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Abstract: 
Isotonic solution is the solution having same osmotic pressure as that of the RBCs. The iso tonicity of the solution can be measured by 

the variation in the weight and the volume of the solvent present in sample .The device consist the container A which is made  of the 

semi-permeable membrane in which the test solution is added. Container A is fit ted in container B which consist the isotonic solution. 

Weight of the container A solution varies with respect to the tonicity of the solution due to osmosis. 
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I.INTRODUCTION  

Isotonic solution is defined as the solution having the same 

osmotic pressure as the Red Blood Cells (RBC). So lution 

having the same osmotic pressure are said to be iso-osmotic. 

This is an absolute term indicating that the solutions have 

exactly the same number of solute units (molecu les or ions). 

Such solutions would be in equilibrium if separated by a perfect 

semi-permeable membrane. So lutions having same iso-tonicity 

as that of RBCs are 0.9% w/v NaCl solution, Dextrose solution 

and boric acid. 

 

Hypertonic Solutions  

These are the solution having the high osmotic pressure then 

0.9% NaCl solution. The solutions have the less number of 

solute then RBC hence the solvent is transferred outside the 

RBC through the semi-permeable membrane and RBCs is 

shrieked.  

 

Hypotonic Solutions  

These are the solution having the low osmotic pressure then 

0.9% NaCl solution. When the RBCs are placed in the solution 

which is having the more number of solute particles then RBCs 

the solvent is transferred into the RBC through the semi-

permeable membrane, so the RBCs swell and burst. 

 

Pharmaceutical importance  

It is important for a solution to be isotonic with a bodily flu id to 

prevent irritat ion and cell damage, and to maximize drug 

efficacy. If a hypotonic solution (with lower osmotic pressure 

than that of a bodily fluid) is admin istered intravenously water 

will pass into the red blood cells, causing them to swell and 

possibly burst (haemolysis). If a hypertonic solute on (with 

higher osmotic pressure than that of a bodily fluid) is 

Admin istered intravenously then water is drawn from the cells 

in an attempt to dilute the solution, causing them to shrink.  

 

 

 

Method to adjust the tonicity of the solution: 

 Freezing point depression method 

 NaCl equivalent method 

 White Vincent method 

 Sprowl method 

 Molecules  concentration method 

 Graphical method on vapor pressure and freezing 

point determinat ion 

 

Construction of tonicity Detecting Device  

It consists of the two columns, which are separated by a semi-

permeable membrane which may be natural obtained from the 

egg. Volume of the solution required is  5-10 ml, in which one 

column consist standard isotonic solution and another solution 

consist of the test solution. Weighting balance is attached to the 

sample solution column which detects the weigh deviation in  

the sample solution. Weight of the sample solution varies due 

to tonicity respect to standard solution which leads to transfer 

of the solvent through the semi-permeable membrane due to 

osmosis.   Schematic d iagram is shown in figure no 1.  

 

Extraction of the semi permeable membrane from egg 

Take the egg Using a straight pin, carefully pierce the large end 

of the egg shell and take out the all the egg yolk. And dip the 

egg shell in the con H2SO4.which leads to dissolving of the egg 

shell and separation of the egg membrane. It was washed with 

the purified water and used for the tonicity detecting device. 

Egg shell made up of the caco3.when Sulfuric acid reacts with 

calcium carbonate to produce calcium sulfate, carbon dioxide 

and water which leads to separation of membrane  

 

II.PRINCIPLE  

Weight variation:-The equal amount of standard and reference 

solution is added in both the columns respectively. Weight of 

the sample solution is changed due to osmosis and weight 
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variation can be detected by the weighting balance which 

helpful to detect the tonicity of the solution with respect to the 

standard solution. Schematic diagram is shown in figure no 1. 

The device should be kept in a dececator (where no 

atmospheric effect on weight).  

 
(a)  

 

(b) 

Figure No.1 Schematic diagram of (a) columns containing  

standard (pink) and test solution (purple) attached with 

weight sensitive detector (b) weight sensitive detector.  

Different deviation in weight of the sample solution  

If the reflect ion in arrow of the detector is:- 

 - Isotonic 

 

 -  Hypotonic. 

 

  - Hypertonic  

 

If the no deviation in the weight of the sample solution its mean 

the sample is iso-tonic with respect to standard solution. If the 

weight of the sample solution increases its mean the solution is 

hypertonic in nature it is because the osmosis the solvent runs 

from the lower concentrated solution to higher concentrated 

solution through the semi-permeable membrane here solvent 

transfer from standard solution to sample solution which leads 

to increase the weight of the test solution. If the weight of the 

sample solution decrease in the container A. its mean sample 

solution is hypotonic in nature it is because the osmosis the 

solvent run from the lower concentrated solution to higher 

concentrated solution through the semi-permeable membrane 

so here solvent transfer from the sample solution to standard 

which leads to decrease the weight of the sample solution.  

Device Description for detect the degree of tonicity  

The device consist the container A. At which bottom semi-

permeable membrane is attached in which the test solution is 

added. Container A is attached with weigh sensor device which 

help us to determine how much weight variation occurred due 

to osmosis. Container A is fitted in container B which consist 

the isotonic solution (0.9%NaCl).  

 
Fig. No 2  Schematic diagram of device used to detect 

isotonicity. 

III.PROCEDURE:  

When the test solution is hypertonic:  10 ml test solution is 

added in container A and weight sensor shows weight w1. 

Because the solution is hypertonic, so solvent transfer from 

container B to A. So the container A weight increases and its 

weight changes to w2. The solvent from B to A until it becomes 

isotonic to B The iso-tonicity of the container B is maintained 

by the solvent present in container C. Now we can calculate the 

degree of hyper tonicity of the sample solution.  

 

Table no:1. Observation and calculation 
S NO CON OF 

SOLN(gm/100ml)  
VOLUME OF 
SOLN (ml) 

INTIAL 
WIEGHT 

(ml) 

FINAL 
WIEGHT gm 

NET WIEGHT 
gm 

VOLUME OF 
SOLN 

ml 

A 1.1 10 35.7589 36. 7983 1.0394 1.039 

B 1.2 10 35.8657 37.6782 1.8125 1.812 

C 1.3 10 35.8243 38.1025 2.3582 2.358 

 

Mathematically:     w2-w1= w 

Where, 

 

w1- weight of container A that contain sample solution which is 

hypertonic. 
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w2- weight of container A that contains sample solution which 

is converted to isotonic. 

w- Weight of solvent required to make the hypertonic solution 

to isotonic solution 

In hypertonic solution A the 1.039 ml of solvent required to 

make the solution isotonic. 

In solution   B   1.812 ml   of   solvent required to make the 

solution isotonic. 

In solution   C   2.358ml solvent required to make it isotonic. 

 

Fig. No 3 Graph represent on X axis concentration of the 

sample solution and Y axis amount of weight increased. When 

the concentration of the solution is increased then weight of the 

test solution is also increased which show the linear 

relationship between the increase in concentration and increase 

in hyper-tonicity. When the test solution is hypotonic:  10 ml 

test solution is added in container A and weight sensor shows 

weight w1. Because the solution is hypotonic, so the extra 

amount of solvent present in solution is transferred from 

container A to B until it become isotonic with container B. the 

device show how much extra amount of solvent is present in 

the test solution with respect to the isotonic solution due to 

which it became hypotonic. 

Table no: 2. Observation and calculation 

S 

NO 

CON OF 

SOLN(gm/1

00ml) 

VOLUME OF 

SOLN (ml) 

INTIAL 

WIEGHT  

(ml) 

FINAL WIEGHT 

gm 

NET 

WIEGHT 

gm 

VOLUME OF 

SOLN 

ml 

A .4 10 37.2572 31.9856 5.2716 5.271 

B .5 10 37. 4488 32. 5681 4.880 4.880 

C .6 10 37.5643 33.7698 3.794 3.794 

 
Mathematically:              w1-w2= w 

Where: 

w1- weight of container A that contain sample solution which is 

hypotonic. 

w2- weight of container A that contain sample solution which is 

converted to isotonic. 

w- Weight of solvent due to which the solution is hypotonic. 

 

 Now  the weight of the solvent is converted into volume  

 

d = m/v  

v = m/d  

Where; 

d- Density of the solvent. 

v- Volume of the solvent. 

m- Weight of the solvent. 

Here, V is the extra amount of solvent present in the test 

solution due to which the solution is hypotonic. If we make this 

volume of the solvent isotonic, then the whole solution 

becomes isotonic. In hypotonic solution  B the  4.880 ml 

solvent was extra due to which solution was hypotonic  if we 

make the 4.880 ml solvent isotonic then solution become 

isotonic so .9gm of Nacl required making   100ml of purified 

water to isotonic .0432gm of Nacl required making 4.880 ml     

purified water to isotonic  In hypotonic solution  A the  5.271ml 

solvent was extra due to which solution was hypotonic  if we 

make the 5.271 ml solvent isotonic then solution become 

isotonic so 9gm of Nacl required making   100ml of purified 

water to isotonic In hypotonic solution  C  the  3.794 ml solvent 

was extra due to which solution was hypotonic  if we make the 

3.794 ml solvent becomes isotonic then solution become 

isotonic so .9gm Nacl required making 100ml purified water to 

isotonic .0341gm Nacl required making 3.794 ml solvent to 

isotonic  

 

y = 6.594x - 6.1761 
R² = 0.9902 
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Fig. No 4 Graph represent on X axis concentration of the 

sample solution and Y axis amount of weight decreased in 

container A. when the concentration of the solution is 

decreased then weight of the standard solution is also increased 

which show the linear relationship between the decrease in 

concentration and increase in hypo-tonicity. 

 

Degree of Hyper-tonicity and Hypo-tonicity: 

Degree of tonicity is the quantitative relationship between the 

concentration of the solution and the tonicity. By this we can 

quantitatively estimate the change in the tonicity of the solution 

with respect to the change in the concentration. This 

quantitative estimation is helpful to us for adjustment of 

tonicity of the solution. 

Degree of Hyper-tonicity- As the concentration of the test 

solution is increased then weight of the test solution is also 

increased which show the linear relat ionship between the 

increase in concentration and increase in hyper-tonicity shown 

in fig no 3. Increase in weight of the container A represent the 

amount of the solvent required to make it isotonic.  

DEGREE OF HYPER TONICITY   WEIGHT OF THE 

CONTAINER A 

Degree of Hypo tonicity:-  As the concentration of the test 

solution is decreased then weight of the test solution is also 

decreased which show the linear relationship between the 

decrease in concentration and increase in hypo-tonicity shown 

in fig no 4. Decrease in weight of the container A represent the 

extra amount of the solvent present in the sample solution make 

due to which sample solution is hypotonic. 

DEGREE OF HYPER TONICITY   WEIGHT OF THE 

CONTAINER A 

 
Fig. No 5 Schemat ic diagram of graph representing degree of 

tonicity. As the weight of the sample is increased lineally with 

increase in the concentration of the sample solution and  

decrease in the weight of the sample solution with decrease the 

concentration of the  sample solution 

 

IV.ADVANTAGES OF THIS METHOD 

1. By this method we can calculate the degree of hyper 

tonicity and hypo tonicity. 

2. This method can be used for adjusting the isotonicity 

of hyper tonic solutions and hypotonic solution  

3. This method is cheap  

4. No need of blood sample to detect the tonicity of the  

solution 

 

V.CONCLUS ION 

It is important for a solution to be isotonic with a bodily flu id to 

prevent irritat ion and cell damage, and to maximize drug 

efficacy. If a hypotonic solution is admin istered intravenously 

water will pass into the red blood cells, causing them to swell 

and possibly burst (haemolysis). If a hypertonic solution is 

administered intravenously then water is drawn from the cells 

in an attempt to dilute the solution, causing them to shrink. 

Device describe in article is the simplest method to detect and 

adjust the tonicity of the solution and define the tonicity of the 

solution. According to experiment as the weight of the 

container A is increased then hyper-tonocity of the solution is 

also increased and when weight of the container A is decreased 

then hypo-tonocity of the solution is increased. By using the 

device we can measure the degree of tonicity of the solution 

which is the quantitative relationship between amount of the 

solute in the solution and tonicity of the solution. By using this 

relationship we can adjust the tonicity of the solution.  

 

VI.REFERENCE:  

[1]. Cooper and Gunn’s, “Dispensing for pharmaceutical 

students”, 12
th

 edition, CBS publishers & distributors, 4596/1-

A, 11 Darya Ganj, New Delh i-110 002 (India), Pg. no. 28-30. 

 

[2]. Kojima, S., A. Bohner, and N. von Wiren. 2006. Molecular 

mechanis ms of urea transport in plants. Journal of Membrane 

Biology, 212(2):83-91 

 

[3]. C,oyan, T.’. M., “Americau Pharmacy,” Vol. 11, J. B 

1,ippinuott Co., Philadelphia,  1947, p. 101 

 

[4]. White, A. I., and Viircrut, IT. C., ‘l’nrs JounNAr. Pvact. 

Pherm. Ed . 8 406(1947) 

 

[5]. Nixon, W.,and Culbert , 12. C. A., Pharm. J . . 140,Szekely. 

I. J., and Goyan, F. M.,  

        

[6]. https://youtu.be/HU25RtK2nr0 

 

[7]. Atkins P W and Beran J A: General Chemistry. 2. ed. 

ScientificAmerican Books 1992. 

 

[8]. Barrow G M:Physical Chemistry.2.ed. McGraw-Hill 1966. 

 

[9]. Chang R:Physical Chemistry with Applications to 

Biological Sciences. 2. ed. MacMillan Publ.Co. 1981 

 

[10]. Goyan, F.M. American Pharmacy. II. J. B. Lippincott Co, 

Philadelphia; 1947:101. 

 

[11]. White, A.I., Vincent, H.C. This Journal, Pract. Pharm. Ed. 

1947;8:406. 

 

[12]. Sprowls, J.B. Pract. Pharm. Ed. 1949;10:348.  

 

[13]. Goyan, F.M., Enright, J.M., Wells, J.M. This Journal. 

1944;38:74. 

https://youtu.be/HU25RtK2nr0

