PHYSICAL PHARMACY

MORPHINE ACADEMY




Solutions of electrolytes
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Solutions of electrolytes

* An electrolyte(is a substance that ionizes when dissolved in suitable

o Ll 3 ag el yo o | ionizing solvents such as water.* " b {OH
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Solutions of electrolytes

* Electrolytes in solution have the capability to conduct electricity
through a process known as electrolysis —s (B g\s&A p2 =des
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Solutions of electrolytes

* (Strong electrolytes)includes strong acids (e.g.HNO3), strong bases
(e.g. NaOH), and(most alts (e g. KCl).
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Solutions of electrolytes

Weak ¢lectrolytes include weak acids (e.g. CH3COOH) weak bases
H3) and slightly soluble salts (e.g. AgCl/Y Fja o
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* Van't Hoff observed that the osmotic pressure (m)
solutions of nonelectrolytes such as sucrose and urea, can be
b —
expressed by the equation; N

=N 3N G o 3
A
7=RTc

c i r‘_,-\

R: Gas constant, T: absolute temperature, c: concentration in
mole/L

However; he found that solutions of electrolytes gave osmotic
pressures approximately two, three, and more times larger than
expected from this equation.

Van't Hoff Introduced a correction fact@ account for the
irrational behavior of ionic solutions, he’ wrote:

D0 g\ H @\U\-,,,p\z %T ¢

The (i) factor approximately‘equals the number of ions formed
upon dissociation (e.g. 2 for NaCl, 3 for CaCl,, and 4 for FeCly).
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Molality
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Colligative properties

Example:

What’s
20°C?

the osmotic pressure of a 2.0 m solution of sodium chloride at

Answer: the i1 factor for a 2 m solution of sodium chloride as

P

observed in the figure is about 1.9~2
=iRTm SN e
=1.9*0.082*293*2=91.3 atm
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Colligative properties

The Van’t Hoff factor can be used to express the four
colligative properties for solutions of electrolytes and
concentrated solutions of nonelectrolytes
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Electrolyte Dissociation
(Arrhenius theor

—goth;ong:l> weak electrolytes are\ fully dissociated into ions at

infinite dilution (extremely dilute solutions in which solute-solute
interactions are negligible)®=¢ Disseeiation I

r—\)
*» At_moderately concentrated solutions;) Arrhenius differentiated
between strong and weak electrolytes by the fraction of the

molecules ionized: the degree of dissociation (a)

“*\A strong electrolyte|was one that dissociated into ions to a high
degree and a weak electrolyte Was one that dissociated into ions to a

low degree. IR

+*Arrhenius determined the degree of dissociation (o) directly from
conductance measurements

SI/:%\ s\A\
B

DT UY goes GATO( O e
W TG em T 2e

%

Es%mlj elect = = fox
(/\/Q’Vh c((of /.LOK
N S

)\S
- — )

infmite Ailfjon =5

K —1 (l@@c])

2 plgiond — T = sty dectrely fe
Y

C—>o
25



26

Electrolyte Dissociation

Arrhenius theory
Example: <

Calculate the degree of ionization of 0.1 m acetic acid providing that its
freezing point is -0.188°C.

Answer: Acetic acid dissociates into !tw/o ions, so v =2.
To calculate i: AT
S

1=
ke, m
~ 0.188/ (1.86*0.1 @

It is possible now to calculate the degrge of ionization:
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ctivity and Activity Coefficient

* The large number of oppositely charged ions in solutions of strong
electrolytes influence one another through interionic attractive
forces.

@For solution of nonelectrolytes, regardless of concentration, the
number of ions is small and the interionic attractive forces are

insignificant.

()

As for strong electrolytes, ions can associate at high concentrations
into groups known as ion pairs. Thus the values of the freezing
point depression and the other colligative properties are less than
gxl_pe/_cted for solutions of unhindered ions. Consequently, a strong
electrolyte may be completely ionized, yet incompletely

_ M”\GU{C |cjem/

dissociated into free ions.

One may think of the solution as having an “effective

concentration” or, as it is called,
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Activity and Activity Coefficient

KIJD

— The activity (a), in general, is less than the actual orﬂstoichiometric X

concentration of the solute (m), not because the strong electrolytes
“are partly ionized, but rather because some of the ions are effectively
“taken out of play” by the electrostatic forces of interaction.

@ & o9
At infinite dilution in which the ions are so widely separated that
they do not interact with one another, the activity a of an ion is equal

to its concentration: C—gu( oY 9 . M5
o b gy W

[\
As the concentration of the solution is increased, the ratio becomes
ess than unity |because the effective concentration or activity of ions
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Introduction

* The solutions that cause no swelling or

contraction of the tissues and produce no

discomfort when instilled in the
&8

. blood}, or other body tissuesis

Wy
* Isotonic sodium chloride NaCl (0.9%) is
a_familiar pharmaceutical example

such a preparation.
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Isosmotic Solutions
Osmolality) and_ osmolarity ) are¢colligative properties that
dependetly

measure the concentration of the solutes independently of
@er abilify fo cross a cell membrane. )
* The unit to express the amount of osmotically active

Qov}g_\u&t@

particles in a solution is the osmole or milliosmole:

* Where n is the number of species into which the solute is

OO, el - el r T -
1 Osmol = 103 mOsmol}—s =g~
. . Q\_f"&(\3°‘§9°’7\«°"
¢ Osmolarity is the number of osmoles of solute per L/ of

* Osmolality 1s the number of osmoles of solut@f

solvent

) (/NMmoles = Number of moles X@'F
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* When two

< solvent molecules.

Momitxane

Isosmotic Solutions

solutions are separated by a perfect]
semipermeable membrane and there is no net movement of

solvent molecules across the membrane, the solutions are

isosmotic (i.e. havesmotic pressure or osmolarity).
—-

* Perfect semipermeable membran@e only to
———
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Isosmotic Solutions
When two 1sosmotic solutions contain solutes that cannot
cross the biological membrane, they are described as
ith respect to that membrane.

membrane.

non-penetrating solutes

« Tonicity (is a@of the

gradient of two solutions separated by a semipermeable

* Osmolarity takes into account the total concentration of
penetrating solutes @non-penetrating solutes, whereas
tonicity takes into account the total concentration of only

Semipermeable
/ membrane

motic

ressure

Pressure
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{Hemolytlc method
» The effect of various solutions of the drug is observed

Measurement of Tonicity

on the appearance of red blood cells suspended in the
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Hypertonic Isotonic Hypotonic
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solutions.
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@) Measurement of Tonicity

Cryoscopic Method Freeziy geind Degiression-

* The tonicity is determined from (AT; pf the solution, which is

determined theoretically from the equation AT;=K;c.

» For solutions off electrolytesSa new factor (L = iKy) is used:
AT;=Lc¢
* TheL Value for solutions that is isotonic with body fluids is

wrltten @

@
* For sodium chloride th on of isotonic solution 1@ -

w/v=0.154 M:
- L., = 0.52 °C/0.154 a
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__):1 ‘etraborate electrolytes

Measurement of Tonicity
Cryoscopic Method

TABLE 8-3
AVERAGE L;s, VALUES FOR VARIOUS IONIC TYPES*

Ll.w

1.9
2.0
2.0
34

Type Examples

Sucrose, glycern, urea, camphor

Boric acid, cocaine, phenobarbiral

Magnesium sulfate, zinc sulfate

Sodium chloride. cocaine hydrochloride. sodium
phenobarbital

Sodium sulfate, atropine sulfate

Zine chloride, calcium bromide

Sodium citrate, sodium phosphate

Aluminum chloride, ferric iodide

Sodium borate, potassium borate

Nonelectrolytes

Weak Llcurol\tcs "P%kr@

D: d1\ alent elcurolvlm

Uni- unnalcnt electrolytes
oL~ »’

-

-+ Uni-divalent electrolytes
+ Di- um\ dlL nt electrolytes
A Um ln\ ﬂcnl electrolytes
2% 1 ri-uniivalent clectrolytes

43
4.8
52
6.0)
7.6

‘From J. M. Wells, J, Am. l’hunnL.-\:\Uc Pract. Bd. 5,99, 1944,
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Methods of Adjusting Tonicity

Cryoscopic method

* In the cryoscopic method, sodium chloride or
some other substance is added to the solution of
the drug to lower the freezing point of the

lution 2° nd thus mak ni
with body fluids.

 The freezing point depressions of drug
solutions can be determined experimentally or
theoretically.

32
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Methods of A(Mng Tonicity

Cryoscopic method
Example 057" ) At »Tp ?_\f:; e
How much NaCl is required to render 100 mL of a 1% solution
of apomorphine hydrochloride isotonic with blood serum?

1% solution of the drug has a AT; of 0.08°C.

/@solution of NaCl has a AT; of 0.58°C.

o make this solution (AT; = 0.08°C) isotonic with blood (AT; =
0.52°C), sufficient NaCl must be added to reduce the
freezing point by an additional 0.44°C (0.52°C - 0.08°C).
1% 0.58°C X = 0.76%

X~ 0.44°C T

Thus, 0.76% NaCl will lower the freezing point by 0.44°C and
will render the solution isotonic.
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Methods of Adjusting Tonicity

NaCllequivalent method

7 G = A ¥ L 1C
* The sodium chlorlde equlvalen (E)ofa

is
the amount of sddium chloride that has th.
osmotic effect of 1 g of the dru
» E value can be obtained theoretically fro

value and Molecular weight of the drug.
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Methods of Adjusting Tonicity
NaCl equivalent method

™1 Viter,
* For a solution oof drug in 1000 ml of solution

1lg

_1 g = . -
Gty ek o1y eskic A g A CAa

 For a solution of NaCl with the same freezing
point depression as the drug solution

=34e8us

.Vf;)éw*
—_— E=17 Liso
T T MWt +
.
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Methods of Adjusting Tonicity

NaCl equivalent method
Example 1

Calculate the approximate £ value for a new amphetamine
hydrochloride derivative (MWt =187). The drug is a uni-

univalent salt with a L, value@ —

iso

S - o
k\ﬁ? j}x 02\ s £y )
w ] C;\‘Q_ﬂ\\jk\;@/@'&jg‘
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Methods of Adjusting Tonicity

NaCl equivalent method
Example 2

. /\Jo\c,l v ) . 2
;0\3 %/ A solution contains 1.0 g of ephedrine sulfate in a volume of
\ 100 mL. What quantity of sodium chloride must be added to

make the solution isotonic? E value for the drug is 0.23
The quantity of the drug is multiplied by its NaCl equivalent, £

— | Ephedrine sulfate: 1 g x0.23=0.23 g

0-9 — .28 =267 \The ephedrine sulfate has contributed a weight of material

osmotically equivalent to 0.23 g of NaCl.
Because a total of 0.9 g of NaCl is required for isotoniqty, 0.67

g (0.90 - 0.23 g) of NaCl must be added.

o d\ms-» O-'ZﬁJ < e J

I
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Methods of Adjusting Tonicity

NaCl equivalent method
Example 3

How much dextrose would be required to make the solution in
example 2 isotonic instead of NaCl?

Because the sodium chloride equivalent of dextrose is 0.16,

then: ;2 E=ol¢
1 g dextrose _ X > 5@\ —o.16
0.16 g NaCl _ 0.67 g Nacl f (
b ) ol:}('}':O-ls\j Neec!
X =42 g of dextrose 3
/')( X 0,4’7'_7
olbr =67
o\ b
=+

b ehy el 3\ g o i e Nedx ) A= J
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Methods of Adjusting Tonicity

White-Vincent Method
* White and Vincent developed a simplified
equation for calculating the volume V (mls)
of isotonic solution prepared by mixing the
drug with water.

V wXx|E)x/111.1 \
w: weight (g) of the drug.
E: NaCl equivalent 1y NoCl ﬁ\f/: A
Foen \ras \ g L g,
\/? Qw\o«l Velume Ol Noc\ e Bonas PURQN\NEVN »
~ 7\“(\\9\ e i \:‘;—:l‘—ﬁ:g@\')muﬁ
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QBG)A‘L \ )
_o W I
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< Methods of Adjusting Tonicity

White-Vincent Method

Example

How to make 30 mL of a 1% solution of procaine HCI isotonic
with body fluid? NaCl equivalent for procaine HCI T@\D
Weight of the drug =30 x1% =039 — 19 _ 1y |7
V=wxEx111.1 oo "od
V=03x021%x111.1

7 ml of water is added to the drug to make it isotonic, then
enough isotonic diluting so¢lution is added to make 30 mL of

the finished product.
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