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PHYSICOCHEMICAL* PROPERTIES OF ELECTROLYTE* SOLUTIONS
Molarity* and Equivalence*

The amount of a substance dissolved in a solution (i.e., its concentration) is expressed in
terms of either molarity or equivalence. Molarity is the amount of a substance relative to
its molecular weight. For example, glucose* has a molecular weight of 180 g/mole. If 1
L of water contains 1 g of glucose, the molarity of this glucose solution would be
determined as:

1gl. 00056 /L.
W Q. moles/L or 5.6 mmol

(1-1)

For uncharged molecules, such as glucose and urea*, concentrations in the body
fluids are usually expressed in terms of molarity. Because many of the substances of
biologic interest are present at very low concentrations, units are more frequently
expressed in the millimolar range (mmol/L or mM).

The concentration of solutes*, which normally dissociate into more than one
particle when dissolved in solution (e.g., NaCl), is usually expressed in terms of
equivalence. Equivalence refers to the stoichiometry* of the interaction between cation*
and anion* and is determined by the valence* of these jons. (a) For example, consider a
1-L solution containing 9 g of NaCl (molecular weight = 58.4 g/mole). The molarity of
this solution is 154 mmol/L. Because NaCl dissociates* into Na* and Cl' ions, and
assuming complete dissociation, this solution contains 154 mmol/L. of Na* and 154
mmol/L of CI'. Because the valence of these ions is 1, these concentrations can also be
expressed as milliequivalents* (mEq) of the ion per liter (i.e., 154 mEqg/L for Na* and
CI', respectively). '

For univalent* iong, such as Na* and CI, concentrations expressed in terms of
molarity and equivalence are identical. However, this is not true for ions having
valences greater than 1. Accordingly, the concentration of Ca*™ (molecular weight =
40.1 g/mole and valence = 2) in a 1-L solution containing 0.1 g of this ion could be
expressed as:

01gL  _ps, o
WA g el

= 2.5 mmol/L x 2 Eq/mole = 5 mEq/L (1-2)

Although some exceptions exist, it is customary to express concentrations of ions in
milliequivalents per liter.
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Osmosis* and Osmotic Pressure
The movement of water across cell membranes* occurs by the process of osmosis. The
driving force for this movement is the osmotic pressure difference across the cell

membrane. Figure 1 illustrates the concept of osmosis and the measurement of the
osmotic pressure of a solution.

Initial condition Equllibrium condition

I

e B A ———— B

T—— Semipermeable membrane-——T

@) Figure 1 Schematic representation of osmotic water movement and the
generation of an osmotic pressure. Compartment A and compartment B are
separated by a semipermeable* membrane (i.e., the membrane is highly
permeable to water but impermeable to solute). Compartment A contains a
solute, and compartment B contains only distilled water*. Over time, water
moves by osmosis from compartment B to compartment A, (Note: This water
movement is driven by the concentration gradient* for water. Because of the
presence of solute particles in compartment A, the concentration of water in
compartment A is less than that in compartment B. Consequently, water moves
across the semipermeable membrane from compartment B to compartment A
down its gradient). This raises the level of fluid in compartment A and
decreases the level in compartment B. At equilibrium®, the hydrostatic
pressure* exerted by the column of water (h) stops the movement of water
from compartment B to A. This pressure is equal and opposite to the osmotic
pressure exerted by the solute particles in compartment A .

Osmotic pressure is determined solely by the number of solute particles in the
solution. It is not dependent upon such factors as the size of the solute particles, their
mass*, or chemical nature (e.g., valence). Osmotic pressure (), measured in
atmospheres™ (atm*), is calculated by van’t Hoff’s law* as:

7t (atm) = nCRT (1-3)

where:

n = Number of dissociable particles per molecule
C = Total solute concentration
R = (Gas constant

T = Temperature in degrees Kelvin* (°K)



For a molecule that does not dissociate in water, such as glucose or urea, a solution
containing 1 mmol/L of these solutes at 37°C can exert an osmotic pressure of 2.54 x
10 atm as calculated by equation* 1-3 using the following values:

n=1

C = 0,001 mol/L

R =0.082 atm L/mol°K
T=310°K

Because 1 atmosphere equals 760 mm Hg* at sea level, t for this solution can also
be expressed as 19.3 mmHg. Alternatively, osmotic pressure is expressed in terms of
osmolarity* (see the following). Thus, a solution containing 1 mmol/L of solute
particles exerts an osmotic pressure of 1 milliosmole/L (1 mOsm/L).

For substances that dissociate in a solution, n of equation 1-3 has a value other than
1. For example, a 150 mmol/L solution of NaCl has an osmolarity of 300 mOsm/L
because each molecule of NaCl dissociates into a Na* and a CI" ion (i.e., n = 2). (C)I_f
dissociation of a substance into its component jons is not complete, n is not an
( ). Accordingly, osmolarity for any solution can be calculated as:

Osmolarity = concentration x number of dissociable particles (1-4)

mOsny/L = mmol/L x # particles/mole (#: number)

Osmolarity and Osmolality*

Osmolarity and osmolality are frequently confused and incorrectly interchanged.
Osmolarity refers to the number of solute particles per 1 L of solvent®, whereas
osmolality is the number of solute particles in 1 kg of solvent. For dilute solutions, the
difference between osmolarity and osmolality is insignificant. Measurements of
osmolarity are temperature dependent because the volume of solvent varies with
temperature (i.e., the volume is larger at higher temperatures)..In contrast, osmolality,
which is based on the mass of the solvent, is temperature independent. For this reason,
osmolality is the preferred term for biologic systems and is used throughout this and
subsequent chapters. Osmolality has the units of Osm/kg H,0. Because of the dilute
nature of physiologic* solutions and because water is the solvent, osmolalities are
expressed as milliosmoles per kilogram water (mOsm/kg H,0).

Tomnicity*

The tonicity of a solution is related to its effect on the volume of a cell. Solutions that
do not change the volume of a. cell are said to be isotonic*. A hypotonic* solution
causes a cell to swell, and a hypertonic* solution causes a cell to shrink. Although
related to osmolality, tonicity also takes into consideration the ability of the solute to
cross the cell. membrane.
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Congider two solutions: a 300 mmol/L solution of sucrose* and a 300 mmol/L
solution of urea. Both solutions have an osmolality of 300 mOsm/kg H,O and therefore

are said to be isosmotic (i.e., they have the same osmolality). @) When red blood cells*,
which for the purpose of this illustration also have an intracellular* fluid osmolality of
300 mOsm/kg H,0O, are placed in the two solutions, those in the sucrose solution
maintain their normal volume but those placed in urea swell and eventually burst. Thus,
the sucrose solution is isotonic and the urea solution is hypotonic. The differential effect
of these solutions on red cell volume is related to the permeability* of the plasma
membrane* to sucrose and urea. The red cell membrane contains uniporters* for urea.
Thus, urea easily crosses the cell membrane (i.e., the membrane is permeable to urea),
driven by concentration gradient (i.e., extracellular* [urea]* > intracellular [ureal). In
confrast, the red cell membrane does not contain sucrose transporters*®, and sucrose
cannot enter the cell (i.e., the membrane is impermeable to sucrose).

To exert an osmotic pressure across a membrane, a solute must not permeate® that
membrane. Because the red cell membrane is impermeable to sucrose, it exerts an
osmotic pressure equal and opposite to the osmotic pressure generated by the contents
of the red cell (in this case 300 mOsm/kg H,O). In contrast, urea is readily able to cross
the red blood cell membrane, and it cannot exert an osmotic pressure to balance that
generated by the intracellular solutes of the red blood cell. Consequently, sucrose is
termed an effective osmole and urea is an ineffective osmole.

To take into account the effect of a solute’s membrane permeability on osmotic
pressure, it is necessary to rewrite equation 1-3 as:

Tre™ (atm) = o(nCRT) (1-5)

where © is the reflection coefficient* or osmotic coefficient and is a measure of the
relative ability of the solute to cross a cell membrane.

ey For a solute that can f{reely cross the cell membrane, such as urea in_this
examule g=0, and no _effective oamotic m'eqsm'a* is exerted, Thus urea ig an

1e cell membrane Q,c_._sucrose _._Such a subsiance is smd to be an ctfcclwe osmole.
Many solutes are neither completely able nor completely unable to cross cell
membranes (i.e., 0 < ¢ <1) and generate an osmotic pressure that is only a fraction of
what is expected from the total solute concentration.

(Bruce M. Koeppen, Bruce A. Stanton., Physicochemical properties of electrolyte
solutions. Renal Physiology, 2007 & ¥, —¥#i3Z5)
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