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Abstract: Volumetric properties of phenylalanine
(CoHuNOz), tryptophan(CuiHi2N202) &  methionine
(CsHuNO:S) in aqueous solutions of Nitrates at T
=298.15K, in terms of Linear, Exponential, Second Order

Polynomial and Third Order polynomial has been calcu-
lated using volumetric approach. The densities, Partial
molar volumes and transfer partial molar volumes have
been calculated on the basis of density measurements of
phenylalanine, tryptophan and methionine, respectively.
The results have been compared using mathematical op-
erations like exponential behavior, second and up to third
order polynomials. Interesting observations were found
on the basis of comparisons in between these mathemati-
cal operations. However it has been found that phenylal-
anine and tryptophan in water has positive slope linearly
so considered has structure makers in water while methi-
onine has negative slope in water, considered as structure
breakers. However with the intermission of nitrates, the
value of slope becomes reverse except at 1.0 mol-kg*. This
suggests that solution thermodynamics has been played
major role in protein/amino acids stability.

Case Description: Phenylalanine, Tryptophan, Methio-
nine amino acids have taken and attempt has been made
to correlate the molar volumes calculated in terms of den-
sities change with the change in the concentration of
cosolute (sodium nitrate) and then identifies the curves or
behvaior in terms of various mathematical operations so
as to reach conclusion about strucutre making/ breaking
behavior of these amino acids.

Discussion and Evaluation: Phenylalanine and trypto-
phan in water has positive slope (linearly) so considered
has structure makers in water while methionine has nega-
tive slope in water, considered as structure breakers.
However with the addition of nitrates, the value of slope
becomes reverse except at 1.0 mol-kg"'. While on the basis
of third order polynomial which seems to be more accu-
rate as they have higher R? (Regression) values near to 1.0;
which proves the fact that trivalent interactions (3 order)
are more important as compared to divalent and monova-
lent.

Conclusions: Amino acids are very much affected by the
addition of cosolute like in our case (sodium nitrate) and
therefore there behavior as well as properties changes
very significantly with the change in the concentration
effect of colsolute. Thus, concentration effect is an im-
portant parameter for slating in/ salting out of amino ac-
ids.

Introduction

The use of protein model compounds is a very important

tool in the hand of a biochemist (Archer 1992, Bondi 1968,

Basumallick et al. 1986, Franks et al.1976). Volumetric and

viscometric properties of amino acids are helping us to
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better understanding of proteins bahavior and hydration
properties (Franks et al. 1970, Hakin et al. 1994, Hepler
1969, Kharakoz 1989, Kishore et al. 1995, Murphy et al.
1998, McMillan et al. 1995, Millero 1972). Complete phys-
iochemical analysis of phenylalanine (CoHiiNO»), trypto-
phan(CuH12N202) & methionine (CsHuNO:S) in aqueous
solutions of nitrates in terms of linear, exponential, se-
cond order polynomial and third Order polynomial using
volumetric approach is not found in literature. However
some workers did few work for calculating the effect of
sodium nitrate over molar volumes but in case of neu-
tral/lower amino acids(Soto et al. 1999).

Consequently, in the present paper, the apparent molar
volumes, V2, of phenylalanine; tryptophan; methionine
in water and in aqueous sodium nitrate solutions (0.25,
0.5, 0.75, 1.0, 1.5, 2.0) mol-kg' have been determined by
measuring the densities using a vibrating-tube digital
densimeter at T= 298.15K. From these data, the partial

molar volumes at infinite dilution, V2¢, In terms of linear,
exponential, second order polynomial and third order
polynomial using volumetric approach has been deter-
mined. These parameters have been rationalized in terms
of various interactions occurring in these solutions. The
concentration effect of sodium nitrate on these parameters
has also been discussed.

Materials and Methods

Phenylalanine (CeHuNO2), Tryptophan(CuHiN:202) &
Methionine (CsHuNO:S) from Sigma Chemical Co. and
sodium nitrate (AR, Thomas Baker, India), were used
without further purification, however these were dried
over anhydrous CaClz in a vacuum desiccator before use.
Deionized, doubly distilled degassed water with a specific
conductance less than 1.3 x10°¢ ()'-cm™ was used for the
measurements. All solutions were prepared by mass us-
ing a Mettler balance with an accuracy of +0.01 mg.

Table 1: Solutions densities, p, and apparent molar volumes, V>, for the phenylalanine(CoHuNQO), trypto-
phan(CuH12N:02) & Methionine (CsHuNO:S) in aqueous solutions of NaNO:s at different concentrations

ms px1073 V2,4% 106 ms px103 V2,4% 106 Ms px103 V2,4% 106
(mol-kg ) (kg-m?3) (m?3-mol) (mol-kg) (kg-m?) (m3-mol) (mol-kg™) (kg-m-?) (m3-mol)
T =298.15K
Phenylalanine(CoH11NO2)
ams=0.00 mol-kg!
0.00000 0.997047 0.09899 1.001116 123.82 0.20343 1.003172 134.56
0.07865 1.000445 121.8 0.10232 1.001683 119.54
0.08986 1.000689 124.45 0.15689 1.002985 126.85

ams=0.25 mol-kg!
0.00000 1.01174 0.14567 1.012565 157.61 0.28982 1.01432 154.18
0.19891 1.012068 161.61 0.2454 1.012898 158.48
0.2323 1.012343 160.64 0.25452 1.013454 156.43

ams=0.50 mol-kg!

0.00000 1.025077 0.21232 1.026787 153.23 0.30212 1.030434 143.52
0.20322 1.02698 151.96 0.24545 1.028982 145.45 0.34544 1.032453 139.82
ams=0.75 mol-kg!

0.00000 1.037864 0.38983 1.03999 153.78 0.41232 1.041232 151.09
0.32343 1.039892 153.04 0.40323 1.04012 153.63 0.48984 1.041389 151.97
ams=1.0 mol-kg!

0.00000 1.050713 0.11454 1.052767 140.7 0.22343 1.053101 147.2
0.10989 1.052321 143.74 0.20323 1.052898 147.17 0.24545 1.053454 146.72
ams=1.5 mol-kg!

0.00000 1.075983 0.14545 1.077121 146.61 0.20323 1.079121 139.78
0.12122 1.076898 146.88 0.18981 1.078101 143.6 0.28982 1.080212 140.37
ams=2.0 mol-kg!

0.00000 1.099888 0.30434 1.102891 141.64 0.38987 1.108978 129.84
0.29892 1.102124 143.71 0.32143 1.10545 135.2 0.39232 1.10909 129.71

173




Vaneet D et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 4, 2016; 172-182
Available online at http://ijpda.com

Tryptophan(C11H12N202)
2ms=0.25 mol kg
0.00000 1.01174 0.20323 1.012865 196.23 0.30434 1.014789 191.49
0.18791 1.012278 198.95 0.21343 1.01298 195.94
0.19121 1.012843 196.01 0.28928 1.014654 191.46
2ms=0.5 mol-kg"!

0.00000 1.025077 0.20323 1.029077 179.8 0.24787 1.031434 173.74
0.19891 1.02898 179.87 0.24545 1.030439 177.51 0.25465 1.031653 173.54
2ms=0.75 mol kg
0.00000 1.037864 0.38983 1.03999 191.32 0.41232 1.041232 188.58
0.32343 1.039892 190.58 0.40323 1.04012 191.16 0.48984 1.041389 189.45
2ms=1.0 mol-kg"!

0.00000 1.050713 0.11454 1.052767 177.78 0.22343 1.053101 184.27
0.10989 1.052321 180.84 0.20323 1.052898 184.25 0.24545 1.053454 183.77
*ms=1.5 mol-kg!

0.00000 1.075983 0.14545 1.077121 182.85 0.20323 1.079121 175.95
0.12122 1.076898 183.13 0.18981 1.078101 179.81 0.28982 1.080212 176.51
2ms=2.0 mol-kg!

0.00000 1.099888 0.30434 1.102891 177.04 0.38987 1.108978 165.04
0.29892 1.102124 179.13 0.32143 1.10545 170.51 0.39232 1.10909 164.91
Methionine (CsHi1NO2S)
ams=0.00 mol-kg!

0.00000 0.997047 0.18981 183.74 1.003436 182.17

0.10232 0.999187 183.4 0.20343 1.001174 183.66
0.14565 1.000434 180.82 0.25656 1.001592 186.16
ams=0.25 mol-kg!
0.00000 1.011740 0.20323 1.012865 141.92 0.30434 1.014789 137.28
0.18791 1.012278 144.61 0.21343 1.01298 141.63
0.19121 1.012843 141.69 0.28928 1.014654 137.24
ams=0.50 mol-kg!

0.00000 1.025077 0.20323 1.029077 126.34 0.24787 1.031434 120.41
0.19891 1.02898 126.41 0.24545 1.030439 124.12 0.25465 1.031653 120.21
ams=0.75 mol-kg!

0.00000 1.037864 0.38983 1.03999 138.42 0.41232 1.041232 135.74
0.32343 1.039892 137.68 0.40323 1.04012 138.27 0.48984 1.041389 136.62
2ms=1.0 mol-kg!

0.00000 1.050713 0.11454 1.052767 125.52 0.22343 1.053101 132.03
0.10989 1.052321 128.56 0.20323 1.052898 132 0.24545 1.053454 131.55
2ms=1.5 mol-kg!

0.00000 1.075983 0.14545 1.077121 131.78 0.20323 1.079121 124.97
0.12122 1.076898 132.04 0.18981 1.078101 128.78 0.28982 1.080212 125.58
2ms=2.0 mol-kg!

0.00000 1.099888 0.30434 1.102891 127.16 0.38987 1.108978 115.43
0.29892 1.102124 129.21 0.32143 1.10545 120.75 0.39232 1.10909 115.31

The solution densities were measured using a vibrating-
tube digital densimeter (model DMA 60/602, Anton paar),
having a precision of + 1x10?kg-m?and an accuracy of +3
x10°® kg-m?. The temperature of water around the
densimeter cell was controlled within + 0.01K. The
densimeter was calibrated by using pure water and dry
air. All the density measurements were made with refer-
ence to pure water. Working of the densimeter was
checked by measuring the densities of aqueous sodium

chloride solutions, which agreed well with the literature
values (Archer, 1992)

Results and discussion

The densities, p, and apparent molar volumes, V,,; of
phenylalanine; tryptophan; methionine in water and in
aqueous sodium nitrate solutions of various molalities
(ms, molality of sodium nitrate solutions, molkg') at
T=298.15K are given in Table 1. Apparent molar volumes

174



Vaneet D et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 4, 2016; 172-182
Available online at http://ijpda.com

of amino acids have been calculated as follows:

Vog=MIp-[(p- )/ m-p-pl,

where M is the molar mass of the amino acid, m (mol-kg-
1) is the molality of amino acid, and p and v are the densi-
ties of solution and solvent (water or water + sodium ni-

trate), respectively. The values of uncertainty in apparent
molar volumes arising from various experimental meas-
ured quantities are of the order of 0.041 x 10-¢ and 0.087 x
10 at low and high concentrations respectively of amino
acids studied.

Table 2(a): Standard Partial molar volumes, V2 at infinite dilution phenylalanine(CoHuNO), tryptophan(CuH::N202) &
methionine (CsHuNO:S) in water and in aqueous sodium nitrate solutions at (288.15-318.15) K

V20,5 x 10° /m3-mol*at various ms /mol-kg'?

Amino acids Water ams = 0.25 ms=0.5 ms=0.75 ms=1.0 ms=1.5 ms=2.0
T=288.15K
113.30 £0.05° 156.1 138.0 181.66
164.22 + 151.70
. (97.14) 170.0 0.07 | = +0.05 +0.03 +0.04
Phenylal H : +0.12
eny SO 42845, S 60:2) (-89.0) (-8.45) (39.52) (:g )i (-133.7)
42.40¢ 2 &)
181.90 £0.05° 193.70 175.10 217.70
207.60 + 201.10
6.71) +0.09 £0.04 | 188.00.18 |  +0.14
Tryptophan(CiiH1Nz0 0.04 +0.03
yptophan(CutuN:0:) 42.84¢, T (_+105 5 (-8.85) (39.28) (-44.16) (-135.9)
42.40¢ ' :
131.90 £0.05° 140.7 122. 17%5.
J (_3312)05 153.10 + 147.10 +001 00 = 0860 136.80 +6060990
Methionine (CsHuNO:S) - 0.05 +0.13 e ) +0.08 i
i (-53.46) (-102.9) : : (-43.18) :

Table 2(b): Standard Transfer Partial molar volumes, AV+, at infinite dilution phenylalanine(CsHuNO»), trypto-
phan(C1:H12N20:) & methionine (C:HuNO:S) from aqueous sodium nitrate solutions to Water at T =298.15 K.

V24 x 106 /m®mol?at various ms /mol-kg1
Amino acids ams = 0.25 ms=0.5 ms=0.75 ms=1.0 ms=1.5 ms=2.0
T =298.15K
Phenylalanine(CsH11NOz) 50.92 56.70 42.80 24.70 38.40 68.36
Tryptophan(C11H12N:203) 25.70 19.20 11.80 -6.80 6.10 35.80
Methionine (CsHuuNO:S) 21.20 15.20 8.80 -9.10 4.90 35.0
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Table 3: Comparison in terms of Linear, Exponential, Second Order Polynomial and Third Order polynomial for Partial

molar volumes of phenylalanine(CsHuNO3), in water and in aqueous sodium nitrate solutions at T =298.15 K.

Phenylalanine(CsH1NO2)

Mathematical
g;ei::;:: 1= 0.0 1, =025 ms=0.5 ms=0.75 ms=1.0 me=15 | m=20
= - y=- -
: y=9714x+1133 | y--2652x+1642 | 0000 Y= BAMXT | sosox+ | adayxs | VT
Linear - - +170.0 156.1 +181.6
R2=0.808 R2=0.235 el ot 138.0 1517 | ool
R2=0763 | R2=0712
_ . o’ A B v B Py y= y= y=190.1¢e
Bponential | K080 (7| Ricoms | Roosio | moomn | e |isiseem| o
P ' ' : ' R2=0760 | R2=0710 | R2=0.906
o 2 Y = - 2
Second Op. | ¥=1017:C-1904x+ | y=-9208¢+ y=4268c- | y=387bc+ | Y 17369;(2’: se- | 7 2;;:)9(";
Tor Pl 1313 369.7x+123.6 | 321.9x+2005 | 23.13x+149.7 PPN 1854 + w0
b/ R2=0.886 R2=0.866 R?=0.931 R2 = 0.207 SO 1651 | o) oo
' R2=0.839 '
— 3 y= Y=
080 s Dleese. | Y= 10087- y=9084x+ | y=157400- | ¥ 17i1926if’f 139517 - | 15064 +
Thid S | sascs1sns 7590 +1793.x+ | 79157-2339.x | 19173 +7669x | o T | 81472+ | 18514e-
phis T e 26.12 +378.1 -854.4 o 14dx+ | 7516x+
g : R2=0.949 R? = 0.947 R2=0.745 gy 66.47 1138.
— R2=0.950 | R2=0.999

Table 4: Comparison in terms of Linear, Exponential, Second Order Polynomial and Third Order polynomial for Partial
molar volumes of tryptophan(C11H12N202) in water and in aqueous sodium nitrate solutions at T =298.15 K.

Tryptophan(C11H12N202)

Mathematical
ke mts = 0.0 s = 0.25 ms=0.5 ms=0.75 ms=1.0 ms=1.5 ms=2.0
Operations
_ y =-54.52x + y=-105.2x + y =-8.850x + y=39.28x+ | y=-44.16x | y=-1359x +
Linear v ;27285‘ 571281'9 207.6 201.1 193.7 175.1 +188.0 217.7
‘ R2 = 0.900 R2=0.811 R2 = 0.201 R2=0759 | R2=0715 | R2=0.900
-1938 - 1882 -2245
= 181 9 0.036x y = 208.0@'0‘28)( y = 2028 y -0.04x y - 1752 y -0.24x y -0.79x
Exponential y e R2=0.903 e 0% . ks € ¢
R2=0.071 R 0,809 R2 = 0.200 Reo7ss | RE=0714 | Re=0905
- 5 _ ) y =-400.3x? 2 ) _ -
Second Or. | ¥ T IOIRABIOCH | Y21 | g | e | YT |y 3286x
1784 1759.x - 6.845 -186.8x + | 2422.x+
der Polyno- 235.6x +229.0 23.65x +187.2 164.5
iar R2=0.129 e R2=0.870 i poe afn) 2015 609.7
: ' ; R2=0840 | R2=0.999
y-
y =-31501x3 5 y =-14871x3
e L y=9526¢- y=-27334C+ | y=16003x3- | 14056x - N
. y =770+ ABT65E | 518 0xe 7360k + || 14823x2- | 19494x2+ 7798x | T A1 g0+ | T18354x
Third Order - 843.1x +229.2 2998.x + 7478.x +
Polonomial R 0.963 2165 2602.x +326.0 -8337 ra 1455.x + A
¥ ' R2=0.915 R2=0.871 R2 = 0.749 ' 102.1
R2=0911 R2=0.999
R2=0.951
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Table 5: Comparison in terms of Linear, Exponential, Second Order Polynomial and Third Order polynomial for Partial
molar volumes of methionine (CsH11NO-S) in water and in aqueous sodium nitrate solutions at T =298.15 K.

Methionine (CsHuNO:2S)

Mathematical
g;ei::;:: a5 = 0.0 ams = 0.25 ms=0.5 ms=0.75 ms=1.0 ms=15 me=2.0
_ y =-53.46x + y =-102.9x + y =-8.387x + y =39.60x y =-43.18x + y=-132.8x +
Linear y 12{2'360’(0;;31'9 153.1 147.1 140.7 +122.8 136.8 166.9
: R2=0.898 R2 =0.809 R2=0.190 R2=0.764 R2 =0.709 R2 =0.899
y=1324e | y=1537e0% G| S e
Exponential R2=0.088 R2=0.902 e oo ¢ & Y ¢
4 : : R2 =0.805 R2=0.190 R2=0.761 R2=0.708 R2=0.906
= 2 = -, 2 = 2
Second Or- y 27_122 ;21353')( y = 366.5x> - 1173 8432-32;( 1; y =-38.52x2 + y+ 17369;;(01( y = 342.0x* - y =3233.x%-
der Polyno- ad o1 234.2x +174.5 o 0neo | 204x+1344 b 185.0x + 1502 | 2382.x +552.6
mial y - R2=0.913 T R2=0.206 i R2=0.838 R2=0.999
R2=0.815
y = -34190x° + y=9248x- | y=-27699+ | y=15687x*- | 312923+ | y=13948x*- | y=-14326x*+
Third Ordex | 23882 -5417.x+ | 299.5x2-77.02x 1512852 - 19109 + 171985 - 81452 + 177505 -
Pol nomi:l 526.1 +162.3 2681.x+279.1 | 7643.x-8664 | 2978x+ | 1444x+51.60 | 7253.x+1094.
y R2=00911 R2=0913 R2=0.870 R2=0.744 288.9 R2=0.950 R2 =0.999
R2=0912
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Figure-1. Apparent molar volumes on (y axis) with change in molality (x axis) of Phenylalanine (CsHiuNO2) in aqueous
solutions of sodium nitrate at T=298.15K; (a) 0.25mol-kg?; (b) 0.5mol-kg?; (c) 0.75mol-kg?; (d) 1.0mol-kg* (e) 1.5mol-kg (f)

2.0mol-kg.
164 - 154 -
y = 164.34¢0-169% @ 152 y = 1JR.01¢-0-608
162 4 R2=0.2381 i 2
150 @ R? 0.9102
160 1 148 -
158 - 146 -
144 -
156 1y =.920.82x2 +369.77x + y # 426.85x2 - 321.91x
' 142" 200.55
154 - 123.62 .
R? = 0.8661 140 |1 R2=0.9312
152 . . . . 138 . .
0 01 02 03 04 0 0.2 0.4
150
154 = .38.716x2 + 23.132x + y =-396.26x2 + 176.22x + 127.51
153.5 - 149.78 148 R? = 0.8146
153 R2=0.20
146
1525 T y = 138.160'273)(
152 - 144 @ R2=0.760
151.5 - y = 156.1-0.05x @ 142
151 1 R2=0.191
150.5 . . 140 . | |
0 0.2 0.4 0.6 01 02 03
= -0.30x
150 - \ :.51.98 146 - B ,
R? = 0.710 y = 3249.x2 - 2394.x + 569.2
148 1 ~ 144 R2 = 0.999
y148432.45x2 - 18538 + 165.17 13(2)
144 1 R?>=0.839% @
138
142 - 136
140 - 134
=13951x3 - +1444.x +
138 | Y 13(2) y = 190.19e0-985x
2 _
136 - R? = 0850 18 R?=0.9063
134 T T 1 126 T T T T 1
0 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.5
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Figure 2. Apparent molar volumes on (y axis) with change in molality (x axis) of Tryptophan(CuH1N202) in aqueous solu-

tions of sodium nitrate at T=298.15K; (g)0.25mol-kg?; (h)0.5mol-kg?*; (i)0.75mol-kg?; (j)1.0mol-kg (k)1.5mol-kg?*

()2.0mol-kg.
o V° 952.6x3 - 318.92 - 73.69x + y = 202.8¢-0.59
2213'9 180 1 R? = 0.809
R2=0.
196 - 178 | s )
y = 367.21x2 - 230)4x + 229.08 y=-27334x + 14823 - 26Q2@x +
194 - R2=0.91 176 - 326.01
o R?=0.8717
- -0.28; i
192 | y=208.08e 17401 4132.7% + 1759.6x - 6.8459
.0 R? =0.9038 17 R? = 0.8709 | |
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3
195 - 186 - ( i )
YE9439|83x2 + 23.65x + 187.2 y=175.2¢0.216x
193 | R*=0.217 O 184 | R°=0.756
1927 y = 193.8e0-04x 182 Y= -31501x3 + 17312x
1= : 2_0Q
191 17 g2 0,200 R°39,
190 1 y = 193.83¢! 180 -
189 - R?=0.200 0.3x2 + 177.3x + 164.5
188 - 178 - R?=0.811
187 - 176
186 -y = 16003x3 - 19494x2 + 7798x -
185 *8-33 ';292 ' M ' ' '
0 '6.2‘ ) 0.4 0.6 0 0.1 0.2 0.3
186 - y = 344.1x2 - 186.8x + 201.5 185 ~
184 - R? = 0.840 y = 3286.x2 - 2422.x + 609.7
182 - 180 1 R?=0.999 @
180 1 y = 188.21e0246x || 175 -
178 - R2=0.7145 y =-14871x3 + 18354x2 - 7478.6x +\N.72
176 - 170 - R? = 0.9992
174 -
y = 14056x3 - 82 +1455.x + 165 -
172 - o y = 224.57e0.79%x
170 T Rzl= 0.951 T 1 160 - =0,
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 0.5
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Figure 3. Apparent molar volumes on (y axis) with change in molality (x axis) of Methionine (CsHuNO:S) in aqueous so-

lutions of sodium nitrate at T=298.15K; (m)0.25mol-kg* ; (n)0.5mol-kg?; (0)0.75mol-kg*; (p)1.0mol-kg™ (q)1.5mol-kg™

(r)2.0mol-kg.
146 1 12? 1 y=149.5¢-0.83x @
7 2 _
V4366.5x2 - 234.2x + 170.5 @ 126 | R 0805
R?=0.913
147 | 125 y =-27699x3 + 151 -2681.x +
124 - 279.1
140 - 123 4 R?=0.870
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Figure 4. Standard partial molar volumes of transfer, At V?, of phenylalanine(CoHuNO2), tryptophan(C::H12N20:2) & me-
thionine (CsHuNO:S) vs. different molalities, ms, of sodium nitrate solutions: ¢, phenylalanine(CsHuNO2); m, trypto-
phan(CuH1N:02) ; A, methionine (CsHuNO:S) T=298.15 K

0 F¥

Apparent molar volumes on (y axis) with change in mo-
lality (x axis) of phenylalanine (CoHuNO2), trypto-
phan(CuH12N202) & methionine (CsHuNO:S) in aqueous
solutions of sodium nitrate at T=298.15K; with the concen-
tration range (0.25-2.0) mol-kg™ are illustrated in Figs. 1-3.
At infinite dilution, the apparent molar volumes, V2%, and
partial molar volumes, V2 are identical (V2 ,-V2’). In the
case of negligible concentration dependence of V2, V2
was determined by taking the average of all the data
points. However, where finite concentration dependence
was observed, V2° was determined by least-squares fitting
of the data using the following equation.

V2,¢: Va0 + Sv m, (2)

where Sy is the experimental slope. The V20 values along
with their standard deviations are summarized in Table 2.
The experimental values of V2’ for the amino acids in wa-
ter agreed well with those reported in the literature.

The standard partial molar volumes of transfer, A:V?, at
infinite dilution from water to aqueous sodium nitrate
solutions have been evaluated as follows:

AVP= V20 (in aqueous sodium nitrate)-V2%(in water) (3)

The AV’ values for the phenylalanine, tryptophan, methi-
onine are illustrated in Fig. 4. The values first decrease
with the increase in concentration of sodium nitrates in
the range (0.25-1.0)mol'kg? and then increases in the
range (1.0-2.0)mol-kg'. The reason is due to hydrophobic
character of these amino acids which are dominating ini-
tially but later ion-ion interactions overcome the hydro-
phobic character of these amino acids. However, the

+ 0.25 0.5 0.75 125 15 175 2
-20

m,/mol-kg?

transfer molar volumes values for tryptophan
(CuH2N202) and methionine (CsHuNO:S) found to be
negative at 1.0 mol-kg. This may be due to the phenome-
non of electrostriction.

Using mathematical operations in terms of linearly, se-
cond and third order polynomial we obtained the follow-
ing mathematical equations;

Phenylalanine (CoH1NOz):

sms= 0.0 mol-kg? (Water)

y =97.14x +113.3, R?2=0.808 (Linearly)

y = 114.0e076%, R2=0.801 (Exponentially)

y =1017.x% - 190.4x + 131.3, R? = 0.886 (Second Order Poly-
nomial)

y =-2703.5% +2166.x2 - 344.4x + 137.7, R2 = 0.886 (Third
Order Polynomial)

*ms=0.25 mol-kg!

y =-26.52x +164.2, R?=0.235 (Linearly)

y =164.3e01, R?=0.238 (Exponentially)
y=-920.8x*+369.7x+123.6, R2=0.866 (Second Order Poly-
nomial)

y =10087x3 - 7590.x2 + 1793.x + 26.12, R? = 0.949 (Third
Order Polynomial)

In the continuation of this, similar data for these respec-
tive amino acids are shown in Tables 3,4 & 5.

Conclusion

On comparing these tables, an interesting observation was
found that found on the basis of comparisons in between
these mathematical operations; phenylalanine and tryp-
tophan in water has positive slope (linearly) so considered
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has structure makers in water while methionine has nega-
tive slope in water, considered as structure breakers.
However with the addition of nitrates, the value of slope
becomes reverse except at 1.0 mol-kg"'. While on the basis
of third order polynomial which seems to be more accu-
rate as they have higher R? (Regression) values near to 1.0;
which proves the fact that trivalent interactions( 3 order)
are more important as compared to divalent and monova-
lent. This is similar to the concept of ABB interactions as
compared to AB and AA interactions. However on no-
ticed these polynomial one can suggest the bahavior of
structure breaking /making on the basis of positive and
negative slopes while the intercept values in positive and
negative strengthen the fact that partial molar volumes
can be negative also. Thus proves revolutionary method-
ologies in studying solution thermodynamics.
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