In 2017, 1.7 million foreign tourists availed 
this option representing 16.9 per cent of total FTAs. New Delhi and Mumbai airport 
together accounted for 63.7 per cent of these tourists. 

 
4. Tourist Attractions in India 

 
India is a country known for its lavish treatment to all visitors, no matter where 

they come from. Its visitor-friendly traditions, varied life styles and cultural heritage and 
colourful fairs and festivals held abiding attractions for the tourists. The other attractions 
include beautiful beaches, forests and wild life and landscapes for eco-tourism; snow, 
river and mountain peaks for adventure tourism; technological parks and science 
museums for science tourism; centres of pilgrimage for spiritual tourism; heritage, trains 
and hotels for heritage tourism. Yoga, ayurveda and natural health resorts and hill 
stations also attract tourists. The Indian handicrafts particularly, jewellery, carpets, 
leather goods, ivory and brass work are the main shopping items of foreign tourists. It is 
estimated through survey that nearly forty per cent of the tourist expenditure on 
shopping is spent on such items. Despite the   economic   slowdown, medical 
tourism in India is the fastest growing segment of tourism industry, according to the 
market research report “Booming Medical Tourism   in India”.   The report   adds 
that India offers a great potential in the medical tourism industry. Factors such as low 
cost, scale and range of treatments provided in the country add to its attractiveness as a 
medical tourism destination. 

 
5. Key Government Initiatives to Promote Inbound Tourism 

 
Some of the recent initiatives taken by the Government to boost tourism 

include grant of export house status to the tourism sector and incentives for promoting 
private investment in the form of Income Tax exemptions, interest subsidy and reduced 
import duty. The hotel and tourism-related industry has been declared a high priority 
industry for foreign investment which entails automatic approval of direct investment up 
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to 51 per cent of foreign equity and allowing 100 per cent non-resident Indian 
investment and simplifying rules regarding the grant of approval to travel agents, tour 
operators and tourist transport operators. 

 
The first-ever Indian Tourism Day was celebrated on January 25, 1998. The 

Year 1999 was celebrated as Explore India Millennium Year by presenting a spectacular 
tableau on the cultural heritage of India at the Republic Day Parade and organising India 
Tourism Expo in New Delhi and Khajuraho. Moreover, the campaign ‘Visit India Year 
2009’ was launched at the International Tourism Exchange in Berlin, aimed to 
project India as an attractive destination for holidaymakers. The government joined 
hands with leading airlines, hoteliers, holiday resorts and tour operators, and offered 
them a wide range of incentives and bonuses during the period between April and 
December, 2009. 

 
The Government’s developmental agenda is to provide inclusive growth and 

ensure a future with quality jobs. Travel & Tourism, which already supports one in 
every ten jobs on the planet, is a dynamic engine of employment opportunity. Moreover, 
one in every five jobs created during the last 5 years has been linked to Travel & 
Tourism. Government efforts are now focused upon fast track infrastructure 
development and promoting tourism digitally. Key initiatives undertaken by 
Government of India which will foster growth of Tourism industry in India are as under: 

 
Ministry of Tourism 
 E-Visa facility extended to 166 countries with relaxed application window, duration 

and number of entry norms. 
 Launched Incredible India 2.0 campaign with market specific content and 

advertising. 
 Planned to set up 5 Special Tourism Zones in partnership with states. 
 New National Tourism Policy to be launched. 
 Under Swadesh Darshan scheme, the Government has identified 15 circuits on 

specific themes for development. During 2018-19, a total of 7 projects worth INR 
384.67 Cr were sanctioned under the scheme. 

 In September 2018, first ever India Tourism Mart 2018 was organized in 
partnership with Federation of Associations in Indian Tourism and Hospitality 
(FAITH) 

 Launched ‘Swachh Paryatan Mobile App’ & 24x7 Tourist Helpline in 12 
international languages. 

 
Ministry of Civil Aviation 
 Civil Aviation Policy 2016 for enhancing connectivity by making air travel 

safe, secure and affordable 
 Six airports across major cities being developed under Public-Private 

Participation(PPP) 
 UDAN scheme (UdeDesh Ka AamNagarik) – low cost flights for boosting 

regional connectivity, launch of dedicated Airline Service to Northeast states 
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 Encouragement to Seaplanes and Helicopter services for tourism operations. 
 

Ministry of Railways 
 IRCTC: Dedicated agency to promote rail tourism 
 Tourist trains: promoting pilgrimage and heritage circuits through railways 
 Semi high speed trains like Gatimaan Express and Tejas Express for enhanced 

connectivity between key tourism destinations 
 Redevelopment of stations for increased tourist amenities 

 
Ministry of Shipping 

 Development of 78 lighthouses for tourism under PPP 
 Action plan for development of cruise tourism & Cruise Tourism Policy 

 
The growth in India’s travel & tourism sector has largely been driven by domestic 

tourists. Foreign tourists still account for a limited share as compared to some of the top 
ranking countries. The Government of India intends to achieve the ambitious target of 1 
per cent foreign tourist arrivals in world’s international tourist arrivals by 2020 and 
increase it to 2 per cent by 2025. In 2017, India’s share stood at 0.76 per cent, which 
highlights that there is a potential gap that needs to be bridged. In order to achieve this 
target and make India a Tourism Superpower, coordinated and concerted efforts on 
multiple fronts will be required. 

 
6. Initiatives to be implemented to promote tourism 

 
 Creation of National Tourism Authority & Advisory Council: A central level body 

can be created under the ambit of Ministry of Tourism which includes 
representatives from the Government and private sector. The private sector 
representatives should include experts from different tourism segment, including 
traditional and emerging, so as to incorporate specific inputs for thematic 
development. The body should also include representatives from other ministries 
such as Ministry of Shipping; Ministry of Environment, Forest & Climate Change, 
etc. for greater coordination. The advisory council will provide inputs for policy 
level decision making and also be approving authority for large scale projects. 

 Incentivize Private Sector Participation: Government should incentivize private 
players to invest in un-served/ under-served tourism projects. Further, a different 
incentive structure can be adopted for sustainable development of the lesser 
explored destinations. For instance, interest subvention scheme can be introduced 
for small tourism projects like community homestays, RO-RO and boat operators. 

 Greater Coordination at State Level: There is a need for focused initiatives 
towards prioritizing Tourism sector across all levels of Government. While the 
Centre needs to finalize the National Tourism Policy, States will remain the driving 
force behind implementation of tourism developmental initiatives in their respective 
regions. It is therefore important for states to have greater coordination between 
policy-roadmap-budget for effective implementation and timely completion of 
initiatives. 
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 Leveraging Social Media to Boost Inbound Tourism: Social media should be 
leveraged to promote highly customized content based on user behaviour. Social 
media influencers, particularly travel bloggers on Instagram, have huge following. 
An annual conclave of such influencers can be organized in India along with 
personalized tours for them to promote India’s tourist destinations through their 
channels. Content proliferation through such influencers will reach to a large and 
targeted segment of potential travellers. 

 Technology Penetration in Tourism Sector: Technologies such as Big Data 
Analytics and Artificial Intelligence should be employed to deliver insights into 
consumer behaviour, spending pattern, duration of stay, preferred destinations 
according to region/ country of origin/ age group, etc. These insights should be used 
to curate targeted promotion & publicity campaigns. Further, creation of a cashless 
ecosystem for tourists and technologies like Augmented Reality (AR) and Virtual 
Reality (VR), Internet of Things (IoT), wearable devices for tourists etc. can be 
utilized to enhance service quality and delivery leading to enhanced tourist 
experience, effective promotion and increased sense of security among tourists. 

 Combined VISA Option: India is largely a long-duration destination for foreign 
travellers. Tourist destinations with good air connectivity may be promoted as 
short-haul destinations. Further, India can work with other member countries of 
BIMSTEC, SAARC and ASEAN to offer ‘Combined Visa’. Such visa will result in 
conversion of stopovers to short-haul visits and will also add India on itinerary of 
tourists on long visits to the South Asian region. 

 Focus on North East India: With the implementation of RCS (Regional 
Connectivity Scheme) UDAN scheme, air connectivity in North East has received 
much needed boost. Except for Guwahati, the hospitality industry in rest of North 
East is largely dominated by local players with smaller inventories and limited 
variety of product offerings. Thus, there is an urgent need to focus towards 
development of quality accommodation infrastructure across the region to unlock 
the true potential of North East. 

 
7. Major Challenges in Tourism Sector in India 

 
 A cumbersome process for Visa facility: Many visitors in India find the e-visa 

facility, the process of applying for a visa as a cumbersome one. 
 Limited entry on e-Visa: Limited number of repeat visits allowed under medical e- 

visa and number of accompanying persons. All the three conditions given above, 
affects the entry process of tourists to the country, hampering the tourism sector in 
India. 

 Infrastructure and connectivity: Deficiencies in infrastructure like sanitation, 
living facilities, hotels, etc., and inadequate connectivity hamper tourist visits to 
heritage sites. 

 Advertisement and marketing: A low degree of marketing strategy is a major 
concern for tourist places. Also, the campaigns for the places are poorly managed. 
All these things affect the tourism industry of the region. 
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 Safety: Tourists have frequently been mugged and robbed or cheated in India and 
also have returned without any justice. 

 Sanitation and health: Lack of sanitation in cities has caused a negative impact on 
Indian food and public health care. 

 Access: Certain areas of India still lack electricity, access, and proper rest houses. 
Even access to information to domestic and foreign tourists is not at ease. 

 
8. Conclusion 

 
Tourism not only creates jobs in the tertiary sector, it also encourages growth 

in the primary and secondary sectors of industry. Hence, it is high time, the government 
should encourage the participation of the private sector in a big way for the all round 
development of the tourism sector that has the potential to act as the key driver of 
inclusive growth. With increasing tourist inflows over the past few years, it is a 
significant contributor to Indian economy as well. Rising income levels and changing 
lifestyles, development of diverse tourism offerings and policy and regulatory support 
by the government are playing a pivotal role in shaping the travel and tourism sector in 
India. 
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Abstract 
 

The present investigation deals with the study of the effects of chemical reaction and 

thermal radiation on the steady MHD boundary layer flow and heat transfer melting of Williamson 

nanofluid embedded in porous medium over a horizontal linearly stretching sheet under the 

influence of heat source and viscous dissipation. The governing momentum boundary layer and 

thermal boundary layer equations with the boundary conditions are transformed into a system of 

nonlinear ordinary differential equations which are then solved numerically by using the Runge– 

Kutta–Fehlberg method. Numerical results for the dimensionless velocity, temperature and 

concentration profiles as well as for the skin friction factor, Nusselt number and Sherwood number 

are elucidated for different values of the pertinent parameters. Comparison with existing literature 

is shown and it found to be in good agreement. 

Keywords: Heat transfer melting parameter; MHD; Boundary layer; Chemical reaction; 

Viscous dissipation; nanofluids. 

Introduction 
 

Nanofluids are attracting a great deal of interest due to their enormous potential with 

respect to enhanced heat transfer. The term “nanofluid” describes a liquid suspension composed 

of tiny particles of diameter less than 100 nm. It defines an important class of fluids, which has a 

distinctive ability to improve the thermal properties of fluids. The effective thermal conductivity 
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of the base fluid is appreciably enhanced as a consequence of the addition of small amount of 

nanoparticles according to the experimental verification by Choi [1]. Kleinstreuer and Feng [2] 

derived the experimental and theoretical studies of nanofluid thermal conductivity enhancement. 

The comparison of nanofluid thermal conductivity and heat transfer enhancements was studied by 

Yu et al. [3 ]. Eapen et al. [4] derived the classical nature of thermal conduction in nanofluids. 

Chitra and Sendhilnathan [5] investigated on the thermal studies of nanofluids related to their 

applications. The effects of Brownian motion and thermophoresis added into nanofluid model was 

first derived by Buongiorno [6]. 

Magneto hydrodynamic boundary-layer flow of nanofluid and heat transfer has received a 

lot of attention in the field of several industrial, scientific, and engineering applications in recent 

years. Mabood et al. [8] proposed a numerical study on MHD boundary layer flow of Nano fluids 

over a nonlinear stretching sheet with heat transfer effect. Analytical solution of free convective 

flow of a nanofluid over a stretching sheet in the presence of magnetic field was carried out by 

Hamad [9]. Ibrahim et al. [10] studied the MHD stagnation point flow and heat transfer due to 

nanofluid towards a stretching sheet. MHD boundary layer flow of a nanofluid past a wedge was 

illustrated by Srinivasacharya et al. [11]. 

Motivated by some of the researchers mentioned above and its applications in various fields 

of science and technology, it is of interest to discuss and analyze the thermal radiation and chemical 

reaction effects on the MHD boundary layer flow and melting heat transfer of Williamson 

nanofluid in a porous medium under the influence of viscous dissipation and heat generation. In 

the present study, the governing equations are solved numerically by Runge-Kutta –Fehlberg 45 

method along with shooting technique. 

Mathematical formulation 
 

A steady two-dimensional flow of viscous incompressible Williamson nan fluid over a 

stretching surface in a porous medium is considered. The plate is stretched along x-axis with a 

velocity ax, where a > 0 is stretching parameter. Uw ,Tw and Cw are the velocity, temperature and 

nanoparticle concentration near surface. Let the temperature of the melting surface as Tm , and 

temperature in the free-stream condition asT , where T >Tm . The viscous dissipation and heat 

source or absorption are added into the flow. For the present paper, the basic equations of 
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y 

conservation of mass, momentum, energy and concentration for steady flow of nanofluid can be 

represented as: 

u 
 
v 

 0
 

  

 
(1) 

x y 
 

u 
u 

x 
 v 

u 


y 

2u 
 

 

y2 

u 2u 
 

 

y y2 

 B2 
 0 u  u 

 k



(2) 

 
T T 2T  C T D  T 

2  1 q 
u  v 

 
 

 m  DB    T 
 






  r 
x y y2  y y T  y   c y 

  f 

 

(3) 
 

C C 
2C D   2T 

u  v 
 

 DB       T  k0C (4) 
x y y2

 T   y2
 

 

The corresponding boundary conditions are: 
 
 u  U (x)  ax, T = Tm, k 

 T  
    c T  T v(x, 0), C = Cw at y = 0, 

w  
 

s m s 

 

u = 0, T  T C  C as y   (5) 
 

where u, v are the velocity components along the x and y axes,  is density of the 

nanofluid,  is the kinematic viscosity, Bo is the induced magnetic field, k  is the permeability of 

porous medium,  is the ratio between the effective heat capacity of the nanoparticle material and 

the fluid,  is time constant, T is the nanofluid temperature, C is the volumetric volume expansion 

coefficient, Tw is the temperature of the nanofluid near wall, T   is the free stream temperature of 

the nanofluid, k is the thermal conductivity, Tm is the melting temperature, Ts is the temperature of 

solid surface,  is the latent heat of the fluid, cs is the heat capacity of solid surface, Uw is the 

stretching sheet velocity, a is the stretching rate being a positive constant, cp is the specific heat at 

constant pressure, qr is the radiative heat flux, Q is the heat generation coefficient,   DB is the 

 2
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 



Brownian diffusion coefficient, DT is the thermophoresis diffusion coefficient, ko is the chemical 

reaction coefficient. 

Using Rosseland approximation for radiation, the radiative heat flux is simplified as, 
 

4 * T 4 
qr   

3k*   y 
(6) 

 

where  * is the Stephen Boltzmann constant and k* is the mean absorption coefficient. 
 

It should be noted that by using the Rosseland approximation, the present analysis is limited to 

optically thick fluids. If the temperature differences within the flow are sufficiently small, then 

equation (6) can be linearized by expanding T 4 

neglecting higher order terms takes the form 

into the Taylor series about T , which after 

 

T 4  4T 3T  3T 4 (7) 
 
Substituting (6) and (7) in (3), we have 

 
T T 2T   C T  D  T 

2  16 * T 3 2T   u 
2 

Q
u  v 

 
 

 m  DB   
   T 

 


 

      




T  T 
x y y2   y y  T  y   3k* c y2 c  y  c

  f f  
(8) 

 

The governing equations can be reduced to ordinary differential equations, using the following 

similarity transformation, 
 

1 1  a 2 
 

 

T  Tm 

 
 

C  Cw 
 

  a 2  xf   ,    
 

y ,  () 
T

, 
 Tm 

() 
C

, 
 Cw 

(9) 

 

The stream function  is defined such that u  



y 

 
and v 


  

x
 

 

With the help of transformations, equation (1) is clearly satisfied, and equations (2), (4) and (8) 

along with boundary condition (5) take into the following form 
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 

k 

f  ()  f () f ()   f ()
2  
  f () f () (M  K) f   0 (10) 
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2  
 Pr Ecf 2   Pr Q ()  0 
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 3 
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

    Lef     
Nt 

        0 
Nb 

 
 

(12) 

 

The corresponding boundary conditions will take the form 
 

f (0)  1.0 , Pr f (0)  Me(0)  0,  (0)  0 , (0)  0 , 
 

f ()  0.0,  () 1.0, ()  1.0. (13) 
 

 B2 
1 

 2a3 2 

M  0   is the magnetic parameter; K    
 

is the permeability parameter;   x   is 
  

a ka      

the non-Newtonian Williamson parameter; m  
c


is thermal diffusivity of nanofluid; 

 

Pr  



m 

 
is Prandtl number; 

 c
 c


is ratio between the effective heat capacity of the 

f 
 

Q U 2 
nanoparticle material and the fluid; Q  is the heat generation parameter; 

acp 

Ec  w  
cp T Tm 

4 *T 3 
is the Eckert number; R  

kk* 

 
is the radiation parameter; Nb  

 DB C   Cw   is  Brownian 



motion parameter; Nt  

 DT  T   Tm 

T


is the themophoresis parameter; Le  




DB 

 
is the Lewis 

koUw C  Cw  c f  T   Tm 
number; Kr  


 is the chemical reaction parameter; 

Me  
  c T  T  is the 

 
dimensionless parameter; 

s m s 

 

The physical quantities of interest like skin-friction coefficient C f   , local Nusselt number  Nux 

and local Sherwood number Shx  are defined as 

  p 

f 



JASC: Journal of Applied Science and Computations ISSN NO: 0022-1945 

Volume VIII, Issue VII, July/ 2021 Page No: 260 

 

 

w 

  

 
1 


1 



1 

C  
w
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(14) 
 

f U 2 k(T Tm ) DB (C  Cm ) 
 

where the shear stress  w  , surface heat flux qw  and surface mass flux qm  are given by 

 
u   u 
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 y 
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,
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 at y = 0 

 
Using the non-dimensional variables, we obtain 

 

C f Rex  2  f (0)  



2 
f (0)2 , Nux Rex  2   (0) 

 
and Shx Rex  2  (0) 

 

where Rex  
xUw (x) 





is the local Reynold’s number. 

 
 
 

Results and discussion 
 

We reveal the results to keep up the influence of several non-dimensional parameters such 

as melting parameter, magnetic field parameter and other parameters on the three usual profiles 

(velocity, temperature and concentration). Also we examined the same parameters on skin friction 

coefficient, heat transfer rate and mass transfer rate with the aid of table. In this paper, we have 

chosen the non-dimensional parameter values as M = 0.5, Me = 0.5, K = 0.5,   0.2 , R = 0.01, 

Pr = 2, Nb = 0.1, Nt = 0.1, Le = 10.0, Ec = 0.01, Q = 0.01 and Kr = 0.05. These values are 

maintained as invariable in this study unless the varied parameters as depicted in the figures. 

 
In figures 1- 20, we presented the highlights of the effects of the governing parameters on 

the nanofluid velocity, temperature and concentration profiles on the plate surface. 

Figures 1 -3 depict the effects of magnetic field parameter on velocity, temperature and 

concentration profiles, respectively. it is observed that all the fields are decreases significantly with 

increasing magnetic field parameter. This would happen because the application of a transverse 

magnetic field sets up the Lorentz force, which retards the nanofluid velocity. 

x x 
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The effects of different values of permeability parameter on velocity, temperature and 

concentration fields are presented in Figs. 4 – 6. It is obvious that the presence of porous medium 

causes higher restriction to the fluid flow, which in turn slows its motion. Therefore, with 

increasing permeability parameter, the resistance to the fluid motion increases and hence velocity 

decreases. Temperature and concentration fields are also decreases with increasing permeability 

parameter. Figs. 7 – 8 explain the effect of melting parameter on velocity, temperature and 

concentration fields. It is noticed that for increasing values of melting parameter values, the 

velocity and the boundary layer thickness increase and decrease the temperature and concentration 

profiles. Reason for this behavior is an increase in melting parameter will increase the intensity of 

melting, which acts as blowing boundary condition at the surface and hence tends to thicken the 

boundary layer. 

The variation of velocity, temperature and concentration distributions with non-Newtonian 

Williamson parameter is studied in Figs. 10 – 12. From these figures we observed that the 

nanofluid velocity, temperature and concentration decreases with increase in non-Newtonian 

Williamson parameter. 

 
 

Fig.2 Influence of M on velocity profile. 
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Fig.2 exhibits the decreasing nature of the velocity profile f '() and also the boundary 

layer thickness for higher values of M . This indicates that the increase in M helps to thin of the 
boundary layer. The velocity profiles exponentially reduce to zero at shorter distances from the 
sheet for growing values of M . 

 

Fig.3 Influence of n on velocity profile. 

Fig.3 shows the impact of the curvature parameter on non-dimensional velocity distribution 
f '() . A rise in the curvature parameter results , decrease in the nondimensional velocity. 

Resistance force is created by the magnetic field on the fluid in the boundary layer. This force 
causes restriction to the motion of the fluid. So the magnetic parameter reduces the dimensionless 
velocity. 
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Fig.4 Influence of  on velocity profile. 

Fig.4 explicates the increasing nature of velocity profile for rising values of Casson fluid 
parameter. 

 

Fig.5 Influence of  on velocity profile. 

Fig.5 illuminates the effect the Wiesenberger number  on velocity profile. It depicts the 

velocity profile increased with the increment of  . 
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Fig.6 Influence of1 on velocity profile. 
 

Fig.6 explains the influence of first-order velocity slip parameter on the dimensionless 
velocity profile f '() . The dimensionless velocity profile 

of the first-order velocity slip parameter1 . 

f '() decreases with increasing values 

 

 
 

Fig.7 Influence of M on temperature profile. 
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Fig.7 represents the impact of the magnetic parameter on energy distribution. The effect of 
magnetic field reduces the fluid velocity whereas it intensifies thermal boundary layer thickness. 
Thermal energy is defined as an additional work done required for dragging the fluid under the 
influence of the magnetic field. Thermal energy heats up the conducting fluid and upgrades the 
temperature profile. Thus, the magnetic field in the flow regime intensifies the thermal boundary 
layer thickness. 

 
 

 
Fig.8 Influence of Nt on temperature profile. 

Fig.8 exhibits the influence of the thermophoresis parameter on temperature profile. The 
energy distribution grows with increment in the values of the thermophoresis parameter. 

Conclusion 
 

In the present paper, we have studied the impacts of the thermal radiation, heat source and 

melting parameter on steady MHD boundary layer of nanofluid under influence of chemical 

reaction embedded in porous medium. Using the similarity variables, the governing non-linear 

partial differential equations are transformed into a system of coupled non-linear ODE’s and 

solved numerically by using Runge-Kutta – Fehlberg method with shooting technique. Velocity 

and temperature increase with increase in heat generation parameter or viscous dissipation. 

velocity profile, temperature profile and concentration profile decreases for increasing the values 

of permeability parameter or magnetic field parameter. both local Nusselt number and local 

Sherwood number increase with Lewis number. The heat source parameter and Eckert number 
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increases the heat transfer rate, but decreases the mass transfer rate. The skin-friction factor, 

Nusselt number and Sherwood number decreases with increase in the melting parameter, whereas 

the effect is opposite for Prandtl number. 
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ABSTRACT 
 

The purpose of the study was to find out the effect of assisted and resisted sprint training on Speed 

performance among college athlete in Andhra Pradesh. For the purpose of the study sixty(N=60) athletes 

studying various affiliated college to Sri Venkateswara University,   Tirupatti,   Andhra Pradesh state, India, 

were randomly selected as subjects. The subjects were assigned at random into four groups of fifteen each 

(n=15). Group-I underwent Assisted Sprint Training (n=15), Group-II underwent Resisted Sprint Training 

(n=15), Group-III underwent combined Assisted and Resisted Sprint Training (n=15)and Group-IV acted as 

Control. Speed only selected as a dependent variable and it was assessed by 50 meters sprint test. The 

Experimental groups underwent their respective training for 10 weeks duration. And the number of session was 

conformed into six days per week. All the subjects were tested prior to and immediately after the training for the 

selected variable. Data were collected and statistically analyzed using ANCOVA. Scheffe’s post hoc test was 

applied to determine the significant difference between the paired means. In all the cases 0.05 level of 

significance was fixed. The results of the study showed that there was a significant difference among all the 

Experimental groups’ namely assisted training, resisted training and assisted and resisted training. Further the 

results showed combined assisted and resisted training group was found to have greater impact on the group 

concerned than the assisted training group, resisted training group and control group in enhancing the 

performance of Speed. 

 
Keywords: Assisted Training, Resisted Training, Combined Training, Speed 
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INTRODUCTION 
 

 
Sprint training burns massive calories, increases your cardiovascular health, builds 

muscle, and boosts your speed and power. Sprint workouts are also a big time saver. 

Although many exercise guidelines recommend up to 60 minutes of moderate exercise three 

times a week, most people fail to get that much exercise for many reasons, including lack of 

time. 

Sprint training can be used effectively by both elite athletes and recreational 

exercisers. Sprint training enhances endurance performance. In one study, participants who 

completed eight weeks of sprint interval training saw improvements in maximal oxygen 

uptake, also known as VO2 max. This test is one way to measure a person's cardiovascular 

fitness. Sprinting is one of the most physically demanding tasks that the human body can 

perform. It requires an incredible amount of explosive power, tissue resilience (Litleskare et 

al., 2020). 

Resisted sprint (RS) preparing is usually utilized as a way to enhance speed and 

increasing speed in running. This strategy for preparing may include the competitor run with 

an additional heap utilizing a weighted sledge, a weighted vest, or a speed parachute, or 

performing tough or sand rise preparing. The basic presumption in RS preparing is that it will 

in the end lead to increments in walk length amid typical un opposed running, by expanding 

the power and quality. In spite of the fact that RS preparing is regularly drilled over a wide 

assortment of games, review of the writing indicates constrained logical proof to help the 

utilization of RS preparing as a strategy for speed advancement. Different examinations have 

concentrated on the impact of RS preparing on the kinematics of dashing, however there is 

little research looking at the more extended term impacts of RS preparing program on quality 

and running rate execution (Costello, 1985). 

 
On the track and in team sports, resisted sprinting is a common means of providing a 

sprint-specific overload stimulus. While there are several methods of applying resistance, the 

most common are sleds. Unfortunately, in both research and practice the way loads are 

regularly prescribed is still years behind the gym-based approach (Cahill, 2019). 

http://xisdxjxsu.asia/
https://www.verywellfit.com/what-is-moderate-intensity-exercise-3435400
https://www.verywellfit.com/how-to-exercise-when-you-dont-have-time-1231132
https://www.verywellfit.com/how-to-exercise-when-you-dont-have-time-1231132
https://www.verywellfit.com/what-is-vo2-max-3120097
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METHODOLOGY 

For the purpose of the study sixty(N=60) athletes studying various affiliated college to 

Sri Venkateswara University, Tirupatti, Andhra Pradesh state, India, were randomly 

selected as subjects. The subjects were assigned at random into four groups of fifteen each 

(n=15). Group-I underwent Assisted Sprint Training (n=15), Group-II underwent Resisted 

Sprint Training (n=15), Group-III underwent combined Assisted and Resisted Sprint Training 

(n=15)and Group-IV acted as Control.   Speed only selected as a dependent variable and it 

was assessed through 50 meters sprint test. The experimental groups underwent their 

respective training for 10 weeks duration. And the number of session was conformed into six 

days per week. All the subjects were tested prior to and immediately after the training for the 

selected variable. 

 
ANALYSIS OF THE DATA 

The data collected from the experimental groups and control group on prior and after 

experimentation on selected variables were statistically examined by analysis of covariance 

(ANCOVA) was used to determine differences, if any among the adjusted post test means on 

selected criterion variables separately. Whenever they obtained f-ratio value was significant 

the Scheffe’s test was applied as post hoc test to determine the paired mean differences, if 

any. In all the cases 0.05 level of significance was fixed. 

The results of the Analysis of Covariance on Speed of the pre, post, and adjusted test 

scores of Assisted Sprint Training group, Resisted Sprint Training group and Combined 

Assisted and Resisted Sprint Training group and Control group are presented in Table –1. 

Table – 1 

Analysis of Covariance on Speed of Experimental Groups 

and Control Group 

 
 

Test 

 
Assisted 
Sprint 

Training 
Group 

 
Resisted 
Sprint 

Training 
Group 

 
Combined 
Assisted 

and 
Resisted 
Sprint 

Training 
Group 

 
Control 
Group 

 
Source 

of 
Variance 

 
Sum 

of 
Squares 

 
 

df 

 
Mean 

Squares 

 
 

F 
ratio 

 
Adjusted 
Post Test 

Mean 

 
 

7.15 

 
 

7.02 

 
 

6.71 

 
 

7.75 

Between 8.14 3 2.71 
 
 

68.17* 

Within 2.19 55 0.04 

* Significant at 0.05 level of confidence 
(Speed Scores in Kilograms) 
Table value for df (3, 56) at 0.05 level = 2.76 Table value for df (3, 55) at 0.05 level = 2.78 
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The table-1 shows adjusted post-test means on Speed of Assisted Sprint Training 

group, Resisted Sprint Training group and Combined Assisted and Resisted Sprint Training 

group and Control group are 7.15, 7.02, 6.71 and 7.75 respectively. The obtained ‘F’ ratio of 

68.17 for adjusted post-test scores was higher than the table value of 2.78 for degrees of 

freedom 3 and 55 required for significance at 0.05 level of confidence on Speed. 

The results of the study indicate that there are significant differences among the 

adjusted post test means of Assisted Sprint Training group, Resisted Sprint Training group 

and Combined Assisted and Resisted Sprint Training group and Control group in Speed 

performance. 

To determine which of the paired means have a significant difference, the Scheffe’s 

test is applied as Post hoc test and the results are presented in Table – 2. 

Table – 2 

The Scheffe’s test for the differences between the adjusted 
post test paired means on Speed 

 

Adjusted Post-test Means  
 
 

Mean 
Difference 

 
 
 

Confidence 
Interval 

 
Assisted Sprint 

Training 
Group 

 
Resisted Sprint 

Training 
Group 

 
Combined 

Assisted and 
Resisted 
Sprint 

Training 
Group 

 
Control 
Group 

7.15 7.03   0.13 0.21 

7.15  6.71  0.45* 0.21 

7.15   7.75 0.59* 0.21 

 7.03 6.71  0.32* 0.21 

 7.03  7.75 0.72* 0.21 

  6.71 7.75 1.04* 0.21 

* Significant at 0.05 level of confidence 
 

Table-2 shows that the adjusted post test mean differences on Speed between Assisted 

Sprint Training group and Combined Assisted and Resisted Sprint Training group, Assisted 

Sprint Training group and Control group, Resisted Sprint Training group and Combined 

Assisted and Resisted Sprint Training group, Resisted Sprint Training group and Control 

group and Combined Assisted and Resisted Sprint Training group and Control group are 

0.45, 0.59, 0.32, 0.72 and 1.04 respectively, which are greater than the confidence interval 

value of 0.21 on Speed at 0.05 level of confidence. 
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Further the table-2 shows that the adjusted post test mean differences on Speed 

between Assisted Sprint Training group and Resisted Sprint Training group is0.13, which is 

less than the confidence interval value of 0.21 on Speed at 0.05 level of confidence. 

The results of the study showed that there was a significant difference between 

Assisted Sprint Training group and Combined Assisted and Resisted Sprint Training group, 

Assisted Sprint Training group and Control group, Resisted Sprint Training group and 

Combined Assisted and Resisted Sprint Training group, Resisted Sprint   Training group 

and Control group and Combined Assisted and Resisted Sprint Training group and Control 

group on Speed. Further the results of the study showed that there was no significant 

difference between Assisted Sprint Training group and Resisted Sprint Training on Speed. 

The above data also reveal that Combined Assisted and Resisted Sprint Training 

group had shown better performance than Assisted Sprint Training group, Resisted Sprint 

Training group and Control group in Speed. 

The adjusted post mean values of Assisted Sprint Training group, Resisted Sprint 

Training group and Combined Assisted and Resisted Sprint Training group and Control 

group on Speed are graphically represented in the Figure –1. 

 
 

 
Figure: 21 The Adjusted Post Mean values of Assisted Sprint Training group, 

Resisted Sprint Training group and Combined Assisted and 
Resisted Sprint Training group and Control group on Speed 
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CONCLUSIONS 
 

From the analysis of the data, the following conclusions were drawn. 
 

1) The experimental groups namely, Assisted Sprint Training group, Resisted 

Sprint Training group and Combined Assisted and Resisted Sprint Training 

group had significantly improved in Speed. 

2) The Combined Assisted and Resisted Sprint Training group was found to have 

greater impact on the group concerned than the Assisted Sprint Training group, 

Resisted Sprint Training group and Control group in enhancing the 

performance of Speed. 
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