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- Learning objectives

Define the terms used in solubility

Define the solubility expressions

Describe the solute-solvent interactions &
Understand the factors affecting the solubility

Determine the different systems related to the solubility

Describe what a distribution coefficient and partition
coefficient are and their importance in pharmaceutical
systems.
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Introduction )
* Solution: System in which molecules (solutes) are
o o o dissolyed in a(lvent) b i A L) bSa
2\ \ 5 o Solubility) is deﬁned in quantltatlve terms) as the

Ue>~  concentration of- {olute in a saturated solution at a
\/(certam temperature)_; ca&‘és

BT a \2/ — in a qualitative way solubility is the(spontaneous

S 7L interaction) of two or -more substances- to form a

6} \\L‘;)\ :,’/; hqnfo.gen?ous m.olecular dispersion.

sy~ * Solubility is an intrinsic material property that
5h J/D
‘P N

can be altered only by chemical modification of
the molecule
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LI ! o g s ) B S horedi
)su,, > Introduction ;= dwc"* el
-(Dlssolutlon the rate at which the drug dlssolves from uaMUu‘\
the solid state. | %y\.f“”

° 1 | av’
dissolution is an extrinsic material property that can P°M. 'V

be influenced B e

ch by the followmg modifications: 7 %5 ‘\f:" 4

Chemical —» _ len) /,9‘,; 9\:v /,:_.z,‘d (i
@7 Physwal-d’ﬂ( *“5).«\ '

= suie

(Z’- Crystallographic means such aécomplexatlon>
0 Particle size '
@? — Surface prgperties——bLﬁJ ’
— Solid-state modification
@- Solubilization enhancing formulation strategies
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“H” 5 ~  Introduction

(_aturated solution) is one in which the solute in
UJ >
'~ -~ solution is in equilibrium with the solid phase at
— '~ defined temperature and pressure.
G

'\ o775 W;
)7 i Solublh Expressions
_ * The solubg;)ty ofa drudo may be expressed in a number of ways
‘ Q..,JJ » molality, molarity, and percentage.
« USP list the solubility as the number of milliliters of the solvent
_required to dissolve 1 g of solute. - *.Solvend) copn L S ) oS \

. Descri;ﬁtive solubility terms according to the USP L«—og 1 D9 'L
e I S T WY Solute

SOLUBILITY DEFINITION IN THE UNITED STATES PHARMACOPEIA

Description Forms Parts of Solvent Required Solubility Rang
X (Solubility Definition) for One Part of Solute (mg'mL)
" Very soluble (VS) <l >1000
) e~
/7 Freely soluble (FS) From 110 10 100-1000
}\, Soluble From 10 to 30 33-100
! 'S Sparingly soluble (SPS) From 30 to 100 10-33
2/77° . ].3 Slightly SOIE!@' (SS) From 100 to 1000 1-10
o K ¥ 4 % P Very slightly soluble (VSS) From 1000 to 10,000 0.1-1
N2> Practically insoluble (PI) >10.000 <0.1
i —4\/
7/
y\ww&'["“’)”)\ukbds%

&‘(\{\Jﬁ /)\L/ks LgJS
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SOLVENT-SOLUTE INTERACTIONS

Pol av 03" Polav

s &7 \L ”T—‘i . .
\Ses 4 like dissolves like)
. Exafgglss:de,\, M Whle, S da
— Water: good solvent for sugars and salts
= Mineral oil: Solvent for substances that are normally only slightly soluble in

water
- Factors determine the solubility: Figo = LB
\s Polarity of the solvent ~s) do )= e I
> Digeut D TBE7 Wi bree?
@‘ » Dielectric constant f Sk fo\’cw{\)\b e Dyalee ric Consh
3 :)nteractions between the solvent-solute: Polar)) sL ) 5 s :
\“/_S.\,\ > iy The ability of the solute to fo@ond with the solvent

s y\;) — WZQ\: dissolves compounds that_can form hydrogen bonds with it (e.g:
: YA": \ ?)J) phenols, alcohols, aldehydes, kggnes, amines, and other oxygen- and nitroge ;
: containing compounds) e Pasitiew L 23— 5 R :
g 3 ov ,/ o
A{; e i — Lewis electron bl "o TS lrvv('

r-acceptor sense also contributes to specific interactions in

. g solutlor'ls ——;":G’::L, e
-\ev/ — The ratio of the polar to the nonpolar groups of the molecule 6L 305 § gf)\
7~ —— | ‘
W kD, PSS - oS
‘d ' L o \ & A \
97}]/ />\.)-;,/;,; H—V”V g
\J: O‘f"’ e 3 ‘oow&
G’

SOLVENT-SOLUTE INTERACTIONS

« Straight-chain monohydroxy alcohols, aldehydes, ketones, and acids b(q\\c)“‘ﬁ
with more than four or five carbons cannot enter into thq%:.?\}é%-
hydrogen-bonded structure of water and hence are only slightly gt N '
soluble s\ ;:e_»’.‘*‘/‘ LN 592 0 8o 00 A SL 0] | o sel o

So A . . :
- If additional polar groups are present in the molecule, as found in ( #\*“%"

\,\0

propylene glycol, glycerin, and tartaric acid, water solubility ——
increases greatly. - / A \,}/
f‘, o

 Branching of the carbon chain reduces the nonpolar effect anc} /05/" geovt
leads to increased water solubility. 7?? Why

I LS
. L SCUD AL P (4N
— Tertiary butyl alcohol is miscible in all proportions with water, whereas n-""

butyl alcohol dissolves to the extent of about 8 g/100 mL of water at 20-C.

/

Scanned with CamScanner


https://v3.camscanner.com/user/download

SOLVENT-SOLUTE INTERACTIONS

* Polarity of the solvent

'\ Polar solvent:
* High dielectric constant
» break covalent bonds and ionize weak electro]ytes
* Form H-bonding with the compounds
= Water dissolves salts, sugars
= |Non-polar solvents: )
= Low dielectric'constant
= Cannot break covalent bonds and ionize weak electrolytes

\ Slew ) /0//:3-’\—’ . ';l'hey cannot form hydrogen bridges with none]ectrolytes
- N -8 Nonpolar compounds, however, can dissolve nonpolar solutes with _similar
internal pressures through mduced dipole interactions (Vander waal,
London) . sl
» Examples: oils and fats dissolve in carbon tetrachloride and benzene
W\/‘/‘/M\’/_\_/

SOLVENT-SOLUTE INTERACTIONS

e e Semi-polar solvents: )
2\,1\) o " ketones and alcohols
= \‘.)) ~ '« Can induce a certain degree of polarity in nonpolar solvent molecules
-\ )\i,( * Semipolar compounds can act as Qntermediate solvents )to bring about
‘(\9‘(\ ‘?0\ miscibility of polar and nonpolar liquids. *’WT

5 \/ % acetone increases the solubility of(ether in }vater)

: . ape
),9’5 & S S *"‘?(',b

2 ;
o/

N
el
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Yo\s5 }S\L ¢ AW
Factors mﬂuencmg the solublllty

. The 1emlcal nature of the compound
(U« Polar to nonpolar groups ratio A polot)) & ‘\A——J

Now

SSAPR® e subtition - EFRIT, Punchl] A oyronl
¢~ The surface area of the molecules

” /‘S ;S:.,\ * Structural features and aqueous solubility:

6\5&\‘})\0“‘ — Size, shape, and surface area are important to predict the solubility
\'A__K

23 X = Cngaling = oy
ps S\ — Hydration and solvation
»-J\ o)

/ — Chain branching influences the solubility
H /

é’ Other solubility predictors could be the melting point and the boiling point

1Boiling point | solubility T 8.p

tMelting point | solubility M.p s
S

q3))

Factors affectmg the solubility

J dé/ wﬂ" '4 \o S
| e )\f’/

| + Substituents ™ <2

* Substituents affect the solubility of molecules in water

drophilic or hydrophobic type (depending on their polarity)

* The position of thle s&?sﬁtuent 1nﬂuence its effects on the solubility

. \7\{-){'\') OH
2 Z .
'\’}q@{’\}? \ ’ . Ok VJ)
o /’v 4 . ey ol met= OH . Pw-—
> a 0.6 mole/LW/)b [V

m.p 170 °C H b‘d)l"”

Scanned with CamScanner


https://v3.camscanner.com/user/download

Factors affectmg the solubility

‘u\/\lv)’ L o /L _Ee:\lah-“'))__y
COL R N I 0
* The effect of pH/on the solubility of the ionized drugs o

* The great majority of the drugs are organic electrolytes, there are 4
p@,amﬂtexs_detexmme.thelr_solubﬂlty
~ Their degree of ionization
— Their molecular size -r,j, J_.:H°‘¢9! ul Lels
— Interactions of substifuent groups wnh the s_l;gm

@ — Their crystal properties

Solubility of solids in liquids

 The most common and important tlp_e'
* Factors determine the solubility of solids in

liquids - S~ .
VI pH) 2 Lot IS
/\.’

)
e Acidic drugs—¥"
, § —Q_ow solubility in acidic soluuongandﬁgher solubility in basic soluuons)
- — pH below which the acidic drugs begins to precipitate ~—p pH < PKer

s asic drug ij)m w\momz&
\t:x),:o" —Qlwh solubility in acidic solutlons)aﬂcﬂp\\ er solubility in basn% )

— pH above which the acidic drugs begins to precipitate g@
* The predomm;nt@gdlssoclated species_can not _interact with

water molecules/like the IW w hlch is readlly hy drated

— ——

¢ 1 L@
- \o\u.b\\\d‘ \b\,\-\z/e/cl\ )]f—,JL)—pq q_,\,,} JC’J}C{"}BCOOU J

e A Sele— ; : i
. Lol G \32 a5 0 oMo ™
- 1
'\OV\\Z&C‘ ) (
) &,\)\’n-/' T;"c\V\.Sx" ‘—"3"'“"‘"#
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Calculatmg the Solubility of Weak Electrolytes
as Influenced by pH

* Ifwe represent the drug as HA and the total saturation
solubility of the drug as S and iff 1s the solubility of the
undissociated species HA. ab

—
. Then{the total solubility is the sum of the solubility of ionized
4nd unionized forms thaeYs

S=S, + concentratlon of the ionized species

Mv/ N 3'3 e M

J&"\‘DH c\/>)) wmwan%(ﬁ Y/;L—vbcl‘?[z = iQH éhwu’@«—%)’

« Example:
fo =
"+ Whatis the pH below whlchgulif;c;azme acid, ka—6 48
T begins to precipitate in an mﬁl‘smn fluid, when the initial molar
concentration of sulfad1azme sodlum is 4x102 M and the
solubility of sulfadiazine is 3.07x102 M7 S &5 ay S
Ao 4x102-3.07x102 ) PH
pH-6 48+10" 3 O7X10_2 FU—W E;U .
b seid ~ |yl el P
—8 Gz iy
' 1 e 257 k’j
; x {
/ﬁy\/p . J () \b&\%‘j‘w
S \’ ¥ 5 ~ust1 a2
(A «/l ¥ v et N
.9 : 5. ¢
1 D}

T
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* For basic drugs:

— Such as ranitidine are more soluble in acidic solution,
where is the 1omzed form of the drug is predommant

-g/pII pka+log S—S— \7
_.* (Amjmterlc drug_}vd;-

— Several drugs and amino a01ds peptides, and proteins are |
(\A)* ~  amphoteric: displaying both acidic and basic characteristics
\

— Use the equation fo{ basic dru0§) a(ﬁ )Jal
< o —

Q¢ _,J!/\‘\‘dg/ isoelectric point

& — Use the equation forémdlc drugs)lt pH values(above)the
isoelectric point s o
2. Solvents !iKe diselve [ike

e . "
* Frequently, a'solute is more soluble in a
mixture of solvents than in one solvent alone -

bl e
3. Particle size

N
s jwpch'u)‘/\/huj
s

ct,,,u\
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Techniques to enhance the solubility

. b ?;”’
" \\,) \Q b 4
‘\f’ ComplexatlolL/ Ly Yy ﬂsw#ch»LW’
I Solubilization by surfactant{—2
5 NG Misclrsolbilan G Lol
i‘\;;’\ > icroemulsion sz = w(Eeg
o a\ self emulsifying drug delivery syﬁtem ,
N ;C, v/ Chemical modification) ~

— Salt formation—4> v

= solvencyN X1vsoe’
t Cosolvency A5
~ »N, /—Mixed of solvent Sau

Complexation

o2 * Cyclodextrins (CD): enzymatically modified starch
15 '-— B * Glucopyranose unit forms the ring

0”// L,)?-@CD a ring of 6 units > PIEASE
5

)\" sl L*CE)CD a ring of 7 units ,'a_);;l/'

gl Gl CD: a ring of 8 units
)9 TS )

* The ring is a cylindrical, the outer surface being
thdronhﬂhc‘hnd the internal surface of the cavity being
non-polar
* Appropriately sized lipophilic molecules can be
accommodated wholly or partially in the complex.

— The host-guest ratio is usually 1:1
— —
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Complexation

* Encapsin: HPB-CD is available for
pharmaceutical use
— 10% can enhance the solubility M\e@we
by 118 time: times, of diazepam 21 time, and of

ibuprofen 85 fimes ~

Cosolvency

 Common water miscible solvents used in pharmaceutica]
formulations
# Ethyl alcohol )
e AR
% Propylene glycol ‘
P Glycerol

& Polyoxyethylene glycol (PEG C—°5°\U"f("‘

rA«\)/tp/”‘//*‘J ¥

* Toxicity consideration

e
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Cosolvency
. el pootany
# \\ The solubility of

/ phenobarbital in:
/ / (A)Glycerol-water

/ (B)Ethanol-water
/ / 2 Ng

aibeecil

% PRV 1S

;S

¢ (C)Ethanol-glycerol
LR L e

boebared
- el s

Pherobar bt (1]

1 i »/ Asa function of the
, 1' / / ;\3’)’) Per@_@g@ggsition
N / i of the mixture
l / i
2- ,
e —{.‘{.— — il il
Salt formation

e e e e

» Most commonly used method to enhance the solubili of
weak acidic and weak basic drugs '

* pH-solubility curves must be determined to investigate the
solubility enhancement by salt formation
R e W I g

ml of water to
Drug X dissolve 1 g of
\ oA sl e s Ll S
b aSp4——Atropine  — W e ﬁ;}
|_—~Atropine sulfate 0.
P e 4 S‘“\Q}QA e & " Codeime 120
} e J—' /5 ' ! fv) 3y Codeine sulfate 30
o | \)J |\~ % ' Codeine phosphate 25
& \’ \ /Rp 9 Morphine 5,000
Ll o\,_/) : Morphine sulfate 16
¢ o ' Sulfadiazine 13,000
Sodium sulfadiazine 2
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Y
5
»

* Salt foggl_a_tio_n_in_CLC_QS;CLhﬁfﬁlu ili

bility compared to the free

,(' extent/of increase depends on the type of
PO V] .. \ZA

\ * Properties must be consid

drg Howeyverth

. \/"’(’ salt formed.)

O Stability
= Bolmomhin
~ Hygroscopicity

— Mechanical properties
D AR e —

5
¢

Salt formation

— Route of administration

ared to the fre

ered to determi

ered to determine the proper;salt:

Salt formation

e
Re”
— Route of administration e
Sl > gt
o
Drug substance | 5y nrenolol /’) w
Dosage form | Conventional | ~.¢ Conventional
| tablet OROS  |tablet QRQS
Jedery) 4IRS
salt ‘f*"’) M"ﬁydrochloride Su:!:inate Tartarate Fumarate
C evwenn?) —] ——"
Solubility in H,0
(mg/ml) at RT 720 498 750 435
Oral solutions: stability and taste
Parenteral: b oy 5
/
S°">’\

Diclofenac sodium: oral and parenteral,\

Diclofenac diethylamine: topica
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Dlstrlbutlon of solutes between
1mmlsc1ble solvents

* If an excess of liquid or solid is added to a mixture of two ) s ,9 ;Jl +
immiscible liquids, it will distribute itself between the two
phases so that each becomes saturated.

« If the substance is added to the immiscible solvents inan ~ Fvawici¥e
amount insufficient to saturate the solutions, it will still Lbfvg")
become distributed between the two layers in a definite 5y by
concentration ratio.

S M5 7 e s
i‘@mmwgf@e_ntfﬂ& e ﬁ%\pﬁ

I b

K—-—- (Distribution law) ua.l@f A o\ s A

P % fn
P jﬁf - Dlstrlbutlon ratio, We lﬁlelﬁ"-“ /0 /,5 ).«_ﬁ

/ or partition coefficient.
Ty~ b A S5
- (_%9..» ) ¢z water
o/ \4 3

(/ )\
\

Oil

C\g\

\@

Distribution of solutes between

immiscible solvents
\,...) peric ‘\Q\’A
« Exampl 2
. WNh’egP;)jr\gggcj\ls distributed betweeﬁ\vater,\andmm o)
42t 25°C, the concentration in water: is found to be 0.0510 M
“and in amyl alcohol it is found to b@hat is the
%m" \;J distribution coefficient?

7\/’9] K =Cizo_0.0510 {3_29 ) ‘/L\, A’\ y;on‘f g ) /’S/

0.0155

D B e » et
\ 1//9 ;} \ o / T
W\ * One should always specﬁy, which of these two ways the
)6 \10 distribution constant is being expressed.
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Application of Kin the

— J

pharmaceutical field

Fopt o, «@=Preservation of oil-water systems -
w7 . Ty o
o Drug action at nonspecific sites, and the /5
A N : N N
A V»}f * Absorptiqn and distribution of drugs . f: L
>\ \S\ ' (wéf} // '
A
.\ | &
ApP
M
5 k‘ e
N

Application of K in the
pharmaceutical field

« In pharmaceutical discovery and pre-formulation studies, the
n;qg&a_qol/water partition coefficient of drugs is calculated

P=C ectana mew il Eor2 ) \sA JPu s sy

@ i adues ‘ ;
. . water ; . » 2

+ This partition coefficient is used as a meabiré ot drig”~ ~ ' ~o A
lipophilici vy

* In drug delivery, the lipophilicity/hydrophilicity balance has eclq \)ot\.‘

been shown to be a contributing factor for the rate and extent ~— ——
of drug absorption B

* In practice logP value is calculated and use q/‘)s) Ly =) 6’,@@%@\,&
T

0 O\ 2»\¥ - LogP>L lipophilicdrug P S o be A
- o> LogP<I_ hydrophilic drug Lo b le ) mewbrng | 2P S
O )\ 6—’ gt e /o e = .
o|'\ P\’\)‘\l{
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Application of K in the
pharmaceutical field

. n—octylfpropemes reassemble the lipid bilayer membrane.
Therefore, dlstrlbutlon of substance into the octanol represent,
to a certain extent their ablllty to passwely diffuse across the

le membranes s T
A8 For ionizable drugs, logP wﬂl be(ﬁﬁ? dependent Pu
* The required logP value de e route of adminis e drug

(its different for different membranes that the drug has to cross)

« As a general rule(maximum ﬂux)wﬂl occur atlog P value=3 | yp
Y e

s 5 /o/‘p © dﬁ&"ﬂkeu\\—

eV

oy

The End
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