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Summary

Some chalcone compounds are synthesized and their characterization was done by 
spectroscopic techniques such as IR, NMR and mass spectrometry. Some physi-
cochemical properties such as acoustical properties, refractive index, conductance 
and partition coefficient have been studied for these synthesized compounds in N, 
N-dimethyl formamide and chloroform at 303.15 K. The studied properties are 
useful in QSAR studies and applications of these compounds in various other fields. 
It is observed that these parameters are affected by solvent and substitutions present 
in compounds.

Key words: Synthesis, Chalcones, N, N-dimethyl formamide, chloroform, acoustical 
properties, refractive index, conductance, partition coefficient.

Resumen

Síntesis y estudios fisicoquímicos de vainillin-chalconas

Se sintetizaron algunos compuestos del tipo chalcona y su caracterizaron mediante 
técnicas espectroscópicas tales como IR, RMN y espectrometría de masa. Algunas 
propiedades fisicoquímicas tales como propiedades acústicas, índice de refracción, 
conductancia y coeficiente de reparto se estudiaron, para los compuestos sinteti-
zados, en N,N-dimetil formamida y cloroformo a 303,15 K. Las propiedades estu-
diadas son útiles en estudios QSAR y en aplicaciones de estos compuestos en otros 
campos. Se observa que estos parámetros se ven afectados por el disolvente y las susti-
tuciones presentes en los compuestos.
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Introduction

Chalcones are one of the most important classes of flavonoids across the whole plant 
kingdom [1, 2]. The chemistry of chalcones has generated intensive scientific studies 
throughout the world due to the large number of replaceable hydrogens that allows a 
large number of derivatives and a variety of promising biological activities to be gener-
ated e.g., anti-microbial [3], anti-cancer [4], anti-inflammatory [5], anti-malarial [6], 
anti-allergic [7], anti-oxidant [8], anti-infective [9], anti-influenze [10], anti-protozoal 
[11] etc. In modified form, these compounds are widely distributed in foods and bever-
ages such as vegetables, fruits, tea, soy-based foodstuff and spices [12, 13]. 

Chalcones are multifunctional molecules, since one particular structure can show 
multiple biological activities. These compounds are known to be excellent scaffolds 
for synthetic manipulation with multiple pharmacological properties [14-17]. Various 
other industrial and pharmaceutical applications of chalcones have also been reported 
[18-21]. Nowadays, an emerging interest is focused on the role of chalcones in agricul-
tural systems. Regarding pest defense and weed control, the most interesting biological 
activities of chalcones are the bactericide, antifungal, antihelmintic, insecticidal, insect 
antifeedant, antiviral and phytotoxic activities [22-24].

There are a lot of chalcone derivatives that have been synthesized and identified by 
researchers in the laboratory through different chemical methods [25]. The synthesis 
of new compounds based on the chalcone skeleton provides a new world of possibili-
ties for biological activities and applications [26-30]. 

Thus, due to importance of this class of compounds, in the present paper, some novel 
chalcone derivatives are synthesized and their physicochemical properties such as 
refractive index, conductance, dissociation constant, acoustical parameters, partition 
function etc., are studied in N, N, dimethyl formamide and chloroform at 303.15 K, 
which will be useful for application of these compounds in various fields. 

Experimental

Synthesis

An aqueous solution of vanillin was refluxed at 95-97°C for half an hour with stirring. 
To this solution, few drops of NaOH and diethyl sulphate were added slowly and again 
the reaction mixture was refluxed for 5 to 7 hrs with stirring. After the completion of 
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reaction, organic layer was isolated and cooled at room temperature. The solid crude 
product (3-methoxy4-ethoxybenzaldehyde) was isolated and crystallized from abso-
lute ethanol.
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A mixture of above synthesized product 3-methoxy4-ethoxy benzaldehyde and sub-
stituted acetophenone in methanol was stirred for 24 h in presence of few drops of 
sodium hydroxide solution. The product was filtered and dried. The recrystallization 
was done in ethanol.
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Similarly, other compounds were synthesized. Table 1 shows the different substitutions 
and physical parameters of all the synthesized compounds. These chalcone compounds 
are used for physicochemical studies after crystallization. 

Table 1. The physical constants of the synthesized compounds.

Sr. No. Compound 
Code Substitution -R M.F. M.Wt.  

(g/mol) M.P.0C Yield %

1 C-1 4-Cl C18H17ClO3 316 153 73
2 C-2 4-NO2 C18H17NO5 327 153 59
3 C-3 -H C18H18O3 282 132 66
4 C-4 4-CH3 C18H20O3 296 124 67
5 C-5 4-OCH3 C18H20O4 312 151 73
6 C-6 4-Br C18H17BrO3 361 134 57
7 C-7 4-OH C18H18O4 298 133 59
8 C-8 2, 4-OCH3 C20H22O5 343 129 64
9 C-9 3-Cl C18H17ClO3 316 170 75
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Physicochemical studies

The N, N-dimethyl formamide (DMF) and chloroform used was of AR grade supplied 
by Spectrochem Pvt. Ltd. (Mumbai, India) and was purified according to the standard 
procedure [31]. The purity of solvents were confirmed by GC-MS (SHIMADZU-
Model No.-QP-2010) equipped with column (DB-5MS, 25 m in length, 0.20 mm 
internal diameter and 0.33μm film) and was found to be more than 99.98%. 

Solutions of different concentrations were made in DMF and chloroform for all the 
synthesized compounds. 

Acoustical parameters: The density, sound velocity and viscosity of synthesized com-
pounds are measured in N, N-dimethylformamide and chloroform solutions of wide 
range of concentrations at 303.15 K. With these experimental data, some acoustical 
parameters such as adiabatic compressibility (κs), intermolecular free length (Lf), solva-
tion number (Sn), etc., have been computed to study molecular interactions in solutions.

Measurements of Density and Ultrasound velocity: The ultrasonic velocity and density 
measurements of pure solvents and solutions of different chalcones have been done by 
using Mittal enterprises ultrasonic Interfermeter (Model No. F81) and pyknometer 
with accuracy of density and velocity are ±0.05 kg/m3 and ±0.5 m/s respectively. The 
instrument was fully automated and the temperature was automatically controlled. 
Calibration was carried out using double distilled water.

Measurement of viscosity: The Ubbelohde viscometer with 25 ml capacity was used 
for the viscosity measurement with accuracy ±0.06%. The viscometer was calibrated 
with fresh conductivity water immersed in a water bath that was maintained at the 
experimental temperature, 303.15 K. The flow time of water (tw), of pure solvents and 
the flow time of solution, (ts) were measured with a digital stop watch with an accuracy 
of ±0.01 s (Model: RACER HS–10W). The temperature stability was maintained by 
circulating water from a thermostat (NOVA NV-8550 E, accuracy of ± 0.1 K) around 
the viscometer. The accuracy of viscosity is  0.05%.

Refractive index: The Abbe refractometer was used for the measurement of refractive 
index of solutions of synthesized compounds at 303.15 K.

Conductance: For all the synthesized chalcones, conductance is measured in DMF 
and chloroform solutions at 303.15 K. The conductance of each solution was mea-
sured by using Equip-tronics conductivity meter (Model No. 664) having a cell con-
stant 0.86 cm-1 at 303.15 K. 

Partition coefficient: n-Octanol is of analytical grade. The purity of solvent was checked 
by GC and found to be 99.9%. Milli-Q-water was used throughout for all experiments. 
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Preparation of standard solution: 10 mg sample was dissolved in n-octanol to give 100 
ml solution of 100 ppm. Using this standard solution, λmax was determined using UV 
spectrophotometer (Shimadzu, UV-1700, Pharmaspec). Suitable dilutions were made 
from this standard solution (2 g to 20 g) and absorbance (OD) was measured. The 
plot of absorbance versus concentration gives the calibration curve.

A known concentration of the compound solution was prepared in n-octanol. Equal 
volumes of this solution and water is mixed in oven dried stoppered flask and the mix-
ture was stirred for 24 h at room temperature. After 24 h, the solution was transferred 
into 250 ml of separating funnel and allowed to stand in order to separate the aqueous 
and organic layers. The organic layer will be upper one while lower will be aqueous. The 
organic layer was then analyzed by UV spectrophotometer. Using calibration curve, 
the concentration of compounds in organic layer was then evaluated.

As partition coefficient is highly influenced by pH, a wide range of pH (0.84 to 8.0) 
is selected. For 0.84 pH, 0.1 N HCl was taken whereas for 6.0, 7.4 and 8.0, phosphate 
buffer was used. 

Dissociation constant: For each compound, 100 ppm solution was prepared in DMF. 
This solution was used to determine the λmax using UV spectrophotometer (Shimadzu, 
UV-1700, Pharmaspec) equipped with 1 cm path length cell, controlled by computer. 

An electrical balance (Mettler Toledo AB204-S) with an accuracy of  0.1mg was 
used for solution preparation. 

The following sets of solution were prepared.

Set I: 2 ml HNO3 (0.01 M) + 4 ml NaNO3 (0.01 M) + 19 ml DMF

Set-II: 2 ml HNO3 (0.01 M) + 4 ml NaNO3 (0.01 M) + 2 ml compound solution (15 
ppm) +17 ml DMF

Thus, total volume of each set was 25 ml and DMF: water ratio was 90: 10 (v/v).

To each set of solution, pH and absorbance were measured after each addition of 0.1 ml 
NaOH till there is no change in absorbance.

A Systronic pH meter (Model No. EQ-664) was calibrated with buffer solutions of 
known pH. The buffers used were potassium hydrogen phthalate and sodium borate 
decahydrate. The pH of all the solutions was measured by pH meter. The accuracy of 
pH meter was ±0.01 pH unit. 
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Results and discussion

Physicochemical Studies

Acoustical properties: The experimental values of density (ρ), viscosity (η) and ultra-
sonic velocity (U ) of pure solvents and solutions of synthesized compounds are given 
in Table 2. 

Table 2. The density ()*, ultrasonic velocity (U )* and viscosity (η)* of synthesized compounds in 
DMF and Chloroform at 303.15 K.

Conc.
(M)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

DMF Chloroform

C-1

0.00 0.9417 1.4388 5.7887 1.4748 0.9696 4.2657
0.01 0.9430 1.4444 6.7031 1.4749 0.9712 4.4573
0.02 0.9438 1.4448 6.7998 1.4750 0.9730 4.4754
0.04 0.9460 1.4468 7.7111 1.4752 0.9744 4.5120
0.06 0.9482 1.4472 8.0514 1.4754 0.9760 4.5152
0.08 0.9593 1.4484 8.4512 1.4758 0.9784 4.5384
0.10 0.9512 1.4492 8.6957 1.4762 0.9831 4.5528

C-2

0.01 0.9424 1.4416 5.9300 1.4783 0.9694 4.4755
0.02 0.9427 1.4420 6.0617 1.4786 0.9708 4.4942
0.04 0.9440 1.4424 6.1245 1.4753 0.9732 4.5198
0.06 0.9455 1.4440 6.1831 1.4757 0.9768 4.5235
0.08 0.9456 1.4456 6.2415 1.4761 0.9792 4.5450
0.10 0.9468 1.4464 6.3309 1.4763 0.9818 4.5609

C-3

0.01 0.9422 1.4424 5.8534 1.4750 0.9697 4.4895
0.02 0.9432 1.4432 5.9756 1.4755 0.9702 4.5089
0.04 0.9426 1.4436 6.1154 1.4760 0.9715 4.5459

(Continue)
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Table 2. The density ()*, ultrasonic velocity (U )* and viscosity (η)* of synthesized compounds in 
DMF and Chloroform at 303.15 K (continuation).

Conc.
(M)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

DMF Chloroform

C-3

0.06 0.9445 1.4444 6.2529 1.4765 0.9754 4.5501
0.08 0.9458 1.4448 6.3209 1.4769 0.9770 4.5717
0.10 0.9461 1.4460 6.3751 1.4772 0.9798 4.5879

C-4

0.01 0.9429 1.4396 6.0305 1.4764 0.9698 4.5104
0.02 0.9431 1.4404 6.4214 1.4767 0.9707 4.5290
0.04 0.9443 1.4412 6.7278 1.4771 0.9730 4.5660
0.06 0.9453 1.4420 6.8952 1.4775 0.9754 4.5698
0.08 0.9474 1.4432 7.1380 1.4779 0.9780 4.5914
0.10 0.9476 1.4456 7.2121 1.4781 0.9820 4.6073

C-5

0.01 0.9418 1.4396 5.8971 1.4763 0.9700 4.4639
0.02 0.9429 1.4400 5.9591 1.4760 0.9705 4.4826
0.04 0.9437 1.4412 6.0519 1.4761 0.9722 4.5196
0.06 0.9447 1.4424 6.1599 1.4765 0.9747 4.5233
0.08 0.9463 1.4436 6.2209 1.4768 0.9771 4.5448
0.10 0.9464 1.4448 6.2419 1.4770 0.9799 4.5607

C-6

0.01 0.9422 1.4436 5.9417 1.4757 0.9740 4.5579
0.02 0.9433 1.4448 5.9982 1.4762 0.9753 4.5784
0.04 0.9445 1.4488 6.0790 1.4767 0.9755 4.6295
0.06 0.9458 1.4496 6.2086 1.4771 0.9771 4.6498
0.08 0.9473 1.4504 6.3114 1.4774 0.9785 4.6710
0.10 0.9476 1.4508 6.3477 1.4781 0.9795 4.6873

(Continue)
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Table 2. The density ()*, ultrasonic velocity (U )* and viscosity (η)* of synthesized compounds in 
DMF and Chloroform at 303.15 K (continuation).

Conc.
(M)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

Density


(g.cm-3)

Velocity
U. 10-5

(cm.s-1)

Viscosity
η.103

(poise)

DMF Chloroform

C-7

0.01 0.9445 1.4460 6.1651 1.4756 0.9684 4.4875
0.02 0.9449 1.4500 6.2710 1.4760 0.9686 4.5027
0.04 0.9479 1.4532 6.5356 1.4764 0.9701 4.5169
0.06 0.9487 1.4568 6.7900 1.4769 0.9734 4.5364
0.08 0.9503 1.4612 6.9038 1.4774 0.9743 4.5643
0.10 0.9543 1.4628 7.1169 1.4776 0.9796 4.6324

C-8

0.01 0.9461 1.4464 6.0496 1.4750 0.9678 4.5164
0.02 0.9465 1.4508 6.1976 1.4754 0.9688 4.5314
0.04 0.9471 1.4568 6.4258 1.4761 0.9715 4.5526
0.06 0.9491 1.4600 6.7800 1.4766 0.9754 4.6037
0.08 0.9507 1.4616 7.0589 1.4769 0.9770 4.6238
0.10 0.9516 1.4640 7.9042 1.4772 0.9798 4.6451

C-9

0.01 0.9434 1.4424 6.0086 1.4759 0.9690 4.5118
0.02 0.9441 1.4444 6.0496 1.4760 0.9700 4.5272
0.04 0.9447 1.4456 6.0827 1.4765 0.9727 4.5475
0.06 0.9454 1.4468 6.1336 1.4773 0.9766 4.5996
0.08 0.9462 1.4476 6.2243 1.4785 0.9782 4.6224
0.10 0.9472 1.4488 6.3912 1.4788 0.9810 4.6438

*Uncertainties: Density (): ± 0.0001 g.cm-3; Ultrasonic velocity (U): 0.01 % ; Viscosity (η): ±0.01 s

To study molecular interactions of compounds in solutions, some acoustical and appar-
ent parameters such as intermolecular free path length (Lf), adiabatic compressibility 
(s), relaxation strength (r), Rao’s molar sound function (Rm), Van der Waal’s constant 
(b), molar compressibility (W), solvation number (Sn), apparent molar compressibility 
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(k) and apparent molar volume (v) were evaluated using experimental data using 
following equations: 

Intermolecular free path length: L Kf j s= k1 2

Where Kj is a temperature-dependent Jacobson’s constant (93.875 + 0.375T) × 10-8. 

Isentropic compressibility: κs = 1/U2

Relaxation Strength: r = 1-  (U/U0)2, where U0 = 1.6 x 105 cm/s.
Rao’s molar sound function: Rm = (M/)U1/3, where M is the molecular weight of 
solution.

Van der Waal’s Constant: b = (M/) (1-RT/MU 2 ((1+MU2/3RT)-1))

where R is gas constant and T is absolute temperature.

Solvation number: S M
M

X
Xn

s

s

=
−











−











2

1 1

1 100k
k

Where X is the number of grams of solute in 100 gm of the solution. M1 and M2 are 
the molecular weights and S1 and S are adiabatic compressibility of pure solvent and 
solute respectively.

Some of these thermodynamic parameters are given in Table 3.

Table 3. Some acoustical parameters of synthesized compounds in DMF and chloroform.

Conc.
(M)

Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)
Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)

DMF Chloroform

C-1

0.00 0.1502 0.1913 4.0670 77.6131 0.1780 0.6328 3.7225 81.0257

0.01 0.1495 0.1850 4.1120 78.3705 0.1778 0.6316 3.7376 81.3111

0.02 0.1494 0.1846 4.1542 79.1661 0.1774 0.6302 3.7529 81.5909

0.04 0.1490 0.1823 4.2364 80.6957 0.1771 0.6291 3.7801 82.1439

0.06 0.1488 0.1819 4.3164 82.2103 0.1768 0.6279 3.8079 82.7028

0.08 0.1486 0.1805 4.4018 83.8148 0.1764 0.6260 3.8366 83.2579

0.10 0.1483 0.1796 4.4823 85.3348 0.1755 0.6225 3.8681 83.8072

(Continue)
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Table 3. Some acoustical parameters of synthesized compounds in DMF and chloroform (con-
tinuation).

Conc.
(M)

Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)
Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)

DMF Chloroform

C-2

0.01 0.1498 0.1882 4.1158 78.3607 0.1779 0.6329 3.7277 81.1451

0.02 0.1497 0.1877 4.1639 79.5521 0.1776 0.6319 3.7430 81.4397

0.04 0.1496 0.1873 4.2564 81.9877 0.1774 0.6300 3.7834 82.2482

0.06 0.1493 0.1855 4.3485 84.3850 0.1767 0.6273 3.8157 82.8502

0.08 0.1491 0.1837 4.4473 86.7819 0.1762 0.6255 3.8466 83.8502

0.10 0.1490 0.1828 4.5395 89.1708 0.1757 0.6235 3.8782 84.0640

C-3

0.01 0.1497 0.1904 4.1032 78.2372 0.1780 0.6327 3.7319 81.2282

0.02 0.1496 0.1895 4.1370 78.8685 0.1779 0.6323 3.7409 81.4106

0.04 0.1496 0.1886 4.2044 80.1451 0.1776 0.6313 3.7608 81.8059

0.06 0.1494 0.1877 4.2687 81.3553 0.1769 0.6284 3.7838 82.1984

0.08 0.1492 0.1864 4.3322 82..5585 0.1766 0.6271 3.8043 82.5961

0.10 0.1491 0.1837 4.4012 83.8502 0.1761 0.6250 3.8264 82.9991

C-4

0.01 0.1500 0.1904 4.1016 78.2582 0.1779 0.6326 3.7298 81.1793

0.02 0.1499 0.1895 4.1405 78.9851 0.1777 0.6319 3.7413 81.4041

0.04 0.1497 0.1886 4.2136 80.3662 0.1773 0.6302 3.7652 81.8583

0.06 0.1495 0.1877 4.2874 81.7583 0.1768 0.6283 3.7893 82.3158

0.08 0.1492 0.1864 4.3559 83.0409 0.1764 0.6264 3.8137 82.7733

0.10 0.1490 0.1837 4.4346 84.4952 0.1756 0.6233 3.8405 83.2403

C-5

0.01 0.1502 0.1904 4.1115 78.4477 0.1779 0.6324 3.7345 81.2746

0.02 0.1501 0.1900 4.1511 79.1961 0.1778 0.6321 3.7471 81.5359

0.04 0.1499 0.1886 4.2367 80.8065 0.1775 0.6308 3.7735 82.0629

(Continue)
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Table 3. Some acoustical parameters of synthesized compounds in DMF and chloroform (con-
tinuation).

Conc.
(M)

Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)
Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)

DMF Chloroform

C-5

0.06 0.1497 0.1873 4.23211 82.3927 0.1770 0.6289 3.8012 82.5932

0.08 0.1495 0.1859 4.5021 83.9147 0.1766 0.6270 3.8288 83.1253

0.10 0.1493 0.1846 4.4904 85.5744 0.1760 0.6249 3.8573 83.6651

C-6

0.00 0.1502 0.1859 4.1239 78.6107 0.1780 0.6328 3.7225 81.0257

0.01 0.1496 0.1846 4.1745 79.5541 0.1773 0.6298 3.7421 81.3428

0.02 0.1494 0.1801 4.2815 81.5177 0.1772 0.6294 3.7580 81.6756

0.04 0.1489 0.1792 4.3844 83.4616 0.1769 0.6284 3.7907 82.3498

0.06 0.1487 0.1783 4.4858 85.3748 0.1769 0.6283 3.8220 83.0226

0.08 0.1485 0.1778 4.5925 87.3990 0.1765 0.6270 3.8552 83.6980

C-7

0.01 0.1502 0.1832 4.1230 78.1896 0.1784 0.6337 3.7375 81.3855

0.02 0.1492 0.1787 4.1862 79.6814 0.1782 0.6335 3.7551 81.7635

0.04 0.1487 0.1751 4.2974 81.7382 0.1776 0.6324 3.7926 82.5377

0.06 0.1482 0.1710 4.4178 83.9587 0.1769 0.6299 3.8325 83.3108

0.08 0.1477 0.1660 4.5366 86.1295 0.1766 0.6292 3.8692 84.0840

0.10 0.1472 0.1641 4.6376 88.0154 0.1761 0.6251 3.9125 84.8702

C-8

0.01 0.1492 0.1828 4.1040 78.1817 0.1784 0.6341 3.7340 81.3251

0.02 0.1487 0.1778 4.1570 79.1112 0.1782 0.6333 3.7487 81.6188

0.04 0.1482 0.1710 4.2559 80.8809 0.1776 0.6313 3.7792 82.2052

0.06 0.1477 0.1673 4.3469 82.5499 0.1769 0.6284 3.8115 82.7997

0.08 0.1472 0.1665 4.4376 84.2428 0.1766 0.6271 3.8416 83.4050

0.10 0.1467 0.1628 4.5324 85.9938 0.1761 0.6250 3.8730 84.0097

(Continue)
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Table 3. Some acoustical parameters of synthesized compounds in DMF and chloroform (con-
tinuation).

Conc.
(M)

Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)
Lf

Aₒ r Rm. 10-3

(cm8/3.s-1/3)
b

(cm3.mol-1)

DMF Chloroform

C-9

0.01 0.1502 0.1873 4.1027 78.2281 0.1781 0.6332 3.7310 81.2273

0.02 0.1496 0.1850 4.1411 78.9232 0.1779 0.6324 3.7423 81.4450

0.04 0.1494 0.1837 4.2185 80.3776 0.1774 0.6304 3.7673 81.9133

0.06 0.1492 0.1823 4.2954 81.8192 0.1766 0.6275 3.7926 82.3561

0.08 0.1490 0.1814 4.3411 83.2469 0.1763 0.6262 3.8141 82.7749

0.10 0.1489 0.1801 4.4450 84.6308 0.1757 0.6241 3.8393 83.2443

Figure 1 shows the variation of ultrasound velocity with concentration in DMF and chloroform. 
It is observed that overall ultrasonic velocity increases with concentration for all the synthesized 
compounds in both the solvents. The velocity depends on intermolecular free length (Lf) .
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The increase inintermolecular free length causes decrease in ultrasonic velocity or vice 
versa.Thus, ultrasonic velocity is reverse of intermolecular free length. Table 3 shows 
that intermolecular free length (Lf) decreases with increase in concentration although 
ultrasonic velocity increases with concentration. 

The decrease of intermolecular free length with increase of concentration suggests that 
the distance between solute and solvent molecules decrease due to increase in solute-
solvent interactions, which causes velocity to increase. This is supported by isentropic 
compressibility (s) and relaxation strength (r). Figure 2 shows the variation of isentro-
pic compressibility (s) with increase in concentration. 

The decrease inisentropic compressibility with increasing concentration might be due 
to aggregation of solvent molecules aroundchalcone molecules indicating therebypres-
ence of solute-solvent interactions. This is supported by decrease in relaxation strength 
(r) with concentration in studied systems (as shown in Table 3).

Table 3 shows the increase ofmolar soundfunction (Rm) and Vander Waals constant 
(b) with concentration for all the compounds. The correlation coefficients for these 
parameters are in the range of 0.9989-0.9999. This linear increase of these parameters 
suggests the absence ofcomplex formation in these systems.
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Figure 2. The variation of isentropic compressibility (κs) with concentration for compounds in [A] 
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The type of interactions between solute and solvent molecules can also be suggested by 
solvation number (Sn), which gives the information about structure forming tendency 
or structure breaking tendency of a compound in solutions. Figure 3 shows variation of 
solvation number of compounds with concentration in both the solvents. 
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Figure 3. The variation of solvation number with concentration for compounds in [A] DMF and [B] 
Chloroform at 303.15 K. ♦: C-1. ■: C-2. ▲: C-3. ●: C-4.♦: C-5. ■: C-6. ▲: C-7. ●: C-8.■: C-9.

It is observed that for the studied compounds, the solvation numbers are positive in 
both the solvents. However, values are higher in DMF than those in chloroform. As 
evident from Figure, in DMF, Sn values increases continuously with concentration for 
all the compounds. However in chloroform, for all the compounds except C-6, Sn val-
ues decreases with concentration. This suggests that in DMF, the studied compounds 
exhibited structure forming tendency due to solute-solvent interaction between solute 
and solvent molecules which causes an increase in solvation number. As solute con-
centration increases, solute-solvent interactions also increases which causes increase in 
aggregation of molecules i.e. structure forming tendency of solute. In chloroform, as 
concentration increases, structure forming tendency decreases. This indicates that in 
chloroform, with increase in concentration, solute- solute interactions predominates.

Thus, comparison of solvation number inthe two solvents shows that in DMF, struc-
ture forming tendency is muchhigher than that in chloroform. This indicates the exis-
tence ofconsiderable amount of solute- solute interactions in chloroform solutions.

Refractive index: Table 4 shows the experimental values of densities and refractive 
index of solutions of all the ten synthesized compounds in DMF and chloroform at 
303.15 K. 
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Table 4. The density (12) and refractive index (n) of chalcones in DMF and chloroform at 303.15 K.

Conc.
(M)

12

(g.cm-3) n 12

(g.cm-3) n

DMF Chloroform

C-1

0.00 0.9417 1.4271 1.4748 1.436

0.01 0.9430 1.4295 1.4781 1.4371

0.02 0.9438 1.4300 1.4792 1.4392

0.04 0.9460 1.4305 1.4752 1.4403

0.06 0.9482 1.4315 1.4754 1.4417

0.08 0.9493 1.4320 1.4757 1.4429

0.10 0.9512 1.4325 1.4761 1.4475

C-2

0.01 0.9424 1.4289 1.4748 1.4365

0.02 0.9427 1.4299 1.4749 1.4371

0.04 0.9440 1.4309 1.4753 1.4392

0.06 0.9455 1.4322 1.4757 1.4403

0.08 0.9456 1.4335 1.4760 1.4417

0.10 0.9468 1.4356 1.4763 1.4429

C-3

0.01 0.9422 1.4293 1.4749 1.4406

0.02 0.9426 1.4290 1.4754 1.4427

0.04 0.9432 1.4308 1.4759 1.4438

0.06 0.9445 1.4313 1.4764 1.4452

0.08 0.9458 1.4326 1.4769 1.4464

0.10 0.9461 1.4338 1.4772 1.4510

C-4

0.01 0.9429 1.4276 1.4764 1.4446

0.02 0.9431 1.4282 1.4766 1.4457

0.04 0.9443 1.4287 1.4771 1.4471

(Continue)
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Table 4. The density (12) and refractive index (n) of chalcones in DMF and chloroform at 303.15 K  
(continuation)

Conc.
(M)

12

(g.cm-3) n 12

(g.cm-3) n

DMF Chloroform

C-4

0.06 0.9453 1.4305 1.4775 1.4483

0.08 0.9474 1.4311 1.4779 1.4529

0.10 0.9476 1.4319 1.4781 1.4531

C-5

0.01 0.9418 1.4292 1.4753 1.4386

0.02 0.9429 1.4299 1.4755 1.4392

0.04 0.9437 1.4311 1.4760 1.4413

0.06 0.9447 1.4323 1.4764 1.4424

0.08 0.9463 1.4334 1.4768 1.4438

0.10 0.9464 1.4345 1.4770 1.4450

C-6

0.00 0.9422 1.4280 1.4248 1.436

0.01 0.9433 1.4290 1.4754 1.4506

0.02 0.9445 1.4297 1.4757 1.4512

0.04 0.9458 1.4305 1.4762 1.4533

0.06 0.9473 1.4320 1.4766 1.4544

0.08 0.9476 1.4343 1.4771 1.4558

0.10 0.9422 1.4280 1.4773 1.4570

C-7

0.01 0.9445 1.4276 1.4755 1.4400

0.02 0.9449 1.4278 1.4759 1.4421

0.04 0.9479 1.4281 1.4764 1.4432

0.06 0.9489 1.4288 1.4769 1.4446

0.08 0.9503 1.4303 1.4773 1.4458

0.10 0.9543 1.4308 1.4776 1.4504

(Continue)
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Table 4. The density (12) and refractive index (n) of chalcones in DMF and chloroform at 303.15 K  
(continuation)

Conc.
(M)

12

(g.cm-3) n 12

(g.cm-3) n

DMF Chloroform

C-8

0.01 0.9434 1.4284 1.4750 1.4382

0.02 0.9471 1.4296 1.4753 1.4403

0.04 0.9479 1.4308 1.4760 1.4414

0.06 0.9491 1.4320 1.4765 1.4428

0.08 0.9507 1.4334 1.4769 1.4440

0.10 0.9516 1.4348 1.4772 1.4486

C-9

0.01 0.9434 1.4285 1.4755 1.4385

0.02 0.9441 1.4296 1.4760 1.4406

0.04 0.9447 1.4312 1.4764 1.4417

0.06 0.9454 1.4324 1.4772 1.4431

0.08 0.9462 1.4338 1.4785 1.4443

0.10 0.9474 1.4349 1.4788 1.4489

Uncertainties: Density (12): ±0.0001 g cm-3, Refractive index (n): ±0.0001.

The density of solution (12) is related to densities of the solvent, solute and their 
weight fractions g1 and g2 according to the equation:

       
1

12

1

1

2

2
= +

g g
r r

 (1)

where 12 is the density of solution and 1 and 2 are the densities of solvent and solute 
respectively.

The densities of all the synthesized compounds were evaluated from the slope of plots 
of 1 1 12g r  versus g g2 1. The inverse of slope gives density of compound (2). Table 5 
shows these calculated densities for all the compounds along with theoretical values 
evaluated using the following equation [32]:

               ρ ∆= ∑KM N VA i  (2)
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Here  indicates the density of the compound, K is packing fraction which is equal to 
0.599 for organic compounds, M is for molecular weight of the compound, NA is the 
Avogadro’s number and Vi is the volume increment of the atoms and atomic groups 
present in the compound. The density of all the studied compounds have been evalu-
ated and reported in Table 5. 

Table 5. Experimental and theoretical values of density of synthesized Chalcones.

Compound Code Experimental density (g.cm-3) Theoretical density (g.cm-3)

DMF CHCl3

C-1 1.3441 1.5408 1.2478

C-2 1.1161 1.5552 1.3513

C-3 1.1287 1.6207 1.2501

C-4 1.1820 1.6287 1.1770

C-5 1.1287 1.6313 1.2510

C-6 1.1534 1.5898 1.2343

C-7 1.3587 1.5924 1.4364

C-8 1.2563 1.5974 1.3417

C-9 1.1274 1.7007 1.3018

The experimental density values are different from those evaluated theoretically. Fur-
ther, for the same compound, density in the two different solvents is different. This 
suggests that solvent plays an important role. In solutions, molecular interactions exists 
which differs with different solvents. These intermolecular interactions differ due to 
different substitutions in compounds. The presence of these interactions has also been 
observed in ultrasonic studies discussed above. Due to these interactions, volume 
changes which causes change in density.

Further, the molar refraction of a pure liquid (MRD)1 can be calculated using the 
Lorentz-Lorenz equation [33]:

              MRD n
n

M( ) = −
+











1

2

2

1
1 

 (3)

where n, M and ρ are refractive index, molecular weight and density of pure liquid 
respectively.

For solutions, the following Eq. (4) was used to determine molar refraction.
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   MRD n
n

X M X M( ) = −
+
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1
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 (4) 

where n12 and 12 are refractive index and density of solution respectively. X1 and X2 are 
the mole fractions and M1 and M2 are the molecular weight of the solvent and solute 
respectively.

From the values of the molar refraction of solution and pure solvent, molar refraction 
of solid compounds were determined by following equation:

   MRD X MRD X MRD( ) = ( ) + ( )12 1 1 2 2  (5)

From the density and molar refraction data, the refractive indexes of all the compounds 
were calculated from Eq. (3). The molar refraction (MRD)2 and refractive index of all 
the compounds are reported in Table 6 for 0.1 M solution.

Table 6. Molar refraction ((MRD)2) and refractive index (n) of synthesized Chalcones at 0.1 N 
solution. 

Compound Code

Solvents

DMF CHCl3

(MRD)2 n (MRD)2 n

C-1 89.16 1.4325 113.69 1.4475

C-2 120.48 1.4356 91.41 1.4429

C-3 100.69 1.4238 123.88 1.4510

C-4 90.43 1.4219 135.60 1.4531

C-5 111.75 1.4245 98.38 1.4450

C-6 115.60 1.4243 165.30 1.4470

C-7 84.03 1.4208 134.06 1.4504

C-8 103.16 1.4248 119.41 1.4486

C-9 107.27 1.4249 112.98 1.4489

Both (MRD)2 and refractive index of compounds are different in each solvent. This 
again proves that in different solvents intermolecular interactions are different, which 
affect these parameters. Further, for different compounds,(MRD)2 are quite different 
whereas refractive index differ only slightly. This suggests that although substitution 
affect (MRD)2 largely, refractive index only slightly. However, the variation of refrac-
tive index of all the compounds in a particular solvent is very less. 
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Conductance: The measured conductance (k) of each solution was used to determine 
the specific conductance (), which is then used for the calculation of equivalent con-
ductance (λc). 

The equations used for calculating specific conductance (κ) and equivalent conduc-
tance (λc) are:

               k= k  (6)

         c C
=1000

k
 (7)

where  is the cell constant (0.86 cm-1) and c is the concentration (g.equiv./lit.) of 
solution. 

The conductance of solutions of chalcone compounds in both the solvents is listed in 
Table 7.

Table 7. The conductance* (mmho) of chalcones in DMF and chloroform at 303.15 K.

Conc. M C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9

DMF

0.000 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35 2.35

0.001 6.38 5.11 3.52 2.79 3.02 3.73 2.78 3.15 2.61

0.002 6.50 5.86 3.72 3.10 3.58 4.22 3.00 3.46 2.92

0.004 6.66 7.25 4.12 4.27 4.24 4.93 3.54 4.25 3.78

0.006 6.76 8.34 4.51 5.19 4.82 5.99 4.10 5.43 4.75

0.008 6.93 9.12 4.92 6.27 5.23 6.88 4.71 6.86 5.84

0.010 7.09 10.10 5.52 7.57 5.75 8.04 5.57 8.14 7.34

0.020 8.64 11.98 6.98 9.69 8.03 10.11 7.80 11.24 9.69

0.040 11.22 14.03 8.35 12.38 11.27 12.59 9.37 13.26 11.55

0.060 13.57 15.73 9.99 14.26 13.91 14.76 10.38 15.34 13.27

0.080 15.67 17.27 11.54 16.07 16.21 16.87 11.79 17.07 14.55

0.100 18.07 18.32 13.34 17.18 18.31 18.27 13.57 18.65 15.62

Chloroform

0.000 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120

0.001 0.140 0.130 0.320 0.240 0.270 0.440 0.360 0.382 2.7004

(Continue)
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Table 7. The conductance* (mmho) of chalcones in DMF and chloroform at 303.15 K. (continuation)

Conc. M C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9

Chloroform

0.002 0.150 0.140 0.330 0.250 0.280 0.452 0.520 0.512 2.1113

0.004 0.180 0.170 0.360 0.280 0.310 0.480 0.800 0.660 1.5760

0.006 0.210 0.200 0.390 0.310 0.340 0.510 1.080 1.000 1.7085

0.008 0.240 0.230 0.420 0.340 0.370 0.540 1.411 1.112 1.6372

0.010 0.260 0.280 0.472 0.390 0.420 0.590 1.790 1.340 1.5308

0.020 0.310 0.300 0.490 0.410 0.440 0.610 2.750 2.040 1.3029

0.040 0.330 0.320 0.510 0.430 0.460 0.630 3.710 2.950 0.9073

0.060 0.370 0.375 0.550 0.470 0.547 0.670 4.890 3.200 0.7052

0.080 0.410 0.460 0.590 0.510 0.675 0.710 6.250 4.320 0.5988

0.100 0.470 0.470 0.640 0.570 0.761 0.760 7.280 4.450 0.4911

*Uncertainty in conductance is ±0.02 mmho.

It is observed that for all the compounds, conductance increases with concentration.
Further, conductance is lower in chloroformthan that in DMF. 

Figure 4 shows the variation of equivalent conductance with concentrationin both 
DMF and chloroform solutions.

In both cases, usually equivalent conductance (c) increases with dilution. However, for 
certain compounds in both DMF (C-9) and chloroform (C-2), c do not increase con-
tinuously but bend downward at low concentrations. This typical behavior may be due 
to interactions within the molecule thereby causing constriction within the molecule 
or due to association between compound molecules with solvent molecules. Further, 
it is evident from these figures that most of the compounds behave as weak electrolytes 
whereas some of them exhibited slightly strong electrolytic behavior.Further, behavior 
is different in different solvents.

So for few compounds, 0 value can be evaluated by extrapolation of plot of c versus 
C. However, for the solutions where C decreases at low concentrations, 0 could not 
be weak electrolytes, it is difficult to determine λ0. There is an alternate procedure also 
to determine λ0 using the following equation [34]:

    k k c c c= + + ( )0 0λ φ  (8)



Physicochemical studies of vanillin chalcones

207

40

30

20

10

0

12

8

4

0
0              0.1            0.2            0.3            0.4 0              0.1             0.2             0.3            0.4

 c
(c

m
2 /m

ho
. e

qu
iv

.)

 c
(c

m
2 /m

ho
. e

qu
iv

.)

VC VC

[A]

3

2

1

0

1.60

1.20

0.80

0.40

0
0             0.1            0.2            0.3            0.4 0              0.1             0.2            0.3             0.4

 c
(c

m
2 /m

ho
. e

qu
iv

.)

 c
(c

m
2 /m

ho
. e

qu
iv

.)

VC VC

[B]

Figure 4. The variation of equivalent conductance with square root of concentration for compounds 
in [A] DMF and [B] Chloroform at 303.15 K. ♦: C-1. ■: C-2. ▲: C-3. ●: C-4.♦: C-5. ■: C-6.  
▲: C-7. ●: C-8.■: C-9.

where k and k0 are the electrolytic conductivity of the solutions and solvent respec-
tively. C is the equivalent concentration and the function I denotes the effect of inter-
ionic interactions.

The limiting conductivity can be evaluated accurately from the limiting slope of 
smaller linear portions of the curve of k versus c, provided other derivatives (dk0/dc) 
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and d[cI]/dc in differential form of equation (8) are neglected as compared to 0, 
which can be determined from differential form of equation (8) is: 

           dk
dc

dk
dc

d c

dc
c

= + +



( )0

0λ
φ  (9)

These 0 values are reported in Table 8 along with those determined by extrapolation. 
For the systems where C decreases at low concentrations, 0 could not be evaluated.

Table 8. The limiting equivalent conductance 0 (mho cm2.equi-1) of studied compounds in DMF 
and Chloroform at 303.15 K.

Compound Code

Solvents

DMF CHCl3

0 from graph 0 from eq. 0 from graph 0 from eq.

C-1 - 2.86 0.161 0.161

C-2 - 6.77 - 0.156

C-3 1.94 2.64 - 0.258

C-4 - 5.18 - 0.214

C-5 7.12 3.23 - 0.230

C-6 - 5.16 - 0.032

C-7 4.91 3.05 2.88 0.160

C-8 - 5.61 - 0.113

C-9 - 4.92 - 0.175

From Table 8, it is observed that in both the solvents, calculated values of limiting equiv-
alent conductance (0) are in fair agreement with those evaluated graphically suggesting 
thereby that equation (8) can be used for the studied systems. However, for some cases, 
deviations are significant suggesting thereby that equations (8) and (9) are not valid for 
these systems. The deviation may be due to the fact that in equations (8) and (9), inter 
ionic interactions are ignored which may play an important role in these systems.

Partition coefficient: The log P values for the studied compounds at different pH are 
given in Table 9. The log P value depends upon the hydrophilic and hydrophobic char-
acter of compounds and has inverse relation with hydrophilicity of compounds.
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Table 9. Log P values of chalcones.

Compounds
code

Max. absorption
Wavelength/nm

Log P

Water 0.1 N
HCl

6.0
pH

7.4
pH

8.0
pH

C-1 371 0.724 0.883 0.876 1.767 1.681

C-2 358 0.785 1.164 0.798 0.860 0.755

C-3 359 1.647 1.113 1.511 1.972 1.370

C-4 382 0.923 2.092 1.439 1.967 1.314

C-5 383 1.621 0.626 1.267 2.011 1.906

C-6 365 2.128 1.891 1.993 1.722 2.090

C-7 360 2.768 2.370 0.068 1.893 2.592

C-8 359 2.027 1.940 1.619 1.583 1.867
C-9 365 1.537 1.003 1.401 1.861 1.259

The variation of log P with pH for all the studied compounds is also shown in Figure 5.

Compounds

lo
g 

P

3

2

1

0
C-1           C-2           C-3           C-4           C-5           C-6          C-7           C-8           C-9

Figure 5. The variation of log P for studied compounds with pH. ■: water; ■: 0.1 N HCl; ■: 6.0 
pH; ■: 7.4 pH; ■: 8.0 pH.

The selected pH values were due to their existence in human body. As HCl exists in 
gastric juice in stomach, 0.1 N HCl is taken. Blood has 7.4 pH, so the study is done at 
pH 7.4. Further, the middle and upper range of body pH is 6.0 and 8.0 respectively, so 
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study was done at these all pH also. It is clear from Figure 7 that log P is maximum for 
SNC-7 suggesting thereby hydrophobic nature of this compound whereas SNC-1 is 
highly hydrophilic as its log P is minimum. 

All the studied compounds have the same central moiety but different side chains i.e, 
substituents, as shown in Table 1. Thus the hydrophobic or hydrophilic character of a 
compound depends not only on pH but also on substituent. As reported in Table 1, 
C-7 contains hydroxyl group at para position whereas C-1 has chloro group at para 
position. Thus, the presence of hydroxyl group increases the hydrophobicity (as in 
C-7) in comparison to chloro group (as in C-1). 

However, the hydrophilic or hydrophobic nature of chalcone compounds varies 
with pH. In 0.1 N HCl, again C-7 is highly hydrophobic whereas C-5 containing 
4-methoxy group is found to be hydrophilic. Thus, in gastric juice, C-7 will not be 
absorbed whereas C-5 can be easily absorbed.

At pH 6.0, log P is maximum for C-6 containing 4-bromo group whereas 4-hydroxy 
group containing C-7 has lowest value of log P. Thus, at this pH, C-6 exhibits maxi-
mum hydrophobicity whereas C-7 is most hydrophilic. It means that in blood, C-7 can 
be easily absorbed. 

At pH 7.4, among all these compounds, C-2 containing 4-nitro group has minimum 
log P whereas maximum is observed for C-5 containing 4-methoxy group. Thus, C-5 
will not be absorbed in blood and is less likely to spread in the body. However, it is 
more likely to accumulate in fatty tissues [35, 36]. 

When pH is 8.0, maximum and minimum log P values are exhibited by C-7 and C-2 
respectively. Thus, again in alkaline pH, C-7 will not be absorbed in bloodbut can be 
accumulated in fatty tissues [35, 36]. 

Thus, it is concluded that the position of functional group is also important in the 
hydrophobic-hydrophilic character of the compound. Overall observation shows that 
C-7 exhibited hydrophobic character in neutral, acidic and alkaline systems although 
it contains hydroxyl group. 

Dissociation constant: The dissociation constants or pKa of studied compounds are 
determined from the plot of absorbance versus pH.

Table 10 shows the pKa values for the studied compounds. It is observed that substitu-
tion group affects the dissociation constant as expected. Table 1 shows different substi-
tutions in studied chalcones. The presence of bromo group at para position causes C-6 
most basic whereas due to hydroxyl group at para position, C-7 is most acidic. The two 
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dissociation constants in C-7 are due to two replaceable hydrogen. This is in agreement 
with the reported results of increase ofacidic character of compounds due to presence 
of hydroxyl group [37-39].

Table 10. The pKa values for the studied chalcone compounds.

Compound Code Average pKa

C-1 9.45

C-2 9.59

C-3 9.12

C-4 9.22

C-5 8.87

C-6 9.69

C-7 5.57
8.56

C-8 8.76

C-9 8.96

Conclusion

It is concluded that physicochemical properties of a compound depends on its struc-
ture and solvents in which it is dissolved. For compounds having same central moiety, 
nature of substitution plays an important role in solution due to which interactions 
changes in different solvents thereby affecting properties. Further, position of substitu-
tion in a compound also affects physicochemical properties.
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