CHAPTER IV

RESULTS AND DISCUSSION

Standard Curves Determination

Typical standard curves and datas for phenobarbital and sulfadia-
zine concentrations in individual pure sgolvents as determined using
simple linear regressiom are presented in Figures 1, 2 and Tables I,

II, III and IV, respectively.s The coefficient of determination of the

fit to the straight lines were highly significant (R2 = 0.999)

Molar Heat of Fusion, AHf, Determination

Some parameters tised in the AHf determination by differential
scanning colorimeter are listed in Table V. The molar heat of fusion
of phenobarbital was calculated employing Eq. 23 and found to be 11,582.38
cél/mole. Meanwhile; the AHf wvalue of sulfadiazine (9,740 cal/mole)
was taken from the literature (l). These values were used for calcula-

ting the ideal solubilities of both drugs in this study.

Data Analvsis

The molar volume and solubility parameters ‘of [phenobarbital,
su}fadiazine, and individual pure solvents are reported in Table VI.
The observed densities, the mole fraction solubilites (X2 obs)’ the
volume fraction of the solvent (¢1 obs)’ and the AlLs of phenobarbital
and sulfadiazine are demonstrated in Tables VII and VIII, respectively.
The ideal mole fraction solubilities of phenobarbital and sulfadiazine,

X; , were established as 193.32 x 105 and 103,95 x 105, respectively.



Tabel I Typical Standard Curve Data for Phenobarbital Concentration

in N-Butyl Alcohol Estimated Using Simple Linear Regression

21

Inversely 3)
Std. No. Conc. Absorbance estimated ) % Theory
(ug/ml) concentration
1 100 0.149 99,0105 99.01
2 150 0.223 [52v6iBs 101.75
3 200 07289 200.4309 100,22
4 250 04355 248. 2634 99.30
5 300 0l 427 3004025 100.13
6 350 0,492 347.4905 99.28
7 400 04562 398.2007 99.55
8 450 0.643 456.8797 101.53
9 500 0.698 496.7234 99.34
Mean 100.01
S.D. 1.00
c.v.® 1.00
Lr?2 - . 0.9995

Inversely estimated concentration

3., Inversely estimated concentration

(1)

(Absorbance — 0.0125)/0,0014

% Theory =

known concentration

4 Coefficient of variation =

S.D.
Mean

100

X

100
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Individual Pure Solvents at 30" C Estimated Using Simple

Linear Regression

Standard equations

No. Solvents y(l) 3 3(2)+b(3)x(4) RZ(S) C.V.(6)
1 Diethyl ether v = =0.0752 + 0.0011 x 0.9992 0.87
2 Ethyl acetate vo= 0.1821 +060002 x 0.9998 1.03
3 Chloroform y/=' 0.2203 + 0.0002 x 0.9985 1.94
4 1, 4-Dioxane y = =0.0816 + 0.0013 x  0,9991 1.16
5 Tert-Butyl alcohaol v =-0.0621 + 0.0013 x 0.9991 1.42
6 Amyl alcohol y =,0,0376 + 0.0013 x 0.9995 1.64
7 Isobutyl alcohol y =, 00,0088 + 0.0013 x 0.9997 0.63
8 N-Butyl alcohol y =" 0,0125 + 0.0014 x 0.9995 1.00
9 Isopropyl alcohol y = 00,0443 + 0.0400 x 00,9993 1.94

10 N-Propyl alcohol v = 0,0130 + 0.0041 x 0.9997 0.91

11 Acetonitrile vy = 0,0l46 + 0.0011 x 0.9996 0.69

12 Ethylene glycol y = 0.0123 + 0,0012 x 0.9996 0.88

monomethyl ether

13 Ethyl alcohol vy = 0.,0046 + 0.0013 x 0.9996 0.83

14 Methyl alcohol y = 0.0222 + 0.0014 x 0,9988 1.36

15 Propylene,glycol y'= 00,0299 +(0,0013x 0.9992 1.44

16 Ethylene glycol y = "0,0450 +70.0014'x~ 0.9996 1.33

17 Glycerin y = 0,0218 +0.0013 x ©J9992 1.54

18 Water y = .0.0399 +.0.0014 x [0.9988 1.51

L y = Absorbance 6 C.V. = Coefficient of variation

2 = vy-intercept _ S.D. IOb

3 Mean
b ~Slope of the straight line

4 X Concentrations (ug/ml)

5

Coefficient of determination



Table III Typical Standard Curve Data for Sulfadiazine Concentration

in N-Butyl Alcohol Estimated Using Simple Linear Regression.
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Inversely

Std. No. Conc. Absorbance estimated (2) % Theory(3)
(ug/ml) concentration
1 4 0.185 349953 99.88
2 6 0.275 0.9738 99.56
3 8 0.368 8.0183 100,23
4 10 0. 459 10.0188 100.19
5 12 0.552 12,0633 100.53
6 14 0.636 13.9100 99.36
7 16 04732 16.0205 100.13
Mean 99.98
S.D' 0.41
o, %) 0.41
1 g2 - 0.9999
2 Inversely estimated concentration - = (Absorbance — 0.0033)/0.0455

Iuversely estimated concentration

X

3 % Theory =

known “cencentration

Coefficient of variation =

100

(1)
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Table IV Standard Curve Data for Sulfadiazine Concentration in
Individual Pure Solvents at 30° C Estimated Using Simple

Linear Regression

No. Solvents Standard equations R2(5) C.V(6)
HOTNCMEORO
1 Diethyl ether v = 0.0184°+.0:0371 x 0.9999 0.36
2 Ethyl acetate v = ~-0,0131 +.0.0476 x 0.9997 1.04
3 Chloroform ¥ =/ 0.0008 + 0.0527 x 0.9999 0.46
4 1, 4-Dioxane. v/=/ 0.0124 4+ 0.0469 x 0.9999  0.76
5 Tert-Butyl alcohol v/i= 0.0117 + 0.0396 x 0.9998 0.72
6 Amyl alcohol v /= =0,0102 + 0.0396 x 0.9988 1.65
7 Sec-Butyl alcohol y = #0.,0701 + 0.0421 x 0.9977 2.51
8 Isobutyl alcohol v.=..0.0034.+ 0.0438 x 0.9996 0.84
9 N-Butyl alcohol y =,°0.0033 + 00,0455 x 0.9999 0.41
10 Isopropyl alcohol yo="-0,0200 4+ 0.0374 x 0.9993 2,23
11 N-Propyl alcohol vy =. 0.0160 +.0,0389 x 0.9986 2,11
12 Acetonitrile y = =-0.0017 + 0.0431/x 0.9999 0.30
13 Ethylene glycol vy = -0,0011 + 0.0365 x 0.9998 0.56
monometﬁyl ether

14 Ethyl alcohol y = 0.0467 + 0.0281 x 0.9996 0.71
15 Methyl alechel ¥ =y 1 00035 104 0527 % 0.9999 0.61
16 Propylene glycol v =. 0,0052 +0.0374 x 0.9999 0.95
17 Ethylené glycol y =40.,0202 + 0,0437 x 0.9987 1.84
18 Glyserin y72 _0.0672 ¢ 01021674 ) 0.9957  1.66
19 Watet y = 0.0319 + 0.0560 x 0.9999 0.33
! y = Absorbance 6 C.V = Coefficient of variation
2 a = vy-intercept = %égﬁ x 100

3 b = Slope of the straight line

4 x = Concentrations (pg/ml)

5,2

R™ = Coefficient of determination
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Table V Some Physical Properties of Phenobarbital and Indium

Phenobarbital Indium

Parameters (Sample) (Standard)
Atomie or Molecular weight 232.24 114.82
Experimental Qeight (mg) 2.80 17.00
Peak area* (cmz) 5.06 4.19
AHf (cal/mole) 11,582.38 781,00
Sensitivity (mcal/seg) 1.00 1.00

%*
Calculated by Peak height at max. X Peak width at half height method

(Ref 36)

Y

AW
NS

Peak area (cmz) h xw
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Table VI Molar Volume and Solubility Parameters of Phenobarbital, Sulfadiazine,

and Individual Pure Solvents (1, 11, 18-21)

1
Solubility Parameter (cal/cmB)i

No. Chemicals V(cm3/mole)
%p GP 8y §total
1 Phenobarbital 137.0 10.3 5.8 5.3 12.60
2 Sulfadiazine 182.0 g5 4.8 6.6 12,50
3 Diethyl ether 104.8 7.1 1.4 2.5 7.66
4 Ethyl acetate 98.5 7.4 2 4.5 9.04
5 Chloroform 80.8 8.7 1.5 2.8 9.26
6 1, 4-Dioxane 85,7 9.3 0.9 3.6 10.01
7 Tert-Butyl alcohol 94.3 7.3 28 6.8 10.28
8  Amyl alcohol 199.0 7.8 2.2 6.8 10.58"
9 Sec-Butyl alcohol 9285 7.7 2.8 7.1 10.83
1o Isobutyl alcohol 92.4 1.4 2.8 7.8 11,13
11 N-Butyl alcohol 92.0 7.8 2.8 7.7 11.29
12 Isopropyl alcohol 76.9 T4 3.0 8.0 - 11,50
13 N-Propyl alcohol 75.1 7.8 3.3 8.5 11.99
14 Acetonitrile 52.6 7.5 B.8 3.0 12.00
15 Ethylene glycol 79.1 7.9 4.5 8.0 12.10
monomethyl ether
16 Ethyl alcoholk 58.7 7.7 4.3 9.5 12.96
17 Methyl alcohol _ 40,7 7.4 6.0 10.9 14.49
18 Propylend glycol 73.6 8.2 4 #6 11.4 14,80
19 Ethylene glycol 55.9 8.3 5.4 12.6 15.99
20 Glycerin 73.2 8.5 5.9 14.3 17.64
21 Water 18.1 7.6 7.8 20.7 23.40

Calculated by Egq.2l



Table VII Observed Solubilities of Phenoba

Solvents atr 30°C
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Solution
No. Solvents density X;llbsxlos ;zz’bsxloll iilxlo
1 Diethyl ether 0..7397 3095.,00 9599.22 909.91
2 Ethyl acetate 0.9157 4416.98 9396.09 871.81
3 Chloroform 13885 2585.99 9569.28 904.24
4 1, 4-Dioxane 1.1216 7190.98 8897.89 781.81
5 Tert-Butyl alcohol 0L 3146 4059.98 9420,81 876.40
6 Amyl aleohol 0L8342 4981.01 9381.86 869,17
7  Isobutyl alcohol 0/8148 | 3883.99 9434.,72 878.99
8 N-Butyl alcohol 0.8425 4684.,03 9318.11 857.40
9 Isopropyl alcohol 0:8450 4422,01 9238.52 842,82
10 N-Propyl alcohol 0.8416 4313.99 9240.05 843.09
11  Acetonitrile @.-8237 2593.01 9351.61 863.58
12 Ethylene glycol 1..0040 4814.,12 9194.58 834.82
monomethyl ether
13 Ethyl alcohol 0.8476 3595.00 9199,35 835.68
14 Methyl alcohol 0.8360 2347.99 9251;24 845.14
15 Propylene glycol 1.0090 2585.00 9529.31 896.71
16 Ethylene glycol 1.0731 1825.00 9564.26 903.30
17 Glycerin 1.1590 904.99 9831.95 954,57
18 Water 1.0316 11565 9991.:19 985.74

1

2 Observed volume fraction of the solvent calculated by Eq.

3 Calculated by Eq. 11

Mole fraction solubilities obtained experimentally

12
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Table VIII Observed Soluhilities of Sulfadiazine in Individual Pure

Solvents at 30°C

No. Solvents zolufion Xgllbsxlo gzlbsxlo Agi)SXlO4
ensity
1 Diethyl ether 0.7149 20.48 9999.96 1311.82
2 Ethyl acetate 0.9004 22T 0 9999.59 1311.73
3 Chloroform k<3028 260,00 9999.41 1311.68
4 1, 4-Dioxane La0134 239.67 9999,49 1311.70
5 Tert-Butyl alcohol 0. 7888 L SRS 9999.70 1311.75
6 Amyl alcohol 0.8142 350.44 9999.41 1311.68
7  Sec-Butyl alcohol 0. 38059 SRR 9998.90 1311.54
8 Isobutyl alcohol 0 /8057, 274,95 9999, 46 1311.69
9 N-Butyl alcohol 0.8114 685.34 9998.64 1311.48
10 Isopropyl alcohol 0.7867 667.27 9998.42 1311.42
11 N-Propyl alcohol 0,8080 832,86 9997.98 - 1311.30
12 Acetonitrile 0.8003 67.97 9999.76 1311,77
13 Ethylene glycol 0.9669 2832.11 9993.49 1310.12
monomethyl ether ’
14 Ethyl alcohol 0.7898 1349.82 9995, 82 1310.73
15 Methyl alcohol O.f906 478.35 9997.86 1311,27
16 Propylene glygol 1.0008 3380.03 9991.65 1309.64
17 Ethylene glycol 1. 0608 3437.17 9988.82 1308.90
18 Glycerin 1.1090 3026.17 9992,48 1309.86
19 Water L. 0086 55.48 9994, 44 1311,69

! Mole fraction solubilities obtained experimentally

2 Observed wvolume fraction of the solvent calculated by Eq. 12

3 Calculated by Eq. 11
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The predicted mole fraction solubilities of both drugs were also
calculated using the three methods as described in Chapter II. Results

obtained may be individually presented and discussed as follows :

1. Regular Solution Theory (Scatchard-Hildebrand Equation)

The observed and predicted mole fraction solubilities of

phencbarbital and sulfadiazine in individual pure solvents are listed
in Tables IX and XI, respectively, together with the example steps of
the iteration proéedure which are shown in Tables X and XII. When
observed and predicted mole fraction solubilities of each drugs were
compared, the residudls expressed in percentages, are unsatisfactory.
These indicated that ‘the /two drug solutions do not follow regular
solution theory. Results may be due to the fact' that the two drug
molecules having side chains and functional gfoups attached to the
aromatic ring, the regular behavior of their solubilities is not

expected to be found with single or binary selvents (21, 37).

2. The Extended Hildebrand Solubility Approach. (EHS)

The observed and predicted mole fraction solubilities of these
two drugs in individual pure solvents_ are listed  in Tables XIII and XV,
respectively. ‘The observed and predicted interaction energy between the
solute and the solwvent, (wobs’ wcalc) of phenobarbital and sulfadiazine
were also included. The example steps of the iteration procedure are

shown in Tables XIV and XVI, respectively.

The observed values of W of these two drugs were regressed
versus the total solubility parameters of each solvent, §,, in a
second (quadratic) degree expression using polynomial regression. The
computer output yields Eqs. 23 and 24 for phenobarbital and sulfadiazine,

respectively.



Table IX Comparison of Observed and Predicted Mole Fractlon Solubilities of Phenobarbital

(62 = 12:60) in Individual Pure Solvents at 30°C Using Regular Solution Theory

(Scatchard-Hildebrand Equation)

(2) .10

5 ) 408

5

No. Solvents éfl) (61-62)2 %5 obs 2 calk Residual x 10 Percent
Error
1 Diethyl ether 7.66 24,40 3095.00 0.75 3094.25 99.98
2 Ethyl acetate 9.04 12.67 4416.98 10.84 6406.14 99.75
3 Chloroform 9.26 11.16 2585.99 15.32 2570.67 99.41
& 1, 4-Dioxane 10.01 6.71 #150.98 42.15 7148.83 99.41
5  ‘Tert-Butyl alcohol 10.28 5.38 4059.98 56.97 4003.01 .98.59
6 Amyl alcohol 10.58 4.08 4981.01 76.58 4904.43 98.46
7 1Isobutyl alcchol 11.13 2.16 3883.99 118.48 3765.51 96.95
8 N-Butyl alcohol 11,29 1472 4684.03 131.06 4552.97 97,20.
9  Isopropyl alcohol 11.50 1.28 4422.01 147.03 4274.98 96.68
10 N-Propyl alcohol 11.99 0s37 4313.99 177,73 4136.26 95.88
11 Acetonitrile 12,00 0.36 2593.0k 178.26 2414.75 93.13
12. Ethylene glycol 12.10 0.25 4814 .12 182.70 4631.42 96.20
monomethyl ether
13  Ethyl aleohol 12.96 0.13 3595.00 187.75 3407.25 94.78
14 Methyl alcohol 14,49 3.57 2347.99 86.21 2261.78 96,33
15 Propylene glycol  14.80  4.84 2585.00 64.49 2520.51 97.51
16 Ethylene glycol 15.99 11,49 1825.00 14,20 1810,81 99.22
17  Glycerin 17.64 25.40 904.99 0.60 904.39 99.93
18 Water 33 J6@) h16l6d 11365 sLa7x101 o 1v65 100.00

1 obtained from litervature

2 Mole fraction solubilities obtained experimentally

3 Predicted mole fraction solubflities

32
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Table X Iteration Procedure for Calculating the Predicted Mole Fraction
Solubility of Phenobarbital in N-Butyl Alcohol at 30" C Using

Regular Solution Theory (Scatchard-Hildebrand Equation)

(1) 4 (2) ,.% (3) 5

Step ¢1 x 10 A x10 x2 calcx 10
1 10,000.00 987.48 130.86
2 9,980.53 983.64 131,06

1 Volume fraction of “the #olvent, calculated by Eq. 12

2 Calculated by Eq. 11

3 Predicted mole fractiom solubilities ealeulated by Eq. 14



Table XL Comparison of Observed and Predicted Mole Fraction Solubilities of Sulfadiazine

(62 = 12.50) in ¥ndividual Pure Solvents at 30°C Using Regular Solution theory

{Scatchard-Hildebrand Equation)

No. Solvents 6:1) (51-52)2 X§22b5x107 x§32315107 Residual x 107 Percent
Error
1 Diethyl ether 7.66 23,43 20,48 8.79 11.69 57.10
2 Ethyl acetate 9.04 11,97 221.01 279.58 -58,57 -26.50
3 Chloroform 9.26 10.50 260.00 436450 -176.50 -67.88
& 1, 4-Dioxane 10.01 6.20 239.67 1599.64 -1359.97 -567.43
5 Tert-Butyl alcohol 10,28 4,33 155.77 2348.99 -2]93.22 —1407.96
6 Amyl alcohol 10,5843, 62 350.44 3418.03 ~3067.59 -875.35
7  Sec-Butyl alcohol  10.83 2.19 557.77 4483.38 -3925,61 -703.81
8 Iscbutyl alcohol 11.13 1.88 274,95 5904.35 ~5629.40 —-2047,42
9  N-Butyl alcohol 11,29 Ls46 685,34 6687 .44 =6002.10 -875.78
10  Isopropyl alcohol 1F,50 4 1.00 667.27 7693.28 —7026.01 -1052.95
11 N-Propyl alcohol 11.99 aF26 832.86 9612, 94 -8780.08 -1054.21
12 Acetonitrile 12,00 0.25 67.97 9643.63 -9575.66 -14087, 26
13  Ethylene glycecl 12.10 0.16 2832.11 9906 .60 —707&.49 —249.80
monomethyl ether
14 Ethyl alecohol 12.96 0.21 1349,82 9755.00 -8405.18 -622.69
15 Methyl alcohol 14 .49 3.96 478.35 3153.39 =2675.04 -559.22
16  Propylene glycol 14,80 5.29 3380.03 2106.59 1273.44 37.68
17  Ethylene glycol 15.99 12.18 3437.17 262.58 3174.59 92.36
18 Glycerin 17.64 26.42 3026.17 3.56 3022.61 99.88
19 Water 23.40 118,81 55.48 2.70x10'? 55.48 100.00

1 Obtained from lliterature

2

3 Predicted mole fraction sclubilities

Mole fraction solubilities obtained experimentally
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Table XII TIteration Procedure for Calculating the Predicted Mole
Fraction Solubility of Sulfadiazine in N-Butyl Alcohol at

30° € Using Regular Solution Theory (Scatchard-Hildebrand

Equatioh)
(1) 4 (2) 4 (3) 7
Step ¢1 x 10 AC P x10 X2 cale” 10
1 10,000.00 1311.83 6,679,.64
2 9,986.79 1308.37 6,687.44

! Volume fraction of the Solvent calculated by Eq. 12

2 Calculated by Eq. 11

3 Predicted mole fractiom solubilities calculated by Eq. 14
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W = 76.8058 + 1,9319 61 + 0.4106 6% (Eq.23)
2
n=18 R" = 0.9998
W = 49,6208 + 3.2293 61 + 0.3989 6% (Eq.24)
2

n =19 R = 0.999

The wca for each drug was back=calculated to obtain the

1lc
corresponding predicted solubilities following the method described

earlier.

Comparisons were made between observed solubilities of both
drugs and those obtainéd using this techmique. Results demonstrated
the residual e#pressed in percentages of phenobarbital and sulfadiazine
as seen in Tables XIII and XV, are clearly reasonable for the solubi-
lities of these two drugs in most solvents at 30°C. Thirty percent
error is taken to dccount in this study as a criterion acceptability
(18). However, some.large errors resulted from_ this method : chloroform
(55.23 %), 1, 4-dioxane (40.70 %), acetonitrile (38.60 %5, for phenobar-
bital; diethyl ether (44,58 %), ethyl acetate (51.61 %), chloroform
(50.59 %), tert=butyl alcohol (78.51 %), isobutyl alcohol (74,69 %),
acetonitrile (1029.10 %), ethylené glycol monomethyl ether (71.59 %),
methyl aleohol (267.62 %), propylene glycol (45.37 %); ethylene glycol
(41.60 %), glycerin (44.14 %) for sulfadiazine. These large errors may
be resulted from fhe particular regression program and iteration

procedure used.

3. The Extended Hansen Solubility Approach

The observed values of log [%;[XZ:] of phenobarbital and

sulfadiazine were regressed against the square of differences of the



Table X111 Cemparison of Observed and Predicted Mole Fraction Solubilities of Phencbarbital (62 = 12.60) ia Individual Pure

Solvents at 30°C Using the Extended Hildebrand Solubility Approach

37

(n

)

G

Q)

x(S)

5

No, Solvents $, (6%-&6;) 61 . 2 obs ucalc N cnlélo ResLdual x 10 Morcent Frror
1 Dlethyl ether 7.66 217.44 58.68 L5, 3360 3095.00 115.6984 3490.59 -395.59 ~12.78
z Ethyl acetace 9.04 240.48 81.72 12840341 4416.98 127.8248 4155.67 261.31 5.92
3 Chloraform 9.26 244.51 85475 128.4819 2585,99 129.9046 ‘ 4004.27 -1428.28 =-55.23
4 l, 4-Dioxane 10.01 258.96 100. 20 139.5241 7190.98 137,2868 4264,61 2926.37 4n. 70
3 Tere-Butyl alcehol 10.28 264.44 105.68 139.7623 6659.98 140,0586 4421,15 =361.17 ~8.70
6 Amyl alcohel 10,58 270,70 111,96 143, 6654 4981 .01 1643.2086 4625.50 355.51 7.16
H Isobutyl alcohol 11.13 282,64 123,88 148, 7304 3883.99 149,1738 4414.94 =530.95 -13.67
L} N-Butyl alcohol 11.29 286.22 127 .46 151.1850 4686,03 150.9528 4395,25 288.78 6.17
9 Iscpropyl alcohol 11.50 291.01 132.25 153.5693 4622.01 153.3254 4146 ,44 273.57 5123
10 N-Propyl alcohol 11,99 J02.52 143.76 15952580 4313.99 158.9981 4026.73 187,26 6,66
1 Aceconitrile 12.00 302.76 144.00 157.9083 2593.01 159.1160 594,02 -1001.01 -38.60
1z Ethylene glycol 12,10 305.17 146.41 160,9476 4814,12 160,2997 4061.15 752.97 15.64

monomethyl ether

t3 Ethyl alcechol 12.96 326,72 167.96 170,9559 3595.00 170.8088 3459.79 135.21 3.78

l4 Methyl alechol 14.49 J68.72 109,96 190.7757 2347.99 191.0102 2505.48 ~157.49 =-6.71

15 Propylene g}ycnl 14,80 377.80 219,04 195.1796 2585.00 195.3374 r2t.77 -136.77 -5.19

16 Ethylene glycol 15.9¢9 414.44 155.58 212.6169 1825,00 212.6810 1865.79 -40.78 =2.23

17 Glycerin 17,64 469193 31117 0238.4762 904.99 23816534 974,13 ~69. 14 -7.44

18 Water 23.40 106 .32 547,56 346.9720 | § -1 346.8451 10,99 0.66 5.67

1
Obtained from literatura

2z
Observed interaction enérgy between solute and solvent calculated by Eq.15

3
Mole fraction solubilities obtained experimentally

5

Predicted mole fraction solubilities

4
Predicted interaction energy between solute and solvent calculated by Eq.l7

Le
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Table XIV Iteration Procedure for Calculating the Mole Fraction
Solubility of Phenobarbital in N-Butyl Alcohol at 30° C

Using the Extended Hildebrand Solubility Approach (EHS)

Step ¢{1) « 10 A@10* X§31a1cx 10°
1 10,000.00 987.48 6,841.13
2 9,004,725 802.39 3,506.08
3 : 97486470 888.70 4,788.55
4 : 9,308, 24 854.67 4,234.59
5 9,382, 21 869.24 4,463.40
6 94349. 54 863.19 4,367.05
7 9,363.29 865.73 4,407,30
8 9,357.55 864 .67 4,390.43
' 9 9,359.95 865.12 4,397 .49
10 9,358.95 864 .93 4,394.53
H _ 9,359.37 865.01 4,395.77
12 9,359.19 864,98 4,395.25

L Volume fraction of the solvent calculated by Eq. 12

2 Calculated by Eq. 11

3 Predicted mole fraction solubilities calculated by Eq. 16



Table XY Comparigson of Observed and Predicted Mole Fraction Solubflitles eof Sulfadiazine (62 = 12.50) in Individual Pure Solvents
at 30°C Using the Extended Ulldebrand Solubility Appreach
Ho. Sclveats 6:” (éifdg) \!i Hg:l xgzibs*w’- Hi:it X;sz__nl;lﬂ? Residual x 107 Percent Error
1 Diethyi ether 7.66 214.93 58.68 97.1508 20,48 97.7626 29.61 -9.13 -hi 5B
2 Ethyl acetate 9.04 237.97 81.72 L12.6110 221.01 111,4089 106,94 114.07 51.61
3 Chloroform 9.26 262,00 85.75 114.8927 260.00 113.7268 128.45 131,55 50.59
4 1,4-Dioxane 10.01 256,45 100420 121.9843 239167 121.912 229.49 10.18 4,24
5 Tert-Butyl alcohol 10,28 261.93 105.68 124 0104 155.77 124.9701 278.07 -122.30 78,51
6 Amyl alcohol 10.58 268.19 111894 128.4812 I50. 44 126.4358 340.63 9.81 2.80
? Sec-Butyl alcohol 10.83 273.54 117.29 131.9264 537,17 131.3770 400,07 157.70 28,27
8. Isobutyl alcehol 11.13 280.13 123.88 134.0500 274.95 134.9743 480.32 =-205.37 -74.69
9 N-Butyl alcohol 11.29 283.71 127.46 137.3548 685.34 136.9190 527.14 158.20 23.08
10 Isopropyl alcohol k.50 288.50 132,25 139:7032 667.27 139.5077 592.85 74,42 11.13
11 H-Fropyl alcchol 11.99 300.01 143.76 145.825% 832,86 145,6810 763.42 69.44 8.34
12 Acetonitrile 12.00 300.25 144,00 £41.7986 67.97 145, 8440 767.45 ~699.48 =-1029.10
13 Ethylene glycel 12.10 302.66 146. 41 149.1748 2832. 11 147.0932 804.71 2027.40 71.59
monomethyl ether
14 Ethyl alcohol 12.95 324.21 167.96 158.7240 1349,82 158. 4660 1155,32 194,50 14,41
15 Methyl alcohol 14,49 366,21 209.96 178, 0087 478.35 180.1592 1758.52. ~1280.17 —167.62
15 Propylene glycol li.80  375.29 219.06 185.7823 3380.03 184,7820 1846 .48 1531.55 h5.37
17 Ethylens glycol 15.99 411.93 255.68 204.1291 3437.17 203.2393 2007.34 1429,83 4l.hO
3] Glycerin 17.64 467 .42 3z 231.6641 3026.17 230.7008 1690;33 1335.84 4ad, 14
19 Water 23.40 703.81 547,56 343.2417 55.48 343.5896 68,46 —~12.98 ~23.40

1

Obtained Erom literature

? Observed interaction energy between solute and solvent calculated by Eq.l5

3 Mole fraction solubilities obtained experimentally

]
Predicted interaction ensrgy between solute ;nd solvent calculated by Eq,17

5

Predicted mele fractica selubilities

38
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Table XVI Iteration Procedure for Calculating the Fredicted Mole
Fraction Solubility of Sulfadiazine in N-Butyl Alcohol at
30° C Using the Extended Hildebrand Solubility Approach

(EHS)

Step X2 calcx 10
1 526.82
2 527.14

1 Volume fraction of ¢ > ﬁ'if!" S\;T\Fm Eq. 12

2 Calculated by Eq. 11

3 Predicted mole fraction alculated by Eq. 16

——
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partial solubility parameters of these two drugs and the individual
solvents multiplied by the observed values of A of each solvent., The
computer output of multiple regression produces Eqs. 25 and 26 for

phenobarbital and sulfadiazine, respectively.

log [x;/xz] = log w, .=, -1.5902 + 0,2489 (61D~62D)2
4 00,1256 (slP—azP)2
£0.1080 (5,,~8,)° (Eq.25)
n=18 R?=0.9856
log [x;/xé] = Aok jefs = 4 0.1286 4 1.7493 (6,561
+ 0.7242 (519‘529)2
+.0.0163 (51Hf523)2 (Eq.26)

n=19 R% = 0.9543

The back-caleulated solubilities of phenobarbital and sulfadia-
zine were established/using the iteration procedure as shown for the
examples in Tables XVIII and XX, respectively. The predicted mole
fraction solubilities of #hese two drugs were compared favorably with
the observed ones (Tables(XVII land XIX). Aslexpected; they were within
30 % errors from the observed values; except for those fn chloroform
(72.42 %) and dioxane (35.50 %) for phenobarbitals diethyl ether
(32.18 %), chloroform (82.55 %), acetonitrile (61.06 %), and ethylene

glycol monomethyl ether (31.37 %) for sulfadiazine.



Table XVII Comparison of Observed and Predicted Mole Fraction Solubilities of Phenobarbital fn Individual Selvents at 30°C Using the

Extended Hansen Solubility Approach

No. Solvents NG R T A L S 0 L ¢ S R L 1Y I}«éfxz}a 107 %P x10% x{) x16® restdual x 0% percent Ereor
1 Diethyl ether 909.91 10.24 LL56 7.84 -1204.2880 3095.00 2695.47 39%.53 12,91
2 Ethyl ace.t.ate a71.81 8.4l 4,86 0.64 -1358.8521 4416,98 4307.10 10%.88 2,49
3 Chloroform 904,24 2,56 10.89 6.25 =1126.3541 2585.99 4458.72 -1872.73 =12.42
4 1, G-Dioxane 781,81 1.00 15.21 2.8% —~187¢.5151 7190.98 4638,32 2352.66 35.50
5 Tert-Butyl alcohol 876.40 9.00 5.29 2,35 -1322,2515 4059.93 3980.67 79,31 L.9%
6 Amyl alcohol 869.17 6.25 6.76 2925 =-161%.0443 4981 .01 4393.14 587 .87 1t.80
7 Isobueyl alcohol 878.99 8.41 4.00 6.2% =1303.0050 3883.39 3881.02 © o297 0.08
8 N-Butyl alcchol 857.40 6.25 4.00 5.16 . =1384.3467 4684.,03 4413,34 270.69 5..78
9 Lsopropyl alcohol 842,82 6.76 3.24 7:29 —1359. Y64 4422.01 4294,20 127.81 2.89
10 N-Propyl alcohol 843.09 6.25 2.25 10,24 —1348.,6064 4313.99 4242.1% 71.80 L.66
11 Acetonitrile 863.58 7.84 16.00 5,29 -1127.5319 2583.01 313,10 -518.09 -20.75%
12 Ethylene glycol 834.82 5.76 0.09 7.29 -1396,2437 4814012 4905,88 -91.76 -1.91

monomethyl ether

13 Ethyl aleohol 835.68 6.78 6.25 17.64 -1269.4262 3595.00 3771.11 =176.11 ~4,90
14 Methyl alcohol 845,14 B.41 L.44 31.36 =10B4.4235 2347.99 2533.88 -85, 89 -1,92
L5 Propylene glycol 896,71 4.4l 0.04 37.21 -1126.1876 2585.00 2616.86 ~]1.86 ~1.23
L6 Ethylene glycol 903.30 4200 0.36 53,29 ~914,9907 1825.00 18312.13 -6.13 -0,
17 Glycerin 954.57 3,24 1.2 81.00 -670.3723 904,92 890.01 14,98 1.66
18 Water 985.74 7.29 9.00 237.16 +1219,9470 11.65 11,51 0.14 1.20

! Calculated by Eq. [l

2 Mole fraction solubilities obtained exper!méntally

3 Predicted mole fraction solubilities

42
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Table XVIIT Iteration Procedure for Calculating the Predicted Mole
Fraction Solubility of Phenobarbital in N-Butyl Alcohol

at 30° C Using the Extended Hansen Solubility Approach

Step ¢f1).x 10* AP 0" X§3za1cx 10°
1 10,000.00 987.48 4,090.81

2 9,402,78 873.05 4,390.15

3 9,359:99 865.12 ' 4,411.68

4 9,356.92 864 .56 4,413.22

5 9,356470 864,52 4,413.34

1 Volume fraction of the solyent calculated by Eq. 12
2
Calculated by Eq. 11

3 Predicted mole fraction solubilities calculated. by Eq. 22



Table XIX Cumparisbn of Observed and Predicted Mole Fractien Solubilities of Sulfadfazine in Individual Solvents at 30°C Using the

Extended Hansen Solubility Approach

Ho. Solvents. AR CO UM TR LT L S I L 1og|};lx2]>t103 270 <107 k) 10’ Restéual x 10" Percent Errer
1 Diethyl ether 1311.82 5.76 11.56 16,81 2705,5508 20.48 27.07 -6.59 -32.18
2 Ethyl acetate 3111.73 4,41 4 .84 4.41 1672.3991 221,01 255.490 ~34,39 -15.56
k] Chlotofor? 1311.68 0.64 10.89 14,64 1€01.8489 260.00 474.62 —2l4.62 - =82.55
& 1, 4-Dioxane 1311.70 0.04 1521 5.00 1637,203% 239.67 260.10 ~20.43 -8.52
] Tert-Butyl aleohol 1311.75 4.84 5.29 0.04 T 1824.3287 155.77 1BB.41 -32.64 -20,93
& Amyl alcohol 1311.68 2.89 6476 0.04 1472,2023 350,44 182.81 -32.37 -9,24
7 Sec-Butyl alcohol 131,54 3.24 4,00 Q.25 1270.3659 557.77 581.43 =23.66 4,26
8 Isobutyl alcohol 1311.69 4.41 .00 1244 1577,5629 274,95 311.45» =36.50 -13.28
9 N-Buryl alcohol 131148 2.89 .00 12t 1180.9106 585,34 §96.30 -10.98 -1.60

10 Isopropyl alcohel 131L.42 3.24 3.24 1296 1192.5161 667.27 680.98 -13.71 -2.05

11 N-Propyl alcohol 1311,30 2.89 2,25 3.61 10956, 2463 832, 86 1009.42 -176.56 =~21.20

12 Acetonitrile 1311.77 4.00 16,00 12.96 2584,4765 67.97 26.47 41.50 6L.06

13 Ethylene glycol 1310.12 2.56 0.09 1.96 564.7085 2832.11 1943.62 888,49 3.37

monomethyl ether

16 Ethyl alcohol 1310.73 3.24 0.25 8.4 886.5416 1369.82  1269.70 80.12 5.94

15 Hethyl alcohol 131127 6. 148t 18.49 133710713 418235 501.87 -23.52 .92

16 Propylene glycol 1309, 64 1.69 0.08 23,00 | | 0 s87.8982 3380.03 (  2806.32 573.71 16.97

17 Ethylene glycol 1308.90 1.4 0.36 36.00 480.6176 33717 2803.31 633.86 18.44

18 Glycerin " 1309.86 1.00 1.21 59,29 535.9253 3026.17 2618,47 407,70 13.47

19 uater 131169 361 9,00 198,81 2272,7150 55148 60,43 4,95 -8.92

1
Calculated by Eq. 11

" Mole fraction solubilities obrained experimentally

3 Predicted mole fraction scolubilities

v
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Table XX Iteration Procedure for Calculating the Predicted Mole
Fraction Solubility of Sulfadiazine in N-Butyl Alcohol at

30° C Using the Extended Hansen Solubility Approach

Step ¢’§1) x 104 A(Z)XIO4 X§3Zalcx 107

1 10,000.0 695.84

2 9,998 1, ‘. 696.30
4 »

1 Volume fraction of th 0 .
’ Py

2 v AR
Calculated by Eq. 11 v Y
N M.;

s

< 7 T s
3 Predicted mole fraction so .v_.‘;"-;-t ulated by Eq. 22

AU INENTNEINS
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Comparison of Three Methods of Solubility Analysis

As can be seen after comparing all of the residuals for each
drug, expresse& in percentage error of the three methods used in this
study (Tables XXI and XXII). The Extended Hansen Solubility Approach
must be accepted as the best method studies since its percentage errors

are 3

<5 % for 11 solvents (61.11 %)

> 5 to < 10 Z"For 2780lverts (1l.11 %)

> 10 to < 20 % for 2/ solvents (11.11 %)

> 20 to < 30 % fér 4 golvent (5,56 %)

> 30 Z for 2 solvents (11.L11 %)

for phenobarbital, and

< 5 % for & solvents (21,05 %)

v

5 to < 10 % for 4 solvents (21.05 %)
> 10 to < 20 % for 5 solvents (26.32 %)
> 20 to < 307% for 2 solvents (10.53 %)

> 30 % for 4 solvents (21.05 %)

for sulfadiazine,

whereas the percentage errors produced employing the Extended Hildebrand

Solubility, Approach’axe :

< 5 % for 2 solvents (L1.11 %)
> 5 to < 10 % for 10 solvents (55.56 %)
> 10 to < 20 % for 3 solvents (16.67 %)

> 30 % for 3 solvents (16.67 %)

for phenobarbital, and

< 5 % for 2 solvents (10.53 %)
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>5 to < 10 %Z for 1 solvent (5.26 %)

> 10 to < 20 % for 2 solvents (10.53 %)

\

20 to < 30 % for 3 solvents (15.79 %)

30 % for 11 solvents (57.89 %)

v

for sulfadiazine.

Finally, the percentage errovs/obtained utilizing the Regular
Solution Theory (Scatchard=Hildebrapd Equatdion) are much higher for

acceptable consideratiom.

In earlier studies (4-6,14), the Extended Hildebrand Solubility
Approach was successful dn reproducing the solubility of solid drugs
in binary solvehts, bothipolar ‘and nonpolar. Although it is satisfac-
tory in the current work for most solvents studied, this method cannot
be expected to apply where stromg interactions exist. The predictive
power of the Extended Hildebramd Solubility Approach is, therefore,
less than that Ef the, Extended Hansen Solubility Approéch, this may be
due to the three partial solubility parameters of.Hansen and/or statis-
tical technique used ~are more potential than those of Hildebrand in
prediction both.drugs solubildities din.selected.indiyidual pure solvents.
However, the Extended Hildebrand solubility Approach can be the second

best method dm thisystudy.

The Regular Solution Theory (Scatchard-Hildebrand Equation),
however, is the last method of choice since it produces obviously

unsatisfactory estimation for both drugs in individual pure solvents.

In conclusion, one can quickly predict the solubilities of
solute in various individual solvents using these techniques. Also,

in drug formulation, these approaches may be used to assist in selecting
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the suitable solvents for preparing the most effective and economic
drug solutions.
Knowledge gained from these relatively simple and well-behaved

systems must be applied ta other drug solutions in individual solvents

before conclusions can be reached regarding the more applicability of

the Regular Solution Theory, - Hildebrand Solubility

Approach, and the Extende  Approach.

AU ININTNEINT
RINNIUNRINYAE



49

Table XXT €omparison of Three Methods of Solubility Analysis for Phenobarbital fn Individual Pure Solvents at 30°C

Regular Extended Hildebrand Extended Haunsen
No. Solvents X;llbsklos
\ K;zzﬂlglﬂs Percent Error Xézénlglﬂs Percent Error X;zlnlélﬂs Tercent Error
t Diethyl ether 3095.00 ¢.75 99.98 3490.59 -12.78 2695.47 12.91
2 Ethyl acetate 4416.98 10,848 99.75 4155.67 5.92 4307.10 2.49
3 Chloreform 25B85.99 15.32 99.41 4016,27 -55.23 4458.72 -12.52
4 I, 4-Dloxane 7190.98 £2.15 99.41 4264.51 40.70 4638.32 15.50
5 Tert-Butyl aleohol 4059.98 56.97 98 59 64421, 15 -8.90 - ‘3980.67 1.95
6 Amyl aleohol 4981.01 76.58 98. 46 4625.50 7.14 4393,14 11.80
7 Isobutyl alcohol 3893.9% 118.48 96.95 h614,94 -13.67 3881.02 0.o08
B H-Butyl aleohol 4684.03 131.06 97.20 4395.25 6.17 613,34 5.78
9 Isopropyl alcohol 4422.01 167.03 96.68 (146,44 6.23 4294 ,20 2.89
10 N-Fropyl alcohol 4313.99 177 .28 95.88 4026.73 6.66 6262.19 1.66
1 Acetonitrile 25%3.01 178.26 93.13 3594.02 -38.60 3131.!0 ~20.75
12 Ethylene glycol 48l4.13% 182.70 96,20 4061.15 15.64 4905.88 -1.91
monomethyl ether

13 Ethyl alcohol 3595.00 187 .35 94,178 3459%.79 3.76 3771001 =-4.90
14 Methyl alcohol 2347.99 86.71 96.3) 2505.48 -6.71 25313.88 -7.92
15 Propylene glycol 2585.00 64.49 9751 2721.77 ~5,29 2616 .86 -1.23
16 Ethylene glycol 1825.00 14220 99.22 1865.78 -2.23 1831.%3 -6.3&
17 Ciycerin 904.99 0.60 99.93 974,13 -7.64 890.0! 1.66
18 Water 11.65 5.87x10"7 160.60 10.99 5.67 11,51 1.20

1 Mole fraction solubilities obtafmed experlmentally

2 Predicted mole fraction solubfiitdaes
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Table XX11 Comparison of Three Methods of Solubllity Analysis for Sulladiazine in tadtvidual Pure Solvents at 0°C

Regular Extended liildebrand Enxtended Nansen
No. Solvents X;llbs*lor
X§72“12107 Percent Error nglalélﬂj Percent Evror xgziniélo7 Percent Rrror
1 Diethyl ether . 20.48 8.79 57.%0 29.61 —44 58 27.07 -32.18
2 Ethyl acetate 221,01 279.58 --26.50 166.96 51.61 255.40 -15.56
3 Chloroform 260.00 436.50 -67.88 128,45 50.59 414,62 -82.55%
4 1, 4-Dioxane 239.67 1599.64 —567.8) 229.49 4.24 260,10 -8.52
5 Tert-Butyl alcchol 155.77 2358.92 —1407.56 21B.07 ~78.57 188.41 -20.95
6 Amyl alcohol 350. 446 31‘:18.03 —875.35 340.63 3 2.80 3g2.81 -9.24
7 Sec-Butyl alcohol 557.717 44B3.38 —703.81 400,07 28.27 . 581,43 =4.24
8 Isobutyl alcohol 274.95 5504.35 —2047.42 480,32 -75.69 311.45 -13.28
9 H-Butyl alcohol 685.34 668F. 44 -875.789 527.14 23.08 696.30 -1.60
10 Isopropyl alcohol 667.27 7693.28 =1052.95 592.85 11.15 680.98 -2.05
11 N-Propyl alcohol 832.86 9612.94 =1osh.21 7h3.42 8.34 1009 .42 =21.20
12 Acetonitrile 67.97 9643 .63 —14087:26 767.45 ~1029. 10 26.47 61.06
13 Ethylene glycol 2832.%1 9906460 ~249.80 804.71 71,59 1943.62 31.37
monomethyl ether

14 Ethyl alcohol 1149.82 9755.00 ~-622.69 1155.32 14.41 126%.70 5.94
15 Methyl alcohol 478.35 J153.39 ~559.72 1758.52 -267.62 501.87 -4.,92
16 Propylene glycol 3380.03 2106.5% 37.68 1846, 48 45.37 2806 .32 116,97
17 Ethylene glycol 3437.17 262.58 ‘92.36 2007,34 41.60 2B03.31 18.44
18 Glycerin 3026.17 3.58 99,88 1690, 33 L2 1) 61847 13.47
19 vater $5.48 2.70 x00'? 100,00 68.45 -23.40 60,43 -8.92

! Mole fraction selubflities obtained experimentally

2 Predicted mole €ractfon solubilities
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