CIBTech Journal of Pharmaceutical Sciences ISSN: 2319-3891 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/cjps.htm
2015 Vol.4 (3) July-September, pp.1-11/Shekhar and Manoj

Research Article

PHASE DIAGRAM, THERMODYNAMIC ANALYSIS AND
INTERFACIAL STUDIES ON SOLID DISPERSIONS OF
PHENOTHIAZINE-B. NAPHTHOL DRUG SYSTEM

Shekhar H. and Kumar Manoj
Department of Chemistry, V.K.S. University, Ara-802301, India
*Author for Correspondence

ABSTRACT

The study of solid liquid dispersions of binary drug system has been very useful in providing the
significant enhanced pharmaceutical properties as compared to the parent drug. The present
communication includes the thermodynamic and interfacial investigation of phenothiazine (PT) and
Naphthol (BN) binary eutectic and non-eutectic drug dispersion. Simple eutectic dispersion was observed
at 0.763 mole fraction of N at melting temperature 110°C. Partial and Integral thermodynamic quantities
such as, excess Gibbs energy (gF), excess enthalpy (hF), excess entropy (s°) of eutectic and non-eutectic
mixtures were also calculated using activity coefficient data. The value of excess Gibbs free energy
indicates positive deviation from ideal behaviour which refers stronger association between like
molecules during formation of binary mix. However, the negative value of mixing function, Gibbs free
energy of mixing (AG") suggests the mixing for eutectic and non-eutectic is spontaneous. The interfacial
properties such as entropy of fusion per unit volume (ASy), interfacial energy (o), roughness parameter
(n), grain boundary energy of parent components, eutectics and non-eutectics have been studied using
enthalpy of fusion data. Gibbs-Thomson coefficient evaluated by numerical method is also very helpful to
compute the interfacial energy. The size of critical nucleus at different undercoolings has been found in
nanoscale, which may lead a big challenge in pharmaceutical world. The value of o > 2, suggests the
irregular and faceted growth proceeds in binary alloys.

Keywords: Phase Diagram, Thermodynamic and Mixing Functions, Thermal Stability, Critical Radius,
Interfacial Energy and Microstructure

INTRODUCTION

Phenothiazine is a bioactive heterocyclic compound having pharmaceutical importance and shows various
biological activities such as antifungal, antibacterial, anti-tubercular, anti-inflammatory, anti-
schizophrenic, antipsychotic, antihistaminic, etc (Dominguez et al., 1997, Guerrero et al., 2008). The
tricyclic compound has two active sites makes it a giant pharmaceutical molecule. During last few years
the solid dispersion of binary pharmaceutical systems are being used as model system for studying the
rapid growth of nano particles and microstructures which are very important parameters in controlling the
final physical, chemical and medicinal properties of solid dispersion (Attila et al., 2010, Bai et al., 2006,
Yu et al., 2003). Others parameters of these dispersions can also be understood to a great extent with the
help of kinetic, themodynamic and interfacial investigation. Phenothiazines have gained much significant
importance in the area of pharmaceutical applications. Other side p naphthol nucleus constitutes an
important part of the vitamin B,, These compounds are an important class of heterocyclic compounds
which show diverse types of biological and pharmacological properties. Several derivatives of B naphthol
have been reported as antagonists, prostaglandin D2, angotencin II receptors, dopamine B-hydroxylase
inhibitors and inhibitors for endothelial cell growth. In addition, B naphthol derivatives have been widely
highlighted as anticancer, antimicrobial and anti-tumor agents. The polar  naphthol, soluble in water are
found potentially less toxic to human.

In view of diverse biological and pharmacological applications of phenothiazines and B naphthol, they
represent a good lead in developing and designing of virgin and new binary drugs. However, very little
information is available with regard to binary drug materials of eutectic, non eutectic and additive types
solid dispersions. In recent years pharmaceutical properties of some binary solid dispersion/co-crystals
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has been reported emphasizing the solubility, dissolution rate, hygroscopicity and chemical stability.
Keeping the view of better pharmacological performance and efficacy of binary product, in this
communication, it is aimed at investigating the phenothiazines (PT) and B naphthol (BN) binary drug
dispersions in the solid state emphasizing thermodynamic and interfacial studies, such as phase diagram,
excess and mixing thermodynamic functions, activity and activity coefficient, thermal stability, interfacial
energy, surface roughness, driving force of solidification and critical radius.

Experimental Details

Phenothiazines (PT) (Sigma, India) and B naphthol (BN) were directly taken for investigation. The
melting point of Phenothiazines was found 189°C while for B naphthol it was found 124°C. For
measuring the solid-liquid equilibrium data of PT- BN system, mixtures of different compositions of both
were made in glass test tubes by repeated heating and followed by chilling in ice and melting
temperatures of solid dispersions were determined by the thaw-melt method (Salim, 2009). The melting
and thaw temperatures were determined in a Toshniwal melting point apparatus using a precision
thermometer which could read correctly up to £ 0.1°C. The heater was regulated to give above 1°C
increase in temperature in every five minutes. The literature value (Singh et al., 2014) of enthalpy of
fusion of Phenothiazines and 8 naphthol was used in determining the various thermodynamic parameters
of the binary system.

RESULTS AND DISCUSSION
SLE Study
The solid liquid equilibrium (SLE) data of PT-N system determined by the thaw melt method is reported
in Table 1. The system shows the formation of a eutectic (E) and non-eutectics solid dispersions (A1-A8).
The melting point of PT (189°C) decreases on the addition of second component BN (M.P., 124°C) and
further attains minimum and then increases. Eutectic E (0.237 mole fraction of PT) is obtained at 110°C.
At the eutectic temperature a liquid phase L and two solid phases (S; and S,) are in equilibrium and the
system is invariant. The homogenous binary liquid solution exists in the region above the eutectic
temperature while the two solid phases exists in the region below the eutectic temperature. The region
located below the liquidus line on the left side a binary liquid and solid PT exist while in a similar region
located on the right side a binary liquid and solid BN system co-exist.

Cooling

L Sl + SZ

Thermodynamic Study

The values of heats of fusion of eutectic and non-eutectic are calculated by the mixture law. The value of
heat of fusion of binary solid dispersions A;-Ag and E is reported in Table 1. The activity coefficient and
activity of components for the systems under investigation has been calculated from the equation (Sharma
et al., 2009) given below

-In —A_Hi i_l
XiVi RIT, T

1)
where y;, v; is mole fraction and activity coefficient of the component i in the liquid phase respectively.
AH; is the heat of fusion of component i at its melting point T; and R is the gas constant. T, is the melting

temperature of alloy. Using the values of activity and activity coefficient of the components in the binary
product, the mixing and excess thermodynamic functions have been evaluated.

Mixing Functions

In order to know the mixing characteristics of components in the system Integral molar free energy of

mixing (AGM), molar entropy of mixing (ASM) and molar enthalpy of mixing AHM) and partial
thermodynamic mixing functions of the binary solid dispersions were determined by using the following
equations
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AGM =RT (ypr Ina_ + Xox 12, )
AsM =R (1, I+, I ®3)
AHM =RT (_Iny__+ Lo M7 (4)
G'iM = H-iM =RT Ing; (5)

where G'iM (H'iM) is the partial molar free energy of mixing of component i (mixing chemical
potential)in binary mix and y; and aj is the activity coefficient and activity of component respectively. The

negative value (Wisniak et al., 1978) of molar free energy of mixing of alloys (Table 2) suggests that the
mixing in all cases is spontaneous. The integral molar enthalpy of mixing value corresponds to the value
of excess integral molar free energy of the system favors the regularity in the binary solutions.

Excess Functions

In order to unfold the nature of the interactions between the components forming the eutectic and non-
eutectic solid dispersions, the excess thermodynamic functions such as integral excess integral free energy

(gE), excess integral entropy (sE) and excess integral enthalpy (hE) were calculated using the following
equations

gE:RT(ZPT |n7/PT+?(ﬂNIn7/gN) )

oln olny
SE:_R[(ZPT INYer + Zm |n7ﬂN+ZPTT%+ZﬂNT -

o )
hE =_RT2(ZPT SN ypr I 5|n7/ﬂNJ
or or ®)
and excess chemical potential or excess partial free energy of mixing;
i~ =ui" =RTIny; )

The values of 5InlJ; /6T can be determined by the slope of liquidus curve near the alloys. The values of

the excess thermodynamic functions are given in Table 3. The value of the excess free energy is a
measure of the departure of the system from ideal behaviour. The reported excess thermodynamic data
substantiate the earlier conclusion of an appreciable interaction between the parent components during the
formation of alloys. The positive g value (Chen et al., 2011, Nieto et al., 1999) for all eutectic and non-
eutectic solid dispersions infers stronger interaction between like molecules in binary mix. The excess
entropy is a measure of the change in configurational energy due to a change in potential energy and
indicates an increase in randomness.

Gibbs-Duhem Equation

Further the partial molar quantity, activity and activity coefficient can also be determined by using Gibbs-
Duhem equation (Shekhar et al., 2009)

Yidz M =0 (10)
or yerdHy" + ydHR' =0 1)
_ X -
or dH.' ==%dH
Xet (12)
XPT :1;(
or [HN, ., = [ Z2dH
zor=y APT (13)
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Using equation (13) a graph between H;,ﬂ" and ypn/yer gives the solution of the partial molar heat of

mixing of a constituent PT in binary mix and plot between ygn/ypr VS Inagy determines the value of
activity of component PT in binary mix.

Stability Function

Thermodynamic behavior of the present system in form of stability and excess stability functions
(Shekhar et al., 2015) can be determined by the second derivative of their molar free energy and excess
energy respectively, with respect to the mole fraction of either constituent:

2 M
Stability = ZAC" _ ppy_0Ma_ 14)
OX o(1—x)
2 E
Excess Stability = 0 92 = —2RT&Y2 (15)
OX o(1—x)

These values were calculated by multiplying the slope of Ina vs (1 — x)* and Iny vs (1 — x)? plots with -
2RT. The best polynomial equation of the curve generated is given as:

Iny =3.68(1—X)? — 21.44(1— X)* +81.99(1— x)® —146.84(1— x)® +126.(1— x)!° — 41.47(1— x)*? (16)
The slope of the curve shown in figure as obtained by differentiating the above equation with respect to (1

— x)? may also be used to calculate the excess stability of the PT-BN system. The values of total stability
to the ideal stability and defined as

Ideal Stability = —

X(1—Xx)

These values show there is considerable thermodynamic stability in the alloy. The figure 4 for the

stability, excess stability and ideal stability in the form of composition and partial Gibb’s energy favours

the formation of the binary alloys and their mixing.

Interfacial Investigation

The Solid-Liquid Interfacial Energy (o)

It has been realized that an experimentally observed value of interfacial energy ‘c’ keeps a variation of

50-100% from one worker to other. However, it was calculated the solid-liquid interfacial energy (o) from

melting enthalpy change (Bai et al., 2006; Bayram et al., 2013) and values obtained are found in good

agreement with the experimental values. Turnbull empirical relationship between the interfacial energy

and enthalpy change provides the clue to determine the interfacial energy value of binary solid

dispersions and is expressed as:

CAH

where the coefficient C lies between 0.33 to 0.35 for nonmetallic system, Vy, is molar volume and N is the

Avogadro’s constant. The value of the solid-liquid interfacial energy of phenothiazine and 8 naphthol was

found to be 3.61 x 102 and 3.70 x 10% J m? respectively and o value of the solid dispersions was given

in Table 1. The value of ¢ has also been determined by using the value of Gibbs-Thomson coefficient.

The theoretical basis of determination of T was made for equal thermal conductivities of solid and liquid

phases for some transparent materials.

Gibbs-Thomson Coefficient (t)

For a planar grain boundary on planar solid-liquid interface the Gibbs-Thomson coefficient (z) for the

system can be calculated by the Gibbs-Thomson equation and is expressed as

TV, c c

AH AS,,
where 1 is the Gibbs-Thomson coefficient, AT is the dispersion in equilibrium temperature and, r is the
radius of grooves of interface. It was also determined the numerical method (Shekhar et al., 2013) for

(17)

(18)

T=rAT = (19)
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materials having known grain boundary shape, temperature gradient in solid and the ratio of thermal
conductivity of the equilibrated liquid phases to solid phase (R = K /Ks).The Gibbs-Thomson coefficient
for PT, BN and their solid dispersions are found in the range of 7.48 — 9.51 x 10" Km and is reported in
Table 1.

Interfacial Grain Boundary Energy (oyp)

Grain boundary is the internal surface which can be understood in a very similar way to nucleation on
surfaces in liquid-solid transformation. In past, a numerical method (Shekhar et al., 2013) is applied to
observe the interfacial grain boundary energy (cg,) without applying the temperature gradient for the
grain boundary groove shape. For isotropic interface there is no difference in the value of interfacial
tension and interfacial energy. A considerable force is employed at the grain boundary groove in
anisotropic interface. The grain boundary energy can be obtained by the equation:

Gy, = 25C0S0O (20)

where 0 is equilibrium contact angle precipitates at solid-liquid interface of grain boundary. The grain
boundary energy could be twice the solid-liquid interfacial energy in the case where the contact angle
tends to zero. The value of oy, for solid PT and BN was found to be 6.98 x 10? and 7.15 x 10%m™
respectively and the value for all solid dispersions is given in Table 1.
The Effective Entropy Change (4S,)
It is obvious that the effective entropy change and the volume fraction of phases in the alloy are inter-
related to decide the interface morphology during solidification and the volume fraction of the two phases
depends on the ratio of effective entropy change of the phases. The entropy of fusion (AS = AH/T) value
(Table 1) of alloys is calculated by heat of fusion values of the materials. The effective entropy change
per unit volume (ASy) is given by
as, =20 1

T V,
where AH is the enthalpy change, T is the melting temperature and V,, is the molar volume of solid phase.
The entropy of fusion per unit volume (ASy) for PT and BN was found 379.62 and 495.32 kiK™m
respectively. Values of ASy, for alloys are reported in Table 1.
The Driving Force of Nucleation (4G,)
During growth of crystalline solid there is change in enthalpy, entropy and specific volume and non-
equilibrium leads the Gibb’s energy. Thermodynamically metastable phase occurs in a supersaturated or
super-cooled liquid. The driving force for liquid-solid transition is the difference in Gibb’s energy
between the two phases. The theories of solidification process in past have been discussed on the basis of
diffusion model, kinetic characteristics of nucleation and on thermodynamic features. The lateral motion
of rudementry steps in liquid advances stepwise with non-uniform surface at low driving force while
continuous and uniform surface advances at sufficiently high driving force. The driving force of
nucleation from liquid to solid during solidification (AGy) can be determined at different undercoolings
(AT) by using the following equation
AGy = AS\AT (22)
It is opposed by the increase in surface free energy due to creation of a new solid-liquid interface. By
assuming that solid phase nucleates as small spherical cluster of radius arising due to random motion of
atoms within liquid. The value of AGy for each solid dispersions and pure components are shown in the
Table 4.
The Critical Radius (r*)
During liquid-solid transformation embryos are rapidly dispersed in unsaturated liquid and on
undercooling liquid becomes saturated and provides embryo of a critical size with radius r* for nucleation
which can be determined by the Chadwick relation (Chadwick, 1972)

*x 20 20T

r = =
AG, AH AT

(21)

(23)
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where o is the interfacial energy and AHy is the enthalpy of fusion of the compound per unit volume,
respectively. The critical size of the nucleus for the components and alloys was calculated at different
undercoolings and values are presented in Table 5. It can be inferred from table that the size of the critical
nucleus decreases with increase in the undercooling of the melt. The existence of embryo and a range of
embryo size can be expected in the liquid at any temperature. The value of r* for pure components (PT
and BN) and solid dispersions lies between 43 to 191 nm at undercooling 1 — 3.5°C.

Critical Free Energy of Nucleation (4G¥*)

To form critical nucleus, it requires a localized activation/critical free energy of nucleation (AG*) which
is evaluated as

3 16 no’
~ 5 2
3 AG; (24)

The value of AG* for alloys and pure components has been found in the range of 10™° to 107*° J per
molecule at different undercoolings, and has been reported in Table 6.

Interface Morphology

The science of growth has been developed on the foundation of thermodynamics, kinetics, fluid
dynamics, crystal structures and interfacial sciences. The solid-liquid interface morphology can be
predicted from the value of the entropy of fusion. According to Hunt et al., (1994) the type of growth
from a binary melt depends upon a factor a, defined as:

AH AS
a—iﬁ—ﬁﬁ (25)

AG*

where £is a crystallographic factor depending upon the geometry of the molecules and has a value less
than or equal to one. AS/R (also known as Jackson’s roughness parameter o) is the entropy of fusion
(dimensionless) and R is the gas constant. When a is less than two the solid-liquid interface is atomically
rough and exhibits non-faceted growth. The value of Jackson’s roughness parameter () is given in Table
1. For the entire solid dispersions the o value was found greater than 2 which indicate the faceted
(Bergeon et al., 2005, Shekhar et al., 2011) growth proceeds in all the cases.
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Table 1: Phase composition, melting temperature, values of entropy of fusion per unit volume (AS,),
heat of fusion(AH), interfacial energy(c), grain boundary energy([ly,), Gibbs-Thomson coefficient
(t) and roughness parameter(o)

o X Gy X T X

Alloy AS 10° 10° ASy AH, 10°
xer  MP  AH@/mol) (J/mol/K) « @im?d  QAImd)  (kIIM¥K) Km

Al 0.074 115 22289.36 57.45 691 369 7.3 501.63 194.63 7.36
A2 0.153 113 22576.92  58.49 7.04 368 712 498.92 192.58 7.38
E 0.237 110 22882.68 59.75 719 367 7.0 497.40 190.51 7.38
A3 0.254 119 2294453 5853 7.04 367 7.09 484.94 190.10 7.57
A4 0.326 125 23206.64 58.31 7.01 366 7.08 473.39 188.41 7.74
A5 0.420 129 23548.80 58.58 7.05 365 7.06 463.45 186.31 7.88
A6 0.469 147 23728.21  56.50 6.80 3.65  7.05 441.07 185.25 8.27
A7 0.520 152 23912.80 56.27 6.77 364 7.04 433.38 184.19 8.41
A8 0.628 159 2430592  56.26 6.77 364 7.2 421.33 182.02 8.63
A9 0.743 168 2472452  56.06 6.74 363 7.01 407.79 179.83 8.89
A10 0867 175 25175.88  56.20 6.76 3.62  6.99 396.47 177.62 9.13
PHZ 189  25660.00  55.54 6.68 361  6.98 379.62 175.38 9.51
BN 124 22020.00  55.47 6.67 370 7.5 495.32 196.64 7.48
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Table 2: Value of partial and integral mixing of Gibbs free energy(AGM), enthalpy(AH™) and

entropy(AS™) of PT — BN system

Alloy  AGp™ AGH™ AGY AHpr™  AHp ™ AHM ASer ™ ASp M ASM

J/mol J/mol J/mol J/mol J/mol J/mol J/mol/K J/mol/K J/mol/K
Al 411004 -49919 -76640 4289.02 -25119 8479 2165 064  2.19
A2 422113 -61013 116261 180357 7722 21054 1561 138  3.56
E 4387.75 77652 163238 19662  84.81 111.31 1197 225 455
A3 3887.88 -277.33 119438 57856 677.64 65247 1139 244 471
A4 355463 5547 112143 15426 1360.94 96756 9.32 328 525
A5 333247 27733 123878 -43308 2007.93 103491 721 453 566
A6 233273 127572 -417.60 30000 3487.96 199611 6.29 527 575
A7 205502 155305 -32315 25550 414649 212323 544 610 576
A8 166623 194131 -32423 466 5492.95 2046.30 3.87 8.22  5.49
A9 1166.36 2440.50 -239.40 -77.20  7422.07 185011 2.47 11.30  4.74
A10 77758 282877 -297.93 -246.00 10342.94 1162.33 1.19 16.77  3.26

Table 3: Value of partial and integral excess Gibbs free energy(g%), enthalpy(h%) and entropy(s-) of

PT - BN system

Alloy ger " g[iN_E g° her™ hBN_E h® Spr + SpN EsF

Jimol Jimol Jimol Jimol Jimol Jimol JmollK  JmollK  Jimol/K
Al 4289.02 -251.19 84.79 143478.22 -8503.55 2743.10 358.74 -21.27 6.85
A2 1803.57 -77.22 21054  217232.69 2185554 51748.24 558.11 56.82 133.52
E 196.62 84.81 111.31 38663.44 -2040.11 7606.63 100.44 -5.55 19.57
A3 57856 677.64 652.47 12064.65 -9176.03 -3781.09 29.30 -25.14 -11.31
A4 154.26  1360.94 967.56 55135.76 17059.25 29472.19 138.14 39.44 71.62
A5 -433.08 2097.93 1034.91 -9665.05 -10437.45 10113.04 -22.97 -31.18 -27.73
A6 309.00 3487.96 1996.11 -10034.36 -8202.77 -9062.32 -24.63 -27.84 -26.33
A7 25559 4146.49 2123.23 3219.16 9265.76 6121.53 6.97 1205 941
A8 4.66 549295 2046.30 -953.12 19689.46 6725.92 -2.22 3286 10.83
A9 -77.20 7422.07 1850.11 1542.47 56623.73  15698.36 3.67 111.57 31.40
Al10 -246.00 1034294 1162.33 -62.44 144845.31 19210.29 0.41 300.23 40.29
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Table 4: Value of volume free energy change (AG,) during solidification for PT - BN system of
different undercoolings (AT)

Alloy AG,(Jlcm®)
1.0 15 2.0 2.5 3.0 3.5

Al 0.50 0.75 1.00 1.25 1.50 1.76
A2 0.50 0.75 1.00 1.25 1.50 1.75
E 0.50 0.75 0.99 1.24 1.49 1.74
A3 0.48 0.73 0.97 1.21 1.45 1.70
A4 0.47 0.71 0.95 1.18 1.42 1.66
A5 0.46 0.70 0.93 1.16 1.39 1.62
A6 0.44 0.66 0.88 1.10 1.32 1.54
A7 0.43 0.65 0.87 1.08 1.30 1.52
A8 0.42 0.63 0.84 1.05 1.26 1.47
A9 0.41 0.61 0.82 1.02 1.22 1.43
Al10 0.40 0.59 0.79 0.99 1.19 1.39
PHZ 0.38 0.57 0.76 0.95 1.14 1.33
BN 0.50 0.74 0.99 1.24 1.49 1.73

Table 5: Critical size of nucleus (r*) at different undercoolings (AT)

Alloy r*(nm)
1.0 1.5 2.0 25 3.0 35

Al 147.25 98.17 73.63 58.90 49.08 42.07
A2 147.64 98.43 73.82 59.06 49.21 42.18
E 147.69 98.46 73.84 59.07 49.23 42.20
A3 151.40 100.93 75.70 60.56 50.47 43.26
Ad 154.76 103.17 77.38 61.90 51.59 44.22
A5 157.67 105.11 78.83 63.07 52.56 45.05
A6 165.46 110.31 82.73 66.18 55.15 47.27
A7 168.18 112.12 84.09 67.27 56.06 48.05
A8 172.57 115.04 86.28 69.03 57.52 49.30
A9 177.88 118.59 88.94 71.15 59.29 50.82
Al0 182.55 121.70 91.28 73.02 60.85 52.16
PHZ 190.26 126.84 95.13 76.10 63.42 54.36
BN 149.55 99.70 74.77 59.82 49.85 42.73
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Table 6: Value of critical free energy of nucleation (AG*) for alloys of PT - BN system at different
undercooling (AT)

Alloy AG*x10" (J)
1.0 15 2.0 2.5 3.0 3.5

Al 33.56 14.92 8.39 5.370 3.730 2.740
A2 33.64 14.95 8.41 5.380 3.740 2.750
E 33.57 14.92 8.39 5.370 3.730 2.740
A3 35.26 15.67 8.82 5.640 3.920 2.880
A4 36.76 16.34 9.19 5.880 4.080 3.000
A5 38.06 16.92 9.52 6.090 4.230 3.110
A6 41.86 18.61 10.47 6.700 4.650 3.420
A7 43.20 19.20 10.80 6.910 4.800 3.530
A8 45.37 20.16 11.34 7.260 5.040 3.700
A9 48.09 21.37 12.02 7.690 5.340 3.930
Al10 50.54 22.46 12.63 8.090 5.620 4.130
PHZ 54,78 24.35 13.69 8.760 6.090 4.470
BN 34.71 15.43 8.68 5.550 3.860 2.830
Conclusion

The solid-liquid equilibrium phase diagram of PT-BN system shows the formation of simple eutectic
alloy. The activity and activity coefficient values are very useful in computing thermodynamic mixing
and excess functions. Thermodynamic excess and mixing functions g and AG™ values for eutectic and
non-eutectics are being found positive which suggest the stronger association between like molecules and
there is non-spontaneous mixing in all the binary drugs.
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