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ABSTRACT

The apparent molal volume and adiabatic comprelsibof L-arginine hydrochloride in water and aquen
tetrahydrofuran has been determined at 303.15 Knfprecise density and sound measurements. Theimepeal
data has been used to evaluate various thermodynami acoustic parameters, like, partial molal vaoki at
infinite dilution, partial molal adiabatic compregdity at infinite dilution, relative associatiorgtc. The data has
further been investigated in terms of relative @ty and B- coefficient of Jones — Dole equation.
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INTRODUCTION

The study of thermodynamic stability of the natsteucture of proteins has proved quite challenging still
remains a subject of extensive investigation [1Je@o the complexities arising from direct thermoaiyic study on
proteins, investigations on the behavior of modehpounds of proteins like amino acids and peptidesjueous
and mixed aqueous solvents make one to underst@nthttors governing the stability of the biopolymg, 3].
The interpretation of behavior of amino acids isteunelpful in understanding the water-protein iiattions in
solutions. Moreover volumetric, viscometric andragbnic studies of amino acids in aqueous and méxpebous
solutions of organic solvents can provide valuahfermation for understanding protein unfolding T#-Mixed
aqueous solvents are extensively used in chenastdyother fields to control factors like stabilitgactivity and
solubility of systems [8, 9]. In this paper, we g@Bt the volumetric and thermodynamic studies @frginine
hydrochloride in aqueous and mixed aqueous soluwt@mtaining THF. L-Arginine hydrochloride is an estal
amino acid with anabolic and immune system supg®réffects. The water and THF has proved to be most
interesting solution due to hydrogen bond intecacof water with THF [10-12].

Additionally, THF is a widely used solvent whichncaissolve a wide range of non-polar and polar ¢bam
compounds [13, 14]. It is an aprotic solvent wittli@lectric constant of 7.6. As one of the mosapalyclic ethers it
is a useful solvent, much less potent anesthetit raore ecologically friendly than diethyl ether. Mover, a
literature survey indicates that no physiochematatly on this system has been reported using THSol®nNt.
Therefore, an attempt has been made to understemdehavior of arginine hydrochloride with waterdan
water/THF mixed solution at 303.15 K using ultrasorelocity technique.

MATERIALSAND METHODS

L-Arginine-hydrochloride used in the present worsnan analytical reagent having a minimum assa89%.
The triply distilled degassed water with specifimductance less than 1@™ cm* was used for preparation of
solutions. The measured density of water was coadpaith the literature values [15, 16]. All solutowere made
on weight basis using an Analytical balance, Me(#E240), with an accuracy of 1.0 x 1.
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The density was measured using a 20 ml specificitgrbottle which was precalibrated using condutfiwater.
Each reported density data was an average of stt fize measurements. The ultrasonic velocity ditsans at 5
MHz was measured with the help of multi frequendlyasonic interferometer (M-82, Mittal Enterprisdadia)
having maximum uncertainty of 0.5 i velocity. The temperature around the cell wastolled within+0.05 K

by circulating water from a constant temperaturé¢hbd he viscosity was measured using an Ostwala typ
viscometer, which was also calibrated using condiigtwater at the desired temperature. The vejoeind
viscosity measurements, performed at least thneestifor each composition, were found to be repé&ataithin the
precision limits.

THEORY, RESULTSAND DISCUSSION

The apparent molal volume®y) for L-arginine hydrochloride in aqueous and mixapieous solution using THF
at 303.15 K was calculated from density and spésdund using Equation 1.

@, = M/d - [(d - &) 1000 / mdg] @

where M is the molecular weight of solutg,athd d refer to the densities of solvent and smytiespectively and m
is the concentration of amino acid expressed usul molality. Making use of Equation 2, the appanmaolal
adiabatic compressibilityd{x) can be calculated as follows.

Py = MK,/ d - [(K°d - Kdo) / mdd] )

where K and K are the adiabatic compressibility of solvent aaollition, respectively given by Equations 3a and
3b.

KC% = 1/u,2d, (3a)

Ks= 1/fd (3b)

where u is the ultrasonic velocity and d is thesitgrin their respective mediums.

According to Masson [171Py, is the linear function of molal concentration reggnted by Equation 4.

o, =% + §m 4)

where®®, is the partial molal volume at infinite dilutian limiting apparent molal volume which is a measaf
solute-solvent interaction., $s the experimental slope, also known as volumedair wise interaction coefficient
[18, 19], represents a measure of solute-solugzdntion. According to Gucker [20] and Debye — HidR1], ®y is
the linear function of molal concentration shownHznyuation 5.

D = P% + Sm (5)

where ®% is the limiting apparent molal adiabatic compreifigjpand & is the experimental slope. Both these
values are obtained from linear plot®f v/s m using least square method.

The relative viscosityr|,) is calculated as the ratio of viscosity of santif)) and corresponding solveniJ, i.e.,

n: =n/ne. In order to evaluate viscosity B-coefficient, thaue ofn, is fitted by the method of least square fit using
Equation 6.

n=1+Bc (6)

where c is the molarity of solution. The value @fcosity B-coefficient depends upon the size ofisohnd nature
of solute-solvent interactions which is definite folute-solvent system.

Relative association (ff is the measure of non-ideality of solution whids been calculated by Equation 7.
Ra = (d/d) (u/u)*® )

where y and u are the ultrasonic velocities of solvent swldtion, respectively.
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The values of density, ultrasonic velocity, appaneolal volume, apparent molal adiabatic compreisiband
relative association are presented in Table |. Vdlaes of density increase with the increase ircentratio of L-
arginine hydrochloride in aqueous as well as ifed#nt concentration of aqueous THF which may kdbated to
an increase in hydrophilic interaction. Howeverraasing the concentration of THF in water (zerdafity),
referred herein as solvent, results in the decremtiee density of solution. The Table 1 also révéhat ultrasonic
velocity increases with increase in the concemmatf solute (L-arginine hydrochloride) as well @s increasing
the THF content. The increase of ultrasonic vejoititsolutions may be attributed to the cohesiarught about by
the ionic hydration. When the amino acid dissolwve3 HF/water solution, the cations NHand anions COGare
formed. The water molecules are attached to the &rongly by the electrostatic forces, which idtroe greater
cohesion in the solution. Thus, cohesion increasdsthe increasing amino acid concentration ingbkition. The
increased association observed in these soluti@ysatso be due to water structure enhancement bralgut by
an increase in electrostriction in presence of THF.

The values of apparent molal volunte, and apparent molal compressibilitpy, are also shown in Table 1. The
former shows an increasing trend, becoming mordétipesas the concentration of solute is increasguk later
displays a negative trend which may be attributethé loss of compressibility of surrounding solverlecules,
hence less compressible. As per the hypothesigsbldtion, the large and negative valuesbgfmay also indicate
the presence of packing or caging effect [22, 23].

Shown in Figure 1 are plots df, against molality for the said solute. Téegof L-arginine hydrochloride is a linear
function of the molal concentration with a positslepe. The large positive slopes are found fomanaicids having
aromatic rings and terminal carboxyl group. Aldoown in Figure 2 are plots @y versus molality. These curves
too show a linear variation and the slopes forcttrapressibility data behave similar to the slofestume data.

Equations 4 and 5 are used to calculate the partidél volume at infinite dilution or limiting appant molal
volume @°,) and limiting apparent molal adiabatic compreditib{ ®°x), respectively. The graphically evaluated
values of®°, and corresponding slopg &ong with®°y and its slope \Sis presented in Table 2. TH¥, value for
L-arginine hydrochloride is positive and higherTinlF/water combination when compared with aqueoustisn
only. This is an indicative of stronger interactionthe presence of THF. The support towards sepigeraction
also comes from the values of slopewhich remain positive for L-arginine hydrochloridewater and THF/water
solution.

The ®°¢ value for L-arginine hydrochloride at all concations is found to be negative. The large negatalaes
of ®°¢x may also indicate hydrophobic interaction [24]. Aubchally, the limiting apparent molal compressityil
P°¢ is a measure of protection against compressioichatie solute molecule imparts to water. The valoe&
are positive for L-arginine hydrochloride in var®oaoncentrations of THF. The positive value gfshggests that
solute-solvent interactions are relatively stronger

Equation 6, expressing Jones — Dole equation [2S]been used to calculate viscosity B coefficielttmay be
pointed here that ¢ is molarity of solution calt¢eth from molality. The values of relative viscosiyd B-
coefficients are tabulated in Table 3. The B-cagdfit values are positive which shows strong alignirof THF
with the solute causing strong alignment of L-aimgnhydrochloride. The strong interaction immoleikzthe
neighboring solvent molecules and presents largaradtion to viscous flow of solution thereby ingsng its
viscosity. The plot of relative viscosity and contation is presented in Figure 3. The hydrateditesl can be
classified in two types, namely, kosmotropes ($tmge makers) while weakly hydrated ones are chpeso
(structure breakers). For ionic solids, it has bestablished that strong kosmotropic anions sibiliroteins and
strong kosmotrpic cations destabilize them. Theriaisopicity of ions can be quantified by viscoditycoefficients,
hydration entropies, hydration volumes, heat cdegiion mobilities, etc. In general, positive Befficients
suggest kosmotropic behavior since strongly hydratdutes exhibit a large change in viscosity withcentration.
As observed from Equation 7, the relative assamiaijR,) is a function of ultrasonic velocity. The relaiv
association is influenced by two factors (i) thedking up of the solvent structure on additionad@ite to it, and (ii)
the solvation of solute. The first parameter resinitdecrease while the later results in increadg\i The increase
in Ry with concentration (Table 1) suggests the solwatd L-arginine hydrochloride predominating ovee th
breaking-up of the solvent structure.

2070
Scholars Research Library



R. K. Bamezai et al

Arch. Appl. Sci. Res., 2012, 4 (5):2068-2076

Table1: Molalities, densities, ultrasonic velocities, adiabatic compressibilities, apparent molal volumes, apparent molal adiabatic
compressibilities and relative association of L-arginine hydrochloride at 303.15 K in aqueous and in mixed aqueous solution of THF

m d u Kex 10 | o, x 10° O x 10® Ra
(molkg?) | (kgm?) | (msY) | (Pa?) | (m*moal™) | (m*mol™Pa?)
L-Arginine hydrochloride in agueous solution
0.0 995.65 | 1510 4.40
0.1 1004.95| 1526 4.27 116.69 -82.52 1.00580
0.2 1013.09| 1532 4.20 121.45 -49.01 1.01263
0.3 1020.22 | 1537 4.14 125.83 -33.43 1.01865
0.4 1025.48| 1542 4.10 132.38 -21.99 1.02279
L-Arginine hydrochloride in 5% aqueous THF
0.0 992.73 | 1532 4.29
0.1 1001.72 | 1548 4.16 119.87 -76.98 1.00557
0.2 1008.48 | 1553 4.11 130.20 -37.38 1.01127
0.3 1015.24 | 1558 4.05 133.05 -24.62 1.01695
0.4 1021.47| 1564 4.00 135.37 -18.78 1.02188
L-Arginine hydrochloride in 10% aqueous THF
0.0 990.76 | 1545 4.22
0.1 998.27 | 1557 4.13 135.05 -41.39 1.00499
0.2 1004.03| 1566 4.06 143.11 -26.21 1.00884
0.3 1009.47 | 1575 3.99 146.31 -20.64 0.01238
0.4 1014.50| 1584 3.92 148.59 -17.27 0.01549
L-Arginine hydrochloride in 15% aqueous THF
0.0 987.37 | 1560 4.16
0.1 993.27 | 1574 4.06 152.00 -37.49 1.00298
0.2 998.31 | 1583 3.99 155.53 -21.08 1.00616
0.3 1002.94 | 1595 3.91 157.65 -20.08 1.00828
0.4 1007.46| 1606 3.84 158.61 -18.29 1.01051
L-Arginine hydrochloride in 20% aqueous THF
0.0 985.20 | 1572 4.10
0.1 990.97 | 1586 4.01 153.48 -35.57 1.00289
0.2 995.90 | 1595 3.94 157.01 -19.49 1.00598
0.3 1000.12 | 1606 3.87 160.16 -16.00 1.00793
0.4 1004.51| 1615 3.81 160.93 -12.32 1.01047
L-Arginine hydrochloride in 25% aqueous THF
0.0 983.55 | 1590 4.02
0.1 988.54 | 1604 3.93 161.74 -27.81 1.00214
0.2 992.71 | 1615 3.86 165.31 -17.24 1.00408
0.3 996.16 | 1628 3.78 168.57 -15.49 1.00488
04 999.42 | 1641 3.71 170.42 -14.48 1.00550

Table 2: Valuesof limiting apparent molal volumes, limiting apparent molal compressibilities, constants S, and S for L-arginine
hydrochloride at 303.15 K at different concentrations

Concentration | @°, x 10° S, x 10° ®° x 10° S x 107
(m*mol?) | (m*mol?kg) | (m*mol?*Pa?) | (m*mol?Pa’ kg)

0% 111.22 51.4 -96.03 197.17
(£0.92) (+3.36) (+9.92) (£36.23)

5% 117.28 49.35 -86.28 187.36
(#3.72) | (+13.58) (+15.12) (+55.21)

10% 132.31 43.82 -45.86 77.93
(+2.62) (+9.55) (+5.31) (+19.39)

15% 150.45 21.95 -38.88 58.60
(£1.11) (+4.07) (+7.06) (£25.80)

20% 151.52 25.50 -39.16 73.24
(+1.26) (+4.59) (+5.91) (+21.59)

25% 159.18 29.30 -29.19 41.74
(£0.77) (+2.83) (+4.42) (+16.16)

(Values in the parenthesis indicate error)
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Table 3. Molarities, viscosities, relative viscosities and viscosity B-coefficient of Jones-Dole equation

c
(mol LY

n x 10°
(Pas)

nr

Viscosity B-coefficient
(L mol)

L-Arginine hydrochl

oride in aqueous solution

0.00000
0.08301
0.19443
0.28788
0.37832

0.8007
0.8299
0.8574
0.8867
0.9129

1.0365
1.0708
1.1074
1.1401

0.3721

L-Arginine hydrochl

oride in 5% aqueous THF solutior]

0.00000
0.08274
0.19354
0.28647
0.37684

0.8891
0.9140
0.9366
0.9544
0.9744

1.0280
1.0534
1.0734
1.0959

0.2601

L-Arginine hydrochl

oride in 10% aqueous THF solutiq

0.00000
0.08246
0.19269
0.28484
0.37426

0.9481
0.9751
1.0007
1.0267
1.0526

1.0285
1.0555
1.0829
1.1102

0.2938

L-Arginine hydrochl

oride in 5% aqueous THF solution

0.00000
0.08204
0.19159
0.28300
0.37167

1.0263
1.0975
1.2172
1.3121
1.3726

1.0694
1.1860
1.2785
1.3374

0.9384

L-Arginine hydrochl

oride in 20% aqueous THF solutiq

0.00000
0.08185
0.19113
0.28220
0.37058

1.1230
1.1528
1.2628
1.3658
1.4362

1.0265
1.1245
1.2162
1.2789

0.7315

L-Arginine hydrochl

oride in 25% aqueous THF solutiq

0.00000
0.08165
0.19052
0.28109
0.36870

1.1921
1.3290
1.4325
1.5022
1.6340

1.1148
1.2017
1.2601
1.3707

0.9987
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Fig. 1: Plot of apparent molar volume (®,) v/s molality (m) at 303.15 K (a) L-Arginine hydrochloride in aqueous solution (b) L-Arginine
hydrochloridein 5% aqueous THF (c) L-Arginine hydrochloridein 10% agqueous THF (d) L-Arginine hydrochloridein 15% aqueous
THF (e) L-Arginine hydrochloridein 20% aqueous THF (f) L-Arginine hydrochloridein 25% aqueous THF.

2073

Scholars Research Library



R. K. Bamezai et al

Arch. Appl. Sci. Res., 2012, 4 (5):2068-2076

-20 4
u
-30 4
i u
S -40 —~
‘o ‘T‘(U
£ 1 a2
S -504 - °
1S RS
“ 1 £
£ 0 g
© [=]
[=] —
< 1 x
x 70 e_z
e
-80 4
u
-90 T T T T T T T T T T T 1
0.10 0.15 0.20 0.25 0.30 0.35 0.40
-1,
m (moal kg*)
(@)
15 5 -
/ -
20 - -
/
— /
wg 25 o - /// _(c;
o o
g a0 // 5
g _— £
ol / ME
“2 35 — // ﬂv
< - 9‘
e - x
_q0 4 ex
-45 T T T T T T T
0.10 0.15 0.20 0.25 0.30 0.35 0.40
m (mol kg™)
(©)
10
-
15
-
Eg -
H& -20
5
-E
£ -25
5O
-
X, -30 o
e
-35 - -
T T T T T T T
0.10 0.15 0.20 0.25 0.30 0.35 0.40
m (mol kg™
(e)

-10+
20 "
4 n
-30
1 n
-40
50 -
-60 -
-704
1 n
-804
T T T T T T T T T T T T T
0.10 0.15 0.20 0.25 0.30 0.35 0.40
1
m (mal kg")
(b)
-15 //
~
// -
-20 /
- =
//
-
-25 ////
//
-30 rd
///
35
.
-40 T T T T T T T
0.10 0.15 0.20 0.25 0.30 0.35 0.40
m (mol kg™
(d)
-14 -
-
-
-16 -
1 -
. -18
o
o
= -20 o
o
oE
£ -22 4
o
—
% 24 -
&
-26 -
28 =
T T T T T T T
0.10 0.15 0.20 0.25 0.30 0.35 0.40
m (mol kg™)

Fig. 2: Plot of apparent molal adiabatic compressibility (®x) v/s molality (m) at 303.15 K (a) L-Arginine hydrochloride in aqueous
solution (b) L-Arginine hydrochloride in 5% aqueous THF (c) L-Arginine hydrochloridein 10% aqueous THF (d) L-Arginine
hydrochloridein 15% aqueous THF (e) L-Arginine hydrochloridein 20% aqueous THF (f) L-Arginine hydrochloride in 25% aqueous
THF.

Scholars Research Library

2074



n, (Pas)

n (Pas)

v

R. K. Bamezai et al

Arch. Appl. Sci. Res., 2012, 4 (5):2068-2076

- 1.16 4
1.10
1 1.14 4
1.09
1_08_- 1.12
1.07 1.10 4
% 106 ] )
& 1.06 ] E‘a 108
< 5
1.05 - L]
1 1.06 4
1.04
1_03_- 1.04 4
1.02 T T T T T T T 1.02 T T T T T T T
0.05 SR 0.15 R 0.25 0.30 0.35 R 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
C (mollL™ C (mol L™
CY (b)
1.12
1 /
1.35 —
1.10 ] / /
1.25 //
1.08 -
é 1.20 }/
1.06 = s o
< 1.15 //
1.10 /
1.04 Lee ]
0.05 0.‘10 0.15 0.‘20 0.‘25 0.;30 0.;35 0.:10
1.02 T T T T T T T 1 C (mollL™
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
C (mol LY
(© (d)
1.40 H
1.30 — -
L] 1.35 — ///
1.25 rd
1.30 ///
= -
1.20 - " m
~ 1.25 - ~
~
1.15 = 1.20 -
///
1.10 < 1.15 o ///
-
1.05 1.10 //
0.05 04;.() D4I15 0,‘20 0,‘25 O4I30 04;%5 0,:&0
1.00 T T T T T T 1 -
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 C(molL™)
C (mollL™
(e) ®
Fig. 3: Plot of relative viscosity (n,) v/ismolarity (C) at 303.15 K (&) L-Arginine hydrochloridein aqueous solution (b) L-Arginine
hydrochloridein 5% aqueous THF (c) L-Arginine hydrochloridein 10% aqueous THF (d) L-Arginine hydrochloridein 15% aqueous
THF (e) L-Arginine hydrochloridein 20% aqueous THF (f) L-Arginine hydrochloride in 25% aqueous THF.
2075

Scholars Research Library



R. K. Bamezai et al Arch. Appl. Sci. Res., 2012, 4 (5):2068-2076

REFERENCES

[1] Structure and Stability of Biological Macromolecsjl&ds. SN Timasheff; GD Fasmamjarcel Dekker New
York, 1969.

[2] G Rialdi; R Biltonen;international Review of Science: Physical Chemjdfig. HA Skinner; Butterworti,975,
10, 147-189.

[3] W KauzmanAdv. Protein Chem1959, 14, 1.

[4] TV Chalikian; Ann. Rev. Biophys. Biomol. Stry@003, 32, 207.

[5] O Enea; C Jolicoeud, Phys. Chem1982, 86, 3870.

[6] N Taulier; TV Chalikian;Biochim. et Biophys. Acta - Protein Structu2602, 1595 48.

[7]1 H Zhao; Biophys. Chem2006, 122, 157.

[8] RK Wadi; P Ramasami. Chem. Soc. Faraday Tran$997, 93, 243.

[9] TS Banipal; G Sehgalhermochim. Actal995, 262, 175.

[10] M Katayama; K Ozutsumil. Soln. Chem2008, 37, 841.

[11] PK Sahu; Shyi-Long Led;, Chem. Phys2005, 123 044308.

[12] PK Sahu; A Chaudhari; Shyi-Long Leghern. Phys. Lett2004, 386, 351.

[13] U. Koert;J. fur Praktische Chemj@000, 342, 325.

[14] R Otero; G Carrera; JF Dulsat; JL Fabrega@lajamunt;J. Chromatography A004, 1057, 193.

[15] A Handbook of Chemistry and PhysiEsl. DR Lide; 88 ed., CRC Press, Taylor and Francis, U2Q05.
[16] Lange’s Handbook of Chemistgd. JA.Dean, 12ed., McGraw Hill, New York1979.

[17] DO MassonPhil. Mag,, 1929, 8, 218.

[18] JE DesnoverPure Appl. Chem1982, 54, 1469.

[19] GR Hedwig; JF Reading; TH Lilley, Chem. Soc. Faraday Tran$991, 87, 1751.

[20] F GuckerChem. Rey1933, 13, 111.

[21] P Debye; E Huckel. Physikalische1923, 24, 185.

[22] AB Wood; A Textbook of Soun@® ed., G Bell, London]960.

[23] M Kaulgud; KJ PatilJ. Phys. Chem1974, 78, 714.

[24] AP Mishra;Ind. J. Chem 2004, 43A, 730.

[25] G Jones; M. DoleJ. Am. Chem. Sod929, 51, 2950.

[26] Y Marcus;J. Soln. Chem1994, 23, 831.

[27] H Zhao,J Chem. Technol. BiotechndQ06, 81, 877.

2076
Scholars Research Library



