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Electrolytic conductivities of some alkali metal hal ides. MX (M' - Li'. Na' . and K' : X - Cl . Br . and I ). 
NaBPh4 and Bu4 NBr have been investigated 111 (20, 40. and 60) mass% {dimethyl sulfoxide (DMSO) in 
DMSO +acetonitrile) M r - 298.15 K. The conductance results have been analyzed by the Fuoss-conduc
tJnce-concentration equ<1tion in terms of the limiting molar conductance A~ the association constdnt KA 
and the dssociation dio.1meter R. The ionic contributions to rhe limiting molar conductance have been esti
mated using Bu4NBPh4 Js the "reference electrolyte". The association constant KA tends to increase in the 
order mass percent 20 < 40 < 60 DMSO 1n (DMSO +acetonitrile) wh1ch is explained by the thermody
namic pdrJmerer 6G0 .1nd Walden product .-t '1· The results have been interpreted in terms of ion-solvent 
irHerJctions dnd structural changes in the mixed solvents. 

Um1erhyl sulfoxide 
Acetonitri le 

1. Introduction 

Dimethylsulfoxide (DMSO). a typical aprotic solvent having 
both polar and non polar groups. is an important solvent in chem 
ist ry. biotech nology, and medicine for the dissolution of vario us 
substances a nd as an ant ifreeze agent of I iving cells 11.21. 

Dimethyl sulfoxide (DMSO) was chosen in this experiment be
cause of its wide range of applicability as a solvent in chem ica l 
and biological processes. involving bot h pla nts and animals. Fur
thermore, DMSO is also widely used in pharmaceutical applications. 
enzyme-catalyzed reactions. veterinary medicine. dermatology, 
experimental immunology. a nd m icrob io logy 131. The main phar
macological use of DMSO is as a vehicle for drugs such as idoxuri 
dine: it a ids in penetration of the drug into the skin. possibly 
enhancing t he drugs effect. Other reported activities of DMSO 
include mem brane penetrat ion. anti-innammatory effect s. local 
analgesia. weak bacteriostasis. diu resis. vasodilatation. dissolution 
of collagen. and free- radical scavenging 14.61. In the sector of veter
inary medicine. it is used in the t he rapy category. in treatment of 
interstit ial cystitis and scleroderma, a nd t opically to reduce swelling 
due to trauma 15.61. DMSO is also a very important solvent for ma ny 
organic compounds including fats. carbohydrates. dyes. resins. ilnd 
polymers. 

The OMSO exhibits scrong self-association. It is a highly polar 
aprotic solvent because of its 5= 0 grou p. In case of acetoni tri le. 
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on the other hand there is a lack of strong specific intermolecular 
forces. while dipole-dipole forces predominate. 

The conducriviry of the elecrrolyre solution is very m uch influ
enced by the permittivity and the viscosity of the solvent. The per
mittivity is related to d issociation of the salt and the viscosity 
affects the motion of io ns. So. studies of mixed systems consisting 
of two solvents. i.e .. a h igh permittivity solvent and a low viscosity 
solvent have been assumed important because of the ir application 
in modern technology 17.81. 

In view of the complex natu re of (DMSO +aceton itrile). it is of 
interest to investigate the innuence of the solvent composition on 
the ionic association a nd the solvation behaviour of some alkali me
tal halides using cond uctance measurements. Several systematic 
investigations 19-111 on the conductivity of alkali metal halides in 
the mixed solvent systems have been carried out by w orkers to re
veal the nature of ionic association and mobility of ions. In t he pres
ent study. the solub ility of alkali metal halides MX (M - Li, Na. K: 
X- Cl . Br- . n in (20. 40. 60) mass% DMSO in ( DMSO +acetonitrile) 
at T : 298. IS K are reported. Here an attempt has been made to 
ascertain the nature of ion-solvent interactions o f a lkali metal ha
lides in (DMSO +aceto nit rile) using the conducto metric technique. 

2. Experimental 

Acetonitrile (E. Merck. India. mass fraction purity 0.99) was dis
tilled with phosphorous pentoxide and then redisti lled over cal
cium hydride. Dimethylsulfoxide (SRL Extrapure) was kept for 
several days over anhydrous Ca504 and renuxed for 4 h over CaO. 
Finally. it was disti lled according to the p rocedu re described earlier 
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(2]. Purity of the solvents was checked by comparing their viscosity 
and density values with the literature values (2.12). Metal salts 
were obtained from Loba Chemie/S.D.Fine/E.Merck,lndia/Aidrich 
Chern and purified in the manner given in the literature 
(9,11,13,14}. Tetrabutylammonium bromide (Bl4NBr) was purified 
by recrystallization from acetone, and the crystallized salt was 
dried in vacuo for 48 h. Sodium tetraphenylborate (NaBPh.t) was 
re-crystallized three times from acetone and then dried under vac
uum for 72 h. Water was doubly-distilled and then passed through 
a column containing mixed resin (anion-cation exchange). 

The conductance measurements were carried out in a systronic 
308 conductivity bridge (accuracy±O.OI%) using a dip-type 
immersion conductivity cell, having cell constant 1.11 cm-1• Mea
surements were made in a thermostated water bath maintained at 
T• (298.15 ±0.01) K. Solutions were prepared by weight precise to 
±0.02%. The weights were taken on a Mettler electronic analytical 
balance (AG 285). Determination of cell constant was based on 
0.1 M aqueous KCI solution. The cell was calibrated by the method 
ofUnd eca/.(13,15). The entire conductance results are reported at 
1 kHz and found to be ±03% precise. Due correction was made for 
the specific conductance of the solvent and solvent mixtures. The 
relative permittivity of DMSO and acetonitrile are 46.7 and 35.95, 
respectively. 

Densities (p) were measured at T•298.15 K with an Ostwald
Sprengel type pycnometer having bulb volume of about 25 cm3 

and an internal diameter of the capillary of about 1 mm. Viscosities 
{rl) were measured by means of a suspended Ubbelohde type vis
cometer (16-18(. calibration was done at T• 298.15 K with triply 
distilled water and purified methanol using density and viscosity 
values from the literature. The details of the methods and techniques 
for determination of the parameters were described earlier (19.20}. 

3. Results 

The salts UBr, Ul, NaBr, Nal, Kl, Bu4N8r, and NaBPh.t are freely 
soluble in all proportions of the (DMSO+acetonitrile) at r .. 
298.15 K. The salts NaO, KCl, and KBr are insoluble in three propor
tions. whereas the salt UO is soluble in 60 mass% DMSO and insol
uble in (20 and 40) mass% DMSO. Physical properties of different 
solvent mixtures are given in table 1. 

The experimental values of the molar conductance, A against 
the respective concentration, c for different alkali metal halide salts 
in different binary solvent mixtures of (DMSO +acetonitrile) at 
Tc 298.15 K are recorded in table 2. 

The conductance results have been analyzed by the Fuoss 
conductance-concentration equation I21,22). For a given set of 
conductivity values (q. A1,j • 1, ... ,n), three adjustable parameters, 
the limiting molar conductivity (A0

), the association constant (KA) 
and the association diameter (R) are derived from the following set 
of equations: 

A ~ P[A"[1 + Rx) + EL[, 
P~1-o(1-y), 

y ~ 1- K,<"ff', 
-In/~ PK/2(1 + KR), 

p ~ i'jDksT, 
KA = KR/(1 -a:)= KR(1 + Ks), 

TABLE 1 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

where Rx is the relaxation field effect, £lis the electrophoretic coun
ter current, K1 is the radius of the ion atmosphere, D is the dielectric 
constant of the solvent, e is the electronic charge, k8 is the Boltz
mann constant, y is the fraction of solute present as an unpaired 
ion, c is the molarity of the solution, f is the activity coefficient, T 
is the absolute temperature, and {J is twice the Bjerrum distance. 

The computations were performed using the program sug
gested by Fuoss. The initial A values for the iteration procedure 
were obtained from the Shedlovsky extrapolation of the data. Input 
for the program is the set (CJ.A1;) <:f 1, ... ,n), n, D, '1· T, initial values 
of A 0

, and an instruction to cover a preselected range of R values. 
In practice, calculations are performed by finding the values of 

A 0 and a which minimize the standard deviation, 

(7) 

for a sequence of R values and then plotting lJ against R; the best fit 
R corresponds to the minimum of the lJ versus R curve. So, approx
imate runs are made over a fairly wide range of R values using 0.1 
increments to locate the minimum but no significant minima were 
found in the l)-R curves for all the salts studied here; thus, R values 
are assumed to be R • a+ d, where a is the sum of the crystallo
graphic radii of the ions and dis the average distance corresponding 
to the side of a cell occupied by a solvent molecule. The distance d 
as 10 nm is given by 

d ~ 1.183(M/p)'", (8) 

where M is molar mass of the solvent and pis its density. For mixed 
solvents, M is replaced by the mole fraction average molar mass 
(M.v) which is given by 

(9) 

where W1 is the mass fraction of the first component of molar mass 
M1• The values of A, KA and R obtained by this procedure are re
ported in table 2. 

In order to investigate the specific behaviour of the individual 
ions comprising these electrolytes, it is necessary to split the lim
iting molar salt conductance into their ionic components. In the ab
sence of accurate transference data for these systems, we have 
used the "reference electrolyte" method Tetrabutylammonium 
tetraphenylborate (Bu4NBPh.t) was used as the "reference electro
lyte" {13,20). The Ao (Bu4NBP14) was obtained from the Ao values 
oftetrabutylammonium bromide (BtLtNBr),sodium tetraphenylbo
rate (NaBPh.t). and sodium bromide {NaBr) in the appropriate sol
vent mixture using the relation, 

A'(Bu,NBPh,) ~ A'(Bu4NBr) + A"(NaBPh,)- A'(NaBr). (10) 

Ionic divisions were accomplished through the following rela
tionships (23,24): 

A"(Bu,NBPh,) ~ !."(Bu,N') + !."(8Ph4), (11) 

A"(Bu,N') ~ 0.517A"(Bu,NBPh,). (12) 

The limiting ionic conductances calculated from the above 
equation are recorded in table 4. 

The Walden's product, A 0 ll (25} of an ion is also calculated for 
the various solvent compositions and the results have been de
picted in figure 1. 

Physical propenies or different (DMSO + acetonittile) containing (20. 40, 60) mass% DMSO at T-298.15 K. 

Mass percent DMSO 

20 
40 
60 

Density((g · an-l) 

0.8293 
O.S833 
o.9456 

0.4196 
O.S~9 
Q-7147 

Dielectric constant (c) 

38.10 
40.25 
42.41 
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TABLE 2 
Equivalent conductance and corresponding molarities of elearolytes in {DMSO(l) +acetonitrile} conraining (20, 40, 60) mass% DMSO .at r- 298.15 K. 

20%DMSO 40%DMSO 6at DMSO 

10" q(mol· dm-1) A/(5-cml- moJ- 1) lo4 q(mol. dm-l) A/(S·anl·mo1' 1) 1o4 C/(mol dm-l) A/(5 .cml.mol-1) 

UBr 
19.39 122.70 14AO 106.25 19.75 75.56 
20.54 122.00 16.75 105.00 22.21 74.19 
22.23 121,14 18.29 103.88 25.84 73.06 
23.33 120.49 20.S6 102.54 28.22 71.88 
24.97 119.50 2204 101.80 31.72 70.75 
27.61 118.18 2423 10052 34.01 69.75 
30.17 116.76 25.66 99.73 3138 68.56 
32.64 115.80 27.77 9&65 39.59 67.69 
35,03 114.60 29.15 97.88 42.84 66.94 
37.35 113.80-' 31.19 96.91 44.98 65.94 

U/ 
7.16 132.75 13.96 103.68 18.30 67.o6 
&53 131.06 15.70 102.06 20.S9 66.17 

10.54 129A4 18.26 lOO.SO 23.95 6531 
11.85 127.81 19.94 99.29 26.15 64.48 
13,79 127.13 22A1 97.93 29.39 63.21 
15.06 1:i6.63 24.03 9&86 31.52 61.88 
t6.93 124.94 2&42 '95.75 34.64 61.04 
18.15 124.06 27.98 94.n 36.69 60.23 
19.95 122.88 3028 94.06 39.71 59.5 
21.13 121.88> 31.78 92.56 41,68 5&8 

NoS' 
7.08 135.9 49.58 93.04 29A3 7&41 
8.43 1342 52.55 92AD 33,08 76.72 

1DA2 132.7 55.44. 91.67 35.47 75.83 
11.72 131.8 58.24 91.07 38.99 74.85 
13.64 130.5 60.96 90.20 41.29 73.95 
14.89 129.6 63.60 89.54 44.69 7298 
16.73 128.4 66.16 8&74 4a91 7225 
17.94 127.5 8&64 87.97 50.19 71.32 
19.72 126.1 73.41 87,09 5234 70.S2 
20.89 125.5 77~2 saos 55.51 69.54 

Nol 
6,93 152.45 59.59 95.93 60.18 71.54 
8.25 151.50 62.16 94.75 6459 70.58 

10.20 150.17 64.67 94.11 6826 69.n 
11.47 149.40 67.10 93.67 73.00 69.05 
1334 148.26 71.76 ~1 71.01 8&23 
14.57 147.83 76.16 9122 8"90 6752 
1a38 14&80 8034 .... 84.67 66.71 
1156 146.33 8430 89.93 8834 • 66.04 
19.30 145A4 8&06 89.14 91.89 65,40 
2044 144.97 91.64 88.45 95.35 64.75 

KJ 
7,73 168.47 26.62 H3.14 2027 90.52 
920 167.60 2821 11222 23.59 89.08 

11.37 16657 30.24 111.79 25.75 .... 
12.79 165.96 3235 110.76 28.95 87.16 
1429 165.14 33.74 110.27 31.04 8636 
16.25 164.70 35.78' 109.56 34.11 8522 
18.27 163.93 37.12 1oom 36.13 84.72 
19.59 163.45 39.09. 108.48 39,10 83.89 
21.53 162.57 4230 .107.25 41.05 83.43 
2220 162.13 4~40 106.27 43.92 8224 

BU.NBr 
25.10 9958 2S.OS 77.51 25.82 5&98 
26.18 9933 27.54 1an 291!2 5aos 
27.76 9&93 29.16 ,., 31.11 55.61 
28.80 9&64 31.56 75.72 3420 54.76 
30.33 98.24 33.13 75.36 3&22 5433 
32.82 97.77 35.45 74.88 39.20 53.71 
35.23 97.21 36.97 74.51 41.15 53.29 
37.56 96.65 39.20 74.D9 44.03 52.76 
39,81 9821 4067 7169 45.91 5236 
41.74 95.75 42.83 1324 48.69 51.85 

No.,.. 
25.71 86.11 25.18 61.72 26.59 45.71 
26.81 85.80 26.67 61.41 35.23 44.13 
28.43 85.47 28.86 60.87 37.31 43.78 

-- -----~-
(continued on next page) 
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TABLE 2 (continued) 

20% DMSO 

29.49 
31.06 
33.61 
36.07 
38.46 
40.77 
43.01 

8526 .... 
8451 
84.01 
8357 
83.15 
82.77 

40%DMSO 

tO"Q{mol·dm·lj 

3030 
32.41 
33.80 
35.85 
37.19 
39.17 
4S.48 

60.51 
6026 
59.84 
59.49 
s9.n 
58.73-

57.77 

60%DMSO 

10" Q{mol· dm-~) 

4038 
42.39 
45.35 
47.29 
50.16 
5>03 
54.80 

43.27 
42.76 
42.37 
42.05 
41.73 
41.46 
41.02 

LiC/6ll%'DMS!J 

" 
" 
" '{' 

" " 1a " ~: " 
" • .r= 61 

< 

" 
" 
" 0 " 

44.47 
4638 
49.18 
51.02 
53.74 
58.14 
62.41 
6653 
70.53 
78.16 

75.97 
75.23 
74.32 
73.71 
7106 
72.46 
71.47 
70.57 
69.77 
68.48 

~ 

"' " " 50 "' mass per cent DMSO 
70 

FIGURE 1. Plot of Walden product, A"'l• against mass percent DMSO for UBr(t), Lll 
(•1 NaBr{&). Nai(D). and Kl (<>)in different (DMSO + acetonitnle) containing (20, 
40, 60) mass% DMSO at T• 298..15 K. 

Shown in figure 2 is the prediction of the nature of the curves 
for the Gibbs' free energy of ion-pair formation. D. CO, for the binary 
mixtures studied here, which is given by the relationship (26], 

.1.Go = -RTinKA (13) 

and presented in table 3. 
Inspection of the values in table 2 shows that the values of A of 

all salts decrease as the concentration of DMSO in the mixtures in
creases. The trends in A0 can be discussed through another charac
teristic function called the Walden product, A01J. AJthough Ae 
decreases as the concentration of DMSO increases; A 0 T) (table 3) 
increases due to the increase of the viscosity (q).The decrease in 
A o with increase of concentration of DMSO in the mixture can 
probably be interpreted as an expansion of the solvent sheath 
(which envelops an ion and moves by ion-solvent interactions. 
i.e., the expansion of a solvated ion) because of the activation of 
solvent molecules forming the sheath. 

From Table 3, we see that A o values of alkali metal salts of com
mon anions and cations follow the sequence: u• < Na• < K+ and 
MCI > MBr > MI. respectively in DMSO-rich region. The trend of 
variation of A values also indicates the relative actual sizes of these 
ions as they exist in solution. Thus the sizes of these cations as they 
exist In solution. follow the order: Lt > Na+ >~-For anions, this or
der is cJ- < Br- < 1- in the region containing higher concentration 
of DMSO in the mixture. This shows that u• is the most solvated 
and K+ is the least solvated at any mass percent DMSO. 

-7.000 

~.000 

~.000 

] 

~ 
~ -10.000 

i; 
0 -11.000 

-12.000 

-13.000 
0 " 20 " " " "' 70 

mass per cent OMSO 

FIGURE 2.. Plot of standard Gibbs free energy clla.nge, .O.G", against mass percent 
DMSO for UBr(t). Ul <•l. NaBr{&). N.l!(O). .111d Kl (0) in different (DMSO+are
tonltrile) containing (20, 40, 60) mass% DMSO ar T • 298.15 K. 

The above findings show that the solvation behaviour of alkali 
metal halides in (DMSO +acetonitrile) is quite similar to that ob
served in (acetonitrile+ DMF) (27) and (water+ DMSO) (10(, but 
is different from that observed in (DMSO +dioxane) (28( • 

There is a marked characteristic behaviour in the KA values, The 
KA for all salts increases as the concentration of DMSO increases in 
the mixture, which supports significant association. This also ex
plains the increase in cr values as acetonitrile content in the mix
ture decreases. 

The Walden products Aoq of the ions are also included in table 
4, which are usually employed to discuss the interactions of the 
ions with the solvent medium. From this table, we see that the 
Walden product of cations decreases in the order, K'" > Na• > u+ 
> Bt~.tW. For the electrolyte taken as a whole, it follows the same 
sequence. This is justified as the Walden product of an ion or solute 
is inversely proportional to the effective radius (r) of the ion or sol
ute in a particular solvent (29(, 

(14) 

This points out that the electrostatic ion-solvent interaction is 
strong in these cases. The variation of the Walden product reflects 
the change of solvation (29.30). Though the variation of the 
Walden product with solvent composition (figure 1) is difficult to 
interpret quantitatively, still its variation with solvent composition 
can be explained by preferential solvation [31.321 of alkali metal 
ions by DMSO and acetonitrile molecules, respectively. At low 
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TABLE 3 
Derived conductivity parameters and st.lndard Gibbs free energy changes for the ion assodation process of electrolytes in {DMSO (1) +acetonitrile (2)} containing (20, 40, 
GO) mass% DMSO at T•29B.J5 K. 

M."lss perc_ent PMSO A"/(S Cm2 ,·moi-1) K,o.}(dm3 • moJ-1) R(nm) .:10'/(kj • mol-1
) cr 

ua 
20 
40 
60 97.66 94.43 0.705 -11.27 0.19 

l.fBr 
20 14130' 88.20 ~704 -11.10 0.08 
40 121;61 111.07 0.711 -11.68 ~12 
60 "91.65 136.01 0.719 -12.18 0.19 

Lil 
20 141.91 88.69 0.725 -1l.12 034 
40 t'19.77 129.76 0.732 -12.06 022 
60 81.82 147.74 0.741 -1238 033 

No8r 
20 -144.93 83.89 0.739 -10.98 0.19 
4o .121.71; 91.59 0.746 -11.19 0.16 
60: 100.43 134.57 0.755 -12.15 ~14 

Nol 
20" "JS9i4 45.71 0.760 -9.48 0.119 
40 .,12656 83,66 0.767 -10.97 .0.19 
60 ~oi.34·· 115.06 o.n6 -11.76 ~13 

174:Ei1 
Kl 

20 26.70 0.798 -8.14 0.09 
40" '13133 70.58 0.805 -10.55 ~07 

60 103.87 82.85 0.814 -10.95 nl2 

Bu.,NBr 
20 109.72 40.59 1.138 -9.18 0.04 
40 87.91 60.95 1.145 -10.19 o.os 
60 .6837 99.23 1.154 -1139 M3 

NaBPh4 
20 94.83 38.88 
4o 70.89 6821 
60 54S4 95.82 

TABLE4 
Umiting Ionic conductance, ionic Walden products and ionic Stokes radii (rs) in 
different (DMSO (1)+ acetonitrile (2)} containing (20. 40, 60) mass% DMSO at 
T• 298.15 K. 

Iori 4/(S-on' mol-1). l]l~(Sc.cml • IY!_OI_~ 1 
• Pa. s) _r.(nm) 

ll~-. 62.40 
2oinass.t or,DMSO 

26.19 0.313 
N<" 66.03 2'1.71 0.296, 
K" 81.40 34.16 0.240 

•.-: ,'78.91 ,33:11' 0.248 ,- 93.21 39.11 0.210 

' 4Qm~'o]DMSO 
IY' 52.88 27.76 0.296 
Na* ·'· 52.98 ~7.82 0.295 
K" 57.75 3031 0.27_1 .," 68.73 36.08 0.227 ,. 73.58 38.62 0.212 

u• ·35.11 
6o mass; ~{DMSo 

~5.09 0.327 
Na*- '43.89 31.37 0.261 
K" 46.42 li17 0.247 
a- 6255 44.71 0.184 .,- 56.54 40Al 0.203 ,- 57.45 41.06 0.201 

concentration of DMSO, these ions are preferentially solvated by 
acetonitrile rather than by DMSO. The viscosity of the solvent in 
the vicinity of these ions is lower than that of the bulk solvent. 
Since the bulk viscosity value is used in the calculation of A 0 '1o
the calculated values of A 0 '1o are high up to the point correspond
ing to viscosity maximum of the solvent mixtures and then the val
ues decrease gradually causing a maximum in the Walden product. 

1.024 -9.07 0.02 
1.031 -10.46 fi07 
1.039 -11.31 0.06 

The decrease in the Walden product indicates the preferential 
solvation of alkali metal ions by DMSO in (DMSO +acetonitrile). 
However this decre.1se may be due to the Zwanzig (33) solvent 
relaxation effect. 

The starting point for most ev.1luations of ionic conductance is 
Stokes' law which states that the limiting Walden product (the lim
iting ionic conductance-solvent viscosity product) for any singly 
charged, spherical ion is a function only of the ionic radius and 
thus. under normal conditions, is a constant In table 4, we have 
ca!cul.1ted the Stokes' radii Ts of these ions in these different sol
vent mixtures. For lithium, sodium. and potassium ions, the Stokes' 
r.1dii are much higher than their crystallographic radii suggesting 
that these ions .1re signific.1ntfy solvated in these solvent mixtures. 
The Stokes' radii of the halide ions are, however, found to be either 
very close to or smaller than their corresponding crystallographic 
radii. This observation indicates that these halide ions are scarcely 
solvated in different solvent mixtures. 

Figure 2 points out the nature of curve for the Gibbs free energy 
for ion-pair formation, ACO, which dearly predicts that the ten
dency for ion-pair formation decreases significantly with an in
crease in the association factor for the alk.1li metal halides in 
(DMSO +acetonitrile) medium. The ACO curve in figure 2 along 
with the other parameters mentioned above are in accordance with 
the results observed by Barthel et aL (26) and Hazra et al. [30,34). 

It may thus be concluded that these electrolytes remain slightly 
associated in solvent mixtures and are vezy much solvated by DMSO 
rather than by acetonitrile and that solvation of the ions is weak
ened as soon as the ion pair is formed. The cations are found to be 
substantially solvated in solvent mixtures whereas the anions ap
pear to have weak interactions with the solvent molecules. There
sults further indicate that the Coulombic forces play a major role in 
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the ion association processes. These electrolytes solutions, in gen
eral, show an increase in the association constant values with an in
crease in concentration of DMSO in the solvent mixtures. Further, 
the effect of concentration of DMSO on limiting equivalent conduc
tance of alkali metal ions is more pronounced as compared to that of 
the tetraalkylammonium ion in the present mixed solvent media. 
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Density and Viscosity of Acrylonitrile + Cinnamaldehyde, + Anisaldehyde, and + 
Benzaldehyde at (298.15, 308.15, and 318.15) K 

Mahendra Nath Roy,* Rajesh Kumar Das, and Arijit Bbattacharjee 

Department of Chemistry, University of North Bengal, Darjeeling 734430, India 

The excess molar volume VE and viscosity deviations 6.q have been derived from density p and viscosity 
11 measurements of the binary mixtures of acrylonitrile with cinnamaldehyde, anisaldehyde, and benzaldehyde 
measured at (298.15, 308.15, and 318.15) K. The data have been correlated with the Grunberg-Nissan 
equation. Moreover, deviations in isentropic compressibility 6./(5 have been calculated from ultrasonic speed 
measurements of these binary mixtures at 298.15 K. These results were fitted to the Redlich-Kister 
polynomial equation. 

Introduction 
Studies on thermodynamic and transport properties are 

important in understanding the nature of molecular interactions 
in binary liquid mixtures. Properties of mixtures are useful for 
many types of transport and process equipment in the chemical 
industry. 1

-
5 The study of mixtures of acrylonitrile in various 

solvents is of interest because of its wide use as an important 
industrial monomer for polyacrylonitrile as well as for inves
tigating the effect of the simultaneous presence of the C=C 
double bond and the polar nitrile C=N group on the molecular 
interactions. Further, the properties of liquid mixtures are also 
very important for polymer solubility, as some of the polymers 
which are insoluble in a single solvent can be dissolved in a 
solvent mixture. This behavior depends not only on the 
interactions between the polymer and each one of the liquidc; 
but also on the interactions between the liquids themselves. In 
fact, these interactions are decisive in determining the solubi
lization of the polymer and the coiling expansion of the polymer 
chains in solution.6 

In the present paper, we report densities, viscosities, and 
ultrasonic speeds for the binary systems of acrylonitrile + 
cinnamaldehyde, acrylonitrile + anisaldehyde, and acrylonitrile 
+ benzaldehyde at the temperatures of (298. I 5, 308.15, and 
318.5) K and at atmospheric pressure over the entire composition 
range. The experimental data are used to calculate excess molar 
volumes, VE, viscosity deviations, I!J.q, and deviations in isen
tropic compressibility, I!J.K5, of the mixtures. These results are 
useful for the interpretation of the nature of interactions that 
occur between acrylonitrile and the aromatic aldehydes. In 
addition, this work also provides a test of various empirical 
equations to correlate viscosity and ultrasonic sound data of 
binary mixtures containing polar components. 

Experimental Section 

Materials. High purity spectroscopic and analytical grade 
samples of2-propenenitrile (acrylonitrile), 3-phenyl-2-propenal 
(cinnamaldehyde), 4-methoxybenzaldehyde (p-anisaldehyde), 
and benzaldehyde were purchased from S.D. Fine Chemicals 
Lid., Mumbai, India Acrylonitrile was washed with dilute 
H2S04, then with dilute Na2C03 and water, and again dried 

* Corresponding author. E-mail: mahendraroy2002@yahoo.co.in. 

Table 1. Comparison or Density p, Viscosity 'l• and Sound Speeds u 
with Literature Data at the Experimental Temperatures 

pure solvent T/K exptl lit. exptl lit. exptl lit. 

acrylonitrile 298.15 0.7943 o.soozn 0.3439 0.34422 1172.5 
308.15 0.7879 0.789322 0.3075 0.3oo/2 

318.15 0.7828 0.2838 
cinnamuldehyde 298.15 1.0459 3.4778 1540.2 

308.15 1.039 2.6878 
318.15 1.0323 2.2958 

anisaldehyde 298.15 1.1202 3.7055 1523.7 
308.15 1.1117 2.8295 
318.15 1.1049 2.2321 

benzaldehyde 298.15 1.0409 1.3923 1460.5 
308.15 L0335 1.2241 
318.15 1.0266 1.1202 

over anhydrous CaC12 and distilled fractionally. 7 Benzaldehyde 
was washed with 10 % Na2C03 (until no more C02 evolved), 
then with saturdted Na2C03 and water, followed by drying with 
CaCI2•

7 Anisaldehyde was washed with NaHC03, then with 
water, dried with anhydrous MgS04, and distilled under reduced 
pressure under N2? Cinnamaldehyde was crystallized from 
benzene and dried at 60 °C under vacuum.7 1l1e gas-liquid 
chromatography (GLC) analyses of these liquids indicated a 
mole fraction purity of> 99.0 %. The purity of the liquids was 
a1so checked by measuring their densities and viscosities at 
298.15 K and was in reasonable agreement with the literature 
values as shown in Table I. 

Apparah1s aud Procedures. The densities were measured with 
an Ostwald-Sprengel-type pycnometer having a bulb volume 
of25 cm3 and an internal diameter of the capillary of about 0.1 
em, calibrated at (298.15, 308.15, and 318.15) K with doubly 
distilled water. The pycnometer with the test solution was 
equilibrated in a thennosmtic water bath maintained at ± 0.0 I 
K of the desired temperature, removed from the bath, properly 
dried, and weighed in an electronic balance. The evapomtion 
losses remained insignificant during the time of acrual measure
ments. Averages of triplicate measurements were taken. 

The mixtures were prepared by mixing known masses of pure 
liquids in airtight stoppered bottles. The reproducibility in mole 
fraction was within ± 0.0002. The mass measurements. accumte 
to ± 0.0 I mg, were made on a digiral electronic analytical 

l0.1021/je7006742 CCC: $40.75 © 2008 American Chemical Society 
Published on Web 0513012008 
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Table 2. Values of Density p, Viscosity IJ, Excess Molar Volume I' F., Viscosity Deviation dq, and Grunberg and Ni-.san Interaction Parameters 
d 12 for Binary Mixtures 

x, 

0 
0.2168 
0.3837 
0.5163 
0.6241 
0.7135 

0.2168 
0.3837 
0.5163 
0.6241 
0.7135 

0 
0.217 
0.384 
0.516 
0.624 
0.714 

0 
0.222 
0.391 
0.524 
0.631 
0.720 

0 
0.222 
0.391 
0.524 
0.631 
0.720 

0 
0.222 
0.391 
0.524 
0.631 
0.720 

0 
0.182 
0.333 
0.462 
0.571 
0.667 

0 
0.182 
0.333 
0.462 
0.571 
0.667 

0 
0.182 
0.333 
0.462 
0.571 
0.667 

1.046 
1.017 
0.990 
0.964 
0.937 
0.911 

1.039 
1.011 
0.985 
0.958 
0.931 
0.905 

1.032 
1.009 
0.983 
0.957 
0.930 
0.904 

1.120 
1.079 
1.040 
1.003 
0.968 
0.934 

1.112 
1.072 
1.034 
0.997 
0.962 
0.930 

1.105 
1.066 
1.029 
0.992 
0.957 
0.924 

I.O·U 
1.022 
0.995 
0.969 
0.940 
0.914 

1.034 
1.011 
0.985 
0.959 
0.932 
0.906 

1.027 
1.005 
0.980 
0.954 
0.928 
0.902 

-"-mPa•s 

3.478 
2.014 
1.400 
1.020 
0.795 
0.646 

2.688 
1.698 
1.215 
0.906 
0.724 
0.603 

2.296 
1.456 
1.078 
0.830 
0.684 
0.581 

3.706 
2.035 
1.341 
0.865 
0.742 
0.550 

2.830 
1.828 
1.226 
0.852 
0.678 
0.538 

2.232 
1.530 
1.095 
0.798 
0.6<4 
0.515 

1.399 
1.224 
1.079 
0.958 
0.842 
0.740 

1.224 
1.071 
0.941 
0.827 
0.724 
0.630 

1.120 
0.973 
0.851 
0.746 
0.653 
0.571 

0 
-0.329 
-0.644 
-0.831 
-0.816 
-0.752 

0 
-0.504 
-0.837 
-0.947 
-0.923 
-0.850 

0 
-1.026 
-1.338 
-1.449 
-1.423 
-1.304 

0 
-0.327 
-0.478 
-0.549 
-0.510 
-0.434 

0.000 
-0.387 
-0.652 
-0.712 
-0.696 
-0.663 

0 
-0.502 
-0.798 
-0.840 
-0.791 
-0.714 

0 
-0.740 
-1.062 
-1.182 
-1.053 
-0.948 

0 
-0.826 
-1.134 
-1.254 
-1.175 
-1.022 

0 
-0.914 
-1.285 
-1.399 
-1.366 
-1.245 

t'l.IJ p·I0-3 

mP.a•s d12 x 1 kg·m-) 

Acrylonitrile+ Cinnumuldehyde (298.15 K) 
0 0 0.7889 0.886 

-0.786 -0.267 0.8532 0.862 
-0.878 -0.103 0.9088 0.839 
-0.843 -0.142 0.9573 0.817 
-0.731 -0.160 I 0.794 
-0.600 -0.194 

Acrylonitrile+ Cinnurnaldehyde (308.15 K) 
0 0 0.7889 0.881 

-0.481 0.039 0.8532 0.856 
-0.571 0.122 0.9088 0.833 
-o.568 0.062 0.9573 0.810 
-0.497 0.065 I 0.788 
-0.407 0.084 

Acrylonitrile+ Cinnumald<:hyde (318.15 K) 
0 0 0.789 0.878 

-0.413 -0.051 0.853 0.854 
-0.461 0.134 0.9()l) 0.830 
-0.448 0.144 0.957 0.805 
-0.382 0.237 I 0.783 
-0.308 0.326 

Acrylonitrile+ Auisaldehyde (198.15 K) 
0 0 0.794 0.903 

-0.925 -0.418 0.857 0.873 
-1.051 -0.368 0.911 0.845 
-1.080 -0.842 0.958 0.819 
-0.842 -0.465 I 0.794 
-0.737 -0.981 

Acrylonitrlle + Anisaldehyde (308.15 KJ 
0.000 0.000 0.794 0.898 

-0.442 0.322 0.857 0.868 
-o.618 0.130 0.911 0.8-l-0 
-0.657 -0.154 0.958 0.813 
-0.560 -0.121 I 0.788 
-0.477 -0.314 

Acrylonitrile+ Anisuldehyde (318.5 K) 
0 0 0.794 0.893 

-0.270 0.462 0.857 0.864 
-0.376 0.393 0.911 0.835 
-0.414 0.207 0.958 0.808 
-0.359 0.248 0.783 
-0.316 0.081 

Acrylonitrile + Benzaldehyde (298.5 K) 
0 0 0.750 0.887 
0.017 0.817 0.824 0.863 
0.032 0.937 0.889 0.839 
0.046 1.080 0.947 0.816 
0.046 1.201 0.794 
0.044 1.341 

Acrylonitrile+ Benzaldehyde (308.15 K) 
0 0 0.750 0.880 
0.014 0.792 0.824 0.856 
0.022 0.889 0.889 0.833 
0.026 0.986 0.947 0.810 
0.023 1.077 I 0.788 
0.017 1.156 

Acrylonitrile+ Benzaldchyd<: (318.15 K) 
0 0 0.750 0.877 
0.005 0.729 0.824 0.854 
0.009 0.821 0.889 0.830 
0.012 0.915 0.9-l-7 0.806 
0.011 Ul02 I 0.783 
0.009 1.088 

,, 
mPa·s 

0.560 
0.474 
0.423 
0.388 
0.344 

0.519 
0.441 
0.405 
0.359 
0.307 

0.451 
0.430 
0.394 
0.348 
0.284 

0.545 
0.415 
0.435 
0.379 
0.344 

0.469 
0.404 
0.369 
0.333 
0.307 

0.443 
0.390 
0.370 
0.322 
0.284 

0.649 
0.565 
0.484 
0.410 
0.344 

0.550 
0.478 
0.416 
0.358 
0.307 

0.500 
0.436 
0.379 
0.328 
0.284 

-0.654 
-0-526 
-0.408 
-0.260 

0 

-0.749 
-0.614 
-0.439 
-0.226 

0 

-1.075 
-0.897 
-0.640 
-0.275 

0 

-0.322 
-0.244 
-0.156 
-0.059 

0 

-0.511 
-0.415 
-0..309 
-0.140 

0 

-0.631 
-0.525 
-0.357 
-0.132 

0 

-0.729 
-0.605 
-0.400 
-0.198 

0 

-0.772 
-0.624 
-0.451 
-0.286 

0 

-1.048 
-0.977 
-0.740 
-0.317 

0 

-0.-l-51 
-0.336 
-0.213 
-0.097 

0 

-0.314 
-0.241 
-0.147 
-0.079 

0 

-0.284 
-0.184 
-0.111 
-0.061 

0 

-0.492 
-0.410 
-0.207 
-0.104 

0 

-0.359 
-0.264 
-0.162 
-0.080 

0 

-0.243 
-0.173 
-0.087 
-0.043 

0 

0.041 
0.035 
0.022 
0.011 
0 

0.013 
0.009 
0.007 
0.002 
0 

0.007 
0.004 
0.002 
0.000 
0 

-0.069 
-0.253 
-0.239 

0.094 
0 

0.119 
-0.135 
0.09~ 

-0503 
0 

-0.233 
0.183 
0.456 

-0.138 
0 

-0.181 
-1.242 

0.301 
-0.021 

0 

-0.220 
-o.363 
-0.182 
-0.342 

0.000 

0.118 
0.183 
1.000 
0.996 
0 

1.512 
1.714 
1.871 
2.061 
0 

1.256 
1.365 
1.509 
1.571 
0 

1.185 
1.284 
1.382 
1.463 
0 

balance (Mettler, AG 285, Switzerland). The total uncertainty 
of density is± 3·10-4 g•cm-3, and that of temperature is± 
0.01 K. 

The viscosity was measured by means of a suspended 
Ubbelohde-type viscometer, which was calibrated at 298.15 K 

with triple-distilled water and purified methanol using density 
and viscosity values from the literature. The flow times were 
accurate 10 ± 0.1 s, and 1he uncenainty in the viscosity 
measurements, based on our work on several pure liquids, was 
within 0.03 % of the reported value. Details of the methods 
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Figure 1. Excess molar volume (VE) for binary mixtures of acryloni
trile (1) with +, cinnamladehyde; •· anisa\dehyde; &. benzaldehyde at 

298.15 K. 
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Figure 2. Viscosity deviations (61J) for binary mixtures of acryloni
trile (I) with+, cinnamladehyde; •. anisaldehyde; &, benzaldehyde at 
298.15 K. 
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Figure 3. Deviations in iseJJtropic compressibility (AK5) for binary mixtures 
of acrylonitrile (I) with t, cinnamladehyde; •. anisaldehyde; &, benzal
dehyde at 298.15 K. 

and techniques of density and viscosity measurement<; have been 
described earlier.&--10 

Speeds of sound were determined by a multifrequency 
ultrasonic interferometer (Miual Enterprise, New Delhi) working 
at 5 MHz, calibrated with water, methanol, and benzene at 
298.15 K. The details of the methods and techniques have been 
described earlier. 8•

9 The uncertainty of ultrasonic speed mea
surements is± 0.2 m·s- 1• 

Results and Discussion 

The experimental viscosities, densities, excess volumes VE, 
and viscosity deviations ll.'J for the binary mixtures studied at 

all the experimental temperatures are listed in Table 2. 1l1e plots 
of VE and 1:!.11 against x 1 at 298.15 K are represented in Figures 
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Table J. Values or Ultrasonic Speeds u,lsentropic Compressibility 
Ks, and Deviations in Isentropic Compressihility Ms ror llinacy 
Mixtures at 298.15 K 

" Ks·IOI2 I'!K5•1012 

x, m·s-1 Pa-• Pa- 1 

Acrylonitrile + Cinnam<~ldehyde 
0.217 1487.6 444.47 -69.73 
0.384 1433.3 491.8 -108 
0.516 1403 527.27 -140.5 
0.624 1372 567.04 -156 
0.714 1330.3 620.18 -148.7 
0.789 1288.7 679.46 -128.03 
0.853 1251.2 740.98 -99.5 
0.909 1224.1 79528 -73.7 
0.957 1186.8 869.05 -24.8 

Acrylonitrile + Anisaldehyde 
0.222 1446.6 442.77 -59.6 
0.391 1384.8 50129 -90.83 
0.524 1345.8 550.24 -112.5 
0.631 \310 601.97 -117.8 
0.720 1277.6 655.57 -111.2 
0.794 1244.6 715.18 -91.01 
0.857 1217.8 772.21 -67.5 
0.911 1201.6 819.38 -49.2 
0.959 1186.8 867.06 -26.63 

Acrylonitrile + Benzaldehyde 
0.182 1412.7 49D.42 -44.56 
0.333 1394.7 516.49 -89 
0.462 1353.1 563.95 -101.2 
0.571 1322.4 608.09 -108.2 
0.667 1292.8 654.64 -105.98 
0.750 1259.4 710.4 -89 
0.824 1237.6 756.24 -77.37 
0.889 1212 811.21 -52.82 
0.947 1186.8 869.85 -21.4 

I and 2, respectively. Because of similarity in nature, the plots 
at the other two temperatures are not presented here. 

The excess molar volume. VE, was calculated using the 
equation 11

'
12 

j 

v•= I,x1M,{lfp-llp,) {I) 
i=l 

where p is the density of the mixture and M;. X;, and P;· are the 
molecular weight, mole fmction, and density of the ith com
ponent in the mixture, respectively. 

The deviation in viscosities, I!J.1J. was computed using the 
relationship 11 

j 

il•I=H- L(X;II;) 
i=l 

(2) 

where 'I is the dynamic viscosity of the mixture and x1 and q, 
are the mole fr.tclion and viscosity of the ith component in the 
mixture, respectively. 

It is seen that the values of yE and iliJ (see Table 2) for all 
the experimental binary mixtures are negative except benzal
dehyde, over the entire range of compositions and temperutures. 
The negative values of vc decrease for the three systems in the 
following order: acrylonitrile + benzaldehyde > acrylonitrile 
+ cinnamaldehyde > acrylonitrile + anisaldehyde. 

The negative values of VE suggest specific interactions13 

between the mixing components resulting in a volume decrease. 
The negative values of yE may be attributed to the dipole
induced dipole interactions between the component liquids of 
the mixtures resulting in formation of electron donor-acceptor 
complexes. 14 Since the molar volume values of acrylonitrile and 
the other components differ considerably, nonassociated aery-
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Table 4. Redlich-Kisler Coefficients ak and Stand:ml Del-·iations n for 1he Binary Mixtures 

excess properly T/K a, "• "' (/) a, a, "' a 

Acrylonitrile+ Cinnumaldehyde 
Vc·IOt./(m~·mol- 1 ) 298.15 -3.085 -].746 0.003 

308.15 -3.747 -0.722 0.109 -1.854 0.005 
318.15 -5.769 -0.580 -1.710 0.024 

tuj/(mPu·s) 298.15 -3.418 1.181 0.005 O.IW9 -2.74& 1.816 0.005 
308.15 -2.270 0.765 -0.298 0.007 
318.15 -1.776 0.637 -0.667 0.435 0.014 

l!.Ks·I011/(Pu-1) 298.15 -565.107 -341.903 5.438 

Acrylonitrile + Anisaldehyde 
V"·Hf'/(m3 •mol-1

) 298.15 -2.163 -o.713 1.137 4.926 -4.841 -9.772 10514 0.008 
308.15 -2.011 0.851 0.018 
318.15 -3.379 0.141 0.250 -4.753 1.141 4.291 -4.99 0.003 

/!J.rj/(mPa•s) 298.15 -4.237 1.730 O.Q35 
308.15 -2579 -0.276 0.539 0.009 
318.15 -2.579 -0.276 0.539 0.009 

AKs•I012f(Pa- 1) 298.15 -443.057 -202.522 2.753 

Acrylonilrile + BenzaldehyUe 
VF.·IO"'/(m3 ·mol-1) 298.15 -4.524 0.823 

308.15 -4.894 0.001 
318.15 -5.536 0.738 

/!J.Jf/(mPa·s) 298.15 0.177 0.834 
308.15 0.098 -O.l»l 
318.15 0.1»7 0.002 

AKs·1012/(Pa- 1) 298.15 -428.482 -144.086 

lonitrile molecules are interstitially accommodated into the 
cluster of bull-y aldehyde molecules yielding negative l'E \'aloes. 
This implies the negative yE values ror all the three binary 
mixtures. As far as ll.q values are concerned, the experimental 
binary mixture comprised or acrylonitrile and benzaldehyde 
exhibits positive values, while the other two binary systems 
exhibit negative values. The negative values imply the presence 
of dispersion forces 11 between the mixing components in these 
mixtures. while positive values may be attributed to the presence 
of specific imernctions11 between them. 

Isentropic compressibilities, Ks, and deviations in isentropic 
compressibility, IlKs, are calculated from the experimental 
densities, p, and speeds of sound, u, using the following 
equations15

-
18 

j 

llKs=K5 - :L,x;Ks.; 
i""l 

(4) 

(5) 

where Ks is the isentropic compressibility or the mixture and 
x.- and KsJ are the mole fraction and isentropic compressibility 
of the ith component in the mixture, respectively. Experimental 
values or u, Ks, and IlKs are compiled in Table 3, and the plots 
of AKs against.t"1 are shown in Figure 3. 

It is seen from the ilKs vs x1 curve that the deviations in 
isentropic compressibility are negative for the three investigated 
binary mixtures and decrease in the following order. acrylonitrile 
+ cinnamaldehyde > acrylonitrile+ anisaldehyde > acryloni
trile + benzaldehyde. 

These results can be qualitatively explained by considering 
the following factors: (i) the mutual disruption of associates 
present in pure liquids, (ii) dipole-induced interaction between 
the mixing liquids, (iii) interstitial accommodation of one 
component into another. The second two factors contribute to 
negative ll.K5 \'alues. The observed negative value of ll.Ks for 
the mixtures over the entire nmge of compositions implies a 
weak dipole.. 'Th.is induced intero~crion is predominalll between 
the unlike mole<:ules along with interstitial accommodation 
between the components.19

•
1 1 Thus, the beha\'iors of these 

functions support the resuhs obtained earlier. 

0.024 
0.038 

-1.713 -2.524 0.034 
0.002 

-0.053 0.1)49 0.001 
0.041 0.000 

41.169 3.539 

Co"e/ali11g Equations. Grunberg and Nissanzo suggested the 
following logarithmic relation between the viscosity of the 
binary mixture and the pure components 

lntJmi~=x 1 lnrh+x2 lnl72+x 1x2d12 (6) 

where d 12 is a constant proportional to the interchange energy. 
It may be regarded as an approximate measure of the strength 
of the molecular intemctions between the mixing components. 
The values of the interchange parameter d 12 have been calculated 
using eq 6 as a function of the composition of the binary 
mixtures of acrylonitrile with cinnamaldehyde, p-anisaldehyde, 
and benzaldehyde and are listed in Table 2. 

The mixing functions yE and ill] and ll.Ks were fined by a 
Redlich-Kister polynomial equation21 

Y:=x1x2i:,a,t(x1 - x.zt (7) 
k=l 

where yt: refers to excess properties; x 1 and x2 are the mole 
fraction of acrylonitrile and the other component, respe<:tively; 
and a" represents the coefficients. The coefficients ak were 
obtained by fitting eq 7 to experimental results using a least
squares regression method. In each case, the optimal number 
of coefficients was ascertained from an approximation of the 
variarion in rhe standard deviation (d). The calculated values 
of a" along with the tabulated standard deviation (d) are listed 
in Table 4. The standard deviations (d) was calculated using 

d = [(Y".,,,- Y", • .,)2/(10- m)j'n (8) 

where n represents the number of data points and m is the 
number of coefficients. The small values of a for excess 
properties indicate the tits are good for the present study. In 
the present study, VE, Iii], and AK5 are quite systematic and a 
function of the composition or the binary mixtures. 
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Mahendra Nath Roy, Lovely Sarkar, and Rajesh Kumar Das 
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Apparent molar volumes, Y ?> viscosities, q, and apparent isentropic compressibilities, K~ of 
glycine, L-alanine, L-valine and L-leucine in 0.05, 0.10, O.ISmoiKg-1 catechol solutions have 
been determined at 298.15K by measuring the densities, viscosities and ultrasonic speed of the 
above solutions respectively. The standard partial molar volumes, J1, standard volumes of 
transfer, A,r~• standard partial isentropic compressibilities, ICJ, transfer compressibilities, 
A,..ICJ, hydration number, N..., of the amino acids have been calculated for investigating the vari
ous interactions in the ternary solutions. The linear correlation ofparliaJ molar volmne and viscosity 
8-coefficients with increasing number of carbon atoms in the alkyl chain have been used to explain 
the contribution of charged end group (NHj, COO-) and the -CH1 group to J-1. The resuJts have 
been interpreted in the light of solute-solvent interactions in the mixed ternary solutions. 

Keywords Amino acids, apparent molar volumes, catechol, hydration number, isentropic 
compressibilities, viscosity B-coefficients 

1. INTRODUCTION 
Many cations and anions of neutral salts affect the 

20 properties of proteins such as their solubility, stability 
and biological activity in widely different mannerP.21 It 
has been well established that various cosolutes, cosolvents 
such as guanidine hydrochloride, sodium thiocyanate, 
magnesium chloride in different ways, act as effective 

aqueous alcohol solutions have been studied by some 
workers,l9•10l in order to understand the solute-solute inter~ 
actions and the effects of various alcohols on proteins. 

Thus, the study of low molecular model compounds 40 

such as amino acids, peptides and their derivatives which 
represents the building block of proteins in a variety of 
media is of immense importance. 

It has been reported[IO.IIJ that polyhydric alcohols 
increase the thermal stability of proteins or reduce the 45 

extent of their denaturation by other reagents. The proper-

25 probes of their conformation in solutions_l3-6J 
As proteins are complex macromolecules, the direct 

study of these important protein-water interactions are 
difficult. The small amino acid molecules incorporate some 
of the structural features found in proteins and have been 

30 used as model compounds for specific aspects of proteins 
in aqueous solutions.l7

•
81 The rigid nature of a helix struc

ture of proteins and peptides are affected by alcohOls via 
dissolution of peptide aggregates. Amino acids exist as 
zwitterions in aqueous solution. These dipolar ions should 

35 reflect structural interactions with water molecules as in 
the case of electrolytes. The properties of amino acids in 
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ties of solutions of polyols in aqueous and mixed solutions 
are important in many areas of applied chemistry and are 
essential for understanding the chemistry of biological 
systemsl12l and act as vehicles for phannaceuticals or 50 

cosmetics when introduce into living organisms. 
Ahluwalia et at.1 13•141 reported apparent molar volumes 

of amino acids in aqueous salt and carbohydrate solutions. 
Ogawa, Mizutani, and Yasudal14l have studied the viscos
ities and apparent molar volumes of amino acids in mixed 55 
aqueous solutions. 

In view of the above and in continuation of our studies, 
we have undertaken a systematic study on the volumes, 
viscosities and ultrasonic speeds of some amino acids in 
aqueous catechol solutions at 298.15 K. 60 

2. EXPERIMENTAL 

2.1. Chemicals 
The amino acids glycine (Analar. >99%), L-alanine 

(S.D. fine Chemicals, >98.5%), L-valine (Loba Chemie, 
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65 India, >99%), L-leucine (Loba Chemie, India, >99'%), and 
catechol (S.D. fine Chemicals, >98%), were used for the 
present study. The amino acids were purified by 
re-crystallizing from methanol-water mixture and dried at 
373.15 K for 12 hours in a vacuum desiccator over P20 5 

10 before use. 
Commercial sample of catechol was purified by repeated 

crystallization from mixture of chloform-methanol. The 
sample was dissolved in chloform in hot condition, filtered 
and to the filtrate dryed and distilled methanol was added 

75 dropdise. Fine plat like crystal separated and recovered by 
rapid filtration and ready for use. Deionized, doubly 
distilled, degassed water with a specific conductance of less 
than I0-6ncm-1 was used for all of the measurements. 
The purity of the solvents was ascertained by GLC. 

80 2.2. ~easure~ent 
The mass measurements were done on a digital electronic 

analytical balance (Mettler, AG 285, Switzerland), with a 
precision of ±0.0 I mg. The densities (p) were measured with 
an Ostwald-Sprengel type pycnometer having a bulb 

85 volume of about 25 cm3 and an internal diameter of about 
0.1 em. The pycnometer with the experimental solution 
was equi1ibrated at 298.15K with doubly distilled water 
and benzene. The measurements were done in a thermostat 
bath controlled to ±0.01 K. The pycnometer was then 

90 removed from thermostatic bath, properly dried and 
weighed. Adequate precautions were taken to minimize 
evaporation loses during the actual measurements. The 
precision of density measurements was ±3 x 10-4 gcm-3• 

The viscosity (q) was measured by means of suspended 
95 Ubbelohde type viscometer, calibrated at 298.15K with 

triply distilled water and purified methanol using density 
and viscosity values from literature.l'5•

161 A thoroughly 
cleaned and perfectly dried viscometer filled with experi
mental solution was placed vertically in a glass-walled 

100 thermostat maintained to ±0.01 K. After attainment of 
thermal equilibrium, efflux times of flow were recorded 
with a stop watch correct to ±0.1 seconds. The flow times 
were accurate to ±0.1 s, and the uncertainty in the viscosity 
measurements was ±2 x I0-4 mPas. An average of tripli-

105 cate measurement was taken into account. Viscosity of 
the solution, q, is given by the following equation: 

q = (Kt- Lft)p [IJ 

where K and L are the viscometer constants and 1 and pare 
the efflux time of flow in seconds and the density of the 

110 experimental liquid, respectively. The uncertainty in 
viscosity measurements is within ±0.003 mPas. 

Details of the methods and techniques of density and vis
cosity measurements have been described elsewhere_l1 7-' 91 

Ultrasonic speeds, u, were measured, with an accuracy 
I 15 of 0.2%, using a single-crystal variable-path ultrasonic 

interferometer (Mittal Enterprise, New Delhi, India, 
M-81) operating at 4MHz which is calibrated with water, 
methanol and benzene at 298.15 K. 

The details of the methods have been described earlier.l' 91 

3. RESULTS AND DISCUSSION 

3.1. Standard Partial Molar Volu~e and Compressibility 
The apparent molar volumes (V<J!) were determined from 

the solution densities using the following equation:l201 

v, = M fp,- IOOO(p- p,)fcp, [2] 

120 

where Mis the molar mass of the solute, cis the molarity of 125 
the amino acids in catechol-water mixtures in mol·dm-3, 

Po and p are the densities of the solvent and the solution 
respectively in Kg·m-3. The experimentally measured 
densities (p), viscosities (q) and sound speed (u) at 
298.15 K are given in Table 1. 130 

The apparent molar volwnes and apparent molar 
isentropic compressibilities of the amino acids were shown 
in Table 2 and found to be a linear function of molality 
over the studied entire concentration range. 

The apparent molar volumes at infinite dilution, J1. IJS 

(also known as partial molar volume at infinite dilution) 
were calculated using a least-squares treatment to the plots 
of V<Jl versus .jc using the following Masson equation:l21l 

[3] 

where V3, is the partial molar volume at infinite dilution 140 
and s;. the experimental slope. 

The J1 values are summarized in Table 3. The experi
mental values of ~ for the amino acids in water agreed 
well with those reported in the literature.l22-l41 

The isentropic compressibility (Ks) of the solution was 14S 
calculated from the Laplace's equation: 

Ks = 1/(ri'p) [4[ 

where p is the solution density and u is the ultrasonic speed 
in the solution. 

TABLE I 
Experimental densities (p), viscosities (q), sound speed (u) 

of aqueous catechol solutions at all experimental 
concentrations at 298.15 K 

Molarity of catechol 
inwater(mol·dm-3) px10-3Jkg·m-3 qfmPa·s ufms-1 

c=0.05 
c=O.IO 
c=0.15 

0.9975 
0.9988 
0.9997 

0.8521 
0.8698 
0.8893 

1502.3 
1555.6 
1621.1 
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TABLE 2 
Experimental concentration (c), densities (p), viscosities (q), sound speed (u), apparent molar volumes (Vr/J) and apparent 

isentropic compressibilities (Kef;) along with the concentration (c) of pure aqueous catechol solutions and glycine, 
L-alanine, L-valine, L-leucine in aqueous catechol solution as a function of the molarities of amino acids 

c/mol·dm-3 pxi0-3/Kg·m-3 11/mPa-s u/ms- 1 v.px 106/m'·mol-l Kt/J x 1010Jm3 ·mol-1 • Pa-1 

<=0.05 

Glycine 
0.0160 0.9980 0.8715 1570.1 43.25 -23.47 
0.0281 0.9984 0.8741 1621.1 43.32 -22.34 
0.0402 0.9988 0.8855 1677.2 43.40 -21.86 
0.0563 0.9993 0.8889 1758.4 43.51 -21.32 
0.0764 0.9999 0.8914 1862.3 43.59 -20.32 
0.0962 1.0005 0.9091 1974.4 43.62 -19.46 

L-alanine 
0.0200 0.9981 0.8640 1588.6 60.50 -23.42 
0.0362 0.9985 0.8647 1664.9 60.53 -22.74 
0.0523 0.9990 0.8750 1747.7 60.58 -22.13 
0.0685 0.9995 0.8770 1836.7 60.60 -21.42 
0.0846 0.9999 0.8817 1942.2 60.62 -21.06 
0.1003 1.0004 0.8907 2047.9 60.64 -20.43 

L-valine 
0.0201 0.9980 0.8722 1612.6 90.19 -29.04 
0.0362 0.9985 0.8793 1714.5 90.20 -28.35 
0.0524 0.9989 0.8917 1832.8 90.22 -27.70 
0.0686 0.9994 0.9023 1972.6 90.23 -27.10 
0.0849 0.9998 0.9082 2151.4 90.24 -26.74 
0.1003 1.0000 0.9163 2347.5 90.25 -26.10 

L-leucine 
0.0241 0.9981 0.8675 1658.2 106.26 -32.81 
0.0393 0.9985 0.8745 1779.0 106.23 -32.25 
0.0546 0.9989 0.8859 1921.4 106.17 -31.50 
0.0697 0.9993 0.8930 2101.0 106.15 -31.04 
0.0849 0.9996 0.9010 2338.7 106.13 -30.66 
0.0992 1.0000 0.9052 2643.0 106.11 -30.27 
c=O.IO 

Glycine 
0.0241 0.9996 0.8859 1653.0 43.43 -19.61 
0.0401 1.0001 0.8931 1721.6 43.48 -18.92 
0.0522 1.0005 0.8944 1764.1 43.49 -17.61 
0.0673 1.0009 0.9023 1831.7 43.52 -17.12 
0.0834 1.0014 0.9040 1900.0 43.54 -16.34 
0.0991 1.0019 0.9107 1964.6 43.56 -15.56 

L-alanine 
0.0200 0.9994 0.8870 1644.7 60.60 -21.71 
0.0361 0.9998 0.8956 1719.3 60.65 -20.7 
0.0523 1.0003 0.9006 1793.5 60.68 -19.52 
0.0684 1.00081 0.9005 1879.9 60.70 -19.00 
0.0846 1.0012 0.9229 1958.8 60.72 -18.00 
0.1002 1.0017 0.9199 2082.6 60.74 -18.20 

(Continued) 
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TABLE 2 Continued 

cjmol·dm-3 px 10-3 /Kg· m-3 qfmPa·s ujms- 1 v.px 106/m3 ·mo1-l Kr/Jx 1010jm3 ·mol- 1 ·Pa- 1 

L-valine 
0.0241 0.9995 0.8814 1700.1 89.80 -27.76 
0.0402 0.9999 0.8860 1808.3 89.76 -26.60 
0.0564 1.0004 0.8983 1932.9 89.72 -25.71 
0.0685 1.0007 0.8994 2044.4 89.69 -25.31 
0.0847 1.0012 0.9083 2213.2 89.64 -24.62 
0.1003 1.0016 0.9125 2412.4 89.62 -24.02 

L-leucine 
O.OZ 0.9993 0.8831 1691.5 106.33 -31.65 
0.0354 0.9997 0.8935 1815.8 106.31 -30.89 
0.0409 0.9998 0.8976 1866.8 106.31 -30.72 
0.0666 1.0005 0.9077 2159.9 106.29 -29.76 
0.0822 1.0009 0.9184 2417.0 106.28 -29.38 
0.0991 1.0013 0.9317 2824.7 106.27 -29.02 
c=0.15 

Glycine 
0.0240 1.0004 0.9025 1684.3 43.88 -11.64 
0.0401 1.0009 0.9066 1719.2 43.89 -10.48 
0.0521 1.0013 0.9126 1742.3 43.90 -09.77 
0.0682 1.0019 0.9137 1767.0 43.91 -08.80 
0.0843 1.0023 0.9169 1786.6 43.92 -07.94 
0.1000 1.0028 0.9267 1793.5 43.92 -06.93 

L-alanine 
0.0200 1.0003 0.8871 1714.7 60.73 -20.10 
0.0361 1.0007 0.8910 1789.3 60.76 -18.80 
0.0522 1.0012 0.9026 1872.0 60.79 -18.15 
0.0683 1.0016 0.9044 1949.7 60.82 -17.12 
0.0846 1.0021 0.9122 2029.2 60.84 -16.21 
0.1000 1.0025 0.9250 2123.9 60.86 -15.82 

L-valine 
0.0241 1.0004 0.8775 178Q.4 89.72 -26.81 
0.0402 1.0008 0.8886 1900.1 89.65 -25.60 
0.0523 1.0011 0.8892 2003.5 89.60 -24.98 
0.0684 1.0016 0.8962 2159.3 89.54 -24.16 
0.0847 1.0020 0.9023 2349.6 89.51 -23.44 
0.0970 1.0024 0.9104 2532.3 89.49 -23.07 

L-leucine 
0.0180 1.0001 0.8871 1750.2 106.30 -29.78 
0.0341 1.0005 0.9008 1881.0 106.27 -28.49 
0.0503 1.0009 0.9057 2043.0 106.26 -27.84 
0.0665 1.0013 0.9231 2231.7 106.25 -26.88 
0.0814 1.0017 0.9242 2455.3 106.24 -26.25 
0.1000 1.0022 0.9508 2839.1 106.22 -25.56 

150 The apparent molar isentropic compressibility (K~) of ~ is the isentropic compressibility of the solvent mixture, 
the solutions was detennined from the relation: M is the molar mass of the solute, and c is the molarity of 

the solution. ISS 

K• = MKs/Po + 1000 (KsPo- K'};p)f(cpp,) [5) 
The limiting apparent molar isentropic compressibility 

(~) was obtained by extrapolating the plots of K.p versus 

c93~ 110 

~ 
I J o-- 2d11 c .. 
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TABLE 3 
Standard partial molar volumes of amino acids in aqueous catechol solution at 298.15 K 

Amino acids Parameters Water c=0.05 c=O.IO <=0.15 

Glycine V)! x 106 fm3 ·mol 1 43.14 42.97 43.315 43.842 
s;(m9. mol-3)1/2 0.86 2.1718 0.7811 0.2486 

L-alanine Vl! X 106 /m' . mol-l 60.43 60.39 60.494 60.618 
s;(m9. mol-3)1/2 0.73 0.8122 0.7811 0.7661 

L-valine Vl! X 106 /m' . mol-l 90.39 90.133 89.979 89.954 
s;(m9. mol-3)1/2 0.3478 -1.1295 -1.5293 

L-leucine V)! x 106 fm3 · mor-1 107.72 106.41 106.37 106.35 
s;(m9. mol-J)I/2 -0.9729 -0.3326 -0.3954 

the square root of molal concentration of the solute, ..,jc to 
zero concentration by a least-squares method:[2S] 

[6] 

From Table 4, it is observed that the values of isentropic 180 
compressibilities at infinite dilution (~) increase with the 
increase in concentration of catechol solution and all the 
values are negative. 

where, Sic is the experimental slope. 
vg and~ produce information regarding solute-solvent 

interactions and s; is the experimental slope which is some
times called volumetric pair wise interactions coefficient.124l 

165 It has been observed from the volumetric data as well as 
compressibility data that most of the s; and SK values are 
positive for all amino acids studied. The positive values of 
s; and s;. imply that the interaction is dominated by the 
charged functional group of the zwitterionic amino acids 

110 and -OH group of catechol. The values of s; and SK 
varies with the addition of alkyl group in the side chain 
position of the amino acids. It indicates that the alkyl 
group modulates the interaction of the charged end groups 
in the pair wise interactions. '241 

175 The values of VJ! are positive for all the amino acids in 
catechol solution at all concentrations studied. For glycine 
and L-alanine ~ increases but in the case of L-valine and 
L-leucine reverse is observed with the increase in the 
concentration of catechol solution. 

At neutral pH amino acid exist as zwitterions when 
dissolution in water and there is an overall decrease in 185 
the volume of water. This is due to the contraction of water 
near the end charged groups and termed as electrostriction. 
Hence, the electrostricted water is much less compressible 
than bulk water and accounts for the apparent molar com
pressibilities for the amino acids in mixed ternary solutions 190 
being larger than the corresponding ones in water. It is also 
observed that the negative values of K'J, for the studied 
amino acids follow the order 

-glycine < L-alanine < L-valine < L-leucine 

Since the contribution of alkyl group to the partial com
pressibility is negative, it implies that the ions having the 
larger hydrophobic group may have more negative values 
for the partial molar expansibilities. Hence, L-leucine 

195 

may have largest hydrophobic group resulting higher 200 
negative values of~-

TABLE4 
Standard partial isentropic compressibilities of amino acids in aqueous catechol solution at 298.15 K 

Amino acids Parameters Water c=0.05 c=O.IO c=0.15 

Glycine K'$ x 1010 /m3 • mol-1Pa-1 -27 -26.04 -23.76 -16.04 
Sk(m9 • mol-3Pa-'f12 4.56 20.825 26.154 27.825 

L-alanine ~ x 1010 /m3 ·mol- Pa-1 -25.26 -25.85 -24.52 -23.64 
Sk(m9. mol-lPa-lr/2 4.75 16.636 17.507 24.942 

L-valine Iq. x 1010 /m3 ·mol- Pa-1 -3Q.62 -31.06 -30.83 -30.24 
Sk(m9. moJ-lpa-•r/2 8.43 14.423 21.099 23.203 

L-leucine K3 x 1010 Jm3 ·mol- Pa-1 -31.78 -33.61 -34.26 -35.24 
Sk(m9. moJ-lpa-1)1/2 13.61 6.0627 16.866 23.702 
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3.2. Group Contribution 
The alkyl chain of the studied amino acids are CHr 

(glycine), CH3CH-(L-alanine), CH3CH3CHCH-(L-valine) 
205 and CH3CH3CHCH2CH-(L-leucine). It was observed that 

the values of ~ of the present amino acids in catechol 
solutions vary linearly with the number of carbon atoms 
nco in their hydrophobic part. Similar 1inear correlation 
for the homologous series of a-amino acids has also been 

210 reported in aqueous,IIJ] and glucose, solutions. 
In this way a regression analysis of the J1 values as a 

function of n€' is carried out by the following equation:t22l 

[7[ 

where nc is the number of carbon atoms in the alkyl side 
215 chain of the amino acids. ~(NHt,coo-) and ~(CHz) 

are the zwitterionic end groups and the methylene side 
group contributions, respectively. 

The values of ~(CH2) characterize the mean contri
bution ofCH and CH3 group to the ~of the amino acids. 

220 The other alkyl chains contribution of the amino acids 
calculated by Hakin et at.,1 19l as follows: 

~(CH3) = 1.5 ~(CHz) 

~(CH) = 0.5~(CH,) 

[8] 

\9\ 
225 The values of ~(NHj,Coo-) are larger than 

V3(CH2). It implies that the interactions of the functional 
groups of catechol with the zwitterionic groups of amino 
acids dominate in comparison to those of the hydrophobic 
group-catechol interactions. Side chain contribution 

230 increases with the increase of chain length. 

3.3. Hydration Number 
The number of water molecules hydrated to the amino 

acids N,.., calculated from the value of measured standard 
partial molar volume by the following manner. 

235 The values of J1 of the studied amino acids can be 
expressed as:l23.261 

~ = ~(int) + ~(elect) [10\ 

where ~(int) is the intrinsic partial molar volume of the 
amino acid and J1(elect) is the electrostriction partial 

240 molar volume as a result of hydration of the amino acids. 
The ~(int) consists of two terms: the Van der waal 
volume and the volume due to packing effects. The values 
of ~(int) for the amino acids were calculated from their 
crystal molar volume by Millero et aJ.123l using the follow-

245 ing relationship: 

0.7~(cryst) 

0.634 
[II\ 

where, 0.7 is the packing density in an organic crystal and 
0.634 is the packing density of randomly packed spheres. 
The molar volume of crystals was calculated using the 
crystal densities of the amino acids represented by Berlin 250 

and Pallanschi27J at 298.15 K. The values of ~(elect) were 
obtained from the experimentally determined J'3 values 
using Equation (I 0). 

The number of water molecules hydrated to the amino 
acids due to electrostriction causes decrease in volume 255 

can be related to the hydration numbersP0
•
23

l 

~(elect) 

11-11 [12] 

where J-1. is the molar volume of electrostricted water and 
J1 is the molar volume of bulk water. 

This model implies that for every water molecules taken 260 
from the bulk phase to the surroundings of amino acid, 
the volume is decreased by (J-1- ~). using a value of 
-3.0cm3 -mol-1120l, for (J1- J1) at 298.15K the 
hydration number of the studied amino acids were 
calculated and reported in Table 5. FJi!5 

From Table 6, the observed values of N,. for the amino 
acids in catechol solutions were varied in the following 
order. 

N,,.(L-Ieucine) > N.,.(L-valine) ~ Nw(L-alanine) 

> N,.(Glycine) 

In the case of glycine the Nw values decreases with the 
increase of concentration of catechol solution owing to 
reduction in the electrostriction. But in other amino acid 
cases namely L-alanine, L-valine and L-leucine the value 

270 

of hydration numbers remain unchanged by the increase 215 

of catechol solution. This is due to the fact that with the 
increase of hydrophobic group,I28J the interaction between 
the charge end group and OH group of catechol solution 
reduces. 

TABLES 
Contribution of zwitterionic groups (NHjcoo-) and 

CH2 group, and other alkyl chains to the infinite dilution 
apparent molar volumes in aqueous catechol solution 

at 298.15 K 

Group Water c=0.05 c=O.l c=0.15 

NHjCoo- 27.68 27.989 28.361 28.885 
CH2 15.91 15.662 15.56 15.435 
CH,CH 31.82 31.324 31.12 30.87 
CH 3CH3CHCH 63.64 62.65 62.24 61.74 
CH 3CH3CHCH2CH 79.45 78.31 77.8 77.18 
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TABLE 6 
Hydration number (N11.) of amino acids in aqueous 

catechol at 298.15 K 

Nw 

Amino acids c=0.05 c=O.l c=0.15 

Glycine 3 2.9 2.7 
L-alanine 3.8 3.8 3.7 
L-valine 4 4 4 
L-leucine 6 6 6 

280 The N,,. values are lower than observed by Banerjee 
et at.t28l leads to the fact that the bulky phenyl group in 
the hydrophobic part are lesser solvated compared to the 
small size of the alkyl groups. 

3.4. Partial Molar Volume of Transfer and Partial Molar 
285 Compressibility of Transfer 

The values of partial molar volume of transfer and 
partial molar compressibility of transfer of the amino 
acid[24J from pure water to catechol are obtained from 
the equations. 

TABLE 8 
Transfer compressibilities of amino acids 

(A,,~ x to6jm3 • mol-1) from water to aqueous catechol, 
at 298.15 K 

Amino acids c=0.05 c=O.l c=0.15 

Glycine 0.96 3.24 10.96 
L-alanine -0.59 0.74 1.62 
L-valine -0.44 -0.21 0.38 
L-leucine -1.9 -2.48 -3.46 

in the latter two amino acid cases the transfer value 
decreases. The calculated transfer values are explained by 305 

the cosphere model by Gumeyl291 and Franks and Evans. 
There are several types of interactions occurring in the 

ternary system of amino acid. catechol and water. 

a. Ion-polar group interactions between the NHj and 
coo- groups of the Zwitterionic amino acid with the 310 
OH groups of the catechol. 

b. Ion-non polar group interactions between the NHj and 
coo- groups of the amino acid with the phenyl group 
of the catechol. 

~"~ = ~(catechol)- ~(water) 

~"~=~(catechol)- ~(water) 

[13J c. Nonpolar-nonpolar group of interactions between the 315 

hydrophobic parts of the acids with the hydrophobic 
[14) part of the catechol. 

These results are reported in Tables 7 and 8, graphically 
shown in Figures 1 and 2, respectively. 

295 The uncertainty in the values of volume transfer and 
compressibility of transfer are calculated as the root mean 
square of the uncertainities associated with the apparent 
molar properties at infinite dilution. Both positive and 
negative results were observed from the calculation for 

300 amino acids. 
The values of the A,~ in the case glycine are all posi

tive at three different concentration of catechol solution. 
For alanine tends to increase of catechol solution. However 

TABLE 7 
Transfer volumes of amino acids (A,r~ x 106 Jm3. mol- 1) 

from water to aqueous catechol, at 298.15 K 

Amino acids c=0.05 c=O.l c=0.15 

Glycine 0.061 0.331 0.73 
L-alanine -0.187 -0.019 0.255 
L-valine -0.681 -0.719 -0.695 
L-leucine -0.831 -0.969 -1.065 

Introducing the cosphere overlap model[JOJ the ion-polar 
group interactions would lead to a positive A,r ~ and 
A,X: due to decrease of electrostriction effect and the 320 

overall water structure is enhanced. 
Interaction of the type (b) and (c) would lead to a 

negative A,r~ and A1r~· It signifies the presence of 
hydrophobic-hydrophilic and hydrophobic-hydrophobic 
interactions resulting a reduction in the water structure 325 

due to their co-spheres overlapping. 

·• 
-1.2 

c/mol.dm-3 

PIG. L The lransfcr volumes &, J1 of the experimental amino acids 
from walcr to aqueous catechol solulions plotted against the molarity c 
of the calechol solulions at 298.15K. (+. glycine; •· L-alanine: .... 
L-valinc: x. L-kuclne). 
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FIG. 2. The transfer compressibilities .1,~ of the experimental 
amino acids from water to aqueous catechol solutions plotted against 
the molarity c of the catechol solutions at 298.15 K. ( +. glycine; •· 
L-alanine; .t., L-valine: •· L-leucine). 

The intrinsic volume is expressed by the following two 
types of tenns: 

V;mrinsic = V 1'1>' + Vvoid [15] 

where Vrw is the Vander waaJ volume, occupied by solute and 
V,viJ is the volume of void and empty spaces present there in. 

Shahidi et al. modified the above equation to express the 
contribution of the solute molecules to its partial molar 
volume. 

[16] 

where 65 is the shrinkage in the volume due to the interac
tion of hydrogen bonding groups present in the solute with 
water molecules and n is the number of potential hydrogen 
bonding sites in the molecule. 

Hence, the ~ of the amino acid can be expressed as: 

~ = V .,.. + V roid - Vshrinkag~ [17] 

Assuming the fact that Vm and V,.0M remain unchanged 
345 in water as well as in aqueous catechol solution the positive 

volume transfer of the amino acid can be documented from 
a decrease in the volume of shrinkage in the presence of the 
catechol solute in aqueous solutions. 

The observed positive values of volume transfer and 
350 compressibility of transfer of glycine indicate that the 

ion-hydrophilic and hydrophilic-hydrophilic interactions 
mask the ion-hydrophobic and hydrophobic-hydrophobic 
group interactions. The ion-hydrophilic interaction takes 
place between OH group catechol and charge end groups 
(NHj and coo-) reduces the electrostriction phenom- 355 
enon resulting in an increase in volume . 

However, for L-alanine most of the values are negative 
though very small implies a balance of type (a) to (c) inter
actions and at higher concentration the values are positive 
indicating the ion-hydrophilic interactions predominant. 360 

In the case of L-valine owing to large hydrophobic part 
in the side chain leading to hydrophobic - hydrophobic 
group interaction, with the hydrophobic part of catechol 
resulting in a negative volume and compressibility of 
transfer but with the increase of the concentration of 365 
catechol the negative values are lower i.e., tend to be 
positive indicating (a) type of interactions tends to 
predominant. 

In the case of L-leucine the observed values are more 
and more negative strongly indicate the large hydrophobic 
part reside in the side chain of leucine. Similar observation 
shown by Bannerjee et al_l28] 

3.5. Viscosity B-Coefficient 
The relative viscosities 'lr are expressed by 'lr = 11/I'Jo, 

where '1 and 'lo signifies the viscosities of the solution and 
solvent respectively. The calculated q, by the above method 
are listed in the Table 9. These 'lr values have been utilized 
to calculate the viscosity B coefficient by Jones-Dole 
equation: 

q, =I +Bc+Ay'c 

(q,- l)f,/c =A+ By'c 

[18] 

[19] 

370 

375 

A and B are empirical constants known as A and B 
coefficients. A and B imply the solute-solute and solute
solvent interactions respectively and cis the concentration 385 

of ternary solution in molarities. The values of A and Bare 
obtained from the straight line by plotting (q,-1)/Jc 
against Jc. 

TABLE9 
A- and B-coefficients for the amino acids in aqueous catechol solutions at 298.15 K 

Amino acids c=0.05 c=O.I c=0.15 c=0.05 c=O.I c=0.15 

Glycine 0.1534 0.1666 0.1782 0.1488 0.0943 0.0657 
L-alanine 0.2684 0.2802 0.2901 0.0476 0.0963 0.0959 
L-valine 0.4539 0.4715 0.4842 0.0962 0.0107 -0.0019 
L-leucine 0.5564 0.6056 0.6553 0.031 0.0264 0.0658 
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390 

395 

400 

405 

TABLE 10 
Contributions of (NHf, coo-) and CH2 groups to 

viscosity B-coefficients of the amino acids in aqueous 
catechol solutions at 298.15K 

Group 

NHj,coo 
CH2 

c~0.05 

0.0607 
0.0991 

c~O.I 

0.06 
0.107 

c~O.I5 

0.0576 
0.1148 

The values of B are reported in Table 9. This B coef
ficient reflect the size and shape effect as well as the struc
tural effect caused by the solute-solvent interactionsP1l 
The B coefficient values for amino acids in pure water 
and in catechol solutions follow the order 

glycine< L-alanine < L-valine < L-Leucine. 

From the above trend it is confirmed that the magnitude 
of the B coefficient increases with the increasing of molar 
mass and side chain length of the amino acids. 

Due to the liquid structure caused by catechol solution 
in amino acid supports the increasing values of • B' with 
the increasing concentration of the ternary solution. 
Complexing nature of A are not discussed here. 

The B coefficient values imply the net structural effects 
of the charged end group and the hydrophobic ( -CH,) 
group on the amino acids. By plotting B values with the 
number of carbon atoms of the alkyl chain straight line 
were observed. These effects can be expressed as follows. 

B ~ B(NHJCOO-) +NcB(CH2) [20] 

410 The regression parameters B(NHjCoo-) and B(CH2) 
reflect the charge end group contribution and methylene 
group contribution are listed in Table 10. 

Such linear correlation132.33l has also been observed in 
other solute for those amino acids. It is to be mentioned 

that the contribution of B(CH2) is the mean contribution 415 
of CHand CH3 groups to B coefficients of the amino acids. 

It is interesting to note from table I 0 that the contribution 
of B(CH2) group to the B coefficient is increased while 
B(NHjCOo-) group contribution decreases with the 
increase of concentration of catechol solution indicating 420 
the fact that ion polar interaction between the zwitterionic 
group and OH group of catechol reduced while increasing 
contribution of B(CH2) reflect the hydrophobic -
hydrophobic type interaction predominant in aqueous 
catechol solution. 425 

CONCLUSION 
From the above results of transfer of volume, transfer of 

compressibility, number of hydrated molecul~ and the 
viscosity B coefficient it has been concluded that the partial 
molar quantities increases with the increase of con- 430 
centration of catechol. The contribution of the zwitterions 
NHjcoo- group to the value of the partial molar 
volumes is larger in comparison to the (CH2) group and 
increases with the increasing concentration of catechol 
solution. The standard 'lolume of transfer and transfer 435 
compressibility for the amino acids glycine, L-alanine and 
L-valine increase with increasing concentration of catechol 
clearly rationalize the ion-hydrophilic interaction between 
the hydrophilic part of the said amino acid and the coso\ute 
and predominant over hydrophobic interaction. But for 440 
L-leucine having the large alkyl part in the side chain 
hydrophobic interactions develop. The hydration numbers 
of the amino acids increases from glycine to L-leucine also 
indicate mo~ and more water molecules sol'lated due to 
increasing number of carbon atoms in the side chain by 445 

hydrophobic interaction. 
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