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THERMODYNAMIC STUDY OF SOME ALCOHOLS
IN DILUTE AQUEOUS SOLUTION

Wedad J. FENDI?, Zainab Abbas AL-DULAIMY?,
Dheefaf F. HASSAN?, Azhar Farooq ABDULZAHRA®?
and Husam Saleem KHALAF®

ABSTRACT. An apparent molar volume ¢v of 1-pentanol, 1-hexanol, 1-heptanol,
and 1-octanol in dilute aqueous solution has been particular for density
measurements at 298.15 K. A restrictive apparent molar volumes ¢v° at infinite
dilution of these compounds were investigated based on Masson’s equation.
Based on the Jone-Dole equation, A and B viscosity constants for four alcohols
have been identified. This liquid offers resilient solute-solvent interaction. The
modified Jone-Dole equation has also been employed with the experimental
consequences using four liquids as solutes in dilute aqueous solutions.

Keywords: Alcohols, Apparent molar volume, Modified Jone-Dole equation.

INTRODUCTION

Several facts about serious water-solute interaction in solution chemistry
have been based on the familiarity of apparent molar volume. Indeed, in
extremely dilute aqueous solution, the dual features of apparent molar volume
and viscosity were required to build up an understanding of inter-molecular
interactions [1,2]. In this paper, our converge is about dilute aqueous
solutions, that provide wide-ranging characteristics for the structures of the
solution. Henceforth volumetric and viscometric investigations about these
organic liquids were implemented in extremely dilute aqueous media [3-5].
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Alcohols are feasibly taken into consideration as derivatives of water in which
an alkyl group substitutes one hydrogen atom. The unshared electron in an
oxygen outer shell conveys significant characteristics in the structure of the
alcohols. Alcohols are water-like in their natural characteristics since their hydroxyl
ratio in the C-H bonding has been raised. Numerous reported papers about
volumetric properties had discussed numerous mixes of alcohols and water.

Alcohols are applied as solvents, co-solvents, alcohols-water mixtures,
at all times, acting as attention- grabbing due to their anomalous performance
like the maximum presence of a viscosity-composition and lower partial molar
volume [6-8] than their volume in the “pure” alcohol state [9-12]. Alcohols
stand for industrial biological amphiphilic materials in a liquid state in accordance
with the hydrogen bonding of their O-H clusters. They are self-associated and
polar liquids, and they are of specific interest as alcohols are powerful liquids with
a three-dimensional system of hydrogen bonds and can be connected with any
other group taking several degrees of polar attraction [13-15]. Water molecules
might be bound to the biological solvent in the widespread techniques. Alcohols
remarkably vary from other biological solvents and from each other based on
the degree and extent of self-association [16-18]. An important consideration
was paid in the past for altering hydrogen-bonded structures of alcohol pure
water in a mixing activity. Previously, the water-alcohol hydrogen bond was,
in general, sturdier than the alcohol-alcohol bond. Introducing water into pure
alcohols can collapse the self-association in alcohols. The new hydrogen
bonds are feasibly made among water molecules and alcohols [19-21]. While
explaining the volumetric properties of powerfully interconnected systems like
alcohol-water combinations.

It is essential to adopt these consequences. Accordingly, we investigated,
in this paper, the partial molar volume for water in several alcohols with the
intention of providing a superior interpretation of these factors that contribute
significantly to a volumetric performance of powerfully related mixtures [22,23].
The current work inspected experimental data of viscosities (), and densities
(p) at 298.15 K, for ( 1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol) in dilute
aqueous solutions which were used to calculate apparent molar volume ( ¢v )
and Jone-Dole coefficients.

RESULTS AND DISCUSSION

For all alcohols, 1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol, the
values under dissimilar concentrations in aqueous solution were perceived. The
data for viscosity for each solute under dissimilar concentrations were employed
to determine the interaction parameter in aqueous solution. The interaction
parameters were obtained based on Jon-Dole’s Eq. [24, 25].
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The B magnitudes were acquired based on
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(m/M.—1)/VC=A+BVC

Here, A and B stand for the constants regarding ion-ion besides ion-
solvent interaction correspondingly, while C stands for a molar concentration.

linear plots between

(m/m. — 1)/+/C and V/C. These plots were depicted in Fig. 1. A and B
coefficients were considered from the intercepts and slope for each biological
material as specified in Table 1.

and 1-octanol under 298.15 K based on Jone-Dole equation

Table 1. A and B coefficient for aqueous 1-pentanol, 1-hexanol, 1-heptanol,

1-Pentanol

1-Hexanol

1-Heptanol

1-Octanol

Ve

(/no-1)/
VC

no.

Ve

(n/no-1)/
Ve

no.

Ve

(n/no-1)/
Ve

no.

Ve

(n/no-1)/
Ve

0.19644

0.21507

0.20164

0.22776

0.21608

0.30998

0.24222

0.33496

0.22614

0.25108

0.22863

0.27785

0.24479

0.37821

0.28078

0.42552

0.26876

0.27805

0.27081

0.32189

0.28084

0.45296

0.31084

0.49166

0.30237

0.30863

0.31283

0.38898

0.31549

0.52559

0.34479

0.54626

0.34319

0.35785

0.33314

0.45326

0.33835

0.55329

0.36828

0.60984

0.36364

0.37625

0.36388

0.51145

0.37116

0.59611

0.39595

0.66435

0.39148

0.42231

0.39829

0.57651

0.39865

0.63933

0.42243

0.77332

0.42033

0.44948

0.42291

0.60763

0.42064

0.70802

0.44467

0.79493

9

0.43866

0.47522

9

0.44472

0.62554

9

0.43845

0.74498

9

0.46312

0.84831

10

0.45339

0.49896

10

0.46679

0.64587

10

0.47615

0.78227

10

0.48546

0.90922

In view of that, A= -0.008 (dm®2.mol-"2), A= -0.1115 (dm3*2.mol-"2),
=-0.0651 (dm%2mol-"2), A=-0.2443 (dm32.mol"2).

B= 1.0908 (L.mol""), B= 1.6762 (L.mol"), B= 1.8116 (L.mol""),
B= 2.3524 (L.mol").
Linearity=0.9899, 0.9886, 0.9919, 0.9938.

C=molar concentration (mol/L)
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Figure 1. Jone-Dole plot v/C versus (n/no -1)/v/C for alcohols at 298.

Table 2. Change of n/no with concentration of 1-pentanol, 1-hexanol,
1-heptanol and 1-octanol under 298.15 K

1-Pentanol 1-Hexanol 1-Heptanol 1-Octanol
Concen- Concen- Concen- Concen-
S. tration n/n S. tration n/n S. tration n/n S. tration n/n
no. ° | no. ° | no. ° | no. °

(mol/L) (mol/L) (mol/L) (mol/L)

1 0.03859 [1.04225| 1 0.04066 |1.04996| 1 0.04669 |1.06698| 1 0.05867 |1.08113

2 0.05114 [1.05678| 2 0.05227 [1.08432| 2 0.05992 [1.09258| 2 0.07884 |1.11948

3 | 0.07223 [1.07473] 3 | 0.07334 [1.12851] 3 | 0.07887 |1.12721| 3 | 0.09664 [1.15282

4 | 0.09143 [1.09332] 4 | 0.09786 |1.15334| 4 | 0.09954 |1.16582| 4 | 0.11888 |1.18834

5 0.11778 [1.12282| 5 0.11098 [1.17565| 5 0.11448 [1.18719| 5 0.13653 |1.22459

6 | 0.13224 [1.13682] 6 | 0.13241 |1.18611] 6 | 0.13776 |1.22121| 6 | 0.15678 [1.26305

7 | 0.15326 [1.16558| 7 | 0.15864 [1.22568| 7 | 0.15892 |1.25487| 7 | 0.17845 [1.32667

8 | 0.17668 [1.18893] 8 | 0.17885 [1.24772| 8 | 0.17694 |1.29782| 8 | 0.19773 [1.35348

9 | 0.19242 [1.20846] 9 | 0.19778 |1.26537| 9 | 0.19224 |1.32664| 9 | 0.21448 |1.39287

10 | 0.20557 [1.22623] 10 | 0.21789 |1.30112| 10 | 0.22672 |1.37248| 10 | 0.23567 |1.44139

Accordingly, n is the viscosity of solution and no is the viscosity of water.

Evaluation of B coefficients for each alcohol was positive in aqueous
solutions thereby signifying the existence of a strong ion-solvent interactions
in the solution. These organic materials are like structure-makers in water.
The A value gotten from all alcohols was negative and estimated for non-
electrolytes as solute that stands for the ion-ion interaction measurement [26-
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28]. A depiction of (n/no) verses concentration must be linear taking slope
magnitude equivalent to B coefficient for non-electrolytes and the equation 2
applicability. The data from the experiments was employed for examining
how the experimental consequences of viscosity agree with Eq.2 for non-
electrolyte molecules. The magnitudes were shown in Table 2 and in Fig. 2.

M 1-octanol
1-pentanol
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# 1-heptanol

16 4
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Figure 2. Plot (C) versus (n/no) for alcohols at 298.15 K

n/n, = BC+1

Table 3. Ax and Bx amounts for aqueous 1-pentanol, 1-hexanol, 1-heptanol
and 1-octanol under 298.15 K based on modified Jone-Dole equation

1-Pentanol 1-Hexaoll 1-Heptanol 1-Octanol
| (RT%) (;Q—/;V),/ o | WxT) mQ]JT:v)VI Nl o mQ]JT:v)VI N ®) (\'/‘Q'—/;v)vl
1 0.04788 |0.88238 | 1 0.05248 | 0.95198 | 1 0.05884 |1.13834| 1 0.06158 | 1.31747
2 | 0.06102 | 0.93038| 2 | 0.08616 |0.97865| 2 0.07969 | 1.16175| 2 | 0.08929 |1.33812
3 | 0.07631 | 0.97927| 3 | 0.12149 |1.05778| 3 0.10658 [1.19376| 3 | 0.11169 | 1.36825
4 | 0.09097 [1.02579| 4 | 0.13982 |1.09669| 4 0.13437 [ 1.23406| 4 | 0.13359 |1.40979
5 | 0.11607 |1.05811| 5 | 0.15772 |1.11367| 5 0.14899 (1.25635| 5 | 0.15576 |1.44187
6 | 0.12399 [1.10348| 6 | 0.16362 [1.13742| 6 0.17061 [ 1.29668 | 6 | 0.18021 |1.45976
7 0.14508 [1.14132| 7 0.19159 [1.17737 | 7 0.19344 (1.31756| 7 0.21636 | 1.50985
8 | 0.15993 |1.18133| 8 | 0.20479 [1.20963| 8 0.22082 | 1.34867 | 8 | 0.22856 |1.54652
9 | 0.16951 [1.22978| 9 | 0.21421 |1.23887| 9 0.23343 [1.39933| 9 | 0.24763 | 1.58657
10 | 0.18081 [1.25119| 10 | 0.23773 |1.26665| 10 | 0.26264 |1.41822| 10 | 0.27509 | 1.60448
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As clarified in Table 3, the magnitudes for concentration were used
for calculating xs and xw in addition to the obtained date. The linear plot

(WXs/Xw) vs. (n/n.-1)/{/Xs/X,, ratifies a veracity modified Jone-Dole Eq. as
specified below.

Notes: Ax= 0.7664, Ax= 0.8417, Ax=1.0479, Ax= 1.2174, Bx= 2.6623,
Bx= 1.7915, Bx=1.4203, Bx= 1.4169. Linearity= 0.9911, Linearity= 0.9905,
Linearity= 0.911, Linearity=0.9891

(%2 = Ax + Bx\/Xs/Xyy «eeiren (3)

Where Ax and Bx stand for the coefficients. They represent the interactions
measured among solute-solute and solute-solvent. A corresponding plot has
been illustrated in Fig. 3. The positive magnitudes of Ax and Bx gotten in the
paper indicate the existence of ion-solvent interaction and solute-solute
interaction [29,30]. The concentration extent applied in the project was
optimal for a veracity of Staudinger, Jone-Dole equation in addition to the
modified Jone- Dole equation that behaves like a “structure maker” [31].

1.8 1
1.6 A

14 M
1.2 4
M 1-heptanol (Mo -1)/ 1 -

1-pentanol \JXSIX“. 0.8
X 1-hexanal 0.6
0.4 -
0.2 A

0

# 1-octanol

0 0.05 0.1 0.15 0.2 0.25 0.3
VX /X,

Figure 3. Modified Jone-Dole plot \/X,/X,, versus (n/n.-1)/ v/ Xs/Xy
for alcohols at 298.15 K.

The apparent molar volumes (¢v) of alcohols was determined based
on the measured densities in dilute aqueous solution by [32-34].

¢y =

Mg , 1000(p,—p)
Po+ (e (4)

Where Ms represents the molecular weight of alcohol, C is an alcohol
concentration in mol/L and p, stands for a density of a pure solvent. The computed
amounts of apparent molar volume for 1-pentanol, 1-hexanol, 1-heptanol, and
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1-octanol are given in Table 5 and ploted in Fig.4. The magnitudes for apparent
molar volumes (standard partial molar volume) (V¢°) have been determined
through least-squares fit to Masson’s equation at infinite dilutions [35-37].

Table 4. A change of densities with concentration of 1-pentanol, 1-hexanol,
1-heptanol and 1- octanol under 298.15 K

1-Pentanol 1-Hexanol 1-Heptanol 1-Octanol
AR Pt A AR AL Il i AL B
(mol/L) (mol/L) (mol/L) (mol/L)
1| 00000 | 0997046 | 1 0.0000 |0.997046| 1 0.0000 |0.997046| 1 0.0000 |0.997046
2| 003859 | 099908 | 2 | 004060 |0.99966 | 2 | 0.04669 | 1.00043 | 2 | 0.05867 | 1.00206
3| 005114 | 099969 | 3 | 005227 |1.00031| 3 | 005992 |1.00263| 3 | 0.07884 | 1.00356
4| 007223 | 100067 | 4 | 007334 |1.00154| 4 | 007887 | 1.0040 | 4 | 0.09664 | 1.00487
5| 009143 | 100153 | 5 | 009786 |1.00292| 5 | 0.09954 | 1.00489 | 5 | 0.11888 | 1.00652
6| 011778 | 100272 | 6 | 0.11098 |1.00366 | 6 | 0.11448 | 1.00632| 6 | 0.13653 | 1.00786
7| 013224 | 100331 | 7 | 013241 |1.00474| 7 | 013778 |1.00641 | 7 | 0.15678 | 1.00919
8| 015326 | 100421 | 8 | 0.15864 | 1.00605| 8 | 0.15892 | 1.00764 | 8 | 0.17845 | 1.01069
9| 017668 | 1.00506 | 9 | 0.17885 |1.00708 | 9 | 0.17694 |1.00862 | 9 | 0.19773 | 1.01203
10| 019242 | 100562 | 10| 0.19778 | 1.00801 | 10 | 0.19224 | 1.00946 | 10 | 021448 | 1.0294
11| 020556 | 1.00601 | 11| 021789 |1.00891 | 11 | 022672 | 101142 | 11 | 023567 | 1.01425
Table 5. Amounts ¢v of the Masson equation for aqueous 1-pentanol,
1-hexanol, 1-heptanol and 1-octanol under 298.15 K
1-Pentanol 1-Hexanol 1-Heptanol 1-Octanol
ri;. Ve | cmimol) r:so Ve | (emimol) nso Ve | (cmmol) :, ve (cm(-!::'noﬁ)
1 1019644 | 3531842 | 1 |0.20164 | 3769516 | 1 |0.21608 | 43.73795 | 1 |0.24222 |46.50937
2 | 022614 | 36.30691 | 2 [0.22863| 39.51978 | 2 [0.24479| 44.77769 | 2 |0.28078 (47.19421
3 1026876 | 3752471 | 3 |0.27081| 40.64163 | 3 |0.28084 | 45.74988 | 3 |0.31084 |48.77553
4 | 030237 | 3890222 | 4 |0.31283| 41.86316 | 4 |0.31549| 46.52436 | 4 |0.34479 |49.97424
5 |0.34319 | 39.72469 | 5 |0.33314| 4223455 | 5 |0.33835| 47.92414 | 5 |0.36828 |50.39317
6 | 0.36364 | 4050717 | 6 |0.36388| 43.67544 | 6 |0.37116| 48.39512 | 6 |0.39595|52.06325
7 039148 | 41.09442 | 7 |0.39829| 44.96438 | 7 |0.39865| 49.64078 | 7 |0.42243|52.97686
8 | 042033 | 4244203 | 8 |042291| 4557028 | 8 |0.42064 | 50.83599 | 8 |0.44467 |53.58082
9 | 043866 | 4321622 | 9 |044472| 46.19244 | 9 |0.43845| 51.62481 | 9 |0.46312|55.14723
10 | 045339 | 44.14778 | 10 | 046679 | 47.13124 | 10 | 0.47615| 52.69066 | 10 | 0.48546 |56.21232

Notes: ¢v° = 28.801, ¢v = 31.326, ¢v° = 36.017, ¢pv° = 36.224, Sv = 32.655, Sv = 33.75,
Sv=34.775, Sv = 40.066. C= molar concentration (mol/L)
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Figure 4. Masson plot apparent molal volumes (¢v) versus (v/C)
for alcohols at 298.15 K

Where Sv is the experimental slope indicating solute-solute
interaction and the (V¢°) values are separated solute-solute interaction at
infinite dilution and only inverted the presence of solute-solute interaction
among solute as well as solvent molecules. The ¢v magnitude is positive
specifying the positive interaction among solute and solvent molecules [38,
39]. The Sv is positive signifying which ions possess the worthy complex ion-
forming and resilient ion-ion interacting level in aqueous solution [40, 41].

CONCLUSIONS

In this analysis, density and viscosity parameters were used to
investigate the existence of interactions in alcohol-water. The good value of the
B-coefficient suggests that ion-solvent interaction is present in any system
and it was concluded that there is a relationship between alcohols and water
molecules because of hydrogen bonding. Accordingly, it stands for the structure
maker in the aqueous solution. It can be said that the proposed modified Jon-
Dole equation in this study can be a model for gaining more information in
the field of molecular interaction studies.

EXPERIMENTAL
Alcohols (1-pentanol, 1-hexanol, 1-heptanol, and 1-octanol) were

provided by Aldrich company with 98% purity. The viscosity measurements
as a suspended level ubbelohde viscometer in a bath adjusted to + 0.01 k at
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298.15 k to determine the viscosities. Headed for giving the ending magnitudes,
the experiments were repeated, at least three times, before the results were
fixed.

ACKNOWLEDGMENTS

The authors appreciate the University’s funding and their support in
this work.

REFERENCES

[1]1 C. M. Romero; M. A. Esteso; Chem. Chem. Eng. Sustain. Dev., 2020, pp. 83—106.

[2] M. M. Hoffmann; R. H. Horowitz; T. Gutmann; G. Buntkowsky; J. Chem. Eng. Data,
2021, 66(6), 2480-2500.

[3] U.Shahazidy; M. Asghar Jamal; M. Muneer; B. Naseem; A. Kaleem Qureshi; J. Mol.
Liq., 2022, 350, 54-57.

[4] Y. Cao, Y. Peng; D. Cheng; L. Chen; M. Wang; C. Shang; L. Zheng; D. Ma; Z. P.
Liu; ACS Catal., 2023, 13(1),735-743.

[5] S. A. Yaseen; A. S. Alameen; F. A. Saif; S. B. Undre; P. B. Undre; J. Mol. Liq.,
2021, 340, 5-9.

[6] V.Sharma; C. Bhatia; M. Singh; C. Singh; S. K. Upadhyaya; K. Kishore; J. Mol. Liq.,
2020, 308, 5-9.

[7]1 S.Rasouli; M. R. Moghbeli; S. M. Hashemianzadeh; Mater. Res. Express, 2022,
9(9),17-20.

[8] B. Lee; J. Kim; K. Shin; K. H. Park; M. Cha; S. Alavi; Cryst. Eng. Comm., 2021,
23(26), 4708—-4716.

[9] P. Patanjali; I. Chopra; A. Mandal; R. Singh; Indian J. Chem. Technol., 2021,
28(1), 86-93.

[10]1D. M. Li; J. Huang; Z. H. Ren; Y. J. Lu; Y. J. He; S. W. Liu; J. Dispers. Sci.
Technol., 2020, 41(6), 856—862.

[11]C. M. Romero; Y. P. Cruz; and S. Perez-Casas; Thermochim. Acta, 2020, 684,
36-39.

[12]Y. N. Malakhova; A. A. Stupnikov; V. P. Chekusova; N. M. Kuznetsov; S. |.
Belousov; Bio nano science, 2020, 10(2), 403—408.

[13]S. Baluja; J. Anal. Pharm. Res., 2021,10(5), 169-175.

[14]M. Ikeda; M. Aniya; Key Eng. Mater., 2020, 861 KEM, 264—269.

[15]C. E. Miller; P. C. Lozano; Appl. Phys. Lett., 2020, 116(25), 7-10.

[16]B. D. Prince; C. J. Annesley; R. J. Bemish; S. Hunt; AIAA Propuls. Energy Forum
Expo., 2019, pp. 1-4.

[17]B. B. Nanda; M. Pradhan; P. Kar; B. Nanda; Biointerface Res. Appl. Chem., 2020,
10(4), 5901-59009.

[18]J. Article; Biointerface Res. Appl. Chem., 2021, 12(1), 339-350.

135



WEDAD J. FENDI, ZAINAB ABBAS AL-DULAIMY, DHEEFAF F. HASSAN,
AZHAR FAROOQ ABDULZAHRA, HUSAM SALEEM KHALAF

[19]L. Hnedkovsky; L. Rasanen; P. Koukkari; G. Hefter; J. Chem. Eng. Data, 2021,
66(1), 38—44.

[20]A. Thakur; K. C. Juglan; H. Kumar; J. Phys. Conf. Ser., 2020, 1531(1), 1-11.

[21]M. Khandelwal; Int. J. Eng. Res., 2020, 9(06), 7-9.

[22]M. Almasi; J. Chem. Eng. Data, 2020, 65(90, 4498—-4502.

[23]S. Agarwal; D. K. Sharma; Open J. Phys. Chem., 2021,11(03), 168—181.

[24]A. F. Abdulzahra;, M. H. Saleem; I. M. Radhi; Z. A. Al-Dulaimy; Int. J. Pharm. Res.,
2020, 12(2), 1229-1232.

[25]F. Koohyar; H. Ghasemnejad-Bosra; M. Sharifirad; Studia UBB Chemia, 2012,
57(4), 217-231.

[26]O. Miyawaki; Y. Norimatsu; H. Kumaga; Y. Irimoto; H. Kumagai; H. Sakurai;
Biopolymers, 2003, 70(4), 482—491.

[27]S. K. Sharma; A. Thakur; J. Mol. Liq., 2021, 322, 114527.

[28]B. S. Journal; Baghdad Sci. J., 2011, 8(2), 348-358.

[29]Z. A. H. Al-Dulaimy; D. T. A. Al-Heetimi; H. S. Khalaf; A. M. Abbas; Orient. J. Chem.,
2018, 34(4), 2074-2082.

[30]H. S. Khalaf; Z. A. H. Al-Dulaimy; A. M. Abbas; M. H. Saleem; 2019, Asian J. Chem.,
31(4), 820-824.

[31]S. K. Lai; C. C. Lim; J. Comput. Chem., 2021, 42(5), 310-325.

[32]H. Kumar; R. Sharma; J. Chem. Thermodyn., 2021, 152, 28-31.

[33]B. S. Journal; Baghdad Sci. J., 2006, 3(1), 147-155.

[34]T. A. Salman; K. A. Abd; Baghdad Sci. J., 2013, 10(2), 432—441.

[35]P. G. Raundal; A. A. Sheikh; S. S. Kasim; J. Adv. Sci. Res., 2021, 12(01), 99-105.

[36] M. Shakeel; K. Mahmood; J. Chinese Chem. Soc., 2020, 67(9),1552—-1562.

[37]T. Mallik; S. Ghosh; D. Ekka; J. Serbian Chem. Soc., 2022, 87(10),1171-1184.

[38]D. T. A. Al-Heetimi; Z. A. Al-Dulaimy; A. A. Al-Jawary; O. S. Al-Khazrajy; Studia UBB
Chemia, 2019, 64(1), 103—112.

[39]M. M. Budeanu; V. Dumitrescu; Appl. Sci., 2022, 12(1), 5-8.

[40]1A. Thakur; K. C. Juglan; H. Kuma; K. Kaur; Phys. Chem. Liq., 2020, 58(6), 803—-819.

[411H. G. Attiya; Z. A. H. Al-Dulaimy; K. A. Sadiq; M. H. Saleem; Orient. J. Chem.,
2019, 35(1), 337-342.

136



